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Simple Summary 

A team of scientists from the University of California Malaria Initiative (UCMI) is developing a new 

mosquito-based tool to fight malaria. These specially modified mosquitoes carry genes that make 

them unable to pass the malaria parasite to humans. Before testing this tool in the environment, it is 

important to understand how local animals that live in mosquito habitats might be affected. The 

islands of São Tomé and Príncipe, located off the west coast of Africa, have been chosen as a possible 

site for the first real-world test of this approach. In this study, we examined the small animals that 

reside in the same water where mosquito larvae grow, such as insects, small crustaceans, worms, and 

snails. We collected over 5,000 individuals and found that the highest variety of species was in 

permanent water bodies. We also identified several potential larval predators. This research will 

support efforts to introduce new malaria control tools in ways that are safe for the environment and 

respectful of local ecosystems. 

Abstract 

Addressing rising malaria cases requires the development of innovative technologies such as 

genetically engineered mosquitoes (GEM). Anopheles coluzzii, a primary malaria vector in sub-

Saharan Africa, has been modified with effector genes which prevent Plasmodium falciparum parasite 

transmission. The technology is ready for field trials and São Tomé and Príncipe (STP) islands are 

being considered for the first experimental releases. Here, we evaluate the diversity of 

macroinvertebrates in An. coluzzii larval habitats in STP throughout the wet and dry seasons. We 

collected over 5,000 macroinvertebrates belonging to eight classes, 15 orders and 51 families. These 

included insects, crustaceans, spiders, annelid worms, springtails, and mollusks, with insects and 

crustaceans dominating sample collections. Diversity remained stable across the wet and dry season, 

but higher diversity was found in permanent breeding sites when compared to temporary sites. We 

found 10 families (13% abundance in the sample) that included potential larval predators of An. 
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coluzzii. An ecological assessment has been conducted to understand how predator species interact 

with the GEM, the results of which will be published elsewhere. Here we show that mosquito larvae 

are part of a diverse and interactive aquatic macroinvertebrate community. Consequently, 

population modification, rather than population suppression, should have less of an impact on the 

ecosystem. 

Keywords: Anopheles gambiae complex; Shannon-Wiener; Simpson diversity; Pielou’s equitability 

diversity; genetically modified organism 

 

1. Introduction 

Over the past five years, malaria cases have increased across the African continent, with an 

estimated 265 million cases reported in 2023 [1]. Despite significant efforts to reduce and eliminate 

malaria, many countries continue to struggle with the burden of this disease [2]. Current control 

strategies primarily rely on the use of insecticides to target the mosquito vector and antimalarial 

drugs to combat the parasite [3,4]. However, the effectiveness of these measures is compromised by 

the emergence and spread of insecticide and antimalarial drug resistance [5,6]. This growing 

resistance threatens to undermine decades of progress in malaria control and highlights the urgent 

need for innovative solutions. In response to this challenge, the World Health Organization (WHO) 

emphasized the importance of developing and deploying new tools and strategies to combat malaria, 

sustain progress, and ultimately achieve malaria elimination [7]. 

Significant advances in biotechnology have opened new avenues for combating malaria, 

including genetic-based vector control methods such as genetically engineered mosquitoes (GEM) 

[8]. These strategies are categorized into population suppression, which aims to reduce or eliminate 

vector populations, and population modification, which employs antiparasitic effector molecules to 

disrupt pathogen transmission [9]. The University of California Malaria Initiative (UCMI) has 

developed a GEM utilizing a Cas9/gRNA-based gene-drive system which inserts two genes encoding 

antibodies that target the parasite, rendering the mosquito incapable of transmitting malaria [9,10]. 

Small cage trials and modelling show that the introduction of GEM could reduce malaria incidence 

by over 90% within three months, indicating that this technology shows promise for large scale field 

trials [11].  

Despite its promise, scaling this technology for real-world application requires extensive testing 

to evaluate potential ecological impacts and guide decision making [12]. Direct and indirect 

interactions between GEM and non-target organisms are highly probable. Therefore, biodiversity and 

community structure in aquatic ecosystems where mosquito larvae develop should be assessed 

[10,13]. These evaluations are essential components of the environmental risk assessment (ERA) 

framework, ensuring GEM introduction aligns with ecological safety and sustainability while 

addressing potential impacts on sensitive environments [10,14–16]. 

The islands of São Tomé and Príncipe (STP) in the Gulf of Guinea have been identified as ideal 

candidates for the first deployment of a gene-drive GEM for malaria control [17]. Features such as 

small size, reduced biological complexity, and the presence of a single malaria vector species, 

Anopheles coluzzii, make the islands well-suited for this approach [17]. Furthermore, genetic studies 

have confirmed that An. coluzzii on STP are genetically isolated from mainland African populations, 

ensuring contained application of this technology and minimizing confounding factors such as 

mosquito migration [17–19]. 

São Tomé and Príncipe have experienced rising malaria cases in recent years [1]. The tropical 

rainforest climate, characterized by high humidity, warm temperatures, and year-round rainfall, 

supports abundant and diverse mosquito populations [20]. Additionally, the islands’ biogeography 

and structure provide aquatic habitats suitable for mosquito breeding [21–23]. STP is home to a rich 

endemic biodiversity, which is well-documented for mammals, birds and amphibians, but less so for 

arthropods and, particularly, aquatic macroinvertebrates [24]. Aquatic biodiversity plays a vital role 
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in ecosystem function, including nutrient cycling, food web stability, and biological control of pest 

and disease vector species [25,26]. The larval and pupal stages of Anopheles mosquitoes share aquatic 

habitats and interact closely with other organisms in the ecosystem and serve as prey for a diverse 

variety of predators [15]. 

The aim of this study was to assess the biological diversity of aquatic macroinvertebrates 

inhabiting breeding sites of An. coluzzii in São Tomé and Príncipe. The specific objectives were to: i) 

identify and quantify the aquatic biodiversity sharing larval habitats with An. coluzzii; ii) evaluate 

how aquatic macroinvertebrate biodiversity differs between temporary and permanent breeding 

sites, between wet and dry seasons, and between years, and iii) identify and quantify potential larval 

predators of An. coluzzii. The findings will provide valuable insights into the composition and 

dynamics of aquatic macroinvertebrate communities on the islands, contributing to our 

understanding of potential interactions with the main malaria vector An. coluzzii. This catalog of non-

target organisms will serve as a standard against which post-GEM non-target surveys can be 

compared. Dramatic changes can be explored to determine if they may be driven by the presence of 

the GEM.  

2. Materials and Methods 

2.1. Study Area 

The study was performed on São Tomé and Príncipe islands, located in the Gulf of Guinea, 

approximately 250 km off the coast of Gabon, central Africa (Figure 1a). With a total area of 857 km2 

and 139 km2, respectively, the islands are marked by mountain ranges and steep slopes, with flatter 

areas in the north and northeast. Both islands have numerous coastal streams and mangroves [20]. 

With an equatorial climate, the islands experience a short dry season (June to September) and an 

extended wet season (October to May). 

A total of five localities were selected and sampled during the dry and wet seasons of 2022 to 

2023. Four localities were on the main island, São Tomé, and one on the smaller island, Príncipe 

(Figure 1). The selected localities are all urban with known An. coluzzii breeding sites. A wide 

geographical spread of localities was included to capture spatial variation in aquatic community 

diversity. In São Tomé, collections were conducted in Santa Catarina (STC), Bobo Forro (BFO), Ribeira 

Afonso (RBA), and Vila Malanza (MAL). In Príncipe, collections were carried out in Lenta Pia (PIA) 

(Figure 1; Table S1). 
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Figure 1. Geographic distribution of the study localities (yellow circles) on the islands of São Tomé and Príncipe: 

(a) Location of São Tomé and Príncipe in relation to the African continent; (b) Study locality on Príncipe Island; 

(c) Study localities on São Tomé Island. 

2.2. Breeding Site Identification and Characterization 

One permanent and one temporary breeding site was identified for each area by a local 

entomologist from the National Center of Endemic Diseases (CNE) (Figure S1). All breeding sites 

were screened before initiating the study to confirm the presence of An. coluzzii immature stages and 

only those sites positive for An. coluzzii were selected. Permanent sites were defined as breeding sites 

where water remained continuously or for a minimum of 3 months after the end of the wet season, 

allowing mosquitoes to reproduce throughout the year. Temporary sites were defined as breeding 

sites where water remained for approximately 1 month after the wet season ended. All selected 

breeding sites were georeferenced using a Garmin GPSMAP® 64SX GPS device (Garmin, Olathe, 

USA). 

Each site was characterized as one of the following habitat types: stream, ditch, swamp, roadside 

puddle, small puddle, or artificial hole (used to store water during construction). Human-made 

breeding sites are classified according to their well-defined boundaries and usage reports in 

construction, while natural sites have irregular edges. Conditions such as water current, light 

intensity, turbidity, and the presence or absence of vegetation were visually estimated. The water 

current was visually characterized as slow, fluctuating, or still. Light intensity was visually 

categorized into light and shadow [25,26]. All visual classifications were performed by the same 

person (MJC) to maintain consistency. 

2.3. Sampling Aquatic Biodiversity 

Sampling was performed between March 2022 and June 2023. Collections were carried out twice 

in the dry season and twice in the wet season for a total of four sampling events per site over the 

course of the study. If the breeding site was found dry, only the status, dry, was recorded. 

For each water body, three edges were demarcated with 1 m flagging tape indicating each 

sweep. With a 30 cm D-frame kick net, one sweep was performed below the surface along the 1 m 

length of each of the three edges. The sample collected was poured into a tray with clean tap water 

and all organisms were collected with a plastic pipette and forceps. Organisms were stored in 5 ml 
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tubes filled with 80% ethanol and transferred to the UCMI Molecular Biology Laboratory at the 

University of São Tomé and Príncipe (USTP) to be identified to the lowest taxonomic level possible. 

The samples were then sent to the University of California, Davis, where identifications were 

confirmed. Morphological identification of macroinvertebrates was performed using taxonomic keys 

and scientific literature [27–32]. The identification of potential larval predators was carried out based 

on scientific literature [23,33]. The samples were subsequentially curated following standard 

entomological procedures and deposited at the Bohart Museum of Entomology, University of 

California, Davis. 

2.4. Statistical Analysis 

All statistical analyses and plots drawn were performed using Rstudio software (R version 4.4.1) 

[34] and Microsoft Excel. Data from both islands were combined due to differences in sample size 

(four localities on São Tomé Island and one locality on Príncipe Island). The following packages were 

used for the analysis: vegan_2.6-8 [35], car_3.1-3 [36], and lmertest_3.1-3 [37]. Shannon-Wiener (H’), 

Simpson’s diversity (D), and Pielou’s equitability diversity (J′) indices were calculated using the 

following formulas [38]: 

Shannon-Wiener Index (H’): 

𝐻′ =  ∑ 𝑝𝑖 ln 𝑝𝑖 , (1) 

Simpson’s Index of Diversity (D): 

𝐷 =  1 −
∑ 𝑛−(𝑛−1)

𝑁(𝑁−1)
 , (2) 

Pielou’s Equitability Diversity (J’): 

𝐽′ =
𝐻′

ln 𝑆
  , (3) 

Distribution of the data was assessed using Shapiro-Wilk test, Q-Q plots and Levene’s tests. 

When assumptions of normality and homogeneity of variance were violated, non-parametric 

Kruskal-Wallis rank sum tests were applied as an alternative. For each index, a Generalized Linear 

Mixed Model (GLMM) was used to determine how breeding site type (permanent or temporary), 

season (wet or dry) and year (2022 and 2023) affected diversity. Two GLMMs were used to assess the 

variation in richness (number of families) and abundance (number of individuals) between breeding 

site types, seasons and years. The data followed a Poisson distribution which was used as the 

distribution family in the model. For all models, site was included as a random effect to account for 

repeated measures due to resampling of the same sites. All analyses were performed with taxonomic 

standardization at the family level.  

To explore temporal (wet or dry season) patterns and differences between temporary and 

permanent breeding sites and years in macroinvertebrate assemblages, a Non-Metric 

Multidimensional Scaling (NMDS) analysis was performed. NMDS was used to visualize differences 

in community composition based on presence/absence data at family level, considering breeding site 

type, season and year as group variables, helping to identify patterns of similarity across variables. 

A PERMANOVA analysis was performed using the adonis2 function from the vegan package in R [35] 

to test the null hypothesis of no difference in assemblage structure across breeding site types, season 

and years. Jaccard dissimilarity was used as the distance metric, with a maximum of 100 iterations to 

obtain the minimum stress value. 

3. Results 

3.1. Breeding Site Identification and Characterization 

Ten breeding sites were identified and characterized, comprising one permanent and one 

temporary site in each of the five localities (Table 1). Natural habitats predominated, with only one 

of the ten sites being manmade. Swamps were the most common habitat type. All breeding sites were 
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exposed to direct sunlight, most featuring clear and still water. Natural vegetation was present in 

70% of the sites. 

Table 1. Characteristics of Anopheles coluzzii larval habitats on the Islands of São Tomé and Príncipe, during 2022 

– 2023. STC – Santa Catarina; BFO – Bobo Forro; RBA – Ribeira Afonso; MAL - Vila Malanza; PIA – Lenta Pia. 

Locality 
Breeding site 

type 

Nature of 

breeding 

site 

Habitat 

category 

Intensity 

of light 
Turbidity Vegetation 

Water 

current 

STC 
permanent natural Swamp light clear present still 

temporary natural Stream light clear absent still 

BFO 

permanent natural small puddle light turbid present still 

temporary natural roadside 

puddle 

light clear absent still 

RBA 
permanent man-made artificial hole light clear present still 

temporary natural small puddle light turbid present still 

MAL 
permanent natural Stream light clear present slow 

temporary natural Swamp light turbid present still 

PIA 

permanent natural Swamp light clear present still 

temporary natural roadside 

puddle 

light clear absent still 

3.2. Aquatic Macroinvertebrates Assemblages 

A total of 5,208 aquatic macroinvertebrates belonging to eight classes, 15 orders and 51 families 

were sampled across all localities in São Tomé and Príncipe. Insecta was the predominant class with 

the highest diversity (49.6% of individuals, consisting of 30 families), Ostracoda was the next most 

abundant class (44.7% of individuals, consisting of three families), followed by Clitellata (3.2% of 

individuals, consisting of one family) (Figure 2). 
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Figure 2. Class abundance of aquatic macroinvertebrates by island (São Tomé, Príncipe), season (dry, wet), 

breeding site type (permanent, temporary) and overall. 

3.3. Assemblages According to Breeding Site Type and Season 

Total abundance and family richness for breeding site type and season are given in Figure 3. The 

family with the highest relative abundance in both permanent and temporary breeding sites was 

Cyprididae (Ostracoda: Podocopida) with respective percentages of 41.9% and 50.3%. This family 

was followed by Culicidae (Insecta: Diptera) in permanent breeding sites (33.1%), and Chironomidae 

(Insecta: Diptera) in temporary breeding sites (16.2%). In the wet season, the family Cyprididae 

(Ostracoda: Podocopida) had the highest relative abundance percentage of 66.0%, followed by 

Micronectidae (Insecta: Hemiptera) with 7.8%. The dry season results showed the families Culicidae 

(Insecta: Diptera) followed by Cyprididae (Ostracoda: Podocopida) with the respective percentages 

of 65.6% and 7.9%. Some families were exclusively found in only one breeding site type or season 

which we summarize in Figure 3c (Table S2). 

 

Figure 3. Family total taxa richness (a), and total abundance (b) of macroinvertebrates. Family-level Venn 

Diagram (c), showing the differences observed across the study’s sampling parameters, including seasons and 

breeding site types. 

Not surprisingly, overall, family richness was significantly higher in permanent compared to 

temporary breeding sites (Estimate=-4.51, t=-2.89, p=0.01), while no significant differences were 

detected between the dry and wet seasons (Estimate=0.36, t=0.24, p=0.81) (Figure 4a).  Abundance 

did not significantly differ between permanent and temporary breeding sites (Estimate=-110.53, t=-

1.02, p=0.32) or seasons (Estimate=71.66, t=0.70, p=0.49) (Figure 4b). As there were more collections 

made on São Tomé (four localities) than Príncipe (one locality) we did not make statistical 

comparisons between the islands. To assess interannual variation showed significantly higher 

richness in 2023 than 2022 (p=0.002). This was supported by a Kruskal–Wallis test (χ²=5.08, df=1, 

p=0.024) (Figure 4a). However, total abundance did not differ significantly between years (Kruskal–

Wallis χ²=1.56, df=1, p=0.21), indicating that increased richness was not accompanied by higher 

abundance (Figure 4b).  
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Figure 4. Richness (a) and Abundance (b) of aquatic macroinvertebrates across different breeding site types and 

seasons. Asterisks (*) indicate significant differences (p<0.05) between groups. The points represent the 

individual values of each sample, showing the dispersion of the data. 

Shannon’s Index was significantly higher for permanent breeding sites indicating greater 

diversity (Estimate=-0.73, t=-3.66, p=0.001), but no difference was found between seasons (Estimate=-

0.20, t=-1.04, p=0.31) or years (Estimate=0.36, t=1.87, p=0.08) (Figure 5a). The mean Shannon’s Index 

for family diversity in permanent breeding sites was H′=1.36, indicating moderate diversity, whereas 

temporary breeding sites presented a mean of H′=0.61, suggesting low diversity of aquatic 

macroinvertebrates. 

Simpson’s diversity index, where zero represents uniformity and 1 represents complete 

diversity, was significantly higher in permanent breeding sites (D=0.61) than temporary breeding 

sites (D=0.29) (Estimate=-0.31, t=-3.99, p=0.001). There was no significant difference between seasons 

(Estimate=-0.10, t=-1.41, p=0.17) or years (Kruskal–Wallis χ²=1.33, df=1, p=0.25) in Simpson’s diversity 

index (Figure 5b). 

Regarding evenness, Pielou’s index was significantly higher in permanent breeding sites 

(J′=0.67) compared to temporary sites (J′=0.43), with higher values indicating more balanced 

distributions of family abundance (Figure 5c; Estimate=-0.23, t=-2.76, p=0.01). There was no significant 

difference between seasons (Estimate=-0.12, t=-1.55, p=0.13) or years (Estimate=-0.03, t=-0.38, p=0.71) 

(Figure 5c). 
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Figure 5. Biodiversity. Shannon’s index (a), Simpson’s index (b) and Pielou’s index (c) of aquatic 

macroinvertebrate biodiversity in between breeding site types, seasons and years in São Tomé and Príncipe. 

Asterisks (*) indicate significant differences (p<0.05) between groups. The points represent the individual values 

of each sample, showing the dispersion of the data. 

Overall, nonmetric multidimensional scaling (NMDS) did not show a significant effect of season 

(R²=0.05, F=1.55, p=0.07) and year (R²=0.04, F=1.51, p=0.07) on the aquatic macroinvertebrate 

composition (Figure S2 and Figure S3). However, the results indicated that breeding site type had a 

significant effect on composition (R²=0.06, F=1.86, p=0.02). Permanent and temporary breeding site 

types were significantly different in terms of composition (based on Jaccard distance) (Figure 6). 
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Figure 6. Aquatic macroinvertebrate composition. Non-metric multidimensional scaling (NMDS) plot based on 

a Jaccard similarity matrix, showing differences in aquatic macroinvertebrate composition between permanent 

and temporary breeding sites. Each point represents a sample, with colors and shapes indicating the breeding 

site type (permanent or temporary). Polygons represent the convex hulls encompassing each group. 2D stress = 

0.12. 

3.4. Predator Identification 

Out of 5,208 macroinvertebrates sampled, 683 (13.1%) were identified as potential predators of 

An. coluzzii, representing 10 families (Figure 7), which all belonged to Class Insecta, were identified 

as potential predators of An. coluzzii. The most abundant family was Micronectidae, with 266 

individuals (38.9%), followed by Gerridae (79 individuals; 11.6%) and Libellulidae (77 individuals; 

11.3%). 
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Figure 7. Proportion of An. coluzzii predators in São Tomé and Príncipe islands and the relative abundance of 

each identified predator family. Asterisks (*) indicate families with values below 1%. 

4. Discussion 

Our study describes the aquatic macroinvertebrate community which shares the habitat of An. 

coluzzii, the malaria vector on the islands of São Tomé and Príncipe. Permanent and temporary 

breeding sites were sampled over dry and wet seasons for two consecutive years to determine 

variation in community composition. Breeding sites hosted important mosquito disease vectors 

(Anopheles, Culex and Aedes), as well as a diverse macroinvertebrate community encompassing eight 

classes, 15 orders and 51 families. Insects made up half of the sample and were the most diverse class 

(30 families), followed by Ostracoda with 45% abundance, comprising three families. The remaining 

samples included small numbers of other crustaceans, spiders, annelid worms, springtails, and 

mollusks. Ten of the 51 families sampled are potential predators of An. coluzzii, which made up 

approximately 13% abundance in the sample.  

Members of the Anopheles gambiae complex are known for their ability to colonize a variety of 

breeding sites [26,39]. Recent studies have shown successful development of An. coluzzii, the focus of 

our study, in both temporary and permanent, and natural and human-made sites [40,41]. We sampled 

urban and coastal environments in STP where An. coluzzii can develop. We found breeding sites were 

predominantly natural habitats, including swamps, streams, and puddles, with characteristics such 

as sunlight exposure, natural vegetation, and presence of debris, as described by similar studies 

conducted in mainland West Africa [22,39]. 

Our study revealed a diverse range of macroinvertebrates cohabitating aquatic breeding sites 

with the malaria vector An. coluzzii in STP. The most abundant of the 51 families were Cyprididae 

(Podocopida), Culicidae (Diptera), Chironomidae (Diptera), Micronectidae (Hemiptera), Naididae 

(Tubificida), Gerridae (Hemiptera), Libellulidae (Odonata), Baetidae (Ephemeroptera), and 

Notonectidae (Hemiptera) (Table S3). Previous studies have shown that members of the orders 

Diptera, Odonata, Ephemeroptera, Hemiptera and Coleoptera, which include our most abundant 

families sampled, are common groups that colonize Anopheles larval habitats in mainland Africa 

[23,42–44]. 

We demonstrate increased macroinvertebrate diversity in permanent compared to temporary 

breeding sites across all three diversity indices measured. These results were supported by the NMDS 

analysis, which showed differences in the structure of the communities depending on water 

permanence. Our results highlight the role of stability in sustaining diverse communities. Permanent 

sites are likely to host a greater diversity of species due to greater time for colonization of the habitat 
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[45]; whereas frequent flooding and drying of temporary sites results in more extreme environmental 

conditions, which may allow fewer taxa to survive (e.g., [46]). Other studies have found that 

temporary mosquito breeding sites tend to support lower macroinvertebrate densities [23,44,47]. 

Consequently, temporary sites carry lower predation risk for mosquitoes, [23,48] but are less likely 

to support immature stages through to adulthood. Indeed, we found that Culicidae were more 

abundant in permanent sites (33% abundance in sample) than in temporary sites (10% abundance in 

sample). 

It has been previously established that seasonality is an important factor shaping the structure 

of aquatic communities [49,50]. Li et al. [50] found a higher number of taxa at breeding sites during 

the dry season when compared to the wet season. This phenomenon was attributed to the inability 

of certain species to withstand flooding, as well as to a greater variation in abiotic conditions. 

Similarly, the diversity indices in our study demonstrated higher diversity during the dry season, 

which may be indicative of increased stability in breeding sites due to reduced rainfall, leading to 

reduced washout of organisms and enhanced nutrient availability [48,51]. However, these differences 

were non-significant (except for Richness estimates). The absence of significant seasonal variations 

may be attributed to the weak seasonal variation observed in STP, where the rainy season persists for 

eight months and the dry season is short (four months). This equatorial climate is characterized by 

less marked seasonal transitions, resulting in relatively stable conditions throughout the year. This 

mitigates the impact of seasonal variations on aquatic biodiversity [20]. 

Minor interannual variation was observed in aquatic macroinvertebrate communities, shown by 

Richness estimates only, indicating a stable community composition between 2022 and 2023. This 

temporal stability is critical for monitoring programs linked to the release of genetically engineered 

mosquitoes (GEM), as it provides a consistent baseline to detect post-release ecological impacts 

[15,16]. The persistence of similar taxonomic groups across years improves the ability to identify 

changes attributable to GEM interventions [9,15]. This stability can support the use of these aquatic 

habitats or potential aquatic predators for long-term ecological studies and risk assessments in vector 

control strategies involving GEM. 

Potential aquatic predators of An. coluzzii made up 13% of the sample. All predators identified 

were insects, with families Micronectidae (Hemiptera), Gerridae (Hemiptera) and Libellulidae 

(Odonata) being the most abundant. Other studies similarly identified Odonata and Hemiptera as 

important population regulators of mosquitoes [52–55]. Aquatic predators can play a fundamental 

role in the control of Anopheles populations and have been suggested as a potential biocontrol solution 

[56,57]. The presence of predators in an aquatic habitat can also affect mosquito oviposition site choice 

and immature development rate [58]. Mosquitoes are likely to be an important part of the food web, 

and, as such, an ecological assessment should be made of the impact of GEM predation on these 

predators.  

5. Conclusions 

Our study is the first to describe the aquatic macroinvertebrate diversity associated with An. 

coluzzii in STP, finding a variety of insects, crustaceans, spiders, annelid worms, springtails, and 

mollusks. Diversity was higher in permanent sites when compared to temporary sites, reinforcing 

the importance of stability for maintaining diverse communities. Anopheles coluzzii larvae are a likely 

prey for several aquatic macroinvertebrate taxa in STP so laboratory studies should be undertaken to 

assess the impact of GEM release on these taxa. This also emphasizes that a method which modifies 

the mosquito population, rather than suppressing it, is likely to have a lesser ecological impact on 

this diverse ecosystem. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Figure S1: Sampling sites selected in each locality on the study. A) STC 

permanent; B) STC temporary; C) BFO permanent; D) BFO temporary; E) RBA permanent; F) RBA temporary; 

G) MAL permanent; H) MAL temporary; I) PIA permanent; J) PIA temporary.; Figure S2. Non-metric 
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multidimensional scaling (NMDS) plot based on a Jaccard similarity matrix, showing aquatic macroinvertebrate 

composition during the wet and dry seasons. No significant differences were detected between seasons. 2D stress 

= 0.12.; Figure S3. Non-metric multidimensional scaling (NMDS) plot based on a Jaccard similarity matrix, 

showing aquatic macroinvertebrate composition across sampling years. No significant differences were 

observed between years. 2D stress = 0.12.; Table S1: Geographic coordinates of breeding sites by locality on the 

Islands of São Tomé and Príncipe.; Table S2: Presence and absence of aquatic macroinvertebrates collected on 

different sampling seasons and breeding site types on the Islands of São Tomé and Príncipe.; Table S3: The 

abundance (a) and relative abundance (%RA) of macroinvertebrates in different sampling seasons and breeding 

site type on the islands of São Tomé and Príncipe. 
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