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Abstract: Introduction

Larval source management, particularly larviciding, is mainly implemented in urban
settings to control malaria and other mosquito-borne diseases. In Tanzania, the
government has recently expanded larviciding to rural settings across the country, but
implementation faces multiple challenges, notably inadequate resources and limited
know-how by technical staff. This study evaluated the potential of training community
members to identify, characterize and target larval habitats of Anopheles funestus
mosquitoes, the dominant vector of malaria transmission in south-eastern Tanzania.

Methods

A mixed-methods study was used. First, interviewer-administered questionnaires were
employed to assess knowledge, awareness, and perceptions of community members
towards larviciding (N = 300). Secondly community-based volunteers were trained to
identify and characterize aquatic habitats of dominant malaria vector species, after
which they treated the most productive habitats with a locally-manufactured formulation
of the biolarvicide, Bacillus thuringiensis var israelensis. Longitudinal surveys of
mosquito adults and larvae were used to assess impacts of the community-led
larviciding programme in two villages in rural south-eastern Tanzania.

Results

At the beginning of the program, the majority of village residents were unaware of
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larviciding as a potential malaria prevention method, and about 20% thought that
larvicides could be harmful to the environment and other insects. The trained
community volunteers identified and characterized 360 aquatic habitats, of which
45.6% had Anopheles funestus, the dominant malaria vector in the area. The preferred
larval habitats for An. funestus were deep and had either slow- or fast-moving waters.
Application of biolarvicides reduced the abundance of adult An. funestus and Culex
spp species inside human houses in the same villages, by 46.3% and 35.4%
respectively. Abundance of late-stage instar larvae of the same taxa was also reduced
by 74% and 42%, respectively.

Conclusion

This study demonstrates that training community members to identify, characterize,
and target larval habitats of the dominant malaria vectors can be effective for larval
source management in rural Tanzania. Community-led larviciding reduced the
densities of adult and late-stage instar larvae of An. funestus and Culex spp. inside
houses, suggesting that this approach may have potential for malaria control in rural
settings. However, efforts are still needed to increase awareness of larviciding in the
relevant communities.
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Communities for Effective Larval Source Management: A Small-Scale Field Evaluation of 

a Community-Led Larviciding Approach to Control Malaria in South-Eastern Tanzania”. 

evaluate methods to involve community members in identifying, characterizing, and targeting 

the main aquatic habitats of the dominant malaria vector species using biolarvicide, and the 

impact of such an intervention on the density of the most relevant vector species in rural areas of 

Tanzania. The study focused on villages in the Kilombero valley, southeastern Tanzania, a meso-

endemic community where An. funestus mediates >90% of malaria transmission events.   
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Abstract 34 

Introduction: Larval source management, particularly larviciding, is mainly implemented in 35 

urban settings to control malaria and other mosquito-borne diseases. In Tanzania, the 36 

government has recently expanded larviciding to rural settings across the country, but 37 

implementation faces multiple challenges, notably inadequate resources and limited know-38 

how by technical staff. This study evaluated the potential of training community members to 39 

identify, characterize and target larval habitats of Anopheles funestus mosquitoes, the 40 

dominant vector of malaria transmission in south-eastern Tanzania. 41 

 42 

Methods: A mixed-methods study was used. First, interviewer-administered questionnaires 43 

were employed to assess knowledge, awareness, and perceptions of community members 44 

towards larviciding (N = 300). Secondly community-based volunteers were trained to identify 45 

and characterize aquatic habitats of dominant malaria vector species, after which they 46 

treated the most productive habitats with a locally-manufactured formulation of the 47 

biolarvicide, Bacillus thuringiensis var israelensis. Longitudinal surveys of mosquito adults 48 

and larvae were used to assess impacts of the community-led larviciding programme in two 49 

villages in rural south-eastern Tanzania.  50 

 51 

Results: At the beginning of the program, the majority of village residents were unaware of 52 

larviciding as a potential malaria prevention method, and about 20% thought that larvicides 53 

could be harmful to the environment and other insects. The trained community volunteers 54 

identified and characterized 360 aquatic habitats, of which 45.6% had Anopheles funestus, 55 

the dominant malaria vector in the area. The preferred larval habitats for An. funestus were 56 

deep and had either slow- or fast-moving waters. Application of biolarvicides reduced the 57 

abundance of adult An. funestus and Culex spp. species inside human houses in the same 58 

villages, by 46.3% and 35.4% respectively. Abundance of late-stage instar larvae of the 59 

same taxa was also reduced by 74% and 42%, respectively. 60 

 61 

Conclusion: This study demonstrates that training community members to identify, 62 

characterize, and target larval habitats of the dominant malaria vectors can be effective for 63 

larval source management in rural Tanzania. Community-led larviciding reduced the 64 

densities of adult and late-stage instar larvae of An. funestus and Culex spp. inside houses, 65 

suggesting that this approach may have potential for malaria control in rural settings. 66 

However, efforts are still needed to increase awareness of larviciding in the relevant 67 

communities. 68 

 69 



Keywords:  Malaria control, larviciding, larval source management, biolarvicides, 70 

community engagement, Tanzania, Ifakara Health Institute.  71 

 72 

Introduction 73 

 74 
Since 2000, malaria incidence and mortality have significantly decreased due primarily to 75 

expanded vector control with insecticide-treated nets (ITNs) and indoor residual spraying 76 

(IRS), along with improved diagnosis and treatment [1]. However, these gains began 77 

plateauing around 2015, and many high-burden countries now report increases in cases [2]. 78 

The latest estimates from the World Health Organization (WHO) indicate that the disease 79 

still causes around 249 million cases and 608,000 deaths, with a majority of this burden 80 

being in Africa [2] 81 

 82 

In addition to poor socio-economic circumstances and the generally weak health systems in 83 

endemic communities [3,4], the continued burden of malaria is also associated with major 84 

biological threats such as the widespread resistance of malaria vectors to insecticides [5,6] 85 

and behavioral resistance to indoor interventions [7–9], as well as growing tolerance of the 86 

malaria parasite (Plasmodium spp.) to anti-malarial drugs. Human behaviors, such as 87 

staying outdoors unprotected during times of increased malaria transmission, also contribute 88 

to ongoing malaria transmission [10–12]. Another important but often less discussed 89 

challenge is that sustained malaria prevention is untenable without sufficient engagement of 90 

local communities and other stakeholders [13,14] 91 

 92 

Research has shown that involving rural communities in vector control programs is beneficial 93 

for malaria prevention and control [14,15]. The success of such interventions is dependent 94 

on the level of education and awareness of malaria prevention tools among community 95 

members [16]. Studies conducted in Tanzania [17,18], Rwanda[19], Burkina Faso[20], Bioko 96 

Island[21] and Malawi [22,23] have demonstrated the effectiveness of involving community 97 

members in routine surveillance, larviciding, and house improvements for vector control. 98 

Based on these studies, community engagement has the potential to play a significant role 99 

in successful implementation of vector control programs in other African countries. 100 

 101 

In Tanzania, the focus of malaria vector control has been on ITNs and IRS [24–27]. The 102 

2014-2020 National Malaria Strategic Plan [28] also recommended deploying larviciding in 103 

urban areas in line with the WHO guidelines [29,30], but this has recently been extended to 104 

rural areas [31–33]. However, a recent study found limited community knowledge about 105 

larviciding and other challenges, including insufficient funding and technical expertise [31], 106 



which may hinder the sustainability of the program in rural settings where malaria burden is 107 

higher. As in the urban settings, larviciding program in rural Tanzania involves the 108 

application of biolarvicides to all water bodies, which is a massive undertaking that severely 109 

constrains the program due to limited resources. The expansion of larviciding programs to 110 

rural communities in particular requires a deeper understanding of the ecology of the 111 

dominant malaria vector species, since the habitats may be more expansive and more 112 

numerous than as envisioned in the current WHO guidelines [29,30].  113 

 114 

Previous entomological studies in rural south-eastern Tanzania, where An. arabiensis and 115 

An. funestus are the predominant malaria vectors, have shown that the latter species 116 

accounts for over 90% of the ongoing malaria transmission [34,35]. An. funestus is also 117 

highly resistant to common public health pesticides targeting adult mosquitoes [34,36] thus 118 

requiring alternative control options (e.g.  the use of the biocontrol agents such as, Bacillus 119 

thuringiensis israelensis (Bti) or Lysinibacillus sphaericus (Ls)). While preliminary results 120 

indicated that the aquatic habitats of immature An. funestus can be indeed few (i.e., only a 121 

small fraction of habitats are occupied by An. funestus), fixed (i.e., they tend to be 122 

permanent or semi-permanent) and findable (i.e., have unique characteristics allowing for 123 

ease of identification) [37]. Expanded investigations (Msugupakulya et al., Unpublished data) 124 

suggest a more expansive range of habitats in different seasons, meaning that any effective 125 

control would require extensive engagement with locals to effectively search, characterize 126 

and target the habitats.  127 

 128 

The aim of this study is to evaluate methods for involving community members in identifying, 129 

characterizing, and targeting the primary aquatic habitats of the dominant malaria vector 130 

species using biolarvicide, and to assess the impact of such an intervention on the density of 131 

the most relevant vector species in rural areas of Tanzania. This study focused on villages in 132 

the Kilombero valley, southeastern Tanzania, a meso-endemic community where An. 133 

funestus accounts for over 90% of malaria transmission events.   134 

 135 

Methods  136 

Study area 137 

The study was done in two villages, Igumbiro (8.35021°S, 36.67299°E) and Sululu 138 

(8.00324°S, 36.83118°E), both located on the Kilombero valley flood plain, south-eastern 139 

Tanzania. Igumbiro is at a slightly higher altitude (340 meters) above sea level than Sululu 140 

(315 meters above sea level). Annual rainfall ranges from 1200 mm to 1400 mm, and the 141 

temperature ranges from 20 ℃ to 32 ℃ in these villages [38,39]. The majority of residents 142 



are subsistence rice farmers, but other crops such as sweet potatoes, beans, and maize are 143 

also produced [38].  144 

 145 
Figure 1: Map showing two villages in the Kilombero Valley, south-eastern Tanzania 146 

where the study was conducted. 147 

 148 
Longitudinal entomological surveillance of adult mosquitoes 149 

Mosquitoes were routinely collected in the two villages during the same period from March 150 

2020 to September 2021. Three different households were sampled nightly in each village 151 

for four nights in a week, with one additional household sampled once per week as a 152 

sentinel station. The collections were done using CDC light traps from 6pm to 6am for host-153 

seeking mosquitoes [40] and Prokopack aspirators from 6am to 7am for resting mosquitoes 154 

[41]. Collected female mosquitoes were sorted by taxa and physiological state [42]. Recent 155 

studies in these settings had determined that the An. gambiae s.l. and An. funestus group 156 

consisted of An. arabiensis (100%) and An. funestus s.s. (>93%) respectively [34,43,44], but 157 

also that majority of the transmission (>90%) is driven by An. funestus s.s. [34,45]. 158 

 159 

Recruitment and training of community volunteers 160 

A total of 300 adult community members, 150 from each village, were randomly selected 161 

using residents’ lists provided by village authorities. An interviewer-administered 162 

questionnaire, conducted in Swahili using KoboToolbox software [46], assessed the 163 

community members' prior knowledge, awareness, and perception of disease-transmitting 164 

mosquitoes and larviciding. The questionnaires were administered following written informed 165 

consent. From these, ten community members from each village, meeting specific criteria, 166 

were selected for entomological training with an emphasis on equal gender distribution. The 167 

criteria were: i) ability to read and write properly, ii) involvement of the participant’s 168 

household in the entomological surveillance, iii) residency in the village for at least two 169 

years, and iv) age between 18 and 50 years.  170 

 171 

The training program for community volunteers was comprehensive, covering essential 172 

topics related to mosquito larvae identification, GPS usage, and the application of 173 

biolarvicides following WHO recommendations [29,30]. It consisted of both theoretical and 174 

practical components. The theoretical aspect involved presentations and demonstrations 175 

(Fig. 2) on mosquito life stages, the biology of malaria vectors, and malaria transmission. 176 

The practical aspect included field visits, where volunteers engaged in hands-on training to 177 

practice identifying and characterizing mosquito larvae habitats, using GPS for mapping, and 178 



applying biolarvicides. Additionally, the practical sessions covered sampling techniques, 179 

estimating larval density, processing and storing immature mosquitoes, and recording data. 180 

 181 

The training spanned three full days, with each day divided into theoretical sessions in the 182 

morning and practical sessions in the afternoon. Over the course of three days, three 183 

simplified modules were covered: i) an introduction to the control and biology of malaria 184 

vectors, ii) the identification and characterization of aquatic habitats of malaria vectors in 185 

Ulanga and Kilombero districts, and iii) larval source management. Facilitators from the 186 

Ifakara Health Institute and the government-owned biolarvicide plant (Tanzania Biotech 187 

LTD) led the training, ensuring high-quality instruction and relevance to local contexts. 188 

District malaria focal persons participated as liaisons, enhancing the connection between the 189 

community, government, and the Ifakara Health Institute. Although a formal post-190 

assessment of the training program to evaluate the knowledge and skills acquired by 191 

community members was not conducted due to budget and timeline constraints, participants' 192 

skills were continuously assessed through hands-on activities during the practical sessions. 193 

 194 

Figure 2: Theoretical and practical training of the community members for 195 

identification and characterization of aquatic habitats and application of larviciding. 196 

 197 

Identification and characterization of the aquatic habitats of the dominant malaria 198 

vectors, Anopheles funestus 199 

The trained community members were deployed in their respective villages, with 2 km 200 

transects allocated to each participation for the identification and characterization of water 201 

bodies. Based on our previous survey [37], the focus was on types of habitats shown to be 202 

favoured by An. funestus mosquitoes. For each aquatic habitat, a 350 ml larval dipper was 203 

used to check for the absence or presence of An. funestus larvae based on WHO larval 204 

survey guidelines [30]. Larvae counts and mosquito species identification were recorded per 205 

dipper sample in a square meter habitat. Each dipper was treated as an individual 206 

observation. Habitat types were defined, and environmental features were recorded. 207 

Physicochemical parameters (temperature (℃), total dissolved solid (ppm), acidity (pH), 208 

electrical conductivity (µS/cm) and dissolved oxygen (ppm)) were also measured, and GPS 209 

coordinates were recorded for each habitat.  210 

 211 

Figure 3: Example of the common An. funestus larvae habitats found in Sululu and 212 

Igumbiro villages, south-eastern Tanzania. 213 

 214 

Application and monitoring of the efficacy of Bacillus thuringiensis israelensis (Bti) 215 



Following the habitat characterization and larval surveys, the trained community members 216 

applied Bti (i.e., 10 ml in liquid formulation for every square meter) to all aquatic habitats 217 

within the 2 km transect that has been identified as including An. funestus larvae. Our study 218 

employed Bti serotype H-14, a product registered with both the Central Pesticide 219 

Registration of Cuba and the Tropical Research Institute of Tanzania. This serotype is 220 

manufactured under license by the LABIOFAM Enterprise Group and sourced from Tanzania 221 

Biotech LTD, a local manufacturer. It is commercially available under the name BACTIVEC® 222 

(ITU 1200/mg). Application of the larvicide in both villages was done using the IK Vector 223 

Control Super Pressurized sprayers. This was followed by larval monitoring surveys after 24 224 

hours, 7, 23 and 30 days. Data from the larval surveys conducted during aquatic habitat 225 

characterization and after application were considered to enable pre and post intervention 226 

assessment. 227 

 228 

Data analysis 229 

The open-source software, R programming language version 3.6.0 [47] was used for the 230 

statistical analyses. Linear mixed effect models were used to assess the association 231 

between number of female adult mosquitoes collected per night per house, and status of the 232 

larviciding intervention (i.e., pre-larviciding and post-larviciding) in each village. In addition, 233 

households were used as a random effect. The linear mixed effect model was fitted using 234 

lmer function found within lme4 package, whilst the variance estimator was set to Restricted 235 

Maximum Likelihood (REML) [48]. Similar modelling was performed to determine 236 

association between number of larvae per habitat per village and status of larviciding, with 237 

the community member names as the random effect. 238 

 239 

The questionnaire survey data was retrieved from KoboToolbox, cleaned, and coded for 240 

easier statistical analyses in R programming language software. The data was used to 241 

determine percentage of the community members that had knowledge and awareness of 242 

larviciding intervention, but also their perceptions towards larviciding. The Generalized 243 

Linear Model (GLM) was also used to investigate the association between community 244 

members perception towards larviciding intervention and their socio-demographic 245 

characteristics such as gender, age and literacy status.  246 

 247 

GLMMs were used to determine the relationship between presence or absence of mosquito 248 

larvae and environmental characteristics. Highly correlated independent variables were 249 

removed, and the full model was fitted using a glmer function with binomial distribution and 250 

logit link function. Model selection was performed by removing insignificant terms. Final 251 



models were validated by assessing average residuals against expected values using 252 

binned residual plots. The same approach was applied to reveal the association between 253 

physicochemical attributes and occurrence of An. funestus larvae and other mosquitoes.  254 

 255 

Results 256 

Knowledge, awareness and perception of community members towards larviciding 257 

A total of 300 community members (46% women and 54% men) participated in the 258 

knowledge assessment on larviciding. Of these, only 39% were aware of larviciding as a 259 

malaria control strategy, a majority of these being men (Table 3). While age of participants 260 

did not influence their knowledge, those with secondary education were more than five times 261 

more knowledgeable than those without formal education (p < 0.001). Most of the 262 

participants had become aware of larviciding from family members or friends (Table 1). A 263 

large proportion (86%) of the participants reported that they had never observed larviciding 264 

being implemented in their respective villages. While 8-20% of the participants believed that 265 

larvicides were potentially harmful to other organisms (insects, large animals, and fish), 266 

more than 80% agreed that larviciding could be necessary against disease-transmitting 267 

mosquitoes. Indeed, 71% were willing to participate in the implementation of larviciding 268 

programs in their communities (Table 2). 269 



Table 1: Knowledge and awareness of larviciding in the communities (N = 300) 270 
Variable  Response Percentage (n) 

Awareness of larviciding (N = 300) 
  

Yes 39 (117) 

No 61 (183) 

Source of information (N = 117) 
  
  
  
  
  
  
  

Family/Friends 65 (76) 

Radio/Television 14.5 (17) 

Village meeting 5.1 (6) 

Village health officer 6 (7) 

Village agricultural officer 0 (0) 

Malaria focal person 6 (7) 

Other sources 13.7 (16) 

Do not remember 1 (1) 

Have you ever witnessed larviciding implemented in the community (N = 300) 
 
 

Yes 8 (24) 

No 86 (258) 

Do not remember 6 (18) 

Where are these larvicides manufactured (N = 300) 
  
  
  

Domestic 6.7 (20) 

Abroad 6.7 (20) 

Both 1.3 (4) 

Do not know 85.3 (256) 

Which is the first stage during larvicides application (N = 300) 
  
  
  
  
  

Identification of aquatic habitats 29 (87) 

Community sensitization 28.3 (85) 

Estimation of larvicide quantity 1.7 (5) 

Spraying larvicides 3 (9) 

Other 3.3 (10) 

Do not know 34.7 (104) 

271 



 272 
Table 2: Perception of community members towards larviciding for the malaria prevention (N = 300) 273 
 274 

Variable Response Percentage (n) 

Have you ever participated in larviciding (N = 300) 
Yes 1.3 (4) 

No 98.7 (296) 

Do you think larvicides are harmful to insect (N = 300) 

Yes 20 (60) 

No 31.3 (94) 

Do not know 48.7 (146) 

Do you think larvicides are harmful to fish (N = 300) 

Yes 8 (24) 

No 39.3 (118) 

Do not know 52.7 (158) 

Do you think larvicides are harmful to animal (N = 300) 

Yes 12.3 (37) 

No 40.7 (122) 

Do not know 47 (141) 

Willingness to participate in larviciding (N = 300) 
Yes 71 (213) 

No 29 (87) 

Acceptance of larviciding (N = 300) 

Agree 82.3 (247) 

Do not agree 4.7 (14) 

Neutral 13 (39) 

 275 
 276 
 277 
 278 
 279 
 280 



 281 
Table 3: Association between socio-demographic characteristics and community perception towards larviciding 282 
 283 

Category Variable Odds ratio (95% CI) P-value 

Sex 

Female 1 - 

Male 1.84 (1.13-2.99) 0.01 

Age category (in years) 

18-25 1 - 

26-35 0.87 (0.46-1.68) 0.69 

36-45 0.66 (0.32-1.37) 0.26 

46-50 0.50 (0.15-1.59) 0.24 

Above 50 0.63 (0.32-1.21) 0.17 

Education level 

No formal education 1 - 

Primary 1.51 (0.85-2.68) 0.16 

Secondary 5.40 (2.20-13.24) <0.001 

284 



Habitat characteristics and mosquito species in different aquatic habitats 285 

A total of 360 aquatic habitats were surveyed, including 167 (46.4%) in Sululu and 193 286 

(53.6%) in Igumbiro village (Table 4). Larvae of the dominant malaria vector, An. funestus, 287 

exhibited a preference for naturally occurring or man-made wells that receive spring-fed 288 

water, river streams, and puddles, rather than swamps (Table 5). Culex spp. and An. 289 

arabiensis larvae displayed comparable preferences, except for the latter, which did not 290 

favor man-made wells. Furthermore, An. funestus larvae were more commonly found in 291 

water bodies with slow (p < 0.001) flow rate compared to other mosquito species (Table 5). 292 

The presence of An. funestus larvae was found to be independent of vegetation type or 293 

quantity. However, An. arabiensis showed a preference for habitats with floating vegetation 294 

(Table 5). Furthermore, habitats with vegetation were less likely to host Culex spp. larvae. 295 

Moreover, according to the modeling results, there was a positive correlation between the 296 

depth of aquatic habitats and the likelihood of encountering An. funestus larvae. Culex spp. 297 

larvae were negatively associated with the habitats having scarce or moderate algae 298 

quantity, but the same was not observed for other mosquito species (Table 5). The 299 

occurrence of mosquitoes was unaffected by the shading over the habitat, water clarity (i.e., 300 

clear, colored, or polluted), or habitat permanency (Table 5). 301 

 302 

Acidity (pH), temperature (℃), electrical conductivity (µS/cm), total dissolved solids (ppm) 303 

and dissolved oxygen (ppm) were measured in a total of 178 aquatic habitats in Igumbiro 304 

village. Temperature, pH, total dissolved solids, and electrical conductivity were found to 305 

have an impact on the occurrence of Culex spp. larvae. In contrast, only electrical 306 

conductivity affected the presence of An. arabiensis, while pH specifically influenced the 307 

presence of An. funestus (Table 6). 308 

 309 

 310 



Table 4: Characteristics of aquatic habitats of Anopheles funestus and other mosquito species 311 
 312 

Parameter No. habitats 
observed 
(%) 

Habitats  
without 
larvae 
 

Habitats with 
An. funestus 
larvae (%) 

Habitats with 
other 
Anopheles 
larvae n(%) 

Habitats with 
Culicine sp. 
larvae n(%) 

Water 
movement 

Stagnant 370 (49.7) 7 (1.9) 167 (45.1) 110 (29.7) 123 (33.2) 

Slow 354 (47.6) 11 (3.1) 164 (46.3) 90 (25.4) 147 (41.5) 

Fast 20 (2.7) 1 (5) 11 (55) 1 (5) 7 (35) 

Water 
type 

Permanent 525 (70) 10 (1.9) 279 (53.1) 150 (28.6) 230 (43.8) 

Temporary 219 (29.4) 9 (4.1) 63 (28.8) 51 (23.3) 47 (21.5) 

Water 
colour 

Clear 520 (69.9) 16 (3.1) 224 (43.1) 136 (26.2) 196 (37.7) 

Coloured 161 (21.6) 3 (1.8) 89 (55.3) 46 (28.6) 57 (35.4) 

Polluted 63 (8.5) 0 29 (46) 19 (30.2) 24 (38.1) 

Habitat 
type 

Swamp 168 (24.6) 2 (1.2) 97 (57.7) 41 (24.4) 76 (45.2) 

Stream 390 (56.2) 12 (3.1) 185 (47.4) 91 (23.3) 157 (40.3) 

Rice field 10 (1.6) 0 4 (40) 4 (40) 7 (70) 

Natural well 43 (3.7) 5 (11.6) 16 (37.2) 10 (23.3) 17 (39.5) 

Man-made well 32 (2.3) 0 7 (21.8) 7 (21.8) 3 (9.4) 

Puddle 101 (11.6) 0 33 (32.7) 48 (47.5) 17 (16.8) 

Shade 
over 
habitat 

None 425 (56.2) 10 (2.4) 196 (46.1) 127 (29.9) 145 (34.1) 

Partial 236 (31.9) 9 (3.8) 102 (43.2) 55 (23.3) 95 (40.3) 

Heavy 83 (11.8) 0 44 (53) 19 (22.9) 37 (44.6) 

Vegetation 
quantity 

None 257 (34.5) 12 (4.7) 114 (44.4) 57 (22.2) 96 (37.4) 

Scarce 68 (9.1) 0 34 (50) 15 (22) 27 (39.7) 

Moderate 217 (29.2) 6 (2.7) 103 (47.5) 57 (26.3) 78 (35.9) 

Abundant 202 (27.2) 1 (0.5) 91 (45.1) 72 (35.6) 76 (37.6) 

Vegetation 
type 

None 121 (16.3) 0  74 (61.2) 33 (27.3) 69 (57) 

Submerged 46 (6.2) 0  23 (50) 25 (54.3) 8 (17.4) 

Floating 99 (13.3) 0 70 (70.7) 34 (34.3) 53 (53.5) 

Emergent 478 (64.2) 19 (4) 175 (36.6) 109 (22.8) 147 (30.8) 

Algae 
quantity 

None 516 (69.4) 17 (3.3) 197 (26.5) 126 (16.9) 171 (23) 

Scarce 48 (6.5) 0 34 (70.8) 20 (41.7) 17 (35.4) 

Moderate 129 (17.3) 0 85 (65.9) 40 (31) 66 (51.2) 

Abundant 51 (6.9) 2 (3.9) 26 (51) 15 (29.4) 23 (45.1) 

Habitat 
depth 

Less than 10 cm 361 (48.5) 15 (4.2) 196 (54.3) 72 (19.9) 178 (49.3) 

Between 10-50cm 355 (47.7) 4 (1.1) 138 (38.9) 117 (33) 96 (27) 

Greater than 50cm 28 (3.8) 0 8 (28.6) 12 (42.9) 3 (10.7) 

**No. habitats observed represents total number of observations per parameter. 313 
**Rice field represents habitats specifically found within non-irrigational rice fields.  314 



Table 5: Results of multivariate regression analysis of habitat characteristics and mosquito larvae 315 
Parameter Anopheles arabiensis Anopheles funestus Culex spp. 

OR (95% CIs) p-value OR (95% CIs) p-value OR (95% CIs) p-value 

Water 
movement 

Stagnant 1 - 1 - 1 - 

Slow 2.21 (0.60-8.17) 0.23 37.83 (6.99- 204.81) <0.001 0.59 (0.07-5.31) 0.64 

Fast 0.77 (0.12-4.99) 0.79 21.25 (2.82-160.02) <0.05 0.61 (0.05-6.89) 0.69 

Water type 
Temporary 1 - 1 - 1 - 

Permanent 0.14 (0.01-1.87) 0.14 1.04 (0.14-7.91) 0.97 0.21 (0.01-3.73) 0.29 

Water 
colour 

Clear 1 - 1 - 1 - 

Coloured 1.44 (0.72-2.91) 0.30 1.97 (0.97-4.01) 0.06 0.88 (0.44-1.76) 0.72 

Polluted 0.71 (0.29-1.76) 0.46 1.78 (0.73-4.32) 0.20 1.20 (0.51-2.84) 0.68 

Habitat 
type 

Swamp 1 - 1 - 1 - 

Stream 0.35 (0.14-0.83) 0.02 6.89 (3.33-14.26) <0.001 0.10 (0.04-0.27) <0.001 

Rice field 1.17 (0.22-6.32) 0.85 9.49 (1.71-52.52) <0.05 0.08 (0.01-0.76) 0.03 

Natural well 0.10 (0.03-0.36) <0.001 4.26 (1.47-12.38) <0.05 0.10 (0.03-0.38) <0.001 

Man-made well 0.40 (0.11-1.44) 0.16 9.66 (3-31.04) <0.001 0.09 (0.02-0.37) <0.001 

Puddle 0.32 (0.11-0.91) 0.03 10.26 (4.02-26.16) <0.001 0.07 (0.02-0.23) <0.001 

Shade over 
habitat 

None 1 - 1 - 1 - 

Partial 0.62 (0.19-2.02) 0.43 1.72 (0.54-5.44) 0.36 1.01 (0.37-2.74) 0.98 

Heavy 0.48 (0.13-1.75) 0.27 1.78 (0.52-6.16) 0.36 0.57 (0.19-1.73) 0.32 

Vegetation 
type 

None 1 - 1 - 1 - 

Floating 2.65 (1.31-5.38) <0.05 0.52 (0.24-1.11) 0.09 0.44 (0.21-0.89) 0.02 

Submerged 2.09 (0.95-4.61) 0.07 1.19 (0.53-2.69) 0.68 0.28 (0.11-0.75) 0.01 

Emergent 0.07 (0-1.09) 0.06 0.17 (0.02-1.50) 0.11 0.03 (0-0.68) 0.03 

Vegetation 
quantity 

None 1 - 1 - 1 - 

Scarce 0.27 (0.02-3.70) 0.33 0.35 (0.04-3) 0.34 0.08 (0-1.49) 0.09 

Moderate 0.17 (0.01-2.14) 0.17 0.49 (0.61-3.96) 0.50 0.11 (0-1.92) 0.13 

Abundant 0.14 (0.01-1.84) 0.14 0.31 (0.04-2.47) 0.27 0.07 (0-1.16) 0.06 

Algae 
quantity 

None 1 - 1 - 1 - 

Scarce 0.29 (0.06-1.32) 0.11 1.85 (0.56-6.10) 0.32 0.15 (0.04-0.60) <0.05 

Moderate 0.76 (0.21-2.71) 0.67 2.32 (0.79-6.83) 0.13 0.18 (0.05-0.63) <0.05 

Abundant 0.82 (0.21-3.23) 0.78 21.81 (0.56-5.89) 0.32 0.39 (0.10-1.497) 0.17 

Habitat 
depth 

Less than 10 cm 1 - 1 - 1 - 

Between 10-50 cm 2.87 (0.69-11.92) 0.15 116.34 (18.22-743.05) <0.001 0.24 (0.03-2.24) 0.21 

Greater than 50cm 1.02 (0.16-6.57) 0.98 138.11 (18.48-1031.95) <0.001 0.12 (0.01-1.45) 0.10 

316 



Table 6: Results of multivariate regression analysis of different physicochemical 317 

characteristics and their association with occurrence of mosquito larvae 318 

 319 
Physicochemical 
characteristic 

Anopheles arabiensis Anopheles funestus Culex spp. 

OR (95% CIs) p-value OR (95% CIs) p-value OR (95% CIs) p-value 

pH 0.89 (0.32-2.43) 0.25 10.01 (1.11-90.32) 0.04 0.22 (0.06-0.83) <0.001 

Temperature (℃) 0.80 (0.62-1.02) 0.08 0.74 (0.35-1.54) 0.42 3.08 (1.82-5.23) 0.03 

Electrical conductivity 
(µS/cm) 

1.02 (1-1.04) 0.02 0.98 (0.94-1.02) 0.24 1.13 (1.04-1.23) <0.001 

TDS (ppm) 1 (0.98-1.02) 0.94 1.01 (0.96-1.06) 0.67 0.80 (0.66-0.97) <0.05 

DO (ppm) 0.96 (0.86-1.08) 0.53 0.83 (0.41-1.68) 0.60 1 (0.75-1.34) 1 

 320 
Effects of larviciding on the abundance of adult female mosquitoes and larvae 321 

In Igumbiro, there was a significant reduction of indoor densities for An. funestus (p < 0.001) 322 

and Culex spp. (p < 0.001) following larviciding. However, the densities of An. arabiensis 323 

significantly increased after larviciding (p = 0.005).  In Sululu, no significant change was 324 

observed in the densities of An. arabiensis (p = 0.268) or An. funestus (p = 0.119), but there 325 

was a significant decline in densities of Culex spp. (p = 0.035) (Fig. 4).  326 

For early instars larvae densities (Fig. 5), there was a significant reduction in the Igumbiro 327 

village for An. arabiensis (p < 0.001), An. funestus (p < 0.001) and Culex spp. (p < 0.001) 328 

but the densities remained statistically the same for An. arabiensis (p = 0.404) and An. 329 

funestus larvae (p = 0.651) in the Sululu village. The densities of Culex spp. at early instars 330 

were significantly increased after larviciding intervention (p = 0.001) in Sululu village (Fig. 5). 331 

At late instars, the densities of An. arabiensis (p < 0.001), An. funestus (p < 0.001) and 332 

Culex spp. (p < 0.001) were significantly reduced in Igumbiro village but not in Sululu, where 333 

only the An. funestus densities were marginally reduced (p = 0.045) after larviciding (Fig. 5). 334 

 335 

Figure 4: Effect of a single application of biolarvicides on abundance of adult An. 336 

funestus, An. arabiensis and Culex spp. inside houses in Sululu and Igumbiro 337 

villages, south-eastern Tanzania. 338 

 339 

Figure 5: Densities of early- and late-instar larvae of An. funestus, An. arabiensis 340 

and Culex spp. before and after a single application of biolarvicides in Sululu and 341 

Igumbiro villages, south-eastern Tanzania. A previous study [49] identified that Culex 342 

spp. mainly consisted of Cx. pipiens pipiens and Cx. quinquefasciatus. 343 

 344 

Discussion 345 



Effective engagement of community members can ensure sustainability of public health 346 

programmes [50,51], in part by creating a sense of ownership and responsibility [52,53]. A 347 

recent study [31] emphasized the importance of such engagement to improve the larviciding 348 

programs in rural Tanzania, following recent expansion of the practice beyond urban settings 349 

[33].This can be achieved through a combination of community sensitization meetings and 350 

targeted training of community-based persons, as demonstrated in urban Dar es Salaam, 351 

where community-owned resource persons previously enabled scale-up of larval source 352 

management [17,54].  353 

 354 

In rural Africa, where mosquito habitats can be more diverse and numerous, and where the 355 

existing infrastructure may be inadequate for traditional LSM approaches, a detailed 356 

understanding of the ecology of dominant malaria vectors is also necessary to optimize 357 

resource use. For example, in the Kilombero valley, Tanzania, where just one of the many 358 

vector species, An. funestus, now accounts for nine in every ten malaria infections [34,55], it 359 

may be most appropriate to preferentially target habitats for this vector species. Previous 360 

studies in the area have provided a baseline for such investigations by mapping the primary 361 

characteristics of the vector species habitats [37] and also by highlighting the importance of 362 

such knowledge for practical LSM practices [31]. This study tested the potential of training 363 

community members to identify, characterize and target larval habitats of dominant malaria 364 

vectors in rural south-eastern Tanzania. Biolarvicides were applied to aquatic habitats of An. 365 

funestus mosquitoes in the two villages, and the immediate impact assessed by estimating 366 

the larval densities and also adult densities of the mosquitoes in people’s dwellings. 367 

 368 

The current larviciding program in mainland Tanzania is implemented by community health 369 

workers (i.e., secondary school graduates with a year of community health training) under 370 

the supervision of ward health officers. Limited biolarvicide supply and inadequate funding 371 

put severe constraints on implementation of the program, however. The present study has 372 

demonstrated the effectiveness of involving lay members of the community in identifying and 373 

characterizing aquatic habitats of the most competent malaria vector species and applying 374 

the same biolarvicides as provided by the government. Involving community members in 375 

larviciding is not uncommon in Tanzania [17,54], but this study demonstrates the role they 376 

can play in a species-focused larviciding approach. The training of community members was 377 

effective, and they identified habitats and environmental characteristics associated with the 378 

occurrence of An. funestus larvae. The aquatic habitats identified by the trained community 379 

members had similar characteristics as those previously identified by expert vector biologists  380 

[37]. The number of An. funestus mosquitoes inside the houses in the villages was 381 



significantly reduced after application of biolarvicides to the aquatic habitats identified by 382 

community members. The study suggests that relying on the community to sustainably 383 

implement the government-led larviciding program is possible, but recurring training would 384 

be better to maximize the program's impact. Additionally, Tables 1 and 2 present the initial 385 

awareness and perception of community members, which served as a basis for developing 386 

the training modules. Although the subset of community members that underwent training 387 

exhibited improved awareness and perception during and after the intervention, we did not 388 

seek to quantify this improvement due to the project's tight timeline. The ability of trained 389 

community members to carry out habitat identification and larviciding activities indicates that 390 

capacity for larval control can be enhanced through a set of simplified yet engaging training 391 

sessions. 392 

 393 

However, it is important to note that the findings from this study may not be directly 394 

generalizable to other rural settings or different ecological zones. The study was conducted 395 

in two specific villages within the Kilombero Valley, which has unique environmental and 396 

ecological characteristics. Factors such as mosquito species composition, habitat types, and 397 

local community practices can vary significantly in different regions. Therefore, while the 398 

training program and larviciding approach demonstrated effectiveness in this context, further 399 

studies are necessary to evaluate the applicability and efficacy of similar interventions in 400 

other rural areas with different ecological conditions. 401 

 402 

In the two villages investigated, more than 300 aquatic habitats were surveyed, and it was 403 

found that An. funestus larvae had a preference for habitats with slow or fast-moving waters, 404 

such as streams. While this has been previously been linked to the higher levels of dissolved 405 

oxygen and aeration in such waters [37,56], this current study did not find any significant 406 

associations between dissolved oxygen levels and the presence of An. funestus. Similarly, 407 

while previous studies have reported the preference of An. funestus for vegetated habitats 408 

[42,57,58], no such association was observed here. Except for pH, the physicochemical 409 

characteristics of aquatic habitats did not appear to have a significant association with the 410 

occurrence of An. funestus larvae, which was also observed in other mosquito species, 411 

particularly Culex spp. larvae. These differences may, in part, be due to the limited 412 

geographical extent of the current study, which covered only two villages. It was also 413 

observed that the main aquatic habitats of An. funestus, including streams and wells, were in 414 

close proximity to agricultural activities, suggesting they may be constantly exposed to 415 

agricultural pesticide wastes as previously observed in the area [59], potentially 416 

exacerbating the challenge of insecticide resistance. Fortunately, the current larviciding 417 



programs in Tanzania deploy biolarvicides (i.e., Bacillus thuringiensis israelensis and 418 

Lysinibacillus sphaericus), which remain effective against pyrethroid-resistant malaria 419 

vectors. 420 

 421 

While the approach tested here was clearly effective, we did not investigate the optimal 422 

timing of the larviciding. Instead, the single application was done in the dry season, when the 423 

habitats were least numerous and least expansive. Also, a recent mathematical simulation 424 

[60] suggested that the most effective timing for larviciding is during or at the beginning of 425 

the rainy season but that was on assumption that the main vector species would be An. 426 

gambiae s.s., which breed in temporary pools and whose populations peak during the wet 427 

season. It however remains unclear what the optimal timing for larviciding would be in areas 428 

dominated by An. funestus, which tends to occupy perennial habitats and therefore remains 429 

important throughout the year. The results of this study may be useful for future modelling 430 

exercises to assess such scenarios. Moreover, a distinct trend of aquatic habitat 431 

recolonization was observed within one to two weeks after treatment, followed by a notable 432 

reduction. This pattern suggests the residual effectiveness of Bti. Furthermore, it's important 433 

to keep in mind that our results are based on a single larvicide application, which served 434 

primarily to showcase the capability of trained community members in targeting disease-435 

transmitting mosquitoes. This also highlights the success of a simpler yet effective training 436 

approach. 437 

 438 

Tanzania has had great examples of cross-sectoral engagement for malaria prevention. In 439 

addition to the supply of locally manufactured biolarvicides from the Tanzania biotechnology 440 

industry, there have also been major investments in community sensitization and 441 

engagement. For example, the Dar es Salaam Urban Malaria Control Programme (UMCP) 442 

organized a highly effective community-based program of environmental management to 443 

reduce densities of malaria vectors, which even included a degree of fundraising by the 444 

communities [61]. More recently, the use of trained community owned resource persons to 445 

deploy the larvicides and also monitor adult densities resulted in significant declines of 446 

malaria in the city [17,18,54].  This current study demonstrate that such community-based 447 

strategies can be expanded to rural settings such as the Kilombero Valley. This could 448 

significantly reduce implementation costs, especially as community members are generally 449 

willing to participate. We did not explicitly investigate the community's willingness to 450 

participate without compensation in the current study. Nevertheless, previous studies have 451 

indicated that such willingness is possible when there is a higher perceived level of safety 452 

and acceptance of the product[19,62]. Already, the district-level malaria officials have been 453 



conducting community sensitization programs to support larval source management [31]. 454 

However, it is evident that more efforts are needed given that significant proportions of the 455 

rural community members (~60% in this study), remain unaware of the importance of 456 

larviciding for malaria control. 457 

 458 

Another important observation was that while An. funestus clearly prefer certain habitat 459 

types, they do often cohabit with other mosquito species. In this study the application of the 460 

biolarvicides in the habitats of An. funestus also reduced indoor densities of adult Culex spp. 461 

but not An. arabiensis. Also, though An. arabiensis preferred irrigational rice fields, their 462 

larva densities were also reduced in habitats that they shared with An. funestus. It can be 463 

assumed therefore that the current strategy of applying larvicides to all aquatic habitats 464 

could be effective as well, especially if there is adequate resources and manpower. 465 

However, the findings also indicate that it might be more cost-effective to preferentially target 466 

the most competent malaria vector species.  467 

 468 

This study also had some limitations. Firstly, the use of a 2 km transects underestimated the 469 

potential effectiveness of larviciding because mosquitoes can fly much longer, sometime up 470 

to or beyond 4 km [63]. This means that mosquitoes could have emerged from habitats 471 

beyond the transect, potentially reducing the larviciding efficacy. Additionally, the study did 472 

not gather post-assessment feedback from community members who participated in the 473 

program, primarily due to constraints related to the project timeline and available resources. 474 

Their views and insights could have provided valuable information on the sustainability of the 475 

approach and identified areas for improvement. Furthermore, the study focused solely on 476 

assessing the impact of larviciding on the abundance of the major malaria vector, without 477 

evaluating its effect on malaria prevalence in the villages. A recent simulation study [60] 478 

suggests a reduction in malaria prevalence one month after larvicide application. However, 479 

due to time limitations, the larvicides were only applied once in this study. While this may 480 

have been sufficient for demonstrating the role of community members, it is itself inadequate 481 

for assessing efficacy of the intervention on its own. Lastly, the application of biolarvicides 482 

was limited to larval habitats that tested positive for An. funestus during the survey, 483 

potentially reducing coverage by not treating habitats that could have harbored An. funestus 484 

larvae but tested negative at the time of the survey. 485 

 486 

In addition to these limitations, potential biases must be considered. Selection bias may 487 

have been introduced during the recruitment of volunteers for the entomological training. 488 

The criteria for selecting participants—such as the ability to read and write properly, 489 

involvement in household entomological surveillance, a minimum residency of two years, 490 



and an age range of 18 to 50 years may have excluded certain community members who 491 

could have contributed valuable perspectives. This selection process might have favored 492 

more educated or engaged individuals, potentially skewing the results. Additionally, 493 

response bias in the questionnaires cannot be ruled out. Since the questionnaires were 494 

administered by interviewers, there is a possibility that respondents provided socially 495 

desirable answers rather than their true perceptions and knowledge levels about disease-496 

transmitting mosquitoes and larviciding. This could lead to an overestimation of the 497 

community's baseline awareness and perception. To mitigate these biases in future studies, 498 

a more inclusive selection process and the use of anonymous self-administered 499 

questionnaires could be considered. 500 

 501 
Conclusion 502 
 503 
Previous studies have shown the effectiveness of larviciding in urban areas of Tanzania, 504 

following WHO guidelines. However, the National Malaria Strategic Plan of Tanzania has 505 

extended larviciding to rural areas, despite not strictly adhering to these guidelines. This 506 

study highlights the potential of species-focused community-led larviciding as a sustainable 507 

intervention for malaria control in rural settings. The observed reduction in mosquito 508 

densities demonstrates that, with proper training and community engagement, local 509 

communities can successfully implement and maintain vector control strategies. These 510 

findings suggest that this approach can be effectively adapted to other resource-limited rural 511 

settings. Furthermore, by reducing reliance on centralized programs, this model promotes 512 

self-sufficiency and community ownership, which are critical for the long-term sustainability 513 

of malaria control efforts. The results have important implications for policy makers and 514 

public health officials, as community-led interventions could complement existing vector 515 

control strategies, thereby enhancing the overall impact of malaria control programs. 516 

 517 
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