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ABSTRACT

Artificial light at night (ALAN) is increasingly recognised as a global change driver due to its widespread use and ecological

impacts. ALAN influences mosquitoes under laboratory conditions, altering the biting propensity of diurnal Aedes mosquitoes
while suppressing that of nocturnal Anopheles species complexes, the primary malaria vectors in Africa. This study models
ALAN's effects on mosquito vectorial capacity using the R package AnophelesModel, incorporating lab and field data on mos-
quito biting behaviour and light sources. Findings suggest ALAN may influence malaria transmission dynamics, underscoring

the need for further investigation at household and larger ecological scales. However, small reductions in biting propensity alone

mean ALAN has a smaller impact compared to other interventions.

1 | Introduction

It is now apparent that artificial light at night (ALAN) must be
considered a global change driver (Davies and Smyth 2018) be-
cause of its spatial extent (Kyba et al. 2023), the severity of its im-
pacts across the biological hierarchy (Sanders et al. 2021) and its
increasing use (Giavi et al. 2020; Sinchez de Miguel et al. 2021).

At least in the laboratory, artificial light at night directly alters
aspects of mosquito biology. This is because artificial light can
increase the biting propensity of diurnal genera like Aedes mos-
quitoes (Rund et al. 2020). In contrast, ALAN may suppress the
biting propensity of nocturnal feeders like Anopheles mosqui-
toes (Sheppard et al. 2017; van Zyl et al. 2024), which is the pri-
mary vector for malaria globally. Even dim ALAN causes female
Culex pipiens f. molestus mosquitoes to avert diapause and be-
come reproductively active earlier, suggesting that mosquitoes
in light-polluted areas may be more actively biting for longer
(Fyie et al. 2021). Exposure to artificial nighttime lighting alters
the infectivity of the mature stage of Plasmodium falciparum
gametocytes in the mosquito vector Anopheles stephensi (Llergo

et al. 2023). In both urban and rural populations of Aedes al-
bopictus, ALAN can reduce photoperiodically induced diapause
(Westby and Medley 2020), while it increases viral competence
in West Nile virus (Kernbach et al. 2019). Mosquitoes exhibit a
wide range of behaviours, physiological processes and biochem-
ical activities that follow a 24-h daily rhythm. Monitoring their
locomotor activity is a powerful tool for assessing the internal
circadian clock and is closely linked to behaviours such as flight,
swarming and host-seeking. These 24-h rhythms result from the
integration of internal circadian signals with external cues from
the light-dark cycle. Notably, around 20% of the mosquito tran-
scriptome is regulated in a rhythmic 24-h pattern. Furthermore,
light-based cues significantly influence their circadian biting
rhythms, which has important implications for the transmission
of diseases (Duffield 2024). Taken together, this implies that a
more comprehensive understanding of how mosquitoes perceive
light, respond to light, and whether attracted or repelled, would
allow for more efficient vector sampling as well as potentially
limiting the risk posed by domestic lighting to vector disease
transmission (Coetzee et al. 2022, 2023; Fabian et al. 2024;
Wilson et al. 2021).
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While the potential for disruptions to mosquito biology is now
demonstrated in the laboratory, how such alterations play out at
household and larger scales, and what that means for reductions
in vectorial capacity, remains to be demonstrated and tested.
Here, to test how artificial light use may alter malaria transfer,
we incorporate published lab data on mosquito biting propensity
(van Zyl et al. 2024), with unpublished data on actual artificial
light use from exemplar study sites in South Africa, Uganda and
Mozambique (van Zyl 2025), into a state transition model depict-
ing the mosquito life cycle (Golumbeanu et al. 2023). We predict
that, in general, artificial light use will reduce biting propensity,
and that the reduction in biting propensity will significantly re-
duce the transfer of malaria.

2 | Materials and Methods
2.1 | Parameterisation—Biological Data

Firstly, we obtained biting propensity data in a laboratory
setting (van Zyl et al. 2024). In short, the study investigated
whether exposure to commonly used household lighting,
namely compact fluorescent lights (CFLs), light-emitting di-
odes (LEDs) and incandescent bulbs, affected the feeding
behaviour of Anopheles funestus mosquitoes. Mated, unfed
female mosquitoes were subjected to a 30-min pulse of one
of the three light types at the onset of darkness, each within
separate experimental containers. Following this exposure, a
blood-feeding assay was conducted. Compared to the control
group, all three light treatments led to a decreased proportion
of females taking a blood meal. For full methods, see van Zyl
et al. (2024). Further details on the experimental protocol can
be found in the Supporting Information.

2.2 | Parameterisation—Artificial Light Data
To obtain data on artificial light use at the household scale at

different exemplar study sites across Africa, we obtained data
from van Zyl (2025) (full details in Supporting Information).

In short, the study employed the recently developed
Environmental Light Field (ELF) method to characterise the
artificial light environment within households in rural settle-
ments across South Africa, Uganda and Mozambique. The ELF
method, recently introduced by Nilsson and Smolka (2021),
employs a calibrated digital camera sensor to quantify the ra-
diance perceived by an observer at a specific point within an
environment. The spectral sensitivity ranges of the red (600-
700nm), green (500-600 nm) and blue (400-500 nm) channels
of standard RGB camera sensors closely align with those of
animal visual systems, thereby rendering them well suited for
capturing light conditions in a manner analogous to animal
vision (Nilsson and Smolka 2021).

ELF can be used to take photographs from various posi-
tions in an environment, and is then used to construct three
graphs (Figure 1) that describe the light environment. As light
sources are mostly found above the horizontal plane, light
can be expected to vary with elevation angle. Therefore, the
change in spectral photon radiance (or absolute light inten-
sity) in relation to the elevation angle, as shown in Figure 1B,
is determined. Light within an elevation angle is variable and
comprises an array of radiances. The median radiance is used
in Figure 1B as this is less likely to be highly affected by single
bright light sources, and a range of radiances is then calcu-
lated for each elevation gradient, as shown in Figure 1C. This
range is important as it is related to visual contrasts within the
environment and influences the visual perception of the light
environment. Figure 1D describes the spectral composition
of the light environment at the different elevation angles by
showing the relative contributions of the red, green and blue
spectral channels.

We note that the ELF system does not measure UV light, which
is a key component of insect vision, but that most household
lighting does not contain much UV, and our focus here is rather
on light intensity. Given the potential influence of artificial
lighting on exposure to vector-borne diseases such as malaria,
understanding these light environments is critical for assessing
associated health risks.
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FIGURE1 | Environmental light field (ELF) chart of an environment, showing the vertical light gradients of the light environment. To character-
ise this environment images were taken from four different positions. (A) Average image of the environment consisting of the images taken from all

positions. The graphs show elevation angle versus (B) intensity (absolute log scale), (C) the intensity range (relative log scale), (D) the contribution of

the red, green and blue spectral channels (relative log scale) to the spectral composition of the light environment.
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FIGURE 2 | General model workflow.

2.3 | Model Overview

The AnophelesModel package facilitates the parameterisa-
tion of a mosquito feeding cycle model by incorporating data
on mosquito bionomics, biting patterns, human activity, and
intervention effects. Extracted from field studies, the package
includes various types of data. It integrates real-world ento-
mological data on feeding, host seeking, resting and oviposi-
tion rates to refine models for evaluating intervention impacts
based on actual species and location-specific characteristics.
The model assesses the species-specific effects of vector con-
trol interventions on vectorial capacity, allowing comparison
across mosquito species and the generation of parameterisa-
tions for entomological and vector control components in more
intricate models of malaria transmission dynamics. Full meth-
ods can be found here https://swisstph.github.io/AnophelesM
odel/articles/AnophelesModel.html and preprint (Golumbeanu
et al. 2023).

Built upon a state transition model from (Chitnis et al. 2008),
the AnophelesModel package employs three difference equa-
tions to describe the dynamics of not infected, infected and
infective mosquitoes in a population biting hosts. The transi-
tions within the feeding cycle are represented by probabilities,
including host seeking, host found, feeding, resting, oviposit-
ing and egg development. By estimating the probable reduc-
tion of biting propensity, here as a consequence of measured
reductions due to artificial light, one can alter the PBi param-
eter, or the probability (P) that a mosquito bites (B) a host of
type I, after encountering a host of type i. 0 <PBi <1 (Chitnis
et al. 2008). The model depicts how a range of lights at differ-
ent intensities may reduce biting propensity. We here thus alter
PBi to reflect the consequence of measured reductions in biting
propensity due to artificial light. The model thus can estimate
how a range of lights at different intensities may reduce biting
vectorial capacity.

These probabilities, depicted as arrows in Figure 2, are in-
fluenced by mosquito ecology, human behaviour, and inter-
ventions. The documentation outlines various use cases with
examples, starting with a general analysis workflow. It covers
the package database, data objects and provides detailed exam-
ples of using package functions. Users can learn how to param-
eterise the embedded entomological model, assess the impact
of vector control interventions across mosquito species and
locations and format inputs for downstream analyses with the
OpenMalaria individual-based model of malaria transmission
dynamics (Smith et al. 2006). The outputs generated allow for
a direct comparison not only with existing interventions of the
model but also with incorporating new intervention effects.
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FIGURE 3 | Modelled reduction in vectorial capacity of three
kinds of artificial lights used in households, compared to existing in-
terventions, using real-world data in the AnophelesModel package
(Golumbeanu et al. 2023), for Anopheles funestus.

3 | Results and Discussion

The model outputs (Figure 3) show that the use of artificial light
only shows modest reductions in vectorial capacity when con-
sidering only the biting rate in Anopheles funestus, compared
to more well-known interventions in real-world systems, like
indoor residual spraying (IRS) and Long Lasting Insecticidal
Nets (LLINSs). The different proportions and curves between
traditional techniques, like IRS and LLINs, and that of artifi-
cial light, mean that, despite a reduction in biting rates, even
under total coverage, there is little overall reduction in feed-
ing. This is because (i) unlike other interventions, ALAN only
reduces biting rates and does not kill the mosquitoes and (ii)
the use of ALAN may only serve to delay the onset of feed-
ing. This means that changes in biting propensity alone may
have a smaller impact than one would hope for, and claims that
ALAN itself is a panacea for vector control must be vetted. We
note that while the model is built on real data, it is exploratory,
and indicative of broad trends, with room for improvement.
For instance, it only explores one dimension of a biological im-
pact, the reduction of biting, but new work supports the idea
that ALAN can not only influence mosquito biting behaviour
but also reduce the parasite success in the mosquito midgut
(Llergo et al. 2023). What is more, the impact of ALAN on
disease vector transmission varies depending on the specific
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vector, geographic variations in both host and disease, and
environmental conditions, complicating the generality of re-
search to date, as it does the model.

The key remaining scientific questions to further understand
how ALAN may alter vector disease transfer relate to further
elucidating the mechanistic influence of artificial light on mos-
quitoes, how it may interact with other global change drivers at
different spatial scales, and how it interacts with other vector
control strategies. Only field trials will ultimately demonstrate
the impact of light on vector- disease transfer, given the diffi-
culties with scaling the impacts documented in the lab into
real-world and complex socio-ecological systems (for a review
see Coetzee et al. 2023). Given the projected impacts of other
global change drivers on the increase in vector borne disease
(i.e., Caminade et al. 2014), how much artificial light may alter
vector disease transmission and act as a synergetic or antagonis-
tic additional driver at larger spatial scales remains a pressing
question.
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