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When less is more:
accounting for
overcompensation in
mosquito SIT projects
Jérémy Bouyer 1,2,*
Compensation and overcompen-
sation under field conditions are
confirmed in Aedes mosquitoes
recently by Evans et al.: equal or
increased densities of emerging
adults may thus result from re-
duced larval densities. Here the
consequences when applying the
sterile insect technique and provide
recommendations to avoid counter-
productive effects are discussed.
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Figure 1. Impact of induced sterility on the density of the population in sterile insect technique (SIT)
programmes. (A) Impact of imposing extrinsic mortality on eggs through the SIT depending on the relationship
between initial larval density and the number of survivors. In the control group, the larval mortality is 50%. In the
treatment groups corresponding to a 40% induced sterility, three situations are possible: a 70% mortality in the
case of an additive relationship, superior to the control group; a 50% mortality in the case of a compensatory
relationship, equal to the control group; and a 40% mortality in the case of an overcompensatory relationship,
inferior to the control group. (B) Observed relationship between reduced egg density and induced sterility in
five SIT trials. The reduction rate in egg density is calculated as a mean monthly average of row data (see

(Figure legend continued at the bottom of the next page.)
Tsetse flies are extraordinary creatures [1],
at the pinnacle of viviparity, with the female
laying one mature larva every 10 days that
has been nourished in the uterus and may
outweigh its mother. Yet, overcompensa-
tion in this insect, that is, obtaining more
adults with fewer larvae is not possible. In
contrast, container-dwelling Aedes mos-
quitoes are subjected to the ecological
constraint of a larval microhabitat – often
less than 200 ml – where numerous larvae
must feed on a limited resource. This cre-
ates the perfect environment for compensa-
tion or overcompensation, where extrinsic
mortality imposed at an early larval stage
may result in a better survival of the remain-
ing larvae, leading to an equal or increased
density of emerging adults.

This is well explained in a recent article by
Evans et al. [2], in which the authors pres-
ent three scenarios and the respective
consequences of mortality of young larvae
through external suppression activities, on
the density of the adults, that is, reduction
in the case of an additive relationship,
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additional references in Table S1), comparing the release and control areas. The relationship is additive when
points are close to the red line, compensatory when they are close to the horizontal blue line, and
overcompensatory when the reduced density is negative (increased egg density in the release area).
(C) Observed relationship between reduced egg density and egg density in the release area in five SIT trials.
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none in the case of compensation, and
increase in the case of overcompensa-
tion (illustrated in Figure 1A). The authors
demonstrated compensation or overcom-
pensation in three Aedes species, in five
out of eight experiments at five field sites.
In one of them, they observed an almost
fourfold increase in adults as a result of a
~50% decrease in larval density. In three
experiments, the authors observed an
additive relationship between initial larval
density and the number of survivors.

The sterile insect technique (SIT) is a control
tactic that is based on inundative releases of
irradiated sterile males that induce female
sterility, leading to embryonic death [3]: it is
thus equivalent to early larval mortality. SIT
is currently being applied against Aedes
mosquitoes in pilot trials in 42 countries
[4]. In SIT projects, 50% induced sterility
(IS) in the target population, that is, half of
the eggs hatching, is sometimes observed
when the overflooding ratio is insufficient.

Raw data from five published SIT trials
against Aedes aegypti and Aedes
albopictus, aggregated by month
(Figure 1B) was analysed. The reduction
in egg density per trap per week in the re-
lease and untreated area, used as a proxy
of the reduction in population abundance
[5], was plotted against IS, a proxy of
early larval mortality, to investigate which
of the three scenarios presented above
were observed. We found compensation
or overcompensation in all the five datasets,
with overcompensation being detected in
at least one time point in four out of five.
Furthermore, we observed that overcom-
pensation was more likely at initial high
egg densities, with a strong negative corre-
lation between egg reduction rate and initial
egg density in the release area (Figure 1C,
Pearson's product-moment correlation
of 0.56, P <10–3), confirming previous
predictions [2].

In Cuba, where egg densities were relatively
low (11 eggs per trap per week, S.D. 5),
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most time points showed an additive rela-
tionship, with the exception of the first
month of release, when IS was low, leading
to overcompensation (see Table S1 in the
supplemental information online and addi-
tional references within). A similar situation
was observed in Germany (egg density
14, S.D. 9), where only the first time point
indicated compensation when IS was low.
In Greece (egg density 24, S.D. 2), two
data points showed an additive relationship
and one compensation. In Mauritius, most
time points also showed an additive rela-
tionship when egg densities were low
(28, S.D. 9) but a strong overcompensa-
tion (79% increase of the densities) was
observed during the last month of the trial,
when a cyclone resulted in a population
explosion leading to a more than six-fold
increase in egg density. Finally, the most
interesting situation was observed in Italy,
where the egg density was overall high
(72, S.D. 37): additive relationship for all
time points with an IS of 0.7 or more,
variable relationship from additive to
compensatory for an IS of 0.6, and always
compensatory or overcompensatory for
IS <0.6, which also corresponded to high
egg densities (100) (Figure 1C).

Furthermore, Evans et al. propose some
‘general principles for enhanced effective-
ness of control: (1) Imposing the maximum
possible extrinsic mortality; (2) Targeting
populations when larval abundances
are low, (3) Knowing the shape of the
survival-density response of the target spe-
cies at the time and place control will be im-
plemented’. Looking at the SIT projects
presented above, these suggestions are
fully supported and the following recom-
mendations are provided for the specific
case of mosquito SIT. For point (1), we rec-
ommend targeting an induced sterility >0.7
for which we observed only an additive
relation. This will require an accurate estima-
tion of the target population size [4], an
appropriate production capacity to enable
the release of the required numbers of
sterile males to reach the necessary sterile-
to-wild male ratio [5], a sterile male com-
petitiveness above 0.2 [6], and targeting
isolated areas or implementing buffer areas
to prevent immigration of gravid fertile
females from neighbouring areas. This last
recommendation is another argument for
applying SIT within an area-wide perspec-
tive, that is, addressing the entire vector
population [7]. Regarding point (2), we
observed compensation and overcom-
pensation only for egg densities >20 per
trap perweek. In temperate areas, reduction
of populations during winter may represent
an ideal opportunity to apply SIT [8], al-
though limited by the presence of over-
wintering eggs in the environment. Most
of the time, the use of other suppression
techniques prior to SIT releases, particu-
larly source reduction, is recommended
to reduce egg density to a level where
the efficiency of SIT will be maximal
thanks to its inverse-density-dependent
properties. Once again, the SIT is not a
standalone technique [7]. In Singapore,
such a strategy has demonstrated its
benefits over time [9]. Regarding point (3),
this parameter will have to be included in
Phase 1 (baseline data collection) of SIT
programmes [4].

In conclusion, although the importance
of compensation and overcompensa-
tion has clearly been underestimated,
applying SIT against mosquitoes in an
area-wide integrated pest management
perspective [10] following a phase con-
ditional approach may be the ideal
strategy to deal with this impressive re-
silience property of Aedes mosquito
populations.
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