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Results of Age-grouping Dissections on Four Species
of Anopheles from Southern Ghana

JOHN BRADY1

The entomological survey during the preparatory phase of the Malaria Eradication
Pilot Project in Ghana included a programme of age-grouping dissections on the local
malaria vectors. After an initial year spent on the older methods, some 1700 female
mosquitos were dissected following Detinova's techniques. These latter results, though
limited to a division of the nulliparous from the parous, are examined in detail to discover
what they reveal of the age-structure of the anopheline populations concerned.

Analysis of the proportion parous of A. gambiae populations showed, inter alia, that
they fluctuated considerably in age make-up from week to week, even though appearing
fairly stable over longer periods. The risk of calculating survival probabilities without an
exact knowledge of the structure of the nulliparous population is also illustrated, and it is
suggested that such estimations should be restricted to an expression of the proportlon
parous.

As part of the entomological programme during
the preparatory phase of the Malaria Eradication
Pilot Project in the Volta Region of Ghana, various
attempts were made at age-grouping samples of the
local anopheline populations. After partial failure
with other methods, the techniques of Detinova
(1962) were tried out and a simple form of them
perfected, in part similar to that of Lewis (1958).
The data so provided made it possible to analyse
some of the earlier work, but it was apparent that
the results obtained were less reliable than those
provided by Detinova's method. Accordingly, use
of this latter technique was extended and the follow-
ing paper presents the results of 1700 such dissections
performed during 1960.

METHODS AND MATERIAL

The material used for the dissections came from
the following range of rough topographical zones
and was collected at the localities indicated:

Coastal lagoon strip . . Viepe, Denu, Salakope
Open grassland savannah Okwenya, Dendo
Thick bush savannah. . Ho (and environs), Kpetoe,

Duvanu
Forest.. Matse

1 Formerly, WHO Entomologist, Malaria Eradication
Campaign, Lourengo Marques, Mozambique. The work
described in this paper was performed while the author
was serving with the Malaria Eradication Pilot Project, Ho,
Ghana.

These villages all occur in or near the southern half
of the Volta Region, south-eastern Ghana, an area
which at the time of dissection had had no insecticide
treatment of any kind.

Dissections were performed according to the
techniques described by Detinova (1962). With the
exception of a small sample taken in night-catches
(see Table 4, below), all material was collected by
spray-catch. Generally, mosquitos were caught
early in the morning and dissected the same day,
but occasionally they were dissected 24 hours after
capture, having been kept overnight in a refrigerator.

After extracting the ovaries and recording the
ovary stage (Christophers, 1911, with stage II sub-
divided into early, mid and late, after Macan, 1950),
the following procedure was adopted. If the ovaries
were between stage I and mid stage II, one of them
was removed entire and placed in a drop of distilled
water on a separate slide (suitably numbered) and
allowed to dry. If during dissection it appeared that
the tracheoles were in skeins, the specimen was
provisionally recorded as nulliparous and the
presence of the skeins checked later from the dried-
out ovary. It was found easiest to see skeins in the
dried ovaries by placing a small drop of water on
them immediately before examination. Ovarioles
were dissected out only if the ovaries were at mid
stage II or later; it was found difficult to see relics
in ovaries more developed than very early stage IV'
All dissections were performed by the author.
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TABLE I
RESULTS OF A. GAMBIAE DISSECTIONS, AGGREGATED INTO TOPOGRAPHICAL ZONES

Topographical zone Dissection period Number Number parous Total dissected Proportionnuiliparous ~~~~~~~parous

March 126 278 404 0.69
Coast a

July and August 11 32 43 0.74

February and March 12 39 51 0.76
Bush-savannah

July and August 64 237 301 0.79

Grassland-savannah July and August 20 64 84 0.76

Forest August [ 30 72 j 102 ] 0.71

a Samples from the coast probably include a proportion of A. g. melas.

Mosquitos were recorded as parous if a follicular
relic or sac was visible at the end of the pedicel of at
least three ovarioles. They were recorded as null-
parous if no relics were apparent on at least ten
ovarioles and if no pigmented lumps were visible
when the membranes of the ovary were stretched
out (mid stage II to late stage III), or if skeins were
present at the ends of the ovarian tracheoles (stage I
to mid stage II).
A chain of separate dilatations, as described by

Detinova (1962) and as illustrated, for example, by
Bertram & Samarawickrema (1958) for Manson-
ioides species, was never observed. Very occasionally
it was possible to determine separate but coalescing
swellings on a pedicel which might have been the
relics of distinct previous follicles, but in the vast
majority of dissections the relics appeared to be
contiguous with the sphincter and calyx wall. The
presence or absence of sacs (i.e., the non-retracted
intima of the ovariole after oviposition) was not
recorded. This paper is thus restricted to an analysis
of anopheline age make-up as indicated by the
relative proportions parous and nulliparous in the
samples concerned.

It should be noted that the dissections were per-
formed during two distinct periods, February-March
and July-August, but that these two were similar
climatically in that they both covered the onset of
the rains after the long and short dry seasons
respectively. The figures for the mean temperature 1
at Ho (typical of the whole area) for the relevant
months were:

'Mean max. + mean min. - 2.

February: 84°F, 28.9°C
March: 83°F, 28.3°C
July: 77°F, 25°C
August: 76°F, 24.4°C

For all the A. gambiae and most of the A. funestus
populations, therefore, it is probable that the
gonotrophic cycle was lasting for two days (Gillies,
1953). For A. nili and A. hargreavesi there is no
information available, but it was extremely rare to
find stage IV ovaries in morning catches and it thus
seems probable that their respective cycles were
also lasting two days.

RESULTS

Anopheles gambiae
Results of the dissections of A. gambiae are shown

in Table 1. Although there appeared to be little
variation between the different localities in the
original detailed records, the aggregated zone totals
of, for instance, the coast and savannahs were
significantly different (X8 = 8.0) (see Table 3). It is
possible that this is at least partly attributable to
sampling errors associated with the time factor.

Anopheles funestus
Results of the dissections of A. funestus are shown

in Table 2. In the case of this species the original
detailed records fell clearly into two groups: the
grassland and the rest. The difference between the
grassland and the bush-savannah totals is highly
significant (X2 = 16.0) (see Table 3). The reason for
this difference, which was observed on several
occasions, remains obscure. The apparent low
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TABLE 2
RESULTS OF A. FUNESTUS DISSECTIONS, AGGREGATED INTO TOPOGRAPHICAL ZONES

Topographical zone Dissection period Number Number parous Total dissected Proportionperiod ~nulliparous parous

Coast March 6 25 31 0.81

February and March 12 73 85 0.86
Bush-savannah

July and August 6 48 54 0.89

Grassland-savannah July and August 107 [ 238 345 0.69

TABLE 3
COMPARISON OF SOME CRUDE TOTAL RESULTS FOR THE FOUR SPECIES DISSECTED

1oa Theoretical
Species Topographical zone Dissection period disected Proportion parous P daily

_____________________________ ________________ disected]_____________ ____ mormoaalit
Coast March,

July and August 447 0.694 ± 0.022 0.83 17 %
A. gambiae

Bush and grass February, March,
savannah July and August 436 0.780 ± 0.020 0.88 12%

Grassland-savannah July and August 345 0.690 ± 0.025 0.83 17 %
A. funestus

Bush-savannah February, March,
July and August 139 0.871 ± 0.028 0.93 7 %

A. nil! a Bush-savannah July and August 90 0.644 ± 0.050 0.80 20%

A. hargreavesi | Bush-savannah July and August f 77 0.286 ± 0.051 [ 0.53 [ 47 %

a Figures for A. nil! and A. hargreavesi come from the single locality, Kpetoe.

mortality of this species in the bush-savannah and
on the coast is striking and unexpected, though
similar to the findings of Hamon (1963) in the
Upper Volta. It may be noted here that captures
of the A. funestus group as larvae revealed only
rare and local specimens of members other than
A. funestus type form.

Comparison of species
The main emphasis of the work was on A. gambiae

and A.funestus, but the two locally important second-
ary vectors, A. nili and A. hargreavesi, were also
dissected when possible. The crude over-all totals
for these species are shown in Table 3 and, although
there is some question as to the validity of doing so

(see below), the last column of Table 3 compares
their theoretical daily mortalities. There seems to
be little correlation between the known vectorial
capacities of the four species and the apparent
survival probabilities observed.

Comparison of catch method
As already noted, only two sources of material

were used: daytime spray-catches (inside houses)
and night-biting-catches (inside and outside houses).
In Table 4 the different results obtained with these
two sources are compared for catches of A. gambiae

TABLE 4
COMPARISON OF THE PROPORTION PAROUS

OF A. GAMBIAE SAMPLES, COLLECTED BY SPRAY-CATCH
AND BY NIGHT-CATCH a

Catch Number Number Total Proportion
method nulliparous parous dissected parous

Spray 53 182 235 0.77 ± 0.03

Night 15 42 57 0.74 ± 0.06

a Figures taken from Kpetoe, Okwenya and Salakope, in
July and August.
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where both techniques were used concurrently. No
significant difference was demonstrated between the
two samples (X2 = 0.2), but the night-catch figures
were few. It may be mentioned that Hamon et al.
(1961) found no difference for this species between
samples from outside shelters and from night-
biting-catches.

TABLE 5
DIFFERENCE IN AGE MAKE-UP OF A. FUNESTUS

CAPTURED IN A FED OR AN UNFED CONDITION a

Abdominal Number Number I Total I Proportion
condition nulliparous parous dissected parous

Fed 72 233 305 0.76 i 0.02

Unfed 35 48 83 0.58 i 0.05

a Catches performed during July and August.

Comparison offed and unfed mosquitos
In Table 5 a comparison is shown of the propor-

tions parous of fed and unfed A. funestus females
caught resting in houses during the day. The figures
are all taken from spray-catches. Only six unfed
A. gambiae were taken in this way, three of which
were parous. The difference for A. funestus is highly
significant (X2 = 10.4), but this is what one would
expect, since unfeds resting inside houses are usually
observed to have very early ovaries and are normally
assumed to be newly emerged females which have
failed to feed on their first night. In fact it was
interesting to discover that as many as 48 out of
281 (17%) parous A. funestus were unfed-an
observation illustrating a possible danger in dissect-
ing feds alone.

Age make-up at different ovary stages
The figures quoted so far are the aggregated

results from females in all ovary stages from I to Ill.

If these figures are broken down by ovary stage,
however, it is clear that the more advanced the
ovary the higher the proportion parous, as illustrated
in Table 6. It was interesting to find two A. gambiae
and two A.funestus still at early stage II but defi-
nitely parous. The ovaries of both the A. funestus
and one of the A. gambiae were, however, choked
with what appeared to be the sporangia of Coelomo-
myces sp.; the second A. gambiae was unfed.
The results shown in Table 6 might appear to

suggest that the more developed the ovary of a
particular mosquito the higher that mosquito's
chance of surviving, and conversely. Bearing in mind
the behaviour pattern of anthropophilic mosquitos,
this seems very unlikely. The most probable inter-
pretation would seem to be that, at the time of
feeding, parous females have follicles already
developed at least to early stage II, whereas those of
the nulliparous are still at stage I (except when pre-
gravid). Rather more importantly, the analysis in
Table 6 emphasizes the necessity to dissect all
possible ovary stages in any sample if the intention
is to estimate the over-all age structure of the
population.

DISCUSSION

The problem of calculating survival probabilities
When the gonotrophic cycle lasts for two days,

estimations of the daily survival probability (P)
from the observed proportion parous are calculated
from the formula:
P = proportion parous (Macdonald, 1957).

This depends on the assumption that virtually all
females pass through the pre-gravid phase and that
they therefore attain their first stage HI ovaries on the
fourth day after emergence (Davidson, 1955). It
has been shown by Gillies, however, that this is not
necessarily the case in A. gambiae (1958) or in

TABLE 6
DISSECTION RESULTS BROKEN DOWN BY OVARY STAGEa

a Figures aggregated from various sources.
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TABLE 7

SIGNIFICANCE OF GILLIES' " GROUP 1 " IN THE CALCULATION OF THEORETICAL DAILY MORTALITIES
OF A. GAMBIAEa

a Figures from Kpetoe In July and August.

A. funestus (1955), and it is therefore probable that
some of the parous females will be less than four
days old.
A further problem relates to the application of

P from the dissected sample to the population as a

whole. Gillies, for instance, suggested (1958) that
the pre-gravids (his " Group 1 ") should be excluded
as being atypical, whereas Davidson (1955) in part
included them. It is possible to recognize Gillies'
" Group 1 " only when dissecting fed females, a
procedure which is usually not feasible with night-
catches and may sometimes be undesirable with
spray-catches (see above). When analysing a series of
dissections such as those reported on in this paper
the effect of including or excluding the pre-gravids
will evidently be great. An example to illustrate
this, using Gillies' groups on fed females only, is
shown in Table 7.
The proportion parous varies with both ovary

stage and feeding state (see above) so that the ap-
parent value of P will vary correspondingly. The risk
of biassing the result by singling out any particular
gonotrophic stage therefore makes it necessary to
dissect all possible females. In the circumstances,
and, in particular, until a way of distinguishing the
parous less than four days old from the rest of the
parous population has been discovered for species
exhibiting the pre-gravid phase partially, one would

seem to run the risk of being misleading by quoting
figures for P. For this reason, though it may be
begging the question to do so, only the relevant
proportions parous have been used in this paper

(except to simplify comparisons in Tables 3 and 7).

Variations in population age structure with time

Some of the results presented in Tables 1 and 2
appear to show very little variation with time.
Bearing in mind the seasonal similarity of the two
periods concerned (see " Materials and methods"
above), however, it may be noted that this long-term
lack of variation does not extend to a comparison
of one week's results with the next. For example,
there were wide variations in the A. gambiae dissec-
tions from the coast during March and from the
forest during August, as shown in Table 8.

This particular method of age-grouping is based
on a technique for distinguishing those females less
than four days old (for a two-day gonotrophic
cycle) from among the whole mosquito popula-
tion, and it must therefore be particularly sus-
ceptible to the influence of changes in the rate of
emergence of new females. It is to be presumed that
this is what the figures in Table 8 illustrate-namely,
that the production of suitable breeding-sites at the
coast and in the forest with the onset of the rains
resulted in a significant increase in the proportion

TABLE 8
SHORT-TERM VARIATIONS IN THE AGE MAKE-UP OF A. GAMBIAE POPULATION SAMPLES

Number Number Total I2foPlace Dissection period nulliparous parous dissected Proportion parous difference

9-12 March 29 143 172 0.83 ± 0.03
Viepe 27.5

16-17 March 97 135 232 0.58 ± 0.03

5-20 August 2 27 29 0.93 0.05
Matse 2 8.4

27 August 28 45 73 0.62+ 0.06 1______

151



J. BRADY

of the population that was less than four days old.
This is what one would expect, and the change in the
proportion parous at these two places does not
necessarily indicate that there was also an increase in
the daily mortality.

CONCLUSIONS

Analysis of the short series of age-grouping dissec-
tions reported in this paper has suggested the follow-
ing points for consideration in investigations of this
kind:

1. Unfed females resting inside houses by day were
frequently parous, and parous females usually had
their ovaries further developed than those of the
nuiliparous. It appeared unsafe, therefore, to rely on
the dissection of a single gonotrophic stage when
estimating the age of the population as a whole.

2. Without an exact knowledge of the nulliparous
age structure it would seem to be rash to calculate
estimates for the survival probabilities of a species.
Expressing results simply as the proportion parous
should provide a less misleading indication of the
average age of the sample.

3. The age of A. gambiae samples was found to
vary significantly from week to week, even though
over-all totals from longer periods appeared fairly
constant. This illustrated: (a) the limitations imposed
on such investigations by only being able to distin-
guish those females less than four days old (for
a two-day gonotrophic cycle) from among the
whole population; and (b) the risks of drawing
long-term conclusions from short-term observations,
and vice versa.
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RJISUMI

L'enquete entomologique entreprise durant la phase
pr6paratoire du projet d'eradication du paludisme au
Ghana, comportait la determination, par dissection, de
l'age des vecteurs locaux. Apres une annee de travail, les
techniques anciennes furent abandonnees pour celle de
Detinova; 1700 femelles appartenant a 4 especes d'Ano-
pheles ont e dissequees et groupees en pares et nullipares.

Chez A. gambiae, les resultats des captures sur la c6te
d'une part et dans la savane d'autre part presentent des
differences significatives (0,69 dans le premier cas - 447
dissections - et 0,78 dans le second - 436 dissections).
Pour A. funestus, on distingue nettement les resultats
obtenus dans les herbages de ceux de la brousse (0,69
dans le premier cas - 345 dissections - et 0,87 dans le
second - 139 dissections). Les specimens de A. nili et
A. hargreavesi disseques ont ete peu nombreux (les
proportions de pares etaient 0,64 et 0,29 respectivement).
La comparaison entre l'age des femelles gorgees ou non

gorgees se reposant dans les maisons montra, pour
A. funestus, que les non gorgees etaient plus jeunes que
les gorgees, mais que 17% d'entre elles cependant etaient
pares. La proportion des pares augmentait du stade II
moyen au stade III, et, pratiquement, les ovaires de toutes
les femelles pares - non parasitees - avaient atteint le

stade I moyen le matin suivant la ponte. Cette augmen-
tation de la proportion des pares se traduisait par les
chiffres de 0,21 et 0,44 au stade II moyen et de 0,86 et
0,93 au stade III, pour A. gambiae et A. funestus respecti-
vement. Cela montre la necessit6 de dissequer les femelles
a tous les stades gonotrophiques possibles.
Le probleme que pose le calcul de la probabilite de

survie quotidienne # P > est discute par l'auteur et un
exemple est donne montrant l'effet de l'inclusion des pr&e
gravides dans les calculs. I1 est abusif de calculer e P *
sans une connaissance exacte de la structure par age des
nullipares. Une autre cause d'erreur r6sulte de la decom-
position des chiffres pour de breves periodes. Les donnees
pour A. gambiae indiquent en effet que, meme si les totaux
mensuels sont relativement constants, il existe des diffe-
rences significatives d'une semaine a l'autre. Les popula-
tions d'A. gambiae ont un schema de structure par age
susceptible d'etre fortement influence par tout change-
ment dans la proportion des eclosions de nouvelles
femelles. On voit ainsi que, etant donne les limitations
imposees a ces recherches par les faits, on ne peut dis-
tinguer dans une population d'A. gambiae que les femelles
qui sont age'es de moins de 4 jours (pour un cycle gono-
trophique de 2 jours).
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