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Biological Studies on the Snail,
Bulinus truncatus, in Central Iraq*

H. H. NAJARIAN, Ph. D.1

This paper presents some results offield and laboratory studies on Bulinus truncatus,
the snail intermediate host of urinary bilharziasis in Iraq, made in 1958 as part of the work
of the WHO Bilharziasis Control Project in that country.

Observations on the linear distribution and size composition of Bulinus populations in
the canals of central Iraq indicate that molluscicides might most suitably be applied in May
before the entire snail population reaches breeding size, or early in November when most
snails are juveniles. However, laboratory experiments appear to show that isolation of
individual bulinid snails does not diminish, but may actually increase, their egg-laying
capacity in comparison with that of grouped snails; this suggests that, even if the snail
population were drastically reduced by treatment of the canals and all further importation
ofsnails rendered impossible, the snail population would nevertheless soon renew itselffrom
the few individuals remaining.

Results are also given of laboratory experiments on egg masses, hatching and growth
of B. truncatus and on the egg-laying ofrandom populations of that snail.

Of the known possible methods for attempt-
ing control of bilharziasis-chemotherapy, rural
sanitation and health education, and snail control-
those dealing with the control of the molluscan host
appear to be of the most immediate promise. The
degree of success of snail control programmes,
whether chemicals are used or not, is in large measure
related to an understanding of the various aspects of
the biology of the molluscs.
As part of the work of the WHO Bilharziasis

Control Project in Iraq, a number of field and
laboratory studies have been made on the bionomics
of Bulinus truncatus, the snail intermediate host of
Schistosoma haematobium in that country. Those
reported on in this paper deal with the linear and
size distribution of this snail in earth canals; labora-
tory studies on egg masses, development, hatching
and growth; the egg-laying capacity of grouped and
of isolated snails in relation to their size; and the
egg-laying of random snail populations.

LINEAR AND SIZE DISTRIBUTION OF BULINUS TRUNCATUS

SNAIL SAMPLING

The chief factor which has prevented a satis-
factory evaluation of snail control programmes in
Iraq has been the lack of sufficient information on
various aspects of natural Bulinus truncatus popula-
tions. Any estimation of comparative evaluation is

* The work reported was undertaken between January
1958 and January 1959 while the author was serving as
Medical Zoologist with the WHO Bilharziasis Control
Project in Iraq.

1 Assistant Professor of Microbiology, The University of
Texas Medical Branch, Galveston, Tex., USA.

related to the snail sampling method. Hairston et al.
(1958) recently reviewed various techniques in
estimating snail populations and concluded that no
single quantitative method can be used in all situa-
tions. Hairston 2 studied the problem in Iraq and
found that the standard dip net was not an efficient
or effective tool and that the palm-leaf trap has no
equal as a qualitative measure. However, since the
effectiveness of the trap varies according to the
amount of natural food present, he felt a more

Hairston, N. G. (1956) Essay on sampling techniques
(unpublished working document WHO/Bil. Ecol./1 1).
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accurate method was desirable, and developed a
drag sampling scoop which he described and
illustrated. A comparison, using the drag scoop
and the standard dip net in the same canals, showed
that the former was 5 to 200 times more effective in
establishing snail densities.
The Hairston drag scoop was not used during the

period between 1956 and 1958 for quantitative
estimations of snail populations. The chief objection
to itwas that itwas too heavy and awkward to handle.
Consequently, the author designed a new model
which was essentially the same as the original,
except that the handle was to be made of aluminium
instead of wood, there were to be two layers of wire
mesh (16 to the square inch above 8) instead of one;
it was to be 33 cm wide; and the anterior end was to
be more recurved. With the proposed scoop, the
number of snails per linear metre of canal would be
calculated by multiplying the number collected by
six. Efforts to find aluminium for the frame failed,
but it is believed that this type of drag scoop would
be excellent for estimating snail densities in the
earth canals of central Iraq.

Palm-leaf traps may be useful at certain seasons

of the year. Hairston (op. cit.) used them in May,
together with the standard dip net (10 dips) at the
same station, and found that 940% of the snails
collected were from the palm leaves. However, in
the same canal in March 1958, I found that limited
populations of B. truncatus were detected by the
drag scoop, whereas not a single specimen was

obtained from leaves at the same stations. Witenberg
& Saliternik (1957), using palm leaves in Israel, have
reported them unsatisfactory when compared to a

kind of drag scoop. The palm-leaf trap, as presently
used, certainly has no quantitative value.

SEASONAL LINEAR DISTRIBUTION OF BULINUS

The question of the linear distribution of Bulinus
truncatus in its aquatic habitat is closely related to

the problems of snail sampling, estimation of
population densities, and methods of canal treat-

ment.
Drag scoop samples were taken from 65 stations in

the Abdul Latif Ferras Canal (Tarmiyah) during
March and April 1958 (the distance between 43 of the
stations was 200 feet, or about 60 m; and 100 feet,
or 30 m, in 22 stations). These stations represented
over two miles of canal, and the samples showed
living snails localized in four rather widely separ-

ated areas. The average densities of living Bulinus

per linear metre of canal of the four areas were 18
(range 0-48), 12 (range 6-18), 12 (one station), and 6
(one station) snails respectively. If one can assume a
continuum of living snails between successive
stations, the populated areas represented about 1000,
400, 200 and 200 feet (300, 120, 60 and 60 m) respec-
tively. However, between these populated areas there
was an almost continuous presence of dead bulinid
shells, indicating a previous living population there.

Early in July 1958, scoop samples were taken
beginning from the centre of the longer and more
densely populated area, and then at 100-foot (30-m)
intervals into the area formerly free of living Bulinus.
These collections showed not only an increase of
700 feet (200 m) in the linear distribution from the
edge of the populated area of the spring collection,
but also an increase of average live snail density from
18 to 92 (range 18-282) per linear metre of canal.
Some 81 % of the July snails measured less than 6 mm
in length. It is thus indicated that by July, after the
first ovipositions of the year, the Bulinus population
is more extensive in the canal.
On 3 September scoop samples were taken at the

same stations at 300-foot (90-m) intervals. These
samples showed not only an average live snail
density of 58 per linear metre of canal (a 37%
reduction from July), but also a tendency towards
localized distribution.
From these data, and from less quantitative

studies of October snails, it is indicated that when
the snail population is mostly of adult size (greater
than 6 mm long), the tendency is for spot local-
ization; whereas when the population consists
mostly of juveniles, the distribution is more con-
tinuous in the canal.

Mills, MacHattie & Chadwick (1936) found
discontinuous distribution of B. truncatus in ditches
of Alwiyah and Hinaidi, and Watson (1952) also
reported Bulinus as spotty in distribution in Iraq;
but neither of these reports mentioned the season
of the year.

This study supports the generally held view that
Bulinus has a spotty distribution, but indicates that
this may be true at only certain times of the year.
If this is the situation throughout Iraq, it may
partly explain why some investigators have been
able to demonstrate Bulinus from certain canals in
an area, whereas others examining the same canal
at a later date have been unsuccessful. Apparently
efforts were made during months when the linear
distribution of the snails would greatly increase or
decrease the probability of positive findings.
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TABLE 1
SIZE DISTRIBUTION BY LENGTH OF BUUNUS TRUNCATUS
FROM ABDUL LATIF FERRAS CANAL, TARMIYAH,

DURING FOUR MONTHS OF 1958

Shell
length
(mm)

2

3

4

5

6

7

8

9

10

June
52

snails
(%)

I0
0

0

0

50

33

12

3

2

3 July
122

snails
(%)

3

8

45

25

15

2

2

0

0

10 Oct.
145

snails
(%)

0

0

12

15

15

26

30

2

0

3 Nov.
292

snails
(%)

2

28

53

9

3

2

2

0

9 Nov.
228

snails
(%)

2

22

52

18

1

1

2

2

0

The importance of knowing the seasonal linear
distribution pattern of Bulinus is obvious. It is
possible that focal treatment may be useful at certain
times of the year and entire canal treatment at other
periods. But neither pre- nor post-treatment surveys
of the snail propulations can have much meaning
until the linear distribution pattern has been estab-
lished for at least one complete year.

SIZE DISTRIBUTION

OF NATURAL BULINUS POPULATIONS

The size composition of a population of bulinid
snails from the Adbul Latif Ferras Canal was studied,
giving an indication of the seasonal component
cycle (Table 1). It is realized that in some cases
the numbers of snails are too low; this was either
because Bulinus was not abundant, or because
various factors did not permit more extensive collec-
tions. Shell length was used as a measure, and snails
with shells 6 mm or longer were considered adults
(Table 2).

Collections during March, which yielded only
23 living Bulinus, showed 83% of them to be 6 mm
or longer, and during April, yielding 15 living
Bulinus, showed 60% to be 6 mm or longer.
No snail size observations were made during May,

but it should be mentioned that as late as 27 May
there was no noticeable increase in Bulinus popula-
tions and no evidence of breeding activity.

TABLE 2

COMPARISON OF ADULT AND JUVENILE COMPONENTS
OF BULINUS TRUNCATUS

FROM ABDUL LATIF FERRAS CANAL, 1958

Number Percentage of Percentage of
of snails snails snails Dateunder 6 mm 6 mm and over

23 17 83 March

15 40 60 April
52 0 100 June

122 81 19 3 July
145 27 73 10 October

292 92 8 3 November
228 94 6 9 November

Of 52 snails collected in June, all were 6 mm or
longer. Bulinid egg clutches were first noticed in the
canal during this month. These data indicate either
that there is a selective killing of adult snails during
the winter months and that those young snails carried
over from the previous year undergo growth and
attain adult size and breeding potential in June, or
that snails 6 mm or longer tend to survive the
winter period and represent the breeding snails of
June.
Of 122 snails collected in early July only 19%

were longer than 6 mm, 81 % being juveniles. The
larger number of immature snails in comparison
with the June collection indicated that these small
snails represented the progeny of eggs laid in June,
and were the first batch of snails of the new year.
No additional measurements were made until

10 October, when 145 snails were collected from the
same canal. About 80% of the observed population
in July were juveniles, and a similar percentage of
snails in October measured 6 mm and longer, over
50% being in the 7 mm and 8 mm classes. Egg
deposition was also taking place in the canal in
October.

Early in November, over 90% of the Bulinus
population measured less than 6 mm, over 50%
being 4 mm long. It is quite certain that these small
snails represented the second new batch of the year,
resulting from eggs laid in October, the first new
batch occurring in July from ovipositions in June.
There is little doubt that egg-laying is continuous
from June through October, and the effects of it are
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best noticed when the bulk of the population is
longer than 6 mm.
Because of a controversy over canal ownership,

the booster pump was shut down and the Abdul
Latif Ferras Canal became completely dry in Decem-
ber. Consequently, this study could not be con-
tinued. The morning surface water temperatures of
the canal up to that month are given in Fig. 1.

It has been reported by Wajdi (1955) that there is
a seasonal peak population in the winter in Iraq.
This does not seem likely in view of the fact that
Mills et al. (1936), Watson (1951, 1952) and Zakaria
(1954, 1955) have reported to the contrary; namely,
that during the winter months Bulinus is found with
difficulty, if at all.
From this study, it is indicated that there is a high

mortality of Bulinus during the winter months.
Nevertheless, some adults and juveniles do live
through the winter, and it is probably the growth
of these juveniles during the following spring which
seems to be the important factor in the development
of the first batch of snails in the new year.
No other study has been made in Iraq with

reference to size distribution of the Bulinus popula-
tion at various times of the year. It has not been
suggested that Bulinus may populate different
regions of the canals at different times of the year
and that snail size in the population may be related
to localized or more continuous snails distribution
in the aquatic environment. It is obvious that
estimation of snail densities in any terms other

FIG. 1

MORNING SURFACE WATER TEMPERATURES
FROM ABDUL LATIF FERRAS CANAL, 1958
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than snails per unit area at given points on a seasonal
basis may give non-representative views with respect
to snail population dynamics. Finally, it is con-
cluded that the most suitable time for mollusciciding
operations would be either in May before the entire
population reaches breeding size or early in Novem-
ber when most of the snails are juveniles.

LABORATORY OBSERVATIONS ON EGG MASSES, DEVELOPMENT,
HATCHING AND GROWTH OF BULINUS TRUNCATUS

Egg masses from Bulinus truncatus snails were
measured (greatest length and width) to determine
possible differences in their size and number of eggs
in relation to the sizes of the snails themselves. The
data given in Table 3 are based on only 52 clutches,
but there was an indication of length and width
increase of egg masses with an increase in the number
of eggs per clutch. The mean egg clutch size of all
the observations was 7.5 mm long x 5.3 mm wide.

HATCHING AND EMBRYOLOGICAL OBSERVATIONS

Bulinus eggs laid in the laboratory in April 1958 in
water temperatures of 20°-25.5°C began hatching

after as early as eight days. All snails within an egg
mass did not hatch at once, and in some cases up to
48 hours were required for all of the young snails to
break out.

In November and December, at water tempera-
tures from 15.5°C to 20"C, the incubation period for
eggs from grouped snails was 17-19 days, and for
those from individually isolated snails, 13-16 days.
There was no indication of any difference in the
hatching times of eggs laid by snails of different
sizes.
The snail egg masses were suboval, sometimes

elongated, flat on the attached surface, and convex
on the free side. They were always tapered at
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TABLE 3

SIZE OF LABORATORY EGG MASSES FROM BULINUS
SNAILS OF VARIOUS SIZES

Snail size

per clutch 8.5-10 mm 7.5-8.4 mm 6.5-7.4 mm
Length x width of egg mass (mm)

4 _ 4.7x3.5 _

7 5.Ox4.0 _ -

8 5.5x4.2 5.4x4.2 -

9 6.6x5.0 5.7x5.0 5.0x4.0

10 6.1x4.8 6.0x4.5 _

11 6.1x5.3 6.5x5.0 5.0x4.5

12 6.1x5.1 7.0x5.5 -

13 6.6x5.3 6.3x5.5 -

14 7.0x5.5 7.5x6.5 -

15 7.0x5.7 7.0x5.3 -

17 9.3x6.5 7.5x6.3 -

20 9.3x6.5 _ _
22 9.3x6.5 _ _

one of the long ends, so that from side view (con-
sidering the free end dorsal and the attached as
ventral) they appeared half pear-shaped (Fig. 2).
The greatest thickness was about 1.5 mm. Each
clutch had a lip-like spot, indicating the last area of
egg case deposition (22, 23 and 24 in Fig. 2). The
entire mass was enclosed by a delicate case of horny
appearance which enveloped the eggs in the jelly
mass. When this envelope was pierced by a sharp
object, the eggs and the jelly quickly escaped, leaving
an empty case.
The eggs were subspherical, the greatest diameter

being between 0.8 mm and 1.2 mm, and were laid in
an uncleaved condition.
The following observations were made on the

developmental stages in a clutch of eggs that hatched
after 16 days incubation. The first cleavage plane
was longitudinal and began at about 35 minutes.
The second cleavage was also longitudinal, follow-
ing the first after one and a half hours (20 in Fig. 2).
The third and fourth cleavages were horizontal,
about one and a half hours apart. Thus, it took
about five hours for the newly laid eggs to reach the
16-cell stage.

Although morphological changes occurred during
the first two and a half days, there was no movement
of the developing embryo (18, 19 and 26 in Fig. 2).
Beyond this time, the embryo began to spin occasion-
ally as a compact mass within a clear area supported
by a membrane (6, 9, 14, 15 and 16 in Fig. 2) until the
fifth day, when the spinning became continuous
(10, 11 and 12 in Fig. 2). During these rotations,
the clear area of the embryo changed its shape by
means of pseudopodia-like extensions (10 and 12
in Fig. 2).
A head-foot region, and a large, raised, orange

bilobed visceral mass and a pulsating heart deve-
loped by eight days (4 in Fig. 2). The shell was
formed by between nine and ten days (5 and 25 in
Fig. 2). The snails were active during this period and
twisted frequently, but there was no spinning. At
13 days the shell, pulsating heart, and other body
structures were very apparent (13 in Fig. 2).
At 16 days, just before hatching, the snails measur-

ed 0.7 mm x 0.6 mm, occupied most of the space
within the egg membrane, and were quite active
(2 and 3 in Fig. 2). Actual breaking out of the
membrane was not observed. In newly hatched
snails, the eye spots, intestinal loop, heart, and cilia
along the head-foot region were easily visible (8 in
Fig. 2). Snails three days old measured 0.9 x 0.8
mm (7 and 21 in Fig. 2).
A summary of the average size of developing

Bulinus embryos in the laboratory is given in Table 4.

TABLE 4

AVERAGE SIZE OF DEVELOPING BULINUS EMBRYOS
IN THE LABORATORY

Time of incubation Size (microns)

24 hours 123x 123

1 day 123x 123

2 days 203x 163

2.5-3 days 203x 163

3-4 days 223x203

4 days 223x 203

5 days 325x325

6 days 344x 325

11 days 640x480

13 days 700x540

16 days 700x600
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TABLE 5

GROWTH OF BULINUS TRUNCATUS IN THE LABORATORY, EXPRESSED
AS THE PERCENTAGE OF SNAILS IN EACH SIZE CLASSa

Shell length (mm)
Days

1.5-2.4 2.5-3.4 3.5-4.4 4.5-5.4 5.5-6.4 1 6.5-7.4 7.5-8.4 8.5-9.4 9.5-10.4

1 2 22 52 18 1 1 3 1 0

7 1 19 55 19 1 1 3 1 0

16 1 11 55 25 2 2 3 1 0

28 0 1 17 38 37 2 3 1 1

35 0 0 9 31 45 10 2 2 1

45 0 0 2 17 42 33 3 2 1

a Water temperature: 15.5°C-20°C.

GROWTH OF BULINUS TRUNCATUS IN THE LABORATORY

It was considered essential to determine the time
required for juvenile Bulinus to reach the stage when
they can oviposit. In other experiments it was found
that under laboratory conditions bulinid snails
began to lay eggs when they were between 6.5 mm
and 7 mm long. In this study an attempt was made
to find out the snail length change in the laboratory
and possible growth differential with respect to
various snail sizes.
On 9 November 1958, 228 Bulinus were collected

from central Iraq and measured for shell length.
They were kept in about 20 1 of tap water (changed
daily) and fed boiled lettuce or spinach daily. The
entire population was again measured with respect
to snail length at 7, 16, 28, 35 and 45 days. The
water temperature during the period of observation
was 15.5°C to 20°C. The data summarized in Table 5

indicate that, under the conditions of the experiment,
it requires seven to eight weeks for 1-2 mm snails
to reach maturity. Watson (1951) and Standen
(1949) have also reported that Bulinus in the
laboratory reaches maturity about eight weeks after
hatching. Since field observations have shown eggs
present only from June through October, and in
view of the size distribution of natural Bulinus
populations, there is every indication that in central
Iraq there are two large crops of young snails each
year, the first in July and the other in November.
Although relatively few of the second group of
snails survive the winter, they are able to produce the
large population observed in the canals during the
summer. Further investigation, especially the deter-
mination of which of these groups of snails is most
important in the transmission of bilharziasis, should
lead to new concepts of control in Iraq.

KEY TO FIG. 2

1. Outline of Bulinus egg mass, side view.
2. Snail at 16 days, showing head-foot region.
3. Snail at 16 days, showing eye spots, an antenna, and heart.
4. Embryo at 8 days, with developing head-foot and visceral

mass.
5. Embryo at between 9 and 10 days, with shell formation

around developing visceral mass.
6. Embryo at 4 days.
7. Outline of snail shell, 3 days after hatching.
8. Newly hatched snail, 16 days.
9. Embryo at 4 days.

10-12. Embryos at 5-6 days.

13. Developing snail at 13 days.
14. Embryo at 5 days.
15-16. Embryos at 3-4 days.
17. Embryo at 2-3 days.
18. Embryo at 1-2 days.
19. Embryo at less than 24 hours.
20. Surface view of first two longitudinal cleavages.
21. Outline of snail shell, 3 days old.
22-24. Three Bulinus egg masses; the eggs In 23 have under-

gone first cleavage.
25. Outline of snail shell at 11 days of incubation.
26. Single egg with embryo less than 24 hours old.

All sketches are drawn freehand using either a dissecting or compound microscope but are not all to the same scale.
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FIG. 2

STAGES IN THE DEVELOPMENT OF BULINUS TRUNCATUS
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EGG-LAYING CAPACITY OF GROUPED AND SINGLE
BULINUS TRUNCATUS IN RELATION TO SNAIL SIZE

An attempt was made to determine the egg-laying
capacity of various sizes of grouped Bulinus truncatus
snails, to compare these results with data from
individually isolated snails of a similar size range,
and to find the minimum length of snail which would
oviposit under laboratory conditions.

GROUPED SNAILS

The snails used in this study were collected from
central Iraq in October and November 1958, and
were divided into four groups by size (length).
Each group (10-17 of each size range) was placed in
a separate aquarium containing tap water only
(150 ml per snail). At the beginning of the experi-
ment the snails measured 8.5-10 mm in Group I;
6.5-8.4 mm in Group II; 5.5-6.4 mm in Group III;
and 2.5-4.4 mm in Group IV. The tap water was
changed daily; the diet was boiled lettuce or spinach;
and the eggs laid were recorded every 24 hours. Three
snails died during the experiment, and the data were
calculated on the basis of living snails on a particular
day. The water temperature during the 36-day
observation period ranged from 15.5°C to 20°C.
The results of the ovipositions over the 36-day period
to 23 December 1958 are shown in Table 6 and
Fig. 3.
The size change of the snails during the period of

study was taken into consideration; they were

TABLE 6
LABORATORY OVIPOSITIONS OF GROUPED

BULINUS TRUNCATUS FOR 36 DAYS

Eggs per clutch Clutches/ Eggs/Snail/DayGroupSni/a
Mean Range Mean Range Mean Range

(8.5-10 mm) 13.5 1-21 0.44 0-1.1 5.9 0-15.8

(6.5-8.4 mm) 12.1 4-20 0.18 0-0.41 2.2 0-5.7

III
(5.5-6.4 mm) 10.1 3-13 0.10 3-0.63 1.1 (2.2)a 0-7.2

IV
(2.54.4 mm) 7.3 4-11 0.04 0-0.3 0.3 (1.0)a 0-2.1

a For period from first oviposition.

measured three additional times during the 36 days.
By the 26th day there was some overlapping of
group size ranges. Group III did not have any
ovipositions until the 21st day, and Group IV laid
no eggs until the 26th day. From snail measurements
at 15 and 26 days, it appeared that, in the laboratory
at least, snails began to oviposit when they were
between 6.5 and 7 mm long.
There was a significant difference between the

range of eggs laid per clutch of Groups I and Il
when compared with Groups III and IV. Based
on the entire experiment, there was a twofold to
threefold difference in the mean number of eggs
laid per snail per day in each successive group.
But comparison of the mean number of eggs per
snail per day of Group III from the day egg-laying
began with that of Group II for the entire experiment
gives strikingly similar figures. Similarly, beginning
from the first day of ovipositions, the mean number
of eggs per snail per day of Group IV was of a
similar order to that of Group III based on the
36-day period. It appears that the egg-laying capacity
of grouped Bulinus of different size ranges varies
directly with the shell length, and that grouped
snails 8.5-10 mm long lay on the average between
two and three times more eggs per day than snails
6.5-8.4 mm long. This greater egg-laying capacity
is attributed to a greater average clutch per day
of the larger group, as the mean eggs per clutch
of the two groups are of the same order. The
smaller reproductive capacity of snails just reaching
maturity (6.5-7 mm long) was attributed to both a
diminished average clutch per day and a lower
mean number of eggs per clutch.

All groups did not lay eggs on every day of the
experiment, and there did not appear to be any
periodicity in the ovipositions of the snails of any
size range.
No similar studies on Bulinus from Iraq have

previously been done; consequently, it was not
possible to make comparisons with snails from
different seasons of the year. Laboratory studies
by Gaud (1958) on Bulinus from North Africa
revealed a seasonal influence on fecundity. Using
snails over 10 mm long, he reported 0.35-0.48
clutches per snail per day, an average of 3.2-6 eggs
per clutch, and 1.5-2.2 eggs per snail per day during
the summer months. Temperature was offered as
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FIG. 3

LABORATORY OVIPOSITIONS OF GROUPED BULINUS TRUNCATUS FOR 36 DAYS
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only one of several possible factors in the observed
seasonal differences.

ISOLATED SNAILS

Specimens of Bulinus truncatus of similar size
ranges of Groups I, II, and III of the previous
experiment, and from the same collections of
October-November, were individually isolated, 9-11
snails in each group (Group I, 8.5-10 mm; Group II,
6.5-8.4 mm; and Group III, 5.5-6.4 mm). The
conditions of the experiment were the same as
described previously, except that the water volume
was 30 ml per snail. The egg clutches were removed

daily, as previously described. One snail died
during the 33-day observation period, and the data
were calculated on the basis of living snails on a
particular day. The results are given in Table 7. The
snails were measured three additional times during
the experiment. There was some overlapping of
sizes at as early as 10 days. Group III did not ovi-
posit until the 10th day and, from snail measure-
ments, it was again indicated that in the laboratory
Bulinus commences oviposition when the shell
length is between 6.5 and 7 mm long.
Comparing isolated and grouped snails, there did

not seem to be any significant difference in the range
of eggs laid per clutch. There was a wider range of

2
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TABLE 7

LABORATORY OVIPOSITIONS OF ISOLATED BULINUS TRUNCATUS

Total tal Eggs per clutch Clutches/Snail/ Es/Snail/Day
Group ovipositions s/snail

per snail eggs/ni
Mean Range Mean Range Mean Range

____ _ _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(8.5-10 mm)

(6.54.4 mm)

Ill
(5.5-6.4 mm)

0-22

0-22

1-13

0-318

0-293

5-152

12.1 1-22

13.1 3-21

12.1 5-16

0.36 0-0.6

0.48 0-0.9

0.14 0-1.0

4.4 0-8.9

6.3 0-12.6

1.7 0-8.6

eggs per snail per day in Group II isolated snails
than in grouped snails of the same size range. The
range of this same ratio was less in Group I isolated
snails than in the same category of grouped snails.
In comparing the means for the periods of observa-
tion, there was about a threefold increase in Group II
and a depressed mean of Group I of the isolated
snails. A factor which no doubt influenced this
depression was that in Group I of the isolated
snails, five were shedding Schistosoma haematobium
cercariae, and of these, four exhibited very reduced
ovipositions and eggs per clutch with respect to the
mean. No other trematode infections of any kind
were observed in either of the two experiments.
The fact that Group II of the isolated snails was

considerably more productive than the same size
range of grouped snails was attributed to increased
mean clutch laid per snail per day.

It is concluded that in the labcratory the isolation
of Bulinus did not diminish egg-laying capacity;
and, in fact, there was some suggestion that isolation
caused an increase in the amount of oviposition.
If this conclusion can be applied to the field, the
practical significance is obvious.
Even if the snail population were drastically

reduced by treatment of canals, and an influx of
snails from outside sources were prohibited by
chemical or mechanical barriers, this study lends
support to the view that the snail population would
soon renew itself.

EGG-LAYING OF RANDOM BULINUS TRUNCATUS POPULATIONS

The egg-layin.g capacity was determined for five
random collections of Bulinus truncatus from
central Iraq. The water temperature varied some-
what but all other conditions were the same. The
snails were fed a simple diet of boiled lettuce or
spinach; the non-aerated tap water of the aquaria
was changed daily. The egg clutches were removed
by means of a scalpel and the eggs counted under the
low power of a dissecting microscope or with a 10 x
magnifying lens. The results are summarized in
Table 8. It is realized that the data may not be
strictly comparable with what may happen under
field conditions but they give valuable information
on the egg-laying capacity of the snails.
The weighted mean for the total 395 egg clutches

counted was 8.5 eggs per clutch. No significant
differences appeared in the range of eggs laid per

clutch or in the mean number of eggs per clutch
among the different populations of April, October
and November. Although similar data are lacking
for collections made at other months of the year,
the data indicate that 8.5 is the mean number of
eggs in the egg clutches produced by a random sample
of a Bulinus population in central Iraq. Therefore,
any difference with respect to breeding potential of
snails from different months would be related to the
rate of ovipositions.

It was noticed that Bulinus oviposited in the labo-
ratory in April, even though there was no evidence
of breeding in the field until June. Temperature is
usually given as a factor which initiates breeding
activity, but the morning surface water temperatures
in the field in May were as much as 25°C (see Fig. 1
above). It may be that the wider range of tempera-
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TABLE 8
LABORATORY EGG-LAYING OF RANDOM BULINUS

TRUNCATUS POPULATIONS

Dae -Water- ____- 1Date
o tern- Number Eggs laid Meanes

positions perature of clutches c(rage) h per clutch

20-23 April 20-25.5 22 4-15 8.4

15 Oct.-
8 Nov. 18-20 49 2-15 7.8

11-15 Nov. 18-20 125 2-12 8.5

3-22 Nov. 15.5-20 91 3-17 9.1

15-22 Nov. 15.5-20 108 2-16 8.3

ture occurring during 24 hours of natural conditions
acts as a limiting factor, and that reproductive
activity in the laboratory is more pronounced.

Mills, MacHattie & Chadwick (1936) reported
that laboratory Bulinus, collected from Hinaidi, laid
eggs (17-22 per clutch) during August, at an average
water temperature of 22°C. From observations not
given in the present paper,' Bulinus may lay as few
as one or as many as 22 eggs per clutch; this is not

always related to snail size. Other data from Iraq
on breeding activity in the field have been published
by Watson (1951), who, on the basis of egg clutches
per 100 dips and egg clutches per 100 Bulinus,
reported a peak in September with no evidence of
ovipositions from December through April. Wajdi
(1955) reported egg-laying in the field during the
winter months in temperatures as low as 10°C,
accompanied by an increase in snail density. Watson 2
suggested that Wajdi's article was based on mis-
identification. In a later report Watson (1957)
stated that Wajdi's observations may have been
associated with different races of Bulinus truncatus
reacting differently to temperature. Yet later,
Watson (1958) submitted that he had substantiated
Wajdi's results with respect to Bulinus breeding in
the winter months in Iraq, and that the snails may
even occur in large numbers. These reports require
confirmation.
The present study suggests that it is unlikely that

Bulinus oviposits during the winter months in
central Iraq. It also indicates that any differences
with respect to breeding capacity of snails during a
given month of the breeding season is related to the
rate of ovipositions.

SUMMARY AND CONCLUSIONS

In central Iraq Bulinus truncatus exhibits a spotty
linear distribution pattern in earth canals at certain
seasons of the year. When the snail population is
mostly of adult size the tendency is towards spot
localization; when it consists mostly of juveniles,
the distribution in the canals is more continuous.
However, there is a need to determine the distribu-
tion for one complete year so as to establish the
entire pattern. When that has been done, it may
prove warranted to treat canals with molluscicides
focally at certain times of year and over their entire
lengths at other periods.

Measurements of snail lengths over some months
indicate that there are two large crops of snails, the
first in July and the other in November. Egg-laying
was observed to begin in June and to be continuous
through October. There appeared to be high
mortality among snails during the winter months.

1 Najarian, H. H. & Radawy, I. (1959) Field and labora-
tory studies on Bulinus truncatus in Iraq (unpublished WHO
working document EM/Bil./14).

It is probably the development of the surviving
juveniles in the following spring which is the im-
portant factor in the production of the first batch
of snails in the new year.

Estimations of snail densities in any terms other
than snails per unit area at given points and on a
seasonal basis may give a picture of snail population
dynamics which is not fully representative.

It is suggested that the most suitable time for
molluscicide application would be early in May
before breeding activities begin or early in November,
when most of the snails are juveniles.

In laboratory experiments, bulinid eggs were
observed to hatch in 8-19 days; 7-8 weeks were
required for snails 1-2 mm long to reach maturity.

Laboratory studies on grouped B. truncatus
demonstrated that the egg-laying capacity of snails

2Watson, J. M. (1956) The present status of knowledge
regarding the ecology and distribution of Bulinus truncatus
in the middle East (unpublished working document WHO/
Bil. Ecol./15).
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varied directly with the length of their shells; there
was a twofold to threefold difference in the mean
number of eggs laid per day between each successive
size-group of snail. Greater egg-laying capacity was
attributed to increased rates of oviposition. In the
case of snails 6.5-7.0 mm long, their smaller re-
productive capacity was attributed to both the
diminished average number of eggs per clutch and
the lower mean number of eggs per clutch. B.
truncatus commenced oviposition in the laboratory
when the shell was between 6.5 mm and 7.0 mm
long.

Isolation of snails of comparable size did not
reduce their egg-laying capacity, except in snails

shedding Schistosoma haematobium cercariae. In
non-infected snails there was some suggestion that
isolation in fact caused an increase in the amount
of oviposition. This suggests that after control
measures which allowed a small number of bulinids
to survive, the snail population would renew itself.
The mean number of eggs per clutch in laboratory

ovipositions of random samples of B. truncatus
populations from central Iraq was 8.5. Differences
with respect to breeding capacity seem to be related
to the rate of oviposition.
The evidence adduced in the present studies

suggests that it is unlikely that Bulinus oviposits
during the winter months in central Iraq.

RIDSU1sMt

Bulinus truncatus, vecteur de la bilharziose v6sicale en
Irak pr6sente, dans les canaux non ciment6s, une reparti-
tion saisonniere irr6guliere. Les mollusques adultes ont
tendance A se grouper; les jeunes sont plus uniformement
repartis. I1 etait necessaire d'etudier ces variations, afin
de se rendre compte si l'on pouvait appliquer un traite-
ment focal A certaines epoques, et general a d'autres.

L'etude des bulins au cours de plusieurs mois montra
qu'il y avait deux saisons d'abondance de mollusques:
l'une en juillet, l'autre en novembre. La ponte commence
en juin et se poursuit jusqu'en octobre. L'hiver
decime les populations de bulins; la releve est assuree
par les jeunes survivants. Les auteurs proposent d'appli-
quer le molluscicide au debut de mai, avant l'activite
reproductrice, ou au debut de novembre, lorsque la

plus grande partie de la population est form6e de
jeunes.
La capacit6 de ponte varie en fonction directe de la

longueur des coquilles. B. truncatus a commenc6 'a
pondre, dans les essais de laboratoire, lorsque la coquille
atteignait 6,5 et 7 mm de long.

L'isolement de bulins de la meme taille n'a pas diminue
leur capacit6 de ponte, sauf chez les bulins infect6s par les
cercaires de S. haematobium. II semble au contraire que,
chez les mollusques non infectes, l'isolement augmente la
capacit6 de ponte, ce qui expliquerait qu'apres traitement
par un molluscicide, il suffise de quelques survivants pour
renouveler la population. Le nombre median d'aeufs par
ponte, evalue sur des prelevements aleatoires de popula-
tions de bulins du centre de l'Irak, etait de 8,5.
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