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e CBGP, Univ Montpellier, CIRAD, INRAE, Institut Agro, IRD, Montferrier-sur-Lez, France 
f Direction Générale de la Protection des Végétaux, Niamey, Niger 
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A B S T R A C T   

In sub-Saharan Africa, agricultural intensification and urbanization have increased the risk of proliferation of 
rodents in rural and urban habitats. Management of rodent populations is a challenge in terms of food security 
and public health. However, conventional efforts to manage rodents are currently reactive and based on the 
inadequate use of synthetic chemical rodenticides, including first- and second-generation anticoagulants and 
acute rodenticides. This approach carries substantial environmental and health risks and has yielded limited 
success in terms of reduction of rodent populations sustainably. In this paper, which is the second part of a 
diptych, we advocate for a shift towards more sustainable and environmentally friendly approaches, such as 
Ecologically-Based Rodent Management (EBRM), as a realistic alternative to synthetic rodenticides. This method 
is based on a good knowledge of habitat use, species diversity and population dynamics of major rodent pests, 
and involves community-based interventions aimed at reducing rodent abundance to economically and hy
gienically acceptable levels in the long term. We present for the first time a comprehensive compilation of 
published and unpublished information derived from observational field studies conducted in Ethiopia, Niger, 
Nigeria, Benin, Mali, Mauritania and Senegal with the aim to provide an overview of EBRM case studies in these 
countries of sub-Saharan Africa. This paper intends to serve as a catalyst for change, encouraging the trans
formation of rodent management practices towards sustainable methods. We aim at stimulating further research 
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and interventions that promote EBRM in Africa, ultimately fostering more environmentally conscious and 
effective solutions.   

1. Introduction: Ecologically-Based Rodent Management – a 
realistic and environment-friendly alternative to synthetic 
chemical rodenticides2 

Rodent-related pest issues in sub-Saharan Africa, both in agricultural 
and urban habitats, are a matter of significant concern. In agricultural 
settings, rodent infestations persistently undermine crop yields and food 
security (Swanepoel et al., 2017). In urban areas, commensal rodents are 
widespread, often establishing their habitats inside or in immediate 
proximity to human dwellings, posing significant challenges to public 
health and overall well-being (Dobigny and Morand, 2022; Ecke et al., 
2022). The prevailing rodent management strategies primarily hinge on 
synthetic chemical rodenticides (Swanepoel et al., 2017; Constant et al., 
2020; Sow et al., 2023), which, although providing short-term relief, 
come with adverse effects on both human health and the environment, 
raising concerns regarding their long-term sustainability and safety. 

This paper is the second part of a diptych, with the first part (Dalecky 
et al., 2023) highlighting the adverse impacts of synthetic rodenticides 
extensively used against pest rodents in Sub-Saharan Africa, encom
passing both agricultural and urban settings. In response to these con
cerns, here we emphasize the urgency for a shift away from synthetic 
chemical rodenticides towards more sustainable and 
environment-friendly rodent management approaches, such as the 
Ecologically-Based Rodent Management (EBRM), as a realistic alterna
tive to synthetic rodenticides. 

EBRM relies on a good understanding of the diversity, behavior, 
ecology and population dynamics of rodents as well as the perceptions, 
uses and practices of human populations towards rodent pest species 
(Singleton et al., 1999a, 2010, 2021; Singleton, 2014; Palis et al., 2011). 
It mobilizes a panel of various rodent management methods, developed 
for specific rodent species based on their respective seasonal space use 
and population dynamics, which are integrated into robust 
community-based implementation protocols adapted to local situations 
(Fig. 1). These methods may comprise biological (e.g., predators, 
botanical rodenticides or repellents), ecological (e.g., habitat manage
ment), mechanical (e.g., selective trapping or removal), agronomic (e.g., 
crop rotation) and cultural (e.g., hunting, rodent-proof storage facilities) 
actions to be implemented at different key times of the year that will 
depend on the breeding season, population dynamics and habitat use of 
different rodent species, and on the local socio-economic and agricul
tural calendars. It entails the local appropriateness and full integration 
of proactive methods into routine agricultural, conservation and envi
ronmental management practices as an alternative to the reactive use of 
synthetic chemical rodenticides that usually follows high rodent in
festations and damages. Importantly, following its very 
community-based nature, EBRM incorporates local socio-economic and 
environmental constraints potentially associated with pest rodent 
management (or absence of management) by local stakeholders, what
ever they may be (e.g., farmers, inhabitants, firm owners, as well as 
local, national and international authorities and decision makers) (Palis 
et al., 2011). Thus, EBRM is expected to provide science-guided solu
tions to (1) the lack of effective, affordable and integrated conventional 
methods for sustainable management of rodent pests, (2) the risks 
associated with the use of chemical rodenticides, including the evolution 
of resistance by rodents against the chemicals, and (3) the increased 
focus on human and environmental health-friendly value chains in the 
context of the requirement of increased food production. 

Championed essentially by Singleton and his colleagues, EBRM has 
been successfully implemented and evaluated in the last two decades in 
Southeast Asian agro-ecosystems, especially rice farming systems 
(Singleton et al., 1999a, 2010, 2021; Singleton, 2014; Palis et al., 2011; 
Brown et al., 2007; Brown and Khamphoukeo, 2007; Ninh et al., 2022; 
My Phung et al., 2013), where socio-cultural structures and practices 
greatly facilitate community-based approaches and the extension of 
EBRM by local farmers (Palis et al., 2011). EBRM was trialled recently in 
rural areas of Southern and Eastern Africa and Madagascar at a much 
smaller scale (Belmain et al., 2008; Taylor et al., 2008; Constant et al., 
2020; Rahelinirina et al., 2023) and, to our knowledge, attempts are still 
lacking in a wide range of countries, especially in Central and West 
Africa (see Supplementary Material, Appendix A). In addition, argu
ments to anticipate EBRM acceptance, adoption and appropriation by 
African farmers are lacking and extra studies are still required to eval
uate further its pertinence and long-term sustainability in rural Africa 
(Makundi and Massawe, 2011). Furthermore, we are not aware of any 
EBRM activity formally tested in African urban settings, but see Taylor 
et al. (2008) for a first attempt focusing on household sanitary aspects. 

In this paper, we draw from various examples across sub-Saharan 
Africa, encompassing Ethiopia, Niger, Nigeria, Benin, Niger, Mali, 
Mauritania and Senegal, in addition to well-documented case studies 
from Southern and Eastern Africa (Appendix A). Through these case 
studies, we aim for the first time (i) to investigate and analyze the factors 
that hinder the translation of accumulated scientific knowledge into 
concrete and sustainable rodent management measures with a particular 
focus on the Sahelian African region, and (ii) to illuminate the pressing 
needs and prospects for advancements in the field of rodent manage
ment, with a particular emphasis on the role of EBRM in sub-Saharan 
Africa. 

2. Materials and methods 

The study commenced with a synthesis in the form of a narrative 
review of both published and unpublished literature focusing on rodent 
management in various sub-Saharan African regions. To ensure a 
comprehensive, albeit not exhaustive, picture, we considered examples 
from a wide geographical span within sub-Saharan Africa, focusing on 
Ethiopia, Niger, Nigeria, Benin, Mali, Mauritania and Senegal. A diverse 
range of data was collected from these countries, with a particular 
emphasis on case studies related to EBRM. The collected dataset was 
subjected to comparative analysis to assess the pressing needs and 
prospects for advancements in the field of rodent management, partic
ularly focusing on the role of EBRM in sub-Saharan Africa. This 
compilation aimed to give an overview of EBRM case studies in regions 
beyond those typically documented in Southern and Eastern Africa (see 
Appendix A) and a well-rounded perspective on rodent management 
practices in sub-Saharan Africa, highlighting the significance of EBRM as 
an alternative to synthetic rodenticides. 

3. Results and discussions 

3.1. EBRM in rural Africa, with special emphasis on Sahelian region 

3.1.1. The Ethiopian EBRM experience 
In rural Africa, various EBRM practices have been trialed. In the 

Amhara Region of Ethiopia, an EBRM package was tested in 2019 with 
smallholder farmers engaged in a mixed cropping system (growing 
wheat, barley and potato in small plots ranging from 0.5 to 3 ha, coupled 
with animal husbandry), where the main pest rodents belonged to 
Arvicanthis and Mastomys genera (Tilahun et al., 2022). Prior to the 

2 A French version of the manuscript is available as Supplementary Material, 
Appendix B. 
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introduction of EBRM, farmers and extension workers claimed severe 
rodent damage (>25%) (our unpublished data). Long before the intro
duction of EBRM, farmers in the region had already organized into 63 
Watershed User Associations (WUAs), registered under the regional 
government and are responsible for watershed management (mainly soil 
and water conservation practices) as a community, covering a total area 
of about 120,000 ha. Watershed groups involve all farmers who own 
adjacent crop fields and grazing lands in a particular watershed 
(catchment) area. These groups had a well-organized system in place 
and were best suited to operating community-based EBRM at an 
appropriate scale for rodent management. The first and most important 
part of the EBRM activities was time for training and action planning 
co-constructed with the WUA committees, who then passed it on to all 
their members. In action planning, they incorporated the timing of the 
EBRM actions in the lean season (i.e., when rodent populations are still 
at low density) and the importance of collective action (e.g., they made 
by-laws that a household who did not join in a collective activity such as 
flooding rodent burrows, would pay a penalty). Because there was 
already established strong sense of community via the WUA, this was 
quite effective. 

The activities incorporated into the EBRM package encompassed a 
range of measures, including (i) maintaining loose soil and water con
servation structures, with a specific focus on stone bunds and terraces 
(which was previously reported to provide shelter for rodents; Meheretu 
et al., 2014), (ii) clearing grasses and bushes in the vicinity of these 
bunds and terraces to create an open strip of land measuring 1–2 m that 
enhances the visibility of rodents to their natural predators, (iii) 
implementing deep ploughing techniques to disrupt rodent habitats and 
burrows, (iv) employing strategies such as flooding and plugging rodent 
holes and burrows to curtail their population, (v) establishing stone 
traps to kill rodents, (vi) utilizing domestic cats, predominantly within 
homesteads, as a natural predator of rodents, and (vii) storing grains in 
locally made, rodent-proof storage structures to safeguard against ro
dent infestations. 

These activities were combined with the development of a bio- 
rodenticide (BR) that was applied through watershed level campaigns 
involving all members from land preparation to harvest. The BR was 
formulated using air-dried plant parts sourced from two locally available 
plant species, with no chemical or additive used during its formulation 
(our unpublished data). Testing of the BR was conducted against three 

pest rodent species (Arvicanthis niloticus, Mastomys awashensis, Rattus 
rattus) under controlled laboratory conditions (TheWaterChannel, 
2023). While the first two rodent species are well known pests in agri
cultural fields in Ethiopia (Meheretu et al., 2014), the latter is a common 
post-harvest commensal pest species (Meheretu et al., 2022). 

Our independent post-implementation survey (unpublished data), 
involving participants from the watershed campaigns, indicated that 
farmers perceived that rodent damage had been cut by a magnitude of 
up to 50% after two years of EBRM practicing. Additionally, the survey 
indicated that through horizontal learning (a form of knowledge ex
change and skill sharing that occurs within a community or among 
neighboring communities through a peer-to-peer approach), the uptake 
of the EBRM practices saw an increase of up to threefold in the neigh
boring watersheds that were not initially included in our EBRM cam
paigns. This suggests that the knowledge and success of these initiatives 
have spread effectively within the local agricultural community, 
benefiting a broader region beyond the project’s initial scope. The de
mand for the BR product has increased significantly and to meet this 
increased demand and empower local entrepreneurs, about a dozen 
women small-scale enterprises (SMEs) have been trained by MetaMeta 
(a social enterprise working with smallholder farmers) in 2020 and 2021 
to produce package and sell the BR to fellow farmers at local scale at an 
affordable price. The production cost of the BR by the SMEs was about 
€1.50 per 250g jar. Furthermore, in comparison, in northern Ethiopia, 
farmers typically spend an annual average of €3–12 per hectare on 
pesticides (Meheretu et al., 2022). The authors also highlighted that 
farmers are willing to spend up to €9 to purchase a kitten as a preventive 
measure against stored-grain damage by rodents. In sub-Saharan Africa, 
farmers are willing to pay €3–10/ha for effective rodent management 
products per cropping season (AGRA, 2017). 

Unlike synthetic rodenticides, BRs are inherently less harmful to the 
environment and non-target species since their active ingredients are 
largely volatile and quickly degradable, hence less persistent in the food 
chain and less dangerous for the environment (see Wen et al. (2022) and 
references therein). Although more rigorous investigations are needed, 
unlike synthetic chemical rodenticides, BRs usually are composed of a 
complex panel of co-acting molecules that work together to toxify ro
dents. This makes them less prone to the development of resistance 
against them. Efforts are underway to ensure wider use of the BR in 
Ethiopia as well as to extend this innovative approach to other African 

Fig. 1. Summary of potential community-based activities in the Ecologically-Based Rodent Management (EBRM) toolkit.  

A. Dalecky et al.                                                                                                                                                                                                                                



Crop Protection 181 (2024) 106673

4

countries. There is enormous scope to make EBRM the standard rodent 
management method in Ethiopia and beyond as it holds great promise 
for sustainable and environmentally friendly pest management prac
tices, benefiting both agriculture and the broader ecosystem. 

3.1.2. Opportunities for EBRM in Sahelo-Sudanian Western Africa 
In West Africa, such experiences in the realm of EBRM are almost 

non-existent, although a few isolated attempts have begun to provide 
elements that could contribute to integrated EBRM strategies. For 
instance, the traditional pitfall traps, locally called “Kornaka” traps, 
used by Sahelian farmers, appear to be promising to reduce pest gerbil 
(Gerbillus nigeriae) populations in extensive pluvial millet fields in Cen
tral Niger. As evidence, during a brief trial, 37 captures were made with 
a sampling effort of 147 trap nights using Kornaka traps, resulting in a 
capture rate of 25.2%. In comparison, 22 captures were achieved for a 
sampling effort of 1280 trap nights using locally-made wire mesh traps, 
with a capture rate of only 1.7%. This illustrates that the Kornaka traps 
were 15 times more effective than the wire mesh traps in trapping 
gerbils in pluvial millet fields (Hima et al., 2019). 

Additionally, in response a to a shortage of chemical rodenticides, 
Crop Protection officers in Ogo (Matam, Senegal) experimentally tested 
pitfall traps during a participatory farmer action that lasted over 10–15 
days in four localities in 2021 (B. Diouf, pers. comm., Feb. 2022). This 
small scale, preliminary demonstration resulted in notable rodent 

captures and was perceived as a promising method by most participants. 
However, the effectiveness of this method has not been precisely 
quantified, and some farmers expressed concerns about the labor in
tensity of this method compared to the relatively straightforward 
application of synthetic chemical rodenticides (B. Diouf, pers. comm., 
Feb. 2022). 

In Northern Senegal, through rigorous decade-long rodent moni
toring in agricultural fields and ongoing collaboration with crop pro
tection experts, substantial progress has been achieved in the 
understanding of rodent related challenges and the potential for 
implementing EBRM (Bori and Dalecky, 2021; Niang et al., 2022). 
Notably, this long-term monitoring data has unveiled key insights, such 
as the identification of specific agronomic and physical factors within 
irrigated rice fields in the delta of River Senegal that strongly favor ro
dent populations. These factors include features like accumulations of 
thorn bushes used as hedges (Fig. 2 A) and the presence of densely 
vegetated dikes, bunds, and irrigation canals (Fig. 3A–B). In terms of risk 
assessment, estimated by the Adjusted Odds Ratio, the abundance of 
each of the two main rodent pests affecting rice crops (Mastomys huberti 
and Arvicanthis niloticus) significantly increased with several environ
mental factors (Niang et al., 2022). For each single additional percent
age of vegetation cover (for an average cover estimate of 67.4% and a 
range of 3.1%–97.5% over a total of 267 sampled fields), the factor of 
increase in rodent populations was 1.02 (Niang et al., 2022). Pest 

Fig. 2. Examples of rodent-favorable and unfavorable fences in cultivated plots in the River Senegal valley. 
(A) An example of a rodent-favorable (in red) refuge made from a pile of thorny branches. (B–F) a range of fences that that deter (unfavorable to) rodents (in green): 
(B) a wire-mesh fence on the edge of an off-season rice paddy, after cleaning the dikes and bunds; (C) used drip pipes braided into fence; (D) a fence of barbed wire 
covered with recycled pans of greenhouse and of agricultural mulching sheets; (E) a fence made of fish nets overlaid with recycled pans of greenhouse sheets; (F) wire 
mesh covered with fish nets (left) and weaved palisade made of harvested proliferative aquatic Typha (right). 
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rodents also exploit uncultivated parcels or edges of fields, where they 
find shelter and reproduce before invading rice fields (Niang et al., 
2022). This underscores the potential benefit of improved land prepa
ration and management of fallow lands adjacent to cultivated fields to 
mitigate rodent infestation and associated damages. Conversely, there 
are situations that appear to be less favorable to rodents, corresponding 
to those where shelters are rare and vegetation is well-controlled on 
dikes and other irrigation structures (Fig. 3C–D). 

From these observations, several physical and agronomic elements of 
EBRM can be proposed (see Makundi and Massawe (2011) for more 
information). These may include replacing hedges made from thorny 
bush branches and random shrubs with tightly woven barriers made 
from materials like fishnets, recycled greenhouse sheets, or braided 
recycled drip pipes (as already practiced by some farmers), or employing 
more durable options such as wire mesh or barbed wire (Fig. 2B–F). 
Other potential measures include frequent mowing of grasses on dikes 
and irrigation channels, refraining from planting crops on dikes, crop 
rotation, composting of crop residues, and implementing minimal tillage 
practices targeting rodent burrow systems following crop harvests. 
Given that there are plenty of diurnal and nocturnal birds of prey in 
Sahelo-Sudanian rural fields, additional promising measures to explore 
include favoring these predators of rodents with actions such as the 
setting of wooden perches and owl nest boxes. 

The recurrence of major damages to food crops, caused by recurring 
events of particularly high rodent pest abundances, has led West African 
states and/or international institutions to repeatedly seek external 
expertise since the 1970s to assess the critical situation and propose 
sustainable rodent management strategies (Giban, 1967; Bernard, 1976; 
Fall, 1976; Duplantier, 1987; Gramet, 1989). The rodent outbreak 
observed in the Senegal River valley during 2020–2021 is illustrative of 
how the lessons that could have been learned from historical events and 
the wealth of scientific knowledge accumulated over the years have yet 
to be translated into concrete, effective, and sustainable management 
measures. Although it is likely late, the FAO has for the first time 
adopted an interdisciplinary approach, combining socio-economic, 
biological, and ecological perspectives, to carry out an assessment of 

rodent impacts and human needs in an emergency situation (Bori and 
Dalecky, 2021). Of 111,643 ha cultivated with rice in 2020, 14–37%, 
depending on the region, were reported to have been affected by ro
dents, mainly Arvicanthis niloticus, Mastomys huberti and Mastomys 
erythroleucus. This translates to an estimated loss of around 84,000 tons 
of paddy rice for a single cropping year, or 6–35% of the total expected 
rice production, depending on the region. The production loss was 
estimated at €26.5 million (ca. US$ 31.4 million in 2020–2021), directly 
affecting nearly 40,000 households or 270,000 people, which accounted 
for 11–14% of the population of these regions (Bori and Dalecky, 2021). 
Subsequent appraisals have outlined a lack of expertise and logistical 
constraints in national Crop Protection services, which limited the ef
forts for targeted interventions, but offer scope for future improvement. 

In Senegal and Mauritania, Crop Protection officers have recently 
been trying to raise awareness among farmers, to encourage them to 
carry out preventive measures against rodent pests in their fields. 
However, there is a growing need for these actions to be better organized 
and implemented at a larger scale. These initiatives should ideally be 
incentive-based and accompanied by thorough follow-up assessments to 
gauge their effectiveness. Recently, an integrated rodent management 
strategy was formulated in Mauritania (Garba et al., 2021). Recognizing 
the importance of these efforts, the FAO has extended its support by 
launching two intervention projects in Mauritania and Senegal. These 
projects aim to increase awareness among farmers about the risks 
associated with the use of synthetic rodenticides for rodent control. 
Instead, they promote the adoption of alternative integrated manage
ment strategies based on a deep understanding of rodent population 
dynamics, both in terms of spatial distribution and temporal 
fluctuations. 

An illustrative example of actions implemented in February 2022 in 
Mauritania involved mechanical/physical management methods such as 
clearing the vegetation used by rodents in dykes in rice fields, followed 
by the installation of mosquito nets on the dykes over rodent burrows, 
and then the mechanical exclusion of rodents trapped by the mosquito 
nets while flooding of burrows (Fig. 4). These management actions were 
implemented during the lean season which is a period of reproductive 

Fig. 3. Illustration of contrasted conditions in irrigated areas of the Senegal River delta. 
(A, B) Presence of vegetation favorable to rodents on dikes (red arrows) alongside irrigation canals. (C, D) Controlled vegetation on dikes (green arrows) along canals, 
achieved through the removal of grasses and bushes near the dikes to create an open strip of land that could enhance the visibility of rodents to predators. 
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rest for Arvicanthis niloticus and Mastomys spp., the main rodent pest 
species in these irrigated agroecosystems, and were combined with 
setting up pitfall traps. To support these efforts and make rodent man
agement a collective community action, national and regional author
ities have introduced strong incentives where the allocation of inputs, 
such as fertilizers, are linked to farmers’ active participation in rodent 
management activities. Additionally, the authorities have considered 
imposing fines for those who refuse to participate. 

In Mali, the Rodentology Laboratory of the Institute of Rural Eco
nomics is currently actively engaged in conducting practical research 
activities in rural areas in line with public policies. They aim to evaluate 
the impact of four distinct rodent management methods on agricultural 
yields in the Baguineda (Mali) irrigated rice farming area where the 
main pest species belong to Arvicanthis and Mastomys genera, i.e., opti
mized chemical control, trapping sessions conducted in conjunction 
with collective actions implemented by farmers prior to the annual peak 
in rodent abundance, leveraging the repellent effect of predator odors, 
and testing the efficacy of a local plant identified as potentially toxic to 
rodents based on their traditional knowledge. 

Other innovative methods that have been developed in Southeast 
Asia and tested at small scale in East Africa, may have a promising future 
in Western Africa. For example, the community trap barrier system 
(cTBS) is an in-field rodent management method that can be used by 
irrigated rice farming communities (Singleton et al., 1999b). It involves 
the establishment of a rectangular trap crop three weeks before the rest 
of the fields are planted so that rodents from the surrounding areas are 
attracted to it. This trap crop is fenced with plastic sheeting which has 
multiple holes through which rodents can pass, and rodents are trapped 
using multiple-capture traps set at the holes. Field studies in irrigated 
rice cropping systems in Southeast Asia (Singleton et al., 2003) and East 
Asia (Wang et al., 2017) have shown that this method reduces the 
abundance of rodents over a large area surrounding the trap crop which 
reduces damage and increases yield. It has been shown in Tanzania that 
a 20 m × 20 m cTBS significantly reduces rodent abundance over an area 
of up to 16 ha of irrigated rice fields, leading to an increase in rice yield 
by 41% (Mulungu et al., 2020). A simplified variant of cTBS, known as 

LTBS (Linear Trap Barrier System), has been tested in Asia (Wang et al., 
2017; Stuart et al., 2020), and a pilot study has been conducted in the 
Senegal River delta (Sow et al., 2023; Bosma et al., 2024). LTBS com
prises a stretch of plastic fencing with a minimum length of 100 m long, 
which is partly buried underground to a depth of 5–10 cm to deter ro
dents from tunneling underneath. Above ground, the fencing stands at a 
height of 60–70 cm. LTBS is installed to intercept rodent movements into 
or within crop fields by exploiting the innate tendency of certain rodent 
species to move along physical barriers, such as walls or fences (Wang 
et al., 2017). Unlike cTBS, LTBS does not require setting up trap crops to 
attract rodents. To the best of our knowledge, such alternative rodent 
management methods have not been formally tested in West Africa and 
their impact in terms of rodent management and rice production still 
need to be evaluated within the context of the prevailing farming system 
in West Africa. 

There are also other promising methods, such as the use of improved 
hermetic grain storage bags (e.g., International Rice Research Institute 
(IRRI) bags, Purdue Improved Crop Storage (PICS) bags), which provide 
a better grain storage opportunity to farming communities against ro
dent and insect damage to stored grain, and increase storage life by 
limiting spoilage and the build-up of aflatoxins (Baributsa and Cristine, 
2020; Baoua et al., 2016; Williams et al., 2014). 

Importantly, while some rodent management actions may be effi
cient to decrease rodent abundances and mitigate their deleterious im
pacts (Singleton et al., 1999a,b, 2010, 2021; Singleton, 2014; Palis et al., 
2011; Brown et al., 2007; Ninh et al., 2022; My Phung et al., 2013; 
Belmain et al., 2008), they may inadvertently conflict with crucial 
socio-economic aspects. To achieve local suitability and adoption, first, 
it is imperative to ensure that the direct costs of implementing EBRM are 
lower than the overall impacts caused by rodent infestations. This also 
holds true for the perceived gains and losses by farmers, not only their 
monetary values. Second, the timing of the management needs to be 
aligned with the local agricultural calendar in order to facilitate mobi
lization of resources for the task. Moreover, to ensure greater effec
tiveness, the management actions should be initiated during periods 
when the rodent population is at a low density (such as the lean period 

Fig. 4. Awareness-raising and mechanical rodent control actions in Mauritania carried out in 2022. 
(A) Clearing the vegetation on dykes. (B) Installation of mosquito nets on the dykes over rodent burrows. (C) Flooding of burrows with water and removal of rodents 
captured in the nets. (D) Result of a session of mechanical control. 
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before they reproduce), rather than waiting until outbreaks occur, when 
the population has become too large to control. Third, one should be 
very cautious about the interrelationships between rodent management 
actions aligned with the cropping calendar and the cattle breeding 
systems, especially in the Sahelian region where pastoralism is wide
spread and a critical activity, encompassing food, cultural, and eco
nomic aspects. For instance, in the Sahelian pastoralist livestock 
production system, grazing stubble plays an important role and, pro
vided that overgrazing is avoided, the practice greatly contributes to soil 
fertility by adding manure. Moreover, livestock can remove spilled grain 
and trample the ground upsetting rodent burrows. In such a context, 
post-harvest actions such as field clearing and tillage, while effective for 
reducing pest rodent populations, may have detrimental effects on 
conservation agricultural practices and on domestic animals, including 
meat, milk, and leather production. Some cattle breeders also mentioned 
the risk of having cattle wounded by pitfall traps (i.e., Kornaka) while 
wandering at night (K. Hima, pers. obs.). To minimize such risks and 
address potential conflicts with local residents, grazing stubble could be 
timed and incorporated into other activities of field clearance and pitfall 
trap may be covered (i.e., closed) during periods of cattle grazing. In 
summary, the success of EBRM in this region will strongly depend upon 
finding a delicate balance between socio-economic gains and in
vestments, taking into account the interplay between rodent manage
ment, agriculture, and cattle breeding systems. 

3.2. EBRM in sub-Saharan African cities and their immediate peripheries 

Food losses and health problems associated with rodent pests also 
have an impact beyond cultivated fields and rural areas sensu stricto. 
Indeed, in the context of rapidly expanding cities and increasing urban 
demographics, larger and larger surfaces of peri-urban (and sometime 
inner city) areas are dedicated to food production (Davies et al., 2021; 
Oura et al., 2023). In addition, in the Global South, rapid urbanization 
may sometimes remain difficult to control, thus making urban man
agement and basic services rare or even absent from large, highly 
populated and often informal urban settings where inhabitants are 
highly vulnerable (UN Habitat, 2019). This leads to rodent proliferation 
and subsequent exacerbation of rodent-human interactions (Dobigny 
and Morand, 2022). As such, urban areas and their suburbs should not 
be neglected from a crop protection perspective, given the development 
of peri- and intra-urban market gardening and the widespread practices 
of animal husbandry and of (often unsecured) crop storage by house
holds in sub-Saharan African cities (Orsini et al., 2013; Battersby and 
Watson, 2018). At the urban and sub-urban levels, rodent infestations 
are projected to intensify in sub-Saharan Africa since 1.2 billion people 
in Africa will be city-dwellers by 2050, with most of them living in 
densely populated, precarious and unhealthy areas (UN Habitat, 2014, 
2019). In these urban settings, a few highly competitive and often 
invasive commensal rodent species, such as rats (Rattus spp.) and mice 
(Mus musculus), typically dominate and cause damage to urban gardens 
and significant post-harvest crop losses, including inside many 
rodent-infested households where food stocks may be massively 
damaged. In urban marginalized urban areas, commensal rodents are a 
constant presence inside or in close proximity to human dwellings, with 
enormous infestation rates and health risks associated with 
rodent-borne zoonotic diseases. As an illustration of widespread pres
ence of rodent in urban areas, in a series of 376 villages and towns that 
were investigated from 1983 to 2014 in Senegal, rodents were trapped in 
94.6% of the 700 indoor sampling sessions (Dalecky et al., 2015). In a 
cross-sectional survey involving 500 residents to investigate community 
awareness and attitudes toward rodent control concerning Lassa fever 
virus in the city of Osogbo (Nigeria), 90.9% of residents in slum com
munities reported having encountered rodents within their homes 
(Adebimpe, 2015). More than half of the respondents (55.4%) stated 
that they had witnessed rodents moving freely inside their residences. 
Furthermore, 43.3% reported observing a rodent inside their homes 

within the past 24 h. The primary natural host for the Lassa fever virus is 
the multimammate mouse, Mastomys natalensis, which is a dominant 
rodent species in human dwellings in this area. In Niamey (Niger), out of 
178 human dwellings investigated in 18 districts between December 
2009 and May 2011, 134 (75.3%) were found to be infested with small 
mammals, while 96.5% of 170 inhabitants interviewed there mentioned 
rodent-associated problems in their dwellings (Garba et al., 2014). In 
Bamako (Mali), small mammals were captured in 350 of 403 (86.8%) 
houses sampled in 11 districts of the six city center communes (sampling 
conducted between October 2021 and October 2022), and between 79 
and 94% of households surveyed in eight peripheral districts (100 
households/district; surveys conducted between March and May 2022) 
reported seeing rodents in their dwellings in the last 30 days (S. Ag 
Atteynine, L. Granjon et al., unpublished data). In Cotonou (Benin), 
during repeated sampling sessions in two deprived districts within the 
city (10–12 households per district, sampling conducted between 
November 2016 and June 2018), rodents were captured in 58 of 68 
(85.3%) and 64 of 65 (98.4%) trapping sessions, respectively (Dossou 
et al., 2022). In a 2018 survey involving 36 residents from the two 
districts, a majority of the residents (91.7%) reported having seen rats in 
their homes (Odou, 2018). These data highlight the very close proximity 
between rodents and human beings in sub-Saharan African cities. 

Moreover, studies highlight the multifaceted and significant eco
nomic burdens of rodents in urban communities across Africa (Constant 
et al., 2020; Odou, 2018). These burdens include losses due to food 
destruction and contamination, costly infrastructure damage resulting 
from gnawing and burrowing, increased healthcare expenses linked to 
the spread of rodent-borne diseases, as well as expenses associated with 
pest control measures and waste management. Moreover, the presence 
of rodents can lead to loss of livelihood for small businesses and reduced 
productivity among residents. The stress and anxiety caused by rodent 
infestations can decrease productivity at home, work places and school, 
resulting in economic losses for individuals and the community (see Lee 
et al. (2024) and references therein). Despite their abundance and 
everyday nuisances in urban settings in Africa, coordinated actions 
against urban rodents have been only taken in response to cases of large 
epidemics of zoonotic diseases in major cities (e.g., Lassa fever virus in 
Lagos (Nigeria), bubonic plague in Antananarivo (Madagascar) and 
Dakar (Senegal) in the early 20th century (Sorel and Armstrong, 1929; 
Cazanove, 1932)). Such reactive interventions are resource-demanding, 
usually planned by health authorities with limited background about 
rodent biology and behavior, and essentially relying on the massive 
application of chemical rodenticides or other lethal controls. Further
more, rodent management is conducted by the individual households, in 
most cases using chemical rodenticides sold in informal local markets 
and typically in a total absence of coordination between neighboring 
households. Such actions not only result in non-negligible extra costs to 
households (Constant et al., 2020; Odou, 2018), but also have a very 
poor success rate in reducing rodent populations, due to factors such as 
the lack of effective control products and/or application protocols as 
well as immediate re-infestation of treated areas by rodents from un
treated neighboring houses (Pertile et al., 2022). 

Note that in such urban socio-ecosystems, EBRM has received limited 
testing (Awoniyi et al., 2022, 2024). Urban areas present unique so
ciological (e.g., socio-cultural heterogeneity, challenges in identifying 
recognized and representative local leaders, complex house ownership 
and rental systems) and environmental challenges (e.g., densely popu
lated and highly human-modified habitats, numerous but scattered spots 
of food stock and garbage dumping sites, highly prolific commensal 
rodents with poorly documented eco-ethologic and population dy
namics characteristics) (Parsons et al., 2020). These specific features of 
urban areas require a thorough identification, testing and evaluation of 
specifically-designed EBRM tools for this type of socio-ecosystem (see 
for example Awoniyi et al., 2022, 2024). Integrating EBRM into such 
multistakeholder research efforts could provide valuable insights and 
solutions for effectively managing urban rodent populations while 
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considering the diverse socio-cultural and ecological dynamics at play. 
The task at hand appears formidable, and we believe that 
well-coordinated, multidisciplinary interventional research is urgently 
needed in this regard. 

4. Conclusion 

The successful implementation of EBRM entails building on locally 
adapted communication and awareness raising campaigns aimed at 
mobilizing stakeholders (see Scobie et al. (2023) for an example in 
Madagascar). Various media channels can be used, including audio 
broadcasting (Le Fur and Granjon, 2018; CERISE project, 2018a; 
Meheretu, 2022); theatre plays and documentaries (Le Fur and Granjon, 
2018; CERISE project, 2018b; Bâ et al., 2018); and the distribution of 
brochures and practical guides (Engdayeh et al., 2020; TheWater
Channel, 2020; University of Greenwich, 2016). To do so, it should be 
possible to rely on already existing stakeholder networks, including 
local/rural radios, farmer cooperatives, community health centers, as 
well as collaborations with Crop Protection Services, hygiene de
partments, and other agricultural or extension services closely con
nected to farmers. 

Community coordination of all practices should be strongly 
encouraged. In both rural and urban settings, the priority management 
objectives should revolve around limiting or eliminating potential ro
dent shelters and food sources while also preventing (or excluding) ro
dents from approaching and accessing available resources. For this aim, 
it is crucial to understand the distinctive behavior, population dynamics 
and ecology of the different rodent species that may represent pest or
ganisms. In practice, EBRM approaches need to be tailored specifically 
for these species. As such, there might be subtle but critical differences in 
EBRM approaches for different rodent species and socio-ecosystems, 
rather than a single turnkey solution. The timing of the implementa
tion of the actions, adapted to the parameters of rodent population dy
namics, should be carefully planned in consultation with stakeholder 
communities, taking into account for their knowledge, attitude and 
practice. Approaches such as focus group interviews (see Supplementary 
Material, Appendix C), can be employed to align the implementation 
with community dynamics, ensuring maximum impact on the rodent 
population before the onset of the breeding season and subsequent 
population proliferation. 

Considering that EBRM is in its early stages of development in sub- 
Saharan Africa, and recognizing the current lack of coordination 
among small-scale trials conducted in several countries across the 
continent (Appendix A), we call for the establishment of a collaborative 
community of knowledge and practice. A willingness to share and pool 
skills, available experience and resources, as well as endogenous and 
scientific knowledge should characterize such a "green rodent control" 
community. We propose that an agenda for this network could be based 
on two primary objectives: (i) to promote EBRM in Africa, particularly 
through the networking of academics working in this field across the 
continent, and (ii) to stimulate the development of interventional 
research programs on EBRM in different African socio-ecosystems. 
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