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Abstract 22 

Knowledge of animal community diets is essential for understanding ecosystem functioning. Bats and 23 

birds are important groups of invertebrate predators, managing their populations. However, the diets of 24 

West African species and the mechanisms shaping them remain poorly understood. In this study, we 25 

investigated these mechanisms in agricultural landscapes of Guinea-Bissau using metabarcoding and 26 

next-generation sequencing. Specifically, we asked: 1) How do dietary breadth and composition vary 27 

among predator species and between bats and birds 2) How does dietary overlap vary within and 28 

between guilds? (3) To what extent is dietary dissimilarity associated with phylogeny? 29 

We analysed the diet of 13 bat and eight bird species. Results revealed that Hemiptera (18.5%); 30 

Coleoptera (16.6%), Blattodea (15.8%), Lepidoptera (15.5%) and Orthoptera (11.4%) were the most 31 

consumed orders, with termites (Blattodea, Termitidae) standing out (8.2%).  Based on OTU richness 32 

and sample-based rarefaction, all predators exhibited broad niches (99.7 ± 37.4 OTUs per predator 33 

species, on average), with bats generally exhibiting broader niches. Bats’ and birds’ diets differed 34 

significantly (ANOSIM R = 0.61, p = 0.001), possibly driven by differences in foraging periods. At the 35 

OTU level, birds displayed significant dietary segregation (Obirds = 0.05, p = 0.017), whereas some bats 36 

displayed significant dietary overlap (Obats = 0.23, p = 0.001), indicating low interspecific competition. 37 

However, we found no strong correlation between diet dissimilarity and phylogeny.  38 

These findings provide insight into niche partitioning and may inform future assessments on the 39 

importance of the ecological role of bats and birds in West African agroecosystems. 40 
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Introduction  47 

Diet is a fundamental component of animal ecology because it defines the resources that organisms use 48 

and therefore constrains the ecological niche they can occupy (McCann 2007). Dietary studies provide 49 

insights into species' energetic requirements, ecological roles, and the trophic interactions that structure 50 

communities. Additionally, studies of trophic niches provide essential insights into resource partitioning 51 

and coexistence, particularly in species-rich assemblages where multiple consumers exploit overlapping 52 

prey pools (Schoener 1974; Novella-Fernandez et al. 2020). However, trophic niches are rarely 53 

structured along a single ecological axis; instead, multiple mechanisms may operate simultaneously and 54 

at different hierarchical levels within predator assemblages (Chesson 2000; McGill et al. 2006) 55 

Bats and birds are two major groups of aerial insectivorous that exert strong top-down effects on 56 

invertebrate communities, thereby influencing ecosystem functioning across terrestrial ecosystems 57 

(Kunz et al. 2011; Nyffeler et al. 2018). Their trophic ecology has been shown to vary widely among 58 

species, shaped by morphological, behavioural, and environmental differences (Salinas-Ramos et al. 59 

2015; Maine and Boyles 2015; Mansor et al. 2018; Davies et al. 2022). Although regional context 60 

modifies prey availability and predator foraging opportunities, a consistent global pattern is that 61 

insectivorous bats generally display broader diets than most birds (Maas et al. 2016). This difference is 62 

frequently attributed to their nocturnal activity, the greater taxonomic diversity of nocturnal arthropods, 63 

and the broad range of foraging strategies adopted by bats (Maas et al. 2016; Wong and Didham 2024). 64 

Temporal segregation of foraging activity therefore represents one important axis of niche differentiation 65 

among aerial predators (Kronfeld-Schor and Dayan 2003), but its relative contribution remains unclear 66 

when considered alongside other ecological and evolutionary factors. Evolutionary history may also 67 

contribute to trophic divergence, with more distantly related species often differing in diet due to 68 

morphological constraints, sensory adaptations, and distinct ancestral foraging strategies (Van 69 

Cakenberghe et al. 2002; Brändle et al. 2002; Carrillo-Araujo et al. 2015). Conversely, closely related 70 

species may display similar diets unless competition or behavioural differentiation promotes trophic 71 

segregation (Schoener 1974; Stevens and Willig 2000), as predicted by traditional niche theory 72 

(Macarthur and Levins 1967). Nevertheless, dietary similarity does not necessarily scale linearly with 73 



 
 

phylogenetic distance, particularly in highly mobile and opportunistic predators, where behavioural 74 

plasticity and fluctuating resource availability may override evolutionary proximity. 75 

Tropical systems, characterised by high arthropod diversity and pronounced seasonal variability, provide 76 

a valuable context in which to examine how multiple ecological axes structure trophic niches (Novotny 77 

and Miller 2014). Agricultural mosaics such as rainfed rice systems combine high productivity with 78 

marked temporal changes in prey availability (Lawler 2001), while still maintaining diverse predator 79 

communities (Chaves et al. 2026). These landscapes therefore offer an opportunity to examine how 80 

temporal activity, trophic strategy, and evolutionary history interact in shaping dietary patterns within 81 

and between predator guilds. 82 

Thus, trophic differentiation in aerial predator assemblages may emerge from distinct ecological axes 83 

operating at different hierarchical levels. Temporal activity may structure broad guild-level segregation, 84 

whereas within-guild dietary patterns may be shaped by behavioural and ecological traits rather than by 85 

phylogenetic relatedness alone. At the same time, substantial dietary overlap may arise where multiple 86 

predators exploit a broadly shared prey pool, making it important to distinguish between differences in 87 

prey composition and complete trophic segregation. 88 

In this study, we used DNA metabarcoding and next-generation sequencing (NGS) to examine trophic 89 

niche structure in a community of invertebrate-eating bats and birds foraging in West African rice 90 

landscapes. Specifically, we addressed the following questions: 1) How do dietary breadth and 91 

composition vary among predator species and between major predator guilds (here defined as nocturnal 92 

insectivorous bats and predominantly diurnal birds)? 2) How does dietary overlap vary within and 93 

between guilds? (3) To what extent is dietary dissimilarity associated with phylogenetic distance across 94 

the assemblage? 95 

We hypothesized that trophic niches in this assemblage are structured hierarchically along multiple 96 

ecological axes. Specifically, we predict that (i) all predator species exhibit relatively broad arthropod 97 

diets consistent with the high prey diversity characteristic of tropical ecosystems (Novotny and Miller 98 

2014); (ii) temporal activity patterns contribute to trophic differentiation between major predator guilds, 99 



 
 

leading to differences in dietary composition between nocturnal bats and diurnal birds; (iii) phylogenetic 100 

relatedness does not consistently predict dietary similarity, either within guilds or across the assemblage, 101 

suggesting that ecological and behavioural traits mediate trophic overlap at finer scales. 102 

Materials and methods  103 

Study area 104 

The study was conducted in the Oio region of northern Guinea-Bissau (Figure 1), an area characterised 105 

by a Guinean maritime climate with two distinct seasons, a rainy season from May to November, and a 106 

dry season from December to April (FAO and ICRISAT 2019). Mean annual air temperature is about 107 

28°C with little seasonal variation and annual precipitation ranges from 1200 to 1400 mm (Catarino et 108 

al. 2001; Climate Change Knowledge Portal 2023). The dominant vegetation is savannah woodland, a 109 

secondary formation largely shaped by human interventions such as fires and shifting agriculture 110 

(Catarino et al. 2008). The wider landscape also includes extensive cashew orchards, small villages 111 

(tabancas) and mosaics of smallholder agricultural plots.  112 

Our work focused on freshwater lowland rainfed rice fields within the Mansabá sector (12° 20' 0.314" 113 

N, 15° 10' 57.474" W; Figure 1), locally known as bolanhas. These fields occupy former wet grass 114 

savannahs that flood during the rainy season (Catarino et al. 2008), creating seasonally inundated 115 

habitats that support high invertebrate and vertebrate diversity (Lawler 2001). These rice systems 116 

comprise actively cultivated paddies interspersed with fallow areas and isolated trees and are bordered 117 

by savannah woodlands and cashew orchards. Invertebrate communities in these landscapes include 118 

numerous species that are often considered important rice pests (Heinrichs and Barrion 2004), some of 119 

which can cause substantial crop damage (Oerke 2006; Waddington et al. 2010).  120 

In Guinea Bissau, rice cultivation is a central component of rural livelihoods, and rice fields cover 121 

approximately 21% of the country's harvested area (FAO and ICRISAT 2019). Reflecting its importance, 122 

rice production has expanded over recent decades (Djata et al. 2003; USDA 2024), a trend mirrored 123 

across several African countries  (Seck et al. 2012).  124 

Bat and bird sampling 125 



 
 

Fieldwork was conducted from June to December in 2021 and 2022, spanning the entire rice growth 126 

cycle, except for August when sampling was suspended due to heavy rainfall. Captures were performed 127 

using 12 m mist nets (Ecotone, 712/2P). On average, five nets were deployed per sample session (range: 128 

1-8), positioned along rice field margins, near isolated trees, and close to water bodies to maximize 129 

capture success for both bats and birds. Nets were operated from 07:00 to 11:00 and from 17:00 to 22:00, 130 

covering the main activity periods of both groups.  131 

Captured animals were kept in single-use paper bags for at least 30 minutes to allow for faecal sample 132 

collection. Faecal pellets were collected from the holding bags, with up to three pellets obtained per 133 

individual. Each pellet was placed in a separate 2 ml tube containing 96% ethanol. Captured individuals 134 

were then identified to the lowest taxonomic level possible, and standard morphometric measurements 135 

were taken. Bird measurements included wing, weight, and tarsus, while bat measurements included 136 

forearm length, weight, and sexual characteristics. When possible, sex and age were also determined. 137 

Bird identification followed Borrow and Demey (2014), with nomenclature following Clements (2007). 138 

Bat identification followed Happold and Happold (2013), with nomenclature following Simmons and 139 

Cirranello (2025). When field identification was uncertain, it was confirmed through molecular 140 

techniques (see Section “Laboratory procedures”). All captures and handling procedures were conducted 141 

under permits issued by the Instituto da Biodiversidade e Áreas Protegidas (IBAP), the national 142 

regulatory authority in Guinea-Bissau, and complied with applicable ethical guidelines for the use of 143 

wild animals in research. 144 

Laboratory procedures 145 

We individually processed and extracted the DNA of 665 faecal pellets, of which 526 belonged to bats 146 

and 139 to birds. The number of individuals and pellets analysed was determined by balancing the 147 

maximization diet estimation accuracy with the associated costs (Mata et al. 2019). DNA extraction 148 

from bat faecal samples followed the protocol described by (Gonçalves et al. 2024). Initially, 650 μL of 149 

lysis buffer (0.1 M Tris–HCl, 0.1 m EDTA, 0.01 M NaCl, 1% N- lauroylsarcosine, pH 7.5–8; Maudet et 150 

al. 2002) was added to each sample, followed by homogenization with a sterile spatula, vertexing, and 151 

incubation in a dry bath for 30 min at 56°C. Samples were vortexed again for 1 minute and centrifuged 152 



 
 

at 12,000 × g for 30 seconds. Up to 500 μL of supernatant was then transferred to a new tube, and 25 uL 153 

of OB Protease was added. The remaining steps followed the E.Z.N.A. Tissue Kit (Omega Bio-Tek, 154 

Georgia, USA) protocol, except that DNA was eluted twice in 50 µL to create two extracts. For bird 155 

faecal samples, we followed the manufacturer’s protocol from the Stool DNA Isolation Kit (Norgen 156 

Biotek Corporation, Ontario, Canada). Extractions were conducted in batches of 23 samples, each 157 

including one negative control without faecal sample. The extracted DNA was placed in 96-well plates 158 

along with the negative controls, following the order of extraction. The last well in each plate was left 159 

empty for negative control of the polymerase chain reaction (PCR). 160 

The prey DNA was amplified using the FwhF2-R2n COI primers (Vamos et al. 2017), modified to 161 

include Illumina adaptors (FwhF2: 5’ - 162 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGDACWGGWTGAACWGTWTAYCCHCC 163 

- 3’; FwhR2n: 5’ – 164 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGTRATWGCHCCDGCTARWACWGG - 165 

3’). These primers have proven effective in amplifying a broad range of arthropods and perform well 166 

with degraded DNA (Elbrecht et al. 2019; Mata et al. 2021; da Silva et al. 2024). The PCR reaction 167 

mixture consisted of 5 μL of Qiagen Multiplex Master Mix, 0.3 μL of each primer at 10 nmol/L, 3.4 μL 168 

of water, and 1 μL of extracted DNA. The cycling conditions included 15 minutes at 95°C, followed by 169 

40 cycles of 30 seconds denaturation at 95°C, 30 seconds of annealing at 50°C, and 30 seconds 170 

elongation at 72°C, concluding with a final elongation step of 10 minutes at 72°C. 171 

The field IDs of bats and birds were verified by amplifying a small fragment of the COI gene using the 172 

FwhF1-R1 primers (Vamos et al. 2017), also modified with Illumina adaptors (FwhF1: 5’ - 173 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGYTCHACWAAYCAYAARGAYATYGG - 3’; 174 

FwhR1: 5’ - 175 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGARTCARTTWCCRAAHCCHCC - 3’). This 176 

step confirmed the identity of cryptic species, as the Fwh2 primers often fail to detect vertebrate taxa. 177 

The PCR conditions for this amplification were the same as those used for the prey DNA. After 178 

amplification, the PCR products were diluted 1:4. A second PCR was performed to add 7bp long indexes 179 



 
 

along with the Illumina P5 and P7 sequencing adaptors. The PCR mix and cycling parameters were 180 

similar to the first PCR, but KAPA HiFi HotStart ReadyMix (Rocher, Basel, Switzerland) was used with 181 

eight cycles of denaturation and annealing at 55°C, and extension. The indexed PCR products were 182 

purified using Agencourt AMpure XP beads (Beckman Coulter, Brea, California, USA) at a 1:0.8 ratio. 183 

The purified products were quantified using an Epoch Microplate Spectrophotometer (Agilent, 184 

California, USA), diluted to a concentration of 15 nM, and pooled per maker. Each library was 185 

individually quantified using qPCR (KAPA Library Quant Kit qPCR Mix; Rocher), diluted to 4 nM, and 186 

sequenced on a MiSeq targeting a depth of 30,000 reads for Fwh2 and 4000 reads for Fwh1. 187 

Bioinformatic analysis 188 

The software Flash was used to merge paired reads (Magoč and Salzberg 2011) , considering a minimum 189 

expected overlap of 10 and maximum of 250 bp. Obitools commands ‘ngsfilter,’ ‘obiuniq,’ and ‘obigrep’ 190 

(Boyer et al. 2016) were employed to, respectively, remove primer sequences, dereplicate reads within 191 

each sample, and discard singletons per sample. VSEARCH was then applied, using the 192 

‘‑‑cluster_unoise’ command to denoise reads with default parameters (--unoise_alpha 2 --minsize 8) 193 

while filtering for sequences without the expected length (--minseqlength 195 --maxseqlength 215), the 194 

‘‑‑uchime3_denovo’ command to remove chimeric sequences with default parameters, the 195 

‘‑‑cluster_size’ command to cluster at 99% similarity (--id 0.99), and the ‘--useach_global’ option to 196 

map reads back to the retained OTUs (operational taxonomic units), using a 99 % identity threshold (-197 

id.99) (Rognes et al. 2016). Next, LULU was used to merge similar OTUs (>84% similarity) with high 198 

levels of co-occurrence (>95%; Frøslev et al. 2017). OTUs not matching the expected length (within 199 

205 ± 3 bp; Vamos et al. 2017) were excluded. To account for potential contamination, the number of 200 

reads from extraction and PCR negative controls was subtracted from associated samples.  201 

The resulting OTUs were compared to the BOLD database using BOLDigger v2.1.1 (on 10–02–202 

2025;  Buchner and Leese 2020) and identifications were manually curated. OTUs sequences were than 203 

manually compared with BOLD hits, complemented with comparation with NCBI hits (in February 204 

2025) and identified to the lowest possible taxonomic level based on the following thresholds: 98.5 % 205 

for species level, 97 % for genus, 95 % for family, and 90 % for order. When OTUs had similar identities 206 



 
 

across multiple species, genera, or other taxonomic ranks, the broadest level of classification was 207 

selected, following a least common ancestor approach. Due to the incompleteness of COI databases for 208 

West Africa, particularly on invertebrates and bats, OTUs not identifiable to species level were named 209 

as the lowest taxonomic rank identified followed by their OTU number (e.g. Aranea OTU1021, 210 

Scotophilus OTU2). OTUs were categorized as dietary (e.g., most arthropods) or non-dietary (e.g., 211 

vertebrates, fungi, internal and external parasites, OTUs only identified to class level). 212 

It’s important to acknowledge the limitations of DNA metabarcoding, particularly the potential for 213 

detecting secondary ingestion. This can occur when prey species consumed by arthropod predators, 214 

which are then eaten by bats and birds, are detected (da Silva et al. 2019; Deagle et al. 2019). However, 215 

since the DNA from the prey gut contents is usually present in smaller quantities and more prone to 216 

degradation, the likelihood of amplification during PCR is lower (Mata et al. 2021). Additional filtering 217 

was applied to exclude samples containing fewer than 100 dietary reads and to discard diet OTUs 218 

accounting for less than 1% of the total reads per sample, thereby minimizing the effects of secondary 219 

ingestion (Deagle et al. 2019). 220 

Data analysis 221 

Predators represented by fewer than seven sampled individuals were excluded from the analysis. While 222 

this sample size is below optimal levels for a detailed diet characterisation (Mata et al. 2019), this 223 

threshold was chosen to retain a broader representation of bird species, particularly insectivorous 224 

species, and to allow meaningful comparisons with bats. 225 

Diet breadth and sample coverage for each predator species were assessed using the iNEXT function 226 

from the iNEXT package (Hsieh et al. 2016). Rarefaction and sample coverage curves were generated 227 

from sample-based incidence data using Hill number species richness (q=0), with 1000 bootstrap 228 

replicates. Curves were calculated for three taxonomic prey levels (OTU, family, and order), along with 229 

95% confidence intervals. To allow direct comparison of diet breadth among predators, we extracted 230 

richness estimates standardised to 14 individuals. This value corresponds to twice the minimum number 231 

of individuals sampled for any included predator species, including the species with the lowest sample 232 



 
 

coverage, and represents a compromise between maximising species inclusion and ensuring comparable 233 

sampling effort across predators (Chao et al. 2014). 234 

Diet composition was analysed using occurrence-based metrics due to the high dietary richness and 235 

potential recovery bias associated with differential digestion of prey (Deagle et al. 2019). The weighted 236 

percent of occurrence (wPOO) was calculated following Deagle et al. (2019) at three prey taxonomic 237 

levels (OTU, family, and order). This metric was calculated for all predator individuals combined, for 238 

birds and bats separately, and for each predator species. OTUs that could not be assigned to family or 239 

order were retained in the dietary matrices as missing values (NA) at those taxonomic levels.  240 

Dietary differences between predators were visualised using non-metric multidimensional scaling 241 

(NMDS) using the metaMDS function from the vegan package (Oksanen et al. 2022). Differences in 242 

dietary composition were tested using analysis of similarities (ANOSIM) with the anosim function from 243 

the same package, using 999 permutations. Species-level NMDS and ANOSIM analyses were based on 244 

wPOO data and distances were calculated with the Bray-Curtis index, while individual-level analysis 245 

used prey occurrence data and distances were calculated with the Jaccard index. For individual-level 246 

analysis, OTUs found in only a single individual’s diet were excluded. This approach reduces noise 247 

associated with extremely rare prey while preserving individual-level dietary variation.  248 

To further mitigate the influence of zero inflation associated with rare prey items,  dietary overlap was 249 

quantified using Pianka’s index, which emphasises shared prey items by placing greater weight on their 250 

presence rather than their absence (Pianka 1973). Pianka’s index and its statistical significance were 251 

computed using wPOO values and the niche_null_model function from the EcoSimR package  (Gotelli 252 

et al. 2015), with 1000 randomisations, and using the RA3 as randomisation algorithm. This algorithm 253 

reshuffles the prey species wPOO within each predator, while retaining the observed diet breadth. For 254 

each predator pair, analysis was restricted to prey taxa detected in the diet of at least one of the two 255 

predators, thereby avoiding the zero inflation that would arise from a community-wide prey matrix.  256 

 Differences in prey consumption between bats and birds at the prey order level were assessed using 257 

chi-square tests. Specifically, we compared the number of bat and bird individuals consuming each prey 258 



 
 

order. Adjusted p-values were obtained using the Benjamini–Hochberg false discovery rate (FDR) 259 

correction for multiple comparisons. Differences in predator and prey composition among rice fields 260 

were assessed using ANOSIM with 999 permutations. Predator composition was analysed using 261 

occurrence data and distances were calculated with the Jaccard index, while prey composition was based 262 

on daily prey wPOO and distances were calculated with the Bray-Curtis index. 263 

To examine the relationship between phylogeny and diet, the correlation between diet dissimilarities and 264 

phylogenetic distances was assessed with a multiple regression on distance matrices (MRM) using the 265 

MRM function from the ecodist package (Goslee and Urban 2007). For each predator group, 1000 266 

phylogenetic trees were sampled. Bird trees were retrieved from BirdTree (Jetz et al. 2012) using the 267 

tree source “Ericson All Species”, and bat trees were retrieved from VertLife (Upham et al. 2019) using 268 

the tree source “Mammals birth-death node-dated completed trees”. For predators identified only to the 269 

genus level, a congeneric species known to occur in the study area and with similar morphological traits 270 

was used as a proxy. We then computed the average phylogenetic distance for each predator pair, based 271 

on the 1000 trees. Diet dissimilarity was calculated for each predator pair as  𝐷 = 1 − 𝑂, where D is the 272 

dissimilarity index and O is Pianka’s index. 273 

To account for variation in sampling effort, we included the minimum sample size of each pair of 274 

predators in the regression. As a sensitivity analysis, we performed the MRM with different pools of 275 

species, assessing the influence of phylogenetic distant species (e.g., Ispidina picta), and the influence 276 

of species with very small and very large sample sizes for both bats and birds. 277 

All graphs were generated using the ggplot function from the ggplot2 package (Wickham 2016), and all 278 

analyses were performed in the R statistical environment (R Core Team 2024). Statistical significance 279 

was set at α = 0.05. 280 

Results  281 

We analysed the diets of 471 individuals, comprising 334 bats and 137 birds, across 13 species of bats 282 

and eight species of birds. DNA metabarcoding of 665 faecal samples revealed 3371 occurrences of 283 

1304 different arthropod prey OTUs, spanning 144 families and 22 orders. Only 10.1% of prey OTUs 284 



 
 

are identified at the species level. 285 

The average number of individuals sampled per predator species was 22,4 (± 10.3, 95% CI). Scotophilus 286 

sp. was the most sampled taxon, with 106 individuals (Table 1). In contrast, Nycteris cf. hispida, Prinia 287 

subflava, and Scotoecus albofuscus were each represented by seven individuals. All these species 288 

exhibited sample coverage values above 22%, with the exception of N. cf. hispida, which showed an 289 

exceptionally low sample coverage (0.05%), indicating that its detected diet represents only a small 290 

fraction of its total prey richness. Accordingly, results involving this species should be interpreted with 291 

caution, particularly in analyses of dietary composition and overlap. 292 

Diet breadth and composition 293 

On average, each predator species consumed 99.7 ± 37.4 different OTUs, with values ranging from 28 294 

in P. subflava and Uraeginthus bengalus to 369 prey OTUs in Scotophilus sp. (Table 1). 295 

The most frequently consumed prey orders were Hemiptera, Coleoptera, Blattodea, Lepidoptera, and 296 

Orthoptera (Figure 2; Online resource 1). When considering bats alone, the same orders dominated the 297 

diet and showed similar relative importance. In contrast, bird diets were dominated by Lepidoptera, with 298 

Aranea showing higher representation compared to bats (Figure 2; Online resource 1). At the family 299 

level, Termitidae was the most frequently detected family. However, only 69.1% of prey OTUs could 300 

be identified to family level (Online resource 2). The most frequently detected prey species was 301 

Macrotermes bellicosus, a termite species (Online resource 3). The consumption of this and other highly 302 

represented termite species, such as Microtermes sp. showed a seasonal peak in June and July. 303 

With the exception of N. cf. hispida, which exhibited an exceptionally low sample coverage (0.05 ± 304 

0.05%), rarefaction analysis revealed that sample coverage at the OTU level ranged from 15.0 ± 14.2% 305 

in Lagonosticta senegala to 70.2 ± 3.0% in Scotophilus sp. (Table 1). Using richness estimates 306 

standardised to 14 individuals, nearly all predator species consumed more than 40 different prey OTUs 307 

(Table 1 and Figure 3). We observed a high proportion of rare OTUs in predator diets: about 60.8% of 308 

prey OTUs in bats and 72.5% in birds were detected in the diet of only a single individual. 309 



 
 

Using diet breadth standardized at 14 samples, bats generally exhibited broader niche breadths than 310 

birds at the OTU level (Figure 3). However, this pattern was not evident at higher prey taxonomic levels, 311 

where confidence intervals overlapped extensively among most predator species (Figure 3). 312 

Additionally, we found no significant differences in dietary breadth between granivorous and 313 

insectivorous birds (Figure 3), although sample sizes were limited. 314 

Uraeginthus bengalus showed the narrowest niche breadth at the OTU level (34.33 ± 11.25 prey OTUs) 315 

with Blattodea (family Termitidae) comprising almost half of its diet (Figure 2) with Odontotermes sp., 316 

accounting for 26.7% of it. Despite consuming a limited number of OTUs, these prey spanned a diversity 317 

of families and orders similar to those exploited by other predators (Figure 3). Among bats, 318 

Glauconycteris variegata showed the narrowest niche breadth across all prey taxonomic levels (Figure 319 

3), feeding primarily on Lepidoptera, Blattodea, Orthoptera, and Hemiptera (Figure 2). In contrast, L. 320 

senegala showed the broadest niche breadth among birds at the OTU level, with a mean number of prey 321 

taxa (74.54 ± 17.18) comparable to that of bats, although its confidence intervals were wide and 322 

overlapped with those of other bird species. Euplectes franciscanus was the bird species consuming the 323 

highest richness of prey orders and was the only predator detected consuming Ephemeroptera, 324 

Zygentoma, and Gastropoda. 325 

Diet overlap and phylogenetic relationships 326 

We detected compositional differences among rice fields for both prey (ANOSIM R = 0.34, p = 0.001) 327 

and predator assemblages (ANOSIM R = 0.44, p = 0.001) indicating moderate spatial structuring of 328 

predator and prey assemblages across the study area. This spatial heterogeneity warrants caution when 329 

interpreting dietary overlap, as differences among predators may partly reflect variation in prey 330 

assemblages across fields, even though all dietary analyses integrate individuals sampled across multiple 331 

fields. 332 

Despite some overlap, dietary composition differed between bats and birds, as shown by NMDS (Figure 333 

4), which was supported by ANOSIM analysis (ANOSIM R = 0.61, p = 0.001). Differences between 334 

the two predator groups were also evident in the distribution of prey orders. When comparing prey order 335 



 
 

consumption between bats and birds, Hygrophila, Aranea, Odonata, Hymenoptera, and Lepidoptera, 336 

were significantly more consumed by birds, while Dermaptera, Psocodea, Coleoptera, Blattodea and 337 

Hemiptera were mainly consumed by bats (Online resource 4). 338 

At the individual level, NMDS revealed a substantial overlap among predator species; however, 339 

ANOSIM indicated a significant, albeit weak, differentiation among species overall (Rall = 0.20, p = 340 

0.001), within bats (RBats = 0.19 p = 0.001), and within birds (RBirds = 0.11, p = 0.001). This apparent 341 

overlap was likely influenced by the high proportion of rare OTUs, which generated extensive zero 342 

inflation even after excluding prey detected in only a single individual predator. 343 

When reducing the influence of joint absences using Pianka’s index, overall dietary overlap among 344 

predators was low but significant (Oall = 0.11, p = 0.001). Overlap was more pronounced among bat 345 

species (OBats = 0.23, p = 0.001), with several pairs of bat species showing higher overlap than expected 346 

by chance (Figure 5). In contrast, bird species showed significant dietary segregation (OBirds = 0.05, p = 347 

0.017), with most pairwise comparisons showing lower overlap than expected (Figure 5). Pairwise 348 

dietary overlap among birds was comparable to that observed between bat and bird species. However, a 349 

small number of bird species pairs within the same family (e.g., Ploceidae and Estrildidae) showed non-350 

significant Pianka’s index values (Figure 5). 351 

Pianka’s index also revealed relatively high dietary overlap among a group of morphological and 352 

phylogenetic similar pipistrelloid bats (Neoromicia somalica, Pseudoromicia rendalli, and Afronycteris 353 

nanus) (Figure 5). However, this overlap was strongly influenced by the high consumption of seasonally 354 

abundant termites (M. bellicosus and Microtermes sp.). When these prey were excluded, overlap values 355 

decreased overall; however, only the overlap between N. somalica and P. rendalli was no longer 356 

significant (ONeo som – Afr nan = 0.39, pNeo som – Afr nan = 0.028; ONeo som – Pse ren = 0.34, pNeo som – Pse ren = 0.174; 357 

OPse ren – Afr nan = 0.42, pPse ren – Afr nan = 0.008). Conversely, two species from distinct suborders 358 

Macronycteris gigas and Mops condylurus, showed the highest overlap (O = 0.72, p < 0.001) which 359 

remained high even after excluding termites (O = 0.63, p = 0.005). 360 



 
 

Despite the higher overlap among some closely related species, no significant correlation was detected 361 

between phylogenetic distance and diet dissimilarity at OTU prey level, for both predator groups (R2
Bats 362 

= 0.04, pBats = 0.28; R2
Birds = 0.06, pBirds = 0.31). However, for birds, when removing the I. picta from 363 

the analysis, this relation became significant (β = 0.0009; R2 = 0.35; p = 0.01). For birds, the minimum 364 

sample size in each predator pair explained part of dietary variation (β = -0.01; R2 = 0.21; p = 0.02), 365 

with lower dissimilarity (higher overlaps) being correlated with higher minimum sample sizes. 366 

Discussion  367 

In this study, we applied DNA metabarcoding to examine the dietary breadth, composition, and trophic 368 

overlap in a community of invertebrate-eating bats and birds foraging in lowland rainfed rice fields in 369 

West Africa. By integrating diet data across multiple predator species and taxonomic groups, our results 370 

provide one of the first metabarcoding-based community-level assessments of trophic resource use by 371 

flying vertebrates in African agricultural landscapes. Overall, we found broad and relatively generalised 372 

diets across predators, differences in dietary composition between bats and birds, reduced dietary 373 

overlap among birds, and moderate overlap among some bat species. These patterns emerge from a 374 

spatially heterogeneous landscape in which both prey and predator assemblages vary among rice fields 375 

and therefore represent integrated trophic relationships across multiple foraging contexts rather than 376 

field-specific interactions.  377 

Diet breadth and prey use 378 

Both bats and birds displayed broad diets characterised by high prey richness and a large proportion of 379 

rare prey items. This pattern is consistent with expectations for tropical systems, where high arthropod 380 

diversity and strong temporal variation in prey availability thought to favour generalised foraging 381 

patterns (Novotny and Miller 2014). Bats generally showed broader dietary breadths than birds at the 382 

OTU level, in line with previous studies suggesting that nocturnal insectivorous predators often exploit 383 

a wider range of prey taxa than diurnal predators (Maas et al. 2016; Wong and Didham 2024). This 384 

difference may reflect a combination of higher nocturnal insect activity in warmer environments, 385 

reduced visual constraints, and flexible foraging strategies in bats (Boonman et al. 2013; Kirkpatrick et 386 



 
 

al. 2018; Wong and Didham 2024). At coarser taxonomic levels (family and order), however, niche 387 

breadth estimates converged across predators, with extensive overlap in confidence intervals. This 388 

indicates that differences between bats and birds are driven primarily by fine-scale prey selection rather 389 

than by the exploitation of fundamentally different prey groups (Heim et al. 2021; Chaves et al. 2026). 390 

Similarly, we detected no significant differences in dietary breadth between granivorous and 391 

insectivorous birds, although this result should be interpreted cautiously given the limited sample sizes 392 

for some insectivorous species. 393 

A high proportion of rare OTUs (prey items recorded only once) was detected in both bat and bird diets. 394 

These results suggest that some bird species may exhibit broader diets than often assumed, while 395 

reinforcing the generally broad dietary character of bats (Maas et al. 2016). Although consistent with 396 

previous metabarcoding studies (Garfinkel et al. 2022; Bookwalter et al. 2023), the high number of rare 397 

OTUs may also partly reflect unequal and, in some cases, low sample coverage, which can bias the 398 

detection of infrequently consumed prey, particularly in birds. Rare prey items should thus be interpreted 399 

cautiously; nevertheless, their prevalence, together with the consumption of prey during seasonal peaks 400 

is consistent with, and may reflect, opportunistic foraging behaviour reported in other systems (Mwansat 401 

et al. 2015; Andriollo et al. 2021).  402 

The general patterns of prey order importance for bats and birds were consistent with general knowledge 403 

for other world regions (Kunz et al. 2011; Nyffeler et al. 2018). Among the most frequently detected 404 

prey items, termites (Blattodea; Termitidae) and ants (Hymenoptera; Formicidae) emerged as major 405 

components of bats’ and birds’ diets. Ant and termite abdomens, rich in fat (Eklöf and Rydell 2017), are 406 

a critical food source in the tropics for many animals, including bats and birds (Redford 1987; Korb and 407 

Salewski 2001). For example, U. bengalus showed the highest termite consumption, consistent with 408 

previous observations that termites are vital to the diet of nestlings of this species (Hamed and Evans 409 

1983). Other predators such as G. variegata, and P. rendalli, consumed termites seasonally (e.g. M. 410 

bellicosus and Microtermes sp.), exhibiting temporal shifts in diet corresponding to known termite 411 

reproductive periods, typically peaking between late June and early July when alate termites emerge 412 

shortly after the first heavy rains (Mitchell 2008; Manzoor and Mir 2010).  413 



 
 

The marked contribution of termite taxa to predator diets suggests that temporally abundant prey can 414 

strongly influence observed dietary patterns, including increasing apparent overlap among species.  415 

Chaves et al. 2026 also reported the consumption of agricultural pests by these predators foraging in 416 

rice fields. The combination of broad diets and the consumption of pest taxa indicates a potential 417 

contribution of these predators in pest suppression, including rice pests, which often exhibit periodic 418 

peaks of abundance similar to termites (Heinrichs 1994). This potential role cannot be directly quantified 419 

from dietary data alone; however it suggests that these predators may contribute to pest management in 420 

West African rice fields, as already documented for other regions and cropping systems (Díaz-Siefer et 421 

al. 2022; Tuneu-Corral et al. 2023). 422 

However, several limitations constrain inference on predator diet and pest control potential, including 423 

incomplete diet characterisation, as evidenced by low sample coverage for some species, incomplete 424 

reference databases, which resulted in a low proportion of OTUs identified to the species level (10,1%), 425 

and limited ecological knowledge of many invertebrate taxa in the region. Despite these limitations, the 426 

frequent detection of diverse arthropod taxa, including pest species (Chaves et al. 2026), highlights the 427 

ecological relevance of bats and birds within these agroecosystems. 428 

Overall, the broad diets of flying vertebrates in West African rice fields likely reflect a combination of 429 

diverse prey assemblages and the flexible foraging strategies (MacArthur and Pianka 1966; Pyke 2019). 430 

Although both groups exhibited broad dietary patterns, some species showed more restricted prey use, 431 

suggesting some degree of trophic differentiation. These dietary differences likely stem from a 432 

combination of behavioural, morphological, and temporal factors, although their relative importance 433 

cannot be disentangled with the present data 434 

Diet overlap and phylogenetic relationships 435 

We observed differences in dietary composition between bats and birds, consistent with differences in 436 

foraging period and prey activity patterns. Diurnal birds consumed a higher proportion of typically 437 

diurnal prey orders such as Odonata and Hymenoptera (Corbet 1980; Wong and Didham 2024), whereas 438 

bats primarily consumed nocturnal or crepuscular taxa such as Dermaptera, Coleoptera, Blattodea, and 439 



 
 

Hemiptera (Rankin and Palmer 2009; Wong and Didham 2024). Therefore, temporal segregation likely 440 

represents an important axis of niche differentiation between these two predator groups. 441 

Within groups, patterns of dietary overlap differed markedly between bats and birds. Bird species 442 

exhibited low dietary overlap, with most species’ pairs showing lower overlap than expected by chance. 443 

Only a small number of within-family comparisons yielded non-significant Pianka’s index values, 444 

indicating neither overlap nor clear segregation. Despite the very low overlap values, the analysis of 445 

correlation between diet dissimilarity and phylogenetic distances revealed a weak relationship only after 446 

excluding I. picta, a phylogenetically distant species. This suggests that phylogeny may contribute to 447 

dietary dissimilarity, although this result is sensitive to species composition. However, dietary 448 

dissimilarity is also influenced by sample sizes. Therefore, these results may reflect a combination of 449 

ecological differences and sampling effects, rather than clear phylogenetic structuring (Deagle et al. 450 

2019; Mata et al. 2019). Overall, the relationship between phylogeny and diet remains inconclusive in 451 

this system. 452 

The low overlap among bird species may also reflect a greater diversity in foraging strategies, as this 453 

study included exclusively insectivorous, primarily granivorous, and granivorous-insectivorous bird 454 

species (Owiunji and Plumptre 1998; Billerman et al. 2022). Even among exclusively insectivorous, we 455 

examined highly aerial foragers, such as H. lucida (Turner and Rose 1989), and ground-foraging species 456 

such as P. subflava and I. picta (Ryan and Dean 2020; Woodall 2021). 457 

Bat species showed higher dietary overlap than birds, particularly among morphologically and 458 

phylogenetically similar pipistrelloid species.  This overlap was also partially driven by the high 459 

consumption of termites (M. bellicosus and Microtermes sp.). The high importance of these prey species, 460 

as measured by wPOO, is influenced by the feeding behaviour of individuals exploiting swarming 461 

termites or other temporally abundant prey, which can inflate their apparent contribution to the overall 462 

diet. Although these termites were a significant component of the bat diet, the relatively high dietary 463 

overlap observed between bats, particularly between closely related species, does not necessarily 464 

indicate low competition, as overlap in resource use does not directly translate into competitive 465 

interactions (Schoener 1974). Instead, this pattern may reflect shared exploitation of abundant prey 466 



 
 

resources and similar foraging strategies (Findley and Black 1983; Schoeman and Jacobs 2011; 467 

Dammhahn and Goodman 2014; Blanch et al. 2023). Several factors may contribute to this pattern, 468 

including the high mobility and extensive home ranges of bats (Fenton 1990), and variation in habitat 469 

use and resource distribution (Stevens and Willig 2000). Competition for food resources might only be 470 

evident when food is scarcer (Roeleke et al. 2018) probably during the dry season. Population regulation 471 

from predation or disturbances may also contribute to reduced density, reducing competition (Bloch et 472 

al. 2011). However, the relative importance of these mechanisms cannot be determined from the present 473 

data. 474 

Despite the higher overlap among some closely related bat species, no significant relationship was 475 

detected between phylogenetic distance and diet dissimilarity. The lack of correlation likely reflects a 476 

combination of limited statistical power, diet variability, and potential uncertainty in phylogenetic 477 

relationships (López-Aguirre et al. 2023). The high overlap between Macronycteris gigas and Mops 478 

condylurus, two species from distinct suborders, further illustrates that dietary similarity can occur 479 

among distantly related taxa. 480 

Overall, while temporal foraging behaviour plays a key role in structuring dietary differences between 481 

bats and birds, our findings suggest that niche partitioning is a more complex process influenced by 482 

multiple factors, including morphology, behaviour, and habitat use. These factors, alongside foraging 483 

time, likely shape the dietary overlap observed within and between these predator groups. 484 

Conclusions 485 

Our findings highlight variation in diet breadth and overlap among invertebrate-eating flying vertebrates 486 

foraging in lowland rainfed rice fields. The observed differences in dietary composition, shaped by 487 

dietary preferences and foraging strategies, underscore the importance of preserving diverse 488 

communities of birds and bats within these agroecosystems. At the same time, dietary overlap among 489 

some bat species suggests shared use of available prey resources. Moreover, the generalised diets of 490 

these predators, together with the consumption of pest taxa, indicate a potential role in the regulation of 491 

invertebrate populations. The critical importance of rice in global food security (Maclean et al. 2002), 492 



 
 

and the harm that chemical pesticides pose to human health and wildlife (Ansari et al. 2014), highlight 493 

the need to better understand the ecological roles of these invertebrate-eating predators in rice systems.  494 

Key measures to foster the presence of birds and bats in agroecosystems, while aligning with sustainable 495 

agricultural practices, might include maintaining patches of native vegetation (Horgan et al. 2017) and 496 

isolated trees within the rice fields (Fernandes 2024), providing permanent drinking water sources 497 

during the dry season, ensuring adequate roosting sites, and reducing agrochemical usage (Tuneu-Corral 498 

et al. 2023). However, some of these predators can also affect crops directly (de Mey et al. 2012; Downs 499 

and Hart 2020) or influence other trophic interactions, including mesopredator regulation (Sottomayor 500 

et al. 2024). Therefore, further studies are needed to provide a deeper understanding of the true 501 

ecological roles of these bats and birds. 502 

Given the high environmental variability across seasons, further studies focusing on temporal variation 503 

in dietary composition and overlap would help to better characterize the trophic structure of these 504 

predator communities in West African agroecosystems. Advancing this understanding will be essential 505 

for integrating ecological knowledge into the sustainable management of tropical agroecosystems. 506 

 507 

Acknowledgements  508 

We would like to express our deepest gratitude to the rural communities in which this project took place, 509 

especially the farmers who allowed us to conduct our fieldwork in their rice fields. The logistics of the 510 

fieldwork were supported by the KAFO Peasant Federation in Guinea-Bissau. Special thanks to KAFO’s 511 

secretary-general Sambú Seck, and also to all the staff at KAFO’s Djalicunda centre for their support 512 

and for the warm welcome they gave us. 513 

Funding  514 

This study was funded by Fundação para a Ciência e Tecnologia, I.P./MCTES through national funds 515 

(PIDDAC) via project PTDC/ASP-AGR/0876/2020 (DOI: 10.54499/ PTDC/ASP-AGR/0876/2020) 516 

VM was also funded through individual contracts (2020.02547.CEECIND/ CP1601/CP1649/CT0004) 517 



 
 

Conflicts of interest  518 

The authors declare that they have no conflict of interest. 519 

Ethics approval  520 

All applicable institutional and/or national guidelines for the care and use of animals were followed. 521 

Availability of data and material 522 

The datasets used and analysed during the current study are available from the corresponding author on 523 

reasonable request.  524 

References 525 

Andriollo T, Michaux JR, Ruedi M (2021) Food for everyone: Differential feeding habits of cryptic 526 

bat species inferred from DNA metabarcoding. Molecular Ecology 30:4584–4600. 527 

https://doi.org/10.1111/mec.16073 528 

Ansari MS, Moraiet MA, Ahmad S (2014) Insecticides: Impact on the environment and human health. 529 

In: Malik A, Grohmann E, Akhtar R (eds) Environmental Deterioration and Human Health: 530 

Natural and anthropogenic determinants. Springer Netherlands, Dordrecht, pp 99–123 531 

Billerman SM, Keeney BK, Rodewald PG, Schulenberg TS (eds) (2022) Birds of the World. Cornell 532 

Laboratory of Ornithology, Ithaca, NY, USA 533 

Blanch E, López-Baucells A, Mata VA, Flaquer C, López-Bosch D (2023) To share or not to share: 534 

DNA metabarcoding reveals trophic niche overlap between sympatric trawling bats. Eur J 535 

Wildl Res 69:90. https://doi.org/10.1007/s10344-023-01712-z 536 

Bloch CP, Stevens RD, Willig MR (2011) Body size and resource competition in New World bats: a 537 

test of spatial scaling laws. Ecography 34:460–468. https://doi.org/10.1111/j.1600-538 

0587.2010.06270.x 539 



 
 

Bookwalter J, Niyas AMM, Caballero-López B, Villari C, Marco-Tresserras J, Burgas A, Ferrandiz-540 

Rovira M, Claramunt-López B (2023) DNA metabarcoding Passerine bird feces at tree-line 541 

uncovers little intra- and inter-species dietary overlap. COMMUNITY ECOLOGY 24:147–542 

157. https://doi.org/10.1007/s42974-023-00148-4 543 

Boonman A, Bar-On Y, Yovel Y (2013) It’s not black or white—on the range of vision and 544 

echolocation in echolocating bats. Front Physiol 4. https://doi.org/10.3389/fphys.2013.00248 545 

Borrow N, Demey R (2014) Field Guide to Birds of Western Africa, 2nd edn. Bloomsbury Publishing 546 

Boyer F, Mercier C, Bonin A, Le Bras Y, Taberlet P, Coissac E (2016) OBITOOLS: a UNIX-inspired 547 

software package for DNA metabarcoding. Molecular Ecology Resources 16:176–182. 548 

https://doi.org/10.1111/1755-0998.12428 549 

Brändle M, Prinzing A, Pfeifer R, Brandl R (2002) Dietary niche breadth for Central European birds: 550 

Correlations with species-specific traits. Evolutionary Ecology Research 4:643–657 551 

Buchner D, Leese F (2020) BOLDigger – a Python package to identify and organise sequences with 552 

the Barcode of Life Data systems. Metabarcoding and Metagenomics 4. 553 

https://doi.org/10.3897/mbmg.4.53535 554 

Carrillo-Araujo M, Taş N, Alcántara-Hernández RJ, Gaona O, Schondube JE, Medellín RA, Jansson 555 

JK, Falcón LI (2015) Phyllostomid bat microbiome composition is associated to host 556 

phylogeny and feeding strategies. Front Microbiol 6:447. 557 

https://doi.org/10.3389/fmicb.2015.00447 558 

Catarino L, Martins ES, Basto MFP, Diniz MA (2008) An annotated checklist of the vascular flora of 559 

Guinea-Bissau (West Africa). Blumea - Biodiversity, Evolution and Biogeography of Plants 560 

53:1–222. https://doi.org/10.3767/000651908X608179 561 



 
 

Catarino L, Martins ES, Moreira I (2001) Influence of Environmental Features in the Phytogeographic 562 

Framework of Guinea-Bissau. Systematics and Geography of Plants 71:1079–1086. 563 

https://doi.org/10.2307/3668740 564 

Chao A, Gotelli NJ, Hsieh TC, Sander EL, Ma KH, Colwell RK, Ellison AM (2014) Rarefaction and 565 

extrapolation with Hill numbers: a framework for sampling and estimation in species diversity 566 

studies. Ecological Monographs 84:45–67. https://doi.org/10.1890/13-0133.1 567 

Chaves PP, Mata VA, Lopes P, Camará M, Coimbra D, Dabo D, de Lima RF, Lecoq M, Fernandes G, 568 

Guedes P, Lacerda I, Massaad M, Meyer CFJ, de Oliveira RN, Palmeirim JM, Rocha R, Biai J, 569 

Sottomayor M, Gonçalves T, Ferreira S, Rainho A, Timóteo S (2026) Ecological networks 570 

reveal strong pest suppression complementarity between birds and bats within rice-dominated 571 

agroecosystems in West Africa. Agriculture, Ecosystems & Environment 396:110020. 572 

https://doi.org/10.1016/j.agee.2025.110020 573 

Chesson P (2000) Mechanisms of Maintenance of Species Diversity. Annual Review of Ecology, 574 

Evolution, and Systematics 31:343–366. https://doi.org/10.1146/annurev.ecolsys.31.1.343 575 

Clements JF (2007) Clements checklist of birds of the world. Cornell University Press, Ithaca, NY 576 

Climate Change Knowledge Portal (2023) World Bank Climate Change Knowledge Portal – 577 

GuineaBissau climatology. 578 

https://climateknowledgeportal.worldbank.org/country/guineabissau/climate-data-historical. 579 

Accessed 16 Nov 2024 580 

Corbet PS (1980) Biology of Odonata. Annu Rev Entomol 25:189–217. 581 

https://doi.org/10.1146/annurev.en.25.010180.001201 582 

da Silva LP, Mata VA, Lopes PB, Pereira P, Jarman SN, Lopes RJ, Beja P (2019) Advancing the 583 

integration of multi-marker metabarcoding data in dietary analysis of trophic generalists. 584 

Molecular Ecology Resources 19:1420–1432. https://doi.org/10.1111/1755-0998.13060 585 



 
 

da Silva LP, Mata VA, Lopes PB, Pinho CJ, Chaves C, Correia E, Pinto J, Heleno RH, Timoteo S, Beja 586 

P (2024) Dietary metabarcoding reveals the simplification of bird–pest interaction networks 587 

across a gradient of agricultural cover. Molecular Ecology 33:e17324. 588 

https://doi.org/10.1111/mec.17324 589 

Dammhahn M, Goodman SM (2014) Trophic niche differentiation and microhabitat utilization 590 

revealed by stable isotope analyses in a dry-forest bat assemblage at Ankarana, northern 591 

Madagascar. Journal of Tropical Ecology 30:97–109. 592 

https://doi.org/10.1017/S0266467413000825 593 

Davies SR, Vaughan IP, Thomas RJ, Drake LE, Marchbank A, Symondson WOC (2022) Seasonal and 594 

ontological variation in diet and age-related differences in prey choice, by an insectivorous 595 

songbird. Ecology and Evolution 12:e9180. https://doi.org/10.1002/ece3.9180 596 

de Mey Y, Demont M, Diagne M (2012) Estimating bird damage to rice in Africa: Evidence from the 597 

Senegal River Valley. Journal of Agricultural Economics 63:175–200. 598 

https://doi.org/10.1111/j.1477-9552.2011.00323.x 599 

Deagle BE, Thomas AC, McInnes JC, Clarke LJ, Vesterinen EJ, Clare EL, Kartzinel TR, Eveson JP 600 

(2019) Counting with DNA in metabarcoding studies: How should we convert sequence reads 601 

to dietary data? Molecular Ecology 28:391–406. https://doi.org/10.1111/mec.14734 602 

Díaz-Siefer P, Olmos-Moya N, Fontúrbel FE, Lavandero B, Pozo RA, Celis-Diez JL (2022) Bird-603 

mediated effects of pest control services on crop productivity: a global synthesis. J Pest Sci 604 

95:567–576. https://doi.org/10.1007/s10340-021-01438-4 605 

Djata RN, Mané A, Indi M (2003) Análise da fileira do arroz: Projecto de reabilitação e 606 

desenvolvimento do sector privado 607 

Downs CT, Hart LA (eds) (2020) Invasive birds: global trends and impacts. CABI 608 



 
 

Eklöf J, Rydell J (2017) Hunting and feeding. In: Eklöf J, Rydell J (eds) Bats: In a world of echoes. 609 

Springer International Publishing, Cham, pp 55–74 610 

Elbrecht V, Braukmann TWA, Ivanova NV, Prosser SWJ, Hajibabaei M, Wright M, Zakharov EV, 611 

Hebert PDN, Steinke D (2019) Validation of COI metabarcoding primers for terrestrial 612 

arthropods. PeerJ 7:e7745. https://doi.org/10.7717/peerj.7745 613 

FAO, ICRISAT (2019) Climate-smart agriculture in Guinea-Bissau. CSA Country Profiles for Africa 614 

Series. International Center for Tropical Agriculture (CIAT); International Crops Research 615 

Institute for the Semi-Arid Tropics (ICRISAT); Food and Agriculture Organization of the 616 

United Nations (FAO). Rome, Italy. Rome, Italy 617 

Fenton MB (1990) The foraging behaviour and ecology of animal-eating bats. Can J Zool 68:411–422. 618 

https://doi.org/10.1139/z90-061 619 

Fernandes GA (2024) Patterns and drivers of insectivorous bat activity around isolated trees in rice 620 

fields of Guinea-Bissau (West Africa). Master thesis, Faculty of Sciences of the University of 621 

Lisbon 622 

Findley JS, Black H (1983) Morphological and dietary structuring of a Zambian insectivorous bat 623 

community. Ecology 64:625–630. https://doi.org/10.2307/1937180 624 

Frøslev TG, Kjøller R, Bruun HH, Ejrnæs R, Brunbjerg AK, Pietroni C, Hansen AJ (2017) Algorithm 625 

for post-clustering curation of DNA amplicon data yields reliable biodiversity estimates. Nat 626 

Commun 8:1188. https://doi.org/10.1038/s41467-017-01312-x 627 

Garfinkel M, Minor E, Whelan CJ (2022) Using faecal metabarcoding to examine consumption of 628 

crop pests and beneficial arthropods in communities of generalist avian insectivores. Ibis 629 

164:27–43. https://doi.org/10.1111/ibi.12994 630 



 
 

Gonçalves A, Nóbrega EK, Rebelo H, Mata VA, Rocha R (2024) A metabarcoding assessment of the 631 

diet of the insectivorous bats of Madeira Island, Macaronesia. Journal of Mammalogy 632 

105:524–533. https://doi.org/10.1093/jmammal/gyae033 633 

Goslee SC, Urban DL (2007) The ecodist Package for Dissimilarity-based Analysis of Ecological 634 

Data. Journal of Statistical Software 22:1–19. https://doi.org/10.18637/jss.v022.i07 635 

Gotelli NJ, Hart EM, Ellison AM (2015) EcoSimR: Null model analysis for ecological data. R package 636 

version 0.1.0. https://doi.org/10.5281/zenodo.16522 637 

Hamed DM, Evans SM (1983) Breeding habitats and nesting success of the Redcheeked Cordon-bleu. 638 

Ostrich 54:47–49. https://doi.org/10.1080/00306525.1983.9634443 639 

Happold M, Happold D (eds) (2013) Mammals of africa volume IV - Hedgehogs, shrews and bats. 640 

Bloomsbury Publishing, London 641 

Heim O, Puisto AIE, Sääksjärvi I, Fukui D, Vesterinen EJ (2021) Dietary analysis reveals differences 642 

in the prey use of two sympatric bat species. Ecology and Evolution 11:18651–18661. 643 

https://doi.org/10.1002/ece3.8472 644 

Heinrichs EA (1994) Biology and management of rice insects. Wiley Eastern Limited, New Age 645 

International Limited, New Delhi, India 646 

Heinrichs EA, Barrion AT (2004) Rice-feeding insects and selected natural enemies in West Africa: 647 

Biology, ecology, identification. International Rice Research Institute and WARDA-The Africa 648 

Rice Center 649 

Horgan FG, Ramal AF, Villegas JM, Almazan MLP, Bernal CC, Jamoralin A, Pasang JM, Orboc G, 650 

Agreda V, Arroyo C (2017) Ecological engineering with high diversity vegetation patches 651 

enhances bird activity and ecosystem services in Philippine rice fields. Reg Environ Change 652 

17:1355–1367. https://doi.org/10.1007/s10113-016-0984-5 653 



 
 

Hsieh TC, Ma KH, Chao A (2016) iNEXT: an R package for rarefaction and extrapolation of species 654 

diversity (Hill numbers). Methods in Ecology and Evolution 7:1451–1456. 655 

https://doi.org/10.1111/2041-210X.12613 656 

Jetz W, Thomas GH, Joy JB, Hartmann K, Mooers AO (2012) The global diversity of birds in space 657 

and time. Nature 491:444–448. https://doi.org/10.1038/nature11631 658 

Kirkpatrick L, Graham J, McGregor S, Munro L, Scoarize M, Park K (2018) Flexible foraging 659 

strategies in Pipistrellus pygmaeus in response to abundant but ephemeral prey. PLOS ONE 660 

13:e0204511. https://doi.org/10.1371/journal.pone.0204511 661 

Korb J, Salewski V (2001) Predation on swarming termites by birds. African Journal of Ecology 662 

38:173–174. https://doi.org/10.1046/j.1365-2028.2000.00230.x 663 

Kronfeld-Schor N, Dayan T (2003) Partitioning of Time as an Ecological Resource. Annual Review of 664 

Ecology, Evolution, and Systematics 34:153–181. 665 

https://doi.org/10.1146/annurev.ecolsys.34.011802.132435 666 

Kunz TH, Braun de Torrez E, Bauer D, Lobova T, Fleming TH (2011) Ecosystem services provided by 667 

bats. Annals of the New York Academy of Sciences 1223:1–38. https://doi.org/10.1111/j.1749-668 

6632.2011.06004.x 669 

Lawler SP (2001) Rice fields as temporary wetlands: a review. Israel Journal of Zoology 47:513–528. 670 

https://doi.org/10.1560/X7K3-9JG8-MH2J-XGX1 671 

López-Aguirre C, Ratcliffe JM, Silcox MT (2023) Interplay of diet and sympatry in the morphological 672 

evolution of noctilionoid bats. Journal of Biogeography 50:2084–2094. 673 

https://doi.org/10.1111/jbi.14724 674 

Maas B, Karp DS, Bumrungsri S, Darras K, Gonthier D, Huang JC-C, Lindell CA, Maine JJ, Mestre 675 

L, Michel NL, Morrison EB, Perfecto I, Philpott SM, Şekercioğlu ÇH, Silva RM, Taylor PJ, 676 

Tscharntke T, Van Bael SA, Whelan CJ, Williams-Guillén K (2016) Bird and bat predation 677 



 
 

services in tropical forests and agroforestry landscapes. Biological Reviews 91:1081–1101. 678 

https://doi.org/10.1111/brv.12211 679 

Macarthur R, Levins R (1967) The limiting similarity, convergence, and divergence of coexisting 680 

species. The American Naturalist 101:377–385 681 

MacArthur RH, Pianka ER (1966) On optimal use of a patchy environment. The American Naturalist 682 

100:603–609 683 

Maclean JL, Dawe DC, Hettel GP (eds) (2002) Rice almanac: Source book for the most important 684 

economic activity on Earth, 3rd edn. International Rice Research Institute 685 

Magoč T, Salzberg SL (2011) FLASH: fast length adjustment of short reads to improve genome 686 

assemblies. Bioinformatics 27:2957–2963. https://doi.org/10.1093/bioinformatics/btr507 687 

Maine JJ, Boyles JG (2015) Land cover influences dietary specialization of insectivorous bats 688 

globally. Mamm Res 60:343–351. https://doi.org/10.1007/s13364-015-0243-z 689 

Mansor MS, Abdullah NA, Abdullah Halim MR, Md. Nor S, Ramli R (2018) Diet of tropical 690 

insectivorous birds in lowland Malaysian rainforest. Journal of Natural History 52:2301–2316. 691 

https://doi.org/10.1080/00222933.2018.1534015 692 

Manzoor F, Mir N (2010) Survey of termite infested houses, indigenous building materials and 693 

construction techniques in Pakistan. Pakistan Journal of Zoology 42:693–696 694 

Mata VA, da Silva LP, Veríssimo J, Horta P, Raposeira H, McCracken GF, Rebelo H, Beja P (2021) 695 

Combining DNA metabarcoding and ecological networks to inform conservation biocontrol 696 

by small vertebrate predators. Ecological Applications 31:e02457. 697 

https://doi.org/10.1002/eap.2457 698 



 
 

Mata VA, Rebelo H, Amorim F, McCracken GF, Jarman S, Beja P (2019) How much is enough? 699 

Effects of technical and biological replication on metabarcoding dietary analysis. Molecular 700 

Ecology 28:165–175. https://doi.org/10.1111/mec.14779 701 

McCann K (2007) Protecting biostructure. Nature 446:29–29. https://doi.org/10.1038/446029a 702 

McGill BJ, Enquist BJ, Weiher E, Westoby M (2006) Rebuilding community ecology from functional 703 

traits. Trends in Ecology & Evolution 21:178–185. https://doi.org/10.1016/j.tree.2006.02.002 704 

Mitchell JD (2008) Swarming flights of the fungus-growing termite, Macrotermes natalensis 705 

(Haviland) (Isoptera: Macrotermitinae), and the environmental factors affecting their timing 706 

and duration. African Entomology 16:143–152. https://doi.org/10.4001/1021-3589-16.2.143 707 

Mwansat GS, Turshak LG, Okolie MO (2015) Insects as important delicacy for birds: Expanding our 708 

knowledge of insect food ecology of birds in the tropics. Journal of International Scientific 709 

Publications 9:434–441 710 

Novella-Fernandez R, Ibañez C, Juste J, Clare EL, Doncaster CP, Razgour O (2020) Trophic resource 711 

partitioning drives fine-scale coexistence in cryptic bat species. Ecology and Evolution 712 

10:14122–14136. https://doi.org/10.1002/ece3.7004 713 

Novotny V, Miller SE (2014) Mapping and understanding the diversity of insects in the tropics: past 714 

achievements and future directions. Austral Entomology 53:259–267. 715 

https://doi.org/10.1111/aen.12111 716 

Nyffeler M, Şekercioğlu ÇH, Whelan CJ (2018) Insectivorous birds consume an estimated 400–717 

500 million tons of prey annually. Sci Nat 105:47. https://doi.org/10.1007/s00114-018-1571-z 718 

Oerke E-C (2006) Crop losses to pests. The Journal of Agricultural Science 144:31–43. 719 

https://doi.org/10.1017/S0021859605005708 720 



 
 

Oksanen J, Simpson GL, Blanchet FG, Kindt R, Legendre P, Minchin PR, O’Hara RB, Solymos P, 721 

Stevens MHH, Szoecs E, Wagner H, Barbour M, Bedward M, Bolker B, Borcard D, Carvalho 722 

G, Chirico M, Caceres MD, Durand S, Evangelista HBA, FitzJohn R, Friendly M, Furneaux 723 

B, Hannigan G, Hill MO, Lahti L, McGlinn D, Ouellette M-H, Cunha ER, Smith T, Stier A, 724 

Braak CJFT, Weedon J (2022) vegan: Community Ecology Package 725 

Owiunji I, Plumptre AJ (1998) Bird communities in logged and unlogged compartments in Budongo 726 

Forest, Uganda. Forest Ecology and Management 108:115–126. 727 

https://doi.org/10.1016/S0378-1127(98)00219-9 728 

Pianka ER (1973) The structure of lizard communities. Annu Rev Ecol Syst 4:53–74. 729 

https://doi.org/10.1146/annurev.es.04.110173.000413 730 

Pyke G (2019) Optimal foraging theory: an introduction. In: Choe JC (ed) Encyclopedia of animal 731 

behavior. Elsevier Academic Press, Amsterdam, pp 111–117 732 

R Core Team (2024) R: A language and environment for statistical computing. R Foundation for 733 

Statistical Computing, Vienna, Austria 734 

Rankin SM, Palmer JO (2009) Chapter 70 - Dermaptera: (earwigs). In: Resh VH, Cardé RT (eds) 735 

Encyclopedia of insects, 2nd edn. Academic Press, San Diego, pp 259–261 736 

Redford KH (1987) Ants and Termites As Food. In: Genoways HH (ed) Current Mammalogy. Springer 737 

US, Boston, MA, pp 349–399 738 

Roeleke M, Johannsen L, Voigt CC (2018) How bats escape the competitive exclusion principle—739 

Seasonal shift from intraspecific to interspecific competition drives space use in a bat 740 

ensemble. Front Ecol Evol 6. https://doi.org/10.3389/fevo.2018.00101 741 

Rognes T, Flouri T, Nichols B, Quince C, Mahé F (2016) VSEARCH: a versatile open source tool for 742 

metagenomics. PeerJ 4:e2584. https://doi.org/10.7717/peerj.2584 743 



 
 

Root RB (1973) Organization of a plant-arthropod association in simple and diverse habitats: The 744 

fauna of Collards (Brassica oleracea). Ecological Monographs 43:95–124. 745 

https://doi.org/10.2307/1942161 746 

Ryan P, Dean R (2020) Tawny-flanked Prinia (Prinia subflava), version 1.0. Birds of the World. 747 

https://doi.org/10.2173/bow.tafpri1.01species_shared.bow.project_name 748 

Salinas-Ramos VB, Herrera Montalvo LG, León-Regagnon V, Arrizabalaga-Escudero A, Clare EL 749 

(2015) Dietary overlap and seasonality in three species of mormoopid bats from a tropical dry 750 

forest. Molecular Ecology 24:5296–5307. https://doi.org/10.1111/mec.13386 751 

Schoeman MC, Jacobs DS (2011) The relative influence of competition and prey defences on the 752 

trophic structure of animalivorous bat ensembles. Oecologia 166:493–506. 753 

https://doi.org/10.1007/s00442-010-1854-3 754 

Schoener TW (1974) Resource partitioning in ecological communities. Science 185:27–39. 755 

https://doi.org/10.1126/science.185.4145.27 756 

Seck PA, Diagne A, Mohanty S, Wopereis MCS (2012) Crops that feed the world 7: Rice. Food Sec 757 

4:7–24. https://doi.org/10.1007/s12571-012-0168-1 758 

Simmons NB, Cirranello AL (2025) Bat species of the world: A taxonomic and geographic database. 759 

Version 1.6. https://batnames.org/home.html. Accessed 2 Nov 2025 760 

Sottomayor M, Palmeirim AF, Meyer CFJ, de Lima RF, Rocha R, Rainho A (2024) Nature-based 761 

solutions to increase rice yield: An experimental assessment of the role of birds and bats as 762 

agricultural pest suppressors in West Africa. Agriculture, Ecosystems & Environment 763 

370:109067. https://doi.org/10.1016/j.agee.2024.109067 764 

Stevens RD, Willig MR (2000) Density compensation in New World bat communities. Oikos 89:367–765 

377. https://doi.org/10.1034/j.1600-0706.2000.890218.x 766 



 
 

Tuneu-Corral C, Puig-Montserrat X, Riba-Bertolín D, Russo D, Rebelo H, Cabeza M, López-Baucells 767 

A (2023) Pest suppression by bats and management strategies to favour it: A global review. 768 

Biological Reviews 98:1564–1582. https://doi.org/10.1111/brv.12967 769 

Turner A, Rose C (1989) A handbook to the swallows and martins of the World. Christopher Helm, 770 

London 771 

Upham NS, Esselstyn JA, Jetz W (2019) Inferring the mammal tree: Species-level sets of phylogenies 772 

for questions in ecology, evolution, and conservation. PLOS Biology 17:e3000494. 773 

https://doi.org/10.1371/journal.pbio.3000494 774 

USDA (2024) Foreign agriculture service U.S. department of agriculture. 775 

https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=PU&crop=Rice. Accessed 26 Oct 776 

2024 777 

Vamos E, Elbrecht V, Leese F (2017) Short COI markers for freshwater macroinvertebrate 778 

metabarcoding. Metabarcoding and Metagenomics 1:e14625. 779 

https://doi.org/10.3897/mbmg.1.14625 780 

Van Cakenberghe V, Herrel A, Aguirre L (2002) Evolutionary relationships between cranial shape and 781 

diet in bats (Mammalia: Chiroptera). Shaker Publishing 205–236 782 

Waddington SR, Li X, Dixon J, Hyman G, de Vicente MC (2010) Getting the focus right: production 783 

constraints for six major food crops in Asian and African farming systems. Food Sec 2:27–48. 784 

https://doi.org/10.1007/s12571-010-0053-8 785 

Wickham H (2016) ggplot2: Elegant graphics for data analysis 786 

Wong MKL, Didham RK (2024) Global meta-analysis reveals overall higher nocturnal than diurnal 787 

activity in insect communities. Nat Commun 15:3236. https://doi.org/10.1038/s41467-024-788 

47645-2 789 



 
 

Woodall PF (2021) African Pygmy Kingfisher (Ispidina picta), version 1.1. Birds of the World. 790 

https://doi.org/10.2173/bow.afpkin1.01.1 791 

Tables 792 

Table 1 – Predator species and prey diversity. The table lists predator species grouped into bats and birds, 793 

showing sample size (the number of individual predators analysed), the total number of different prey 794 

taxa (OTU) found, the number of prey found in the diet of 14 individuals (mean ± 95% CI), and the 795 

sample coverage for each species (mean ± 95% CI). Abbreviations used for species names are in the 796 

"Acronym" column. 797 

Predator species Acronym Group 
Sample 

size 

No of prey 

OTUs 

No of prey OTUs 

for 14 individuals 

Sample 

Coverage 

Afronycteris nanus Afr nan Bat 36 126 61.11 ± 7.28 0.60 ± 0.06 

Euplectes franciscanus Eup fra Bird 13 58 61.95 ± 14.29 0.22 ± 0.14 

Glauconycteris variegata Gla var Bat 11 38 44.48 ± 9.34 0.54 ± 0.16 

Hipposideros caffer / ruber 
Hip 

caf/rub Bat 34 242 120.60 ± 10.59 0.50 ± 0.06 

Hirundo lucida Hir luc Bird 8 31 49.18 ± 15.06 0.27 ± 0.20 

Ispidina picta Isp pic Bird 9 39 55.08 ± 13.83 0.30 ± 0.20 

Lagonosticta senegala Lag sen Bird 10 55 74.54 ± 17.18 0.15 ± 0.14 

Macronycteris gigas Mac gig Bat 10 52 68.34 ± 14.84 0.36 ± 0.14 

Mops condylurus Mop con Bat 41 185 82.98 ± 7.65 0.62 ± 0.05 

Neoromicia somalica Neo som Bat 23 106 73.36 ± 9.77 0.56 ± 0.08 

Nycteris cf. hispida Nyc cf his Bat 7 49 95.69 ± 25.67 0.05 ± 0.05 

Pipistrellus sp. Pip sp Bat 13 78 82.21 ± 12.26 0.52 ± 0.10 

Ploceus cucullatus Plo cuc Bird 71 202 53.75 ± 5.33 0.53 ± 0.06 

Ploceus melanocephalus Plo mel Bird 8 29 45.69 ± 13.85 0.31 ± 0.20 

Prinia subflava Pri sub Bird 7 28 47.45 ± 14.55 0.29 ± 0.23 

Pseudoromicia rendalli Pse ren Bat 18 128 104.28 ± 13.99 0.41 ± 0.08 

Scotoecus albofuscus Scoe alb Bat 7 72 123.59 ± 25.69 0.33 ± 0.13 

Scotoecus sp. Scoe sp Bat 19 128 103.21 ± 12.41 0.59 ± 0.07 

Scotophilus leucogaster Scop leu Bat 9 51 73.49 ± 16.69 0.30 ± 0.15 

Scotophilus sp. Scop sp Bat 106 369 83.51 ± 5.19 0.70 ± 0.03 

Uraeginthus bengalus Ura ben Bird 11 28 34.33 ± 11.25 0.33 ± 0.19 

 798 

Figure legends 799 



 
 

Figure 1 – Location of the study site in Guinea-Bissau. The map on the left shows the location of 800 

sampling points and respective rice fields. The map was built under the coordinate reference system 801 

EPSG:4326 – WGS 84 on 22 November 2024. Insets include a map with the location of the study area 802 

in the context of West Africa and the location of Oio Region and Mansabá Sector in Northern Guinea-803 

Bissau (top-right). The pictures on the right show typical lowland rainfed smallholder rice fields, namely 804 

Demba Só (centre) and Mambonco (bottom). 805 

Figure 2 – Weighted percentage of occurrence (wPOO) of arthropod orders in the diet of bats and birds 806 

from lowland rainfed rice fields of Guinea Bissau. The first column on the left represents the combined 807 

diet of all species, while the second and third columns represent the diets of all bat species combined 808 

and all bird species combined, respectively. The following columns represent the diet of each species 809 

with bats labelled in red, and birds labelled in blue. Predator species acronyms are listed in Table 1. 810 

Figure 3 – Niche breadth estimates (taxon richness) for the 21 bat and bird species from lowland rainfed 811 

rice fields of Guinea Bissau. Estimates are represented by black dots and coloured bars represent the 812 

95% lower and upper confidence intervals. Niche breadth was estimated at different prey taxonomic 813 

levels (OTU, Family, Order) for each species. Estimates were calculated for 14 individuals and were 814 

generated from sample-based incidence data, using Hill number species richness (q=0), and 1000 815 

bootstraps. Bats bars are in red, while birds are in blue. Predator species acronyms are listed in Table 1. 816 

Figure 4 – NMDS ordination of molecular bat and bird diets (at the OTU prey level) from lowland 817 

rainfed rice fields of Guinea Bissau. The diamonds represent predator species, bats are labelled in red, 818 

while birds are labelled in blue. Polygons represent the convex hulls enclosing 95% of data points. 819 

Smaller dots represent prey species coloured by their respective order, and larger dots are the centroids 820 

of each prey order. The ordination is calculated with Jaccard distance. The ordination stress level is 821 

indicated in the panel. Predator species acronyms are listed in Table 1. 822 

Figure 5 – Pianka’s pairwise overlap of molecular bat and bird diets (at the OTU level) from lowland 823 

rainfed rice fields of Guinea Bissau. The pair comparisons that show higher overlap values than expected 824 

by chance are coloured in green and the ones that show lower values than expected by chance are 825 



 
 

coloured in red. Values close to expectations are coloured in grey. Bats are labelled in red, while birds 826 

are labelled in blue. Predator species acronyms are listed in Table 1. 827 
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Online Resources 846 

Online resource 1 – Weight percentage of occurrence (wPOO) of the prey orders consumed by all 847 

individual predators, and by bats and birds separately. 848 

Prey Orders wPOO (%) 

All 

Hemiptera 18,58 

Coleoptera 16,62 

Blattodea 15,84 

Lepidoptera 15,51 

Orthoptera 11,45 

Diptera 6,45 

Hymenoptera 5,34 

Araneae 4,12 

Psocodea 2,34 

Dermaptera 1,20 

NA 0,71 

Neuroptera 0,59 

Odonata 0,33 

Hygrophila 0,21 

Mantodea 0,19 

Ephemeroptera 0,11 

Trichoptera 0,11 

Decapoda 0,10 

Lithobiomorpha 0,07 

Phasmatodea 0,05 

Scolopendromorpha 0,04 

Zygentoma 0,04 

Bats 

Hemiptera 20,96 

Coleoptera 19,89 

Blattodea 18,75 

Lepidoptera 13,10 

Orthoptera 10,91 

Diptera 5,37 

Hymenoptera 4,82 

Psocodea 2,93 

Dermaptera 1,56 

Neuroptera 0,76 

Araneae 0,45 

Trichoptera 0,15 

Mantodea 0,13 

NA 0,10 

Scolopendromorpha 0,06 

Odonata 0,04 

Birds 

Lepidoptera 21,39 

Araneae 13,07 

Hemiptera 12,77 

Orthoptera 12,74 



 
 

Hymenoptera 10,41 

Blattodea 8,75 

Coleoptera 8,64 

Diptera 5,25 

NA 2,20 

Odonata 1,03 

Psocodea 0,90 

Hygrophila 0,73 

Ephemeroptera 0,36 

Decapoda 0,33 

Dermaptera 0,33 

Mantodea 0,33 

Lithobiomorpha 0,24 

Neuroptera 0,18 

Phasmatodea 0,18 

Zygentoma 0,15 
 849 

Online resource 2 – Weight percentage of occurrence (wPOO) of the main prey families (over 1% of 850 

wPOO) consumed by all individual predators, and by bats and birds separately. 851 

Prey Families wPOO (%) 

All 

NA 18,19 

Termitidae 8,20 

Carabidae 5,23 

Formicidae 4,57 

Ectobiidae 4,47 

Cicadellidae 4,06 

Gryllidae 3,50 

Rhyparochromidae 3,12 

Erebidae 2,70 

Pentatomidae 2,57 

Tettigoniidae 2,23 

Acrididae 2,18 

Hydrophilidae 1,66 

Gelechiidae 1,62 

Scarabaeidae 1,47 

Gracillariidae 1,43 

Araneidae 1,41 

Noctuidae 1,31 

Delphacidae 1,27 

Cydnidae 1,23 

Chrysomelidae 1,16 

Staphylinidae 1,16 

Myopsocidae 1,15 

Trigonidiidae 1,09 

Limoniidae 1,03 

Cicadidae 1,02 

Bats 

NA 17,20 



 
 

Termitidae 8,65 

Carabidae 7,32 

Ectobiidae 5,78 

Cicadellidae 4,97 

Gryllidae 4,29 

Rhyparochromidae 3,99 

Formicidae 3,25 

Pentatomidae 2,88 

Hydrophilidae 1,90 

Acrididae 1,83 

Scarabaeidae 1,76 

Erebidae 1,72 

Cydnidae 1,69 

Delphacidae 1,66 

Tettigoniidae 1,62 

Gelechiidae 1,53 

Staphylinidae 1,50 

Trigonidiidae 1,46 

Myopsocidae 1,43 

Limoniidae 1,40 

Nitidulidae 1,29 

Chrysomelidae 1,12 

Elateridae 1,08 

Birds 

NA 20,60 

Formicidae 7,80 

Termitidae 7,11 

Erebidae 5,07 

Araneidae 4,16 

Gracillariidae 3,93 

Tettigoniidae 3,70 

Cicadidae 3,50 

Acrididae 3,03 

Noctuidae 2,64 

Cicadellidae 1,85 

Gelechiidae 1,83 

Pentatomidae 1,80 

Gryllidae 1,58 

Pisauridae 1,40 

Salticidae 1,33 

Geometridae 1,31 

Ectobiidae 1,28 

Chrysomelidae 1,26 

Curculionidae 1,21 

Ceratopogonidae 1,16 

Hydrophilidae 1,06 

Notodontidae 1,05 

Rhyparochromidae 1,00 

 852 



 
 

Online resource 3 – Weight percentage of occurrence (wPOO) of the main prey species (over 1% of 853 

wPOO) consumed by all individual predators, and by bats and birds separately. 854 

Prey Species wPOO (%) 

All 

Macrotermes bellicosus 4.69 

Ectobidae sp. 2.55 

Oecophyla loginoda 1.57 

Paraphonus 1.52 

Microtermes sp. 1.29 

Platymestopus vestitus 1.25 

Pentatomidae sp. 1.02 

Bats 
Macrotermes bellicosus 6,46 

Ectobiidae sp. 3,39 

Parophonus sp. 2,15 

Microtermes sp. 1,78 
Platymetopus vestitus 1,76 

Pentatomidae sp. 1,29 

Cicadellidae sp. 1,12 

Lepidoptera sp. 1,06 

Birds 
Oecophylla longinoda 4,47 

Cicadidae sp. 3,26 

Erebidae sp. 2,17 

Odontotermes sp. 1,95 

Gracillariidae sp. 1,67 
Lepidoptera sp. 1,58 

Gelechiidae sp. 1,57 

Odontotermes latericius 1,36 

Diplopoda sp. 1,36 
Orthoptera sp. 1,10 

Lepidoptera sp. 1,08 

Ancistrotermes cavithorax 1,05 

Odontotermes nilensis 1,03 

 855 

856 



 
 

Online resource 4 – Distribution of prey orders consumed by predators, showing the total number of predator 857 
individuals analysed and the number and percentage of bird and bat individuals consuming each prey order. 858 
Adjusted p-values were obtained from chi-squared tests assessing differences between bird and bat frequencies 859 
for each prey order, with correction for multiple comparisons using the Benjamini–Hochberg false discovery 860 
rate (FDR). 861 

Prey Orders 
Number of 
predator 

individuals 

Number of 
bird 

individuals 

Number of 
bat 

individuals 

Percentage 
of Birds 

Percentage 
of bats 

Adjusted 
p-value 

Araneae 57 52 5 96,2 3,8 6,9E-27 

Blattodea 192 29 163 30,3 69,7 2,2E-07 

Coleoptera 238 34 204 28,9 71,1 9,7E-12 

Decapoda 2 2 0 100,0 0,0 1,5E-01 

Dermaptera 25 2 23 17,5 82,5 4,7E-02 

Diptera 86 22 64 45,6 54,4 5,0E-01 

Ephemeroptera 1 1 0 100,0 0,0 3,6E-01 

Hemiptera 258 52 206 38,1 61,9 1,4E-05 

Hygrophila 3 3 0 100,0 0,0 4,8E-02 

Hymenoptera 95 38 57 61,9 38,1 2,5E-02 

Lepidoptera 207 75 132 58,1 41,9 9,2E-03 

Lithobiomorpha 1 1 0 100,0 0,0 3,6E-01 

Mantodea 4 2 2 70,9 29,1 6,4E-01 

NA 11 10 1 96,1 3,9 1,2E-04 

Neuroptera 11 1 10 19,6 80,4 3,2E-01 

Odonata 6 5 1 92,4 7,6 2,5E-02 

Orthoptera 141 46 95 54,1 45,9 3,6E-01 

Phasmatodea 1 1 0 100,0 0,0 3,6E-01 

Psocodea 34 4 30 24,5 75,5 4,6E-02 

Scolopendromorpha 1 0 1 0,0 100,0 1,0E+00 

Trichoptera 2 0 2 0,0 100,0 1,0E+00 

Zygentoma 1 1 0 100,0 0,0 3,6E-01 

 862 


