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RESUMEN 

El género Culicoides (Diptera: Ceratopogonidae) está compuesto por pequeños jejenes 

hematófagos que son importantes para la salud humana y animal, ya que pueden transmitir 

virus, parásitos y causar dermatitis. Dentro de este género, el subgénero Hoffmania sigue 

siendo poco conocido, especialmente en los bosques amazónicos. En este estudio, analizamos 

la abundancia de Culicoides Hoffmania y no Hoffmania a tres alturas diferentes del bosque 

(M1: sotobosque, M2: subdosel, y M3: dosel) durante el año 2023 en la Estación de 

Biodiversidad Tiputini, en Ecuador. También investigamos, mediante métodos moleculares, 

de qué hospedadores se estaban alimentando las hembras ingurgitadas. 

En total, se analizaron 1247 hembras de Culicoides. La mayoría de los individuos se 

encontraron en el dosel (M3), lo que sugiere que las poblaciones de Culicoides en general 

prefieren las capas superiores del bosque. Sin embargo, al observar únicamente a las hembras 

del subgénero Hoffmania, se encontró que eran proporcionalmente más abundantes cerca del 

suelo (M1), lo que sugiere una posible preferencia de microhábitat para este grupo. La 

precipitación tuvo un efecto positivo fuerte sobre la abundancia tanto de Hoffmania como de 

no Hoffmania, especialmente en el sotobosque y el dosel, lo que resalta la importancia de la 

lluvia para su reproducción y supervivencia. En cambio, la temperatura tuvo un efecto más 

débil y variable, aunque se observó una correlación negativa clara entre la temperatura y la 

abundancia de no Hoffmania a nivel del suelo. 

A través del análisis de contenido estomacal, encontramos que los Culicoides se alimentaban 

principalmente de mamíferos arbóreos como perezosos (Choloepus sp.) y monos (Lagothrix 

sp., Alouatta sp.), muchos de los cuales son reconocidos como reservorios de enfermedades 

zoonóticas. Estos hallazgos sugieren que los Culicoides podrían tener un papel más 

importante en la transmisión de enfermedades en la Amazonía de lo que se pensaba 
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anteriormente. En conjunto, el estudio destaca la complejidad vertical de la distribución de 

Culicoides en los bosques tropicales y revela diferencias ecológicas interesantes entre los 

subgéneros. Los resultados del análisis trófico también sugieren que Hoffmania y sus 

parientes cercanos podrían estar participando en ciclos de enfermedades zoonóticas. 

 

Palabras clave: Culicoides, Hoffmania, Estratificación vertical, Bosque amazónico, Análisis 

de contenido estomacal, Transmisión de enfermedades zoonóticas. 

 

ABSTRACT 

The genus Culicoides (Diptera: Ceratopogonidae) is made up of tiny blood-feeding midges 

that are important for human and animal health because they can transmit viruses, parasites, 

and cause dermatitis. Inside this genus, the subgenus Hoffmania is still poorly understood, 

especially in Amazonian forests. In this study, we looked at the abundance of Hoffmania and 

non-Hoffmania Culicoides across three different heights of the forest (M1: understory, M2: 

subcanopy, and M3: canopy) during 2023 at the Tiputini Biodiversity Station in Ecuador. We 

also checked what hosts engorged females were feeding on using molecular methods. In total, 

1247 female Culicoides were analyzed. Most individuals were found at canopy level (M3), 

which suggests that overall Culicoides populations prefer the upper layers of the forest. 

However, when we looked just at Hoffmania females, they were proportionally more 

abundant closer to the ground (M1), hinting at a possible microhabitat preference for this 

group. Rainfall had a strong positive effect on both Hoffmania and non-Hoffmania 

abundance, especially at the understory and canopy, showing how important rain might be for 

their reproduction and survival. On the other hand, temperature had a weaker and more 

variable effect, although a clear negative correlation between temperature and non-Hoffmania 
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abundance was found at ground level. Through bloodmeal analysis, we found that Culicoides 

were feeding mainly on arboreal mammals like sloths (Choloepus sp.) and monkeys 

(Lagothrix sp., Alouatta sp.), many of which are known to be reservoirs for zoonotic diseases. 

These findings suggest that Culicoides could play a bigger role in disease transmission in the 

Amazon than previously thought. Overall, the study highlights how vertically complex 

Culicoides distribution is in tropical rainforests and shows some interesting ecological 

differences between subgenera. Bloodmeal results also suggest that Hoffmania and its close 

relatives could be participating in zoonotic disease cycles. 

 

Key words: Culicoides, Hoffmania, Vertical stratification, Amazon rainforest, Bloodmeal 

analysis, Zoonotic disease transmission 
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1. INTRODUCTION  

Culicoides is a genus of small flies (around 1 -3 mm) commonly known as biting midges 

within the family Ceratopogonidae, described to possess a worldwide distribution between 

the latitudes 40° north and 30° south (Fetene et al., 2022). This genus is one of the most 

diverse, having roughly ~1,300 described species around the globe (Augot et al., 2017a). The 

genus Culicoides, comprises 32 subgenera and 38 species groups, far outnumbering other 

Ceratopogonids (Augot et al., 2017b). This rich diversity, combined with a wide geographic 

range, shines a light on the importance of Culicoides as a subject of medical, veterinary, and 

ecological research. 

The prevalence of Culicoides in the medical and agroindustry fields is noticeable as the genus 

has been associated with ~40 diseases for both humans and animals, acting as vectors of 

pathogens and directly causing allergic reactions due to their bite (Crilly et al., 2016; Sick 

et al., 2019a). Viruses are among the several pathogens transmitted by Culicoides. Many 

species are known vectors of arboviruses that affect humans, wildlife and especially livestock 

(Sick et al., 2019a). One well known example is C. insignis, a vector of Bluetongue virus 

(BTV) that causes disease in ruminants, resulting in great yearly economic loss (especially in 

the wool industry) across the globe (Mulholland, 2016). In the Amazon, C. paraensis is the 

main vector of Oropouche virus (OROV), an arbovirus that is responsible for the Oropouche 

fever in humans (Feitoza et al., 2025). Although rare, human deaths by Oropuche fever have 

been recorded in recent years (Bandeira et al., 2024). These examples and others, such as 

African horse sickness, epizootic hemorrhagic disease, and Schmallenberg virus are some of 

the viruses transmitted by Culicoides (Sick et al., 2019b).  
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In addition to viruses, Culicoides can also transmit protozoan and filarial parasites. Some 

species have been recognized to be a part of the life cycles of protozoa from the genera 

Haemoproteus and Leucocytozoon (bird parasites) (Yu et al., 2000; Žiegytė et al., 2021). In 

other instances, Culicoides engorged females have been detected carrying parasites such as 

Leishmania (although true vector status hasn’t been confirmed) (Kaewmee et al., 2023).  

Filarial worms responsible for diseases like mansonellosis and dermatozoonoses in humans 

are also carried by Culicoides (Sherlock, 1965; Ta-Tang et al., 2018). Culicoides are 

important actors in different disease-host relationships in the wild, thus indirectly aiding in 

population regulation of some host species they feed on (Sick et al., 2019a). 

Beyond their role in disease transmission, Culicoides midges are an integral part of 

ecological networks such as tropical forests. Biting midges occupy different niches 

depending on the lifecycle stage they are in (Zimmer et al., 2014). Larvae develop in moist 

substrates like mud, leaf litter, tree holes or bromeliad axils and are part of the microbiome 

that helps decompose organic matter . On the other hand, adult male feed on nectar acting as 

pollinators while the better-known females feed on animal blood, acting as bridges between 

pathogens and their hosts (Spinelli et al., 2007; Zimmer et al., 2014). More importantly, 

Culicoides act also as a food source for insectivore animals, thus being an important species 

within tropical food webs (Kar et al., 2022). Culicoides aren´t only “pests” but they key 

participants in ecosystem dynamics and balance. 

The taxonomy of Culicoides is complex with numerous subgenera and informal species 

groups (Mosquera et al., 2022). These subgenera, species groups and species of Culicoides 

are identified by morphometric and morphological characteristics based on wings spot 

patterns, mouthparts, antennae, spermathecae and others (Mosquera et al., 2022; Spinelli 

et al., 2005). One subgenus of particular interest is Hoffmania Fox, 1948, comprised of ~40 

species (Trindade & Felippe-Bauer, 2011). This subgenus is strictly Neotropical and includes 
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the known BTV vector Culicoides insignis Lutz (Trindade & Felippe-Bauer, 2011; Vigil 

et al., 2018)  . Members of Hoffmania generally share a distinctive white spot on the second 

radial cell of their wings (R2) (Spinelli et al., 1993). In Ecuador the subgenus Hoffmania is 

particularly diverse with 18 species reported in the country, making up 25.7% of the total 70 

species of Culicoides reported in Ecuador (Moscoso & Sofía, 2014). Other studies carried in 

Ecuador have also reported high abundances of Hoffmania Culicoides when doing surveys, 

with one study carried in Santo Domingo province even reporting that 75% of females 

captured belonged to the subgenus (Moscoso & Sofía, 2014). The high diversity and 

abundance of Hoffmania in Ecuador could be underestimated when considering that vertical 

strata of tropical forest has remained greatly understudied. 

Forest habitats and, especially, tropical forests possess canopies that often host different 

species compositions from the understory, and Culicoides are no exception. Studies in the 

USA and Europe have observed that Culicoides species exhibit preferences between forest 

canopy and ground level habitats (Bernotienė et al., 2024; Erram & Burkett-Cadena, 2021). 

These studies mention that it could be in response to host availability and microclimatic 

conditions. In the case of the Amazon, factors such as temperature, humidity, and light 

availability greatly differ between the upper canopy and understory and in other Diptera 

members these differences do cause important species partitioning alongside a vertical plain, 

with many groups showing higher abundance at different strata (de Souza Amorim et al., 

2022). Understanding vertical stratification is crucial for ecological studies in the Amazon, as 

vertical complexity might be even higher than horizontal complexity, since a higher percent 

of the biomass is in the upper strata (de Souza Amorim et al., 2022). The inaccessibility of 

the mid and upper canopy has limited sampling causing a huge loss of information, obscuring 

the true ecological dynamics that might be happening. Located within Yasuní National Park 

in the Ecuadorian Amazon, the Tiputini Biodiversity Station supports exceptionally high 
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biodiversity across multiple taxa, including Diptera (Linton et al., 2013). Its remote location 

far from human settlements and its mosaic of microhabitats, notably the Varzea floodplain 

and Terra Firme Forest, provide a unique setting for examining the intricate ecological 

interactions that structure lowland tropical rainforest communities (Linton et al., 2013). At 

Tiputini, which features a multistrata rainforest environment, investigating vertical 

stratification of Culicoides will help determine if the patterns noted on cold regions hold true 

scale to a tropical context. 

This preliminary study seeks to contribute to the understanding of the vertical distribution 

and species composition of Culicoides from the subgenus Hoffmania and non Hoffmania 

species across three forest strata at the Tiputini Biodiversity Station during 2023. It also 

explores the potential influence of climatic variables, such as temperature and precipitation, 

on the monthly abundance patterns of both Hoffmania and non-Hoffmania species. In 

addition, the study examines the trophic preferences of blood-fed females through molecular 

analysis to identify the vertebrate hosts they utilize and assess whether host associations vary 

across forest strata. 

 

2. ORIGIN OF THE SAMPLES  

 The samples were collected at three vertical sampling levels (M1, M2, and M3) in the 

observation tower of the Tiputini Biodiversity Station with coordinates 0.63778° S, 

76.14584° W. The samples were collected monthly from January to December of 2023 and 

stored in 70% ethanol at -20 °C at the Laboratory of Parasites and Vectors, Universidad San 

Francisco de Quito. Female Culicoides specimens were received and separated from the raw 
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samples taken at Tiputini, except for female C. paraensis, which were separated for a 

different study.    

 

3.   METHODOLOGY 

3.1. Abundance of Hoffmania and non Hoffmania Culicoides 

3.1.1 Specimen identification of the subgenus Hoffmania 

In this study, only female Culicoides were used for taxonomic identification.    

Hoffmania specimens were identified using the taxonomic keys described by Spinelli et al., 

(1993). Specimens were observed under a stereoscope (Olympus SZ2-ILST), and the 

phenotypical trait used for the identification of the subgenus was the presence of a white spot 

that completely or partially covered the R2 radial cell of the wing. Hoffmania and non 

Hoffmania specimens were classified by strata (M1, M2 or M3) and by month of collection in 

1.5ml Eppendorf tubes with 70% ethanol. 

 

            3.1.2 Abundance analysis 

Python (version 3.11.6) was used to calculate monthly total abundances for each group 

(Hoffmania and non Hoffmania), as well as their abundances across the three vertical strata. 

For each stratum and group, monthly trends were visualized using smoothed line plots to 

identify seasonal patterns. Normality of the abundance data per month was tested using the 

Shapiro–Wilk test. If the data did not follow a normal distribution, the non-parametric 

Kruskal–Wallis test was used to compare abundances across strata and months. Analyses and 
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visualizations were performed using the libraries pandas, scipy.stats, matplotlib, seaborn, and 

statsmodels. 

 

3.1.3 Abundance vs climatic variables 

Temperature and precipitation data were obtained from the meteorological station at the 

Tiputini Biodiversity Station (TBS), which recorded values twice daily at a height of 2 

meters, totaling 1,656 measurements. The dataset was filtered to obtain only measurements 

related to the TBS observation tower. Daily temperature values (°C) were averaged to 

calculate monthly mean temperatures, while monthly precipitation (mm) is represented as the 

sum of daily rainfall totals per month. 

Monthly abundances of Hoffmania and non-Hoffmania Culicoides at each vertical stratum 

(M1, M2, M3) were then compared against the corresponding monthly climatic variables. 

Due to non-normal data distribution (confirmed via Shapiro–Wilk test), Spearman’s rank 

correlation was used to evaluate the relationship between abundance and each climatic 

variable. To visualize seasonal trends, line plots were generated showing monthly 

abundances for each group and stratum alongside temperature (as a red line) and precipitation 

(as a green line). Abundance and climate data were plotted on dual y-axes to facilitate 

interpretation of concurrent trends. All analyses and visualizations were performed using 

Python (version 3.11.6) and the libraries pandas, numpy, scipy, matplotlib, and seaborn. 

 

3.2. Bloodmeals analysis 

3.2.1 Species level identification of blood-fed female Culicoides 
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Engorged Hoffmania and non-Hoffmania Culicoides females were separated and dissected 

using fine syringe needles. The head, wings, legs, and the terminal three abdominal segments 

were removed and cleared in a drop of Marc André solution (lactic acid, acetic acid, phenol, 

and distilled water in a 20:2:1:1 ratio) for 5 minutes to facilitate morphological examination. 

The remaining abdominal portion, containing the bloodmeal, was preserved in DNA Shield at 

–20 °C for subsequent molecular analysis. 

For slide preparation, the cleared body parts were removed from the Marc André solution, 

and a drop of chloral gum was placed on a clean glass slide. The dissected structures were 

arranged within the drop, after which a coverslip was carefully placed over the specimen. The 

slides were left to dry at room temperature. Morphological identification to the species level 

was performed using a Leica DME light microscope and the taxonomic key of Wirth et al., 

(1988). 

 

3.2.2 DNA extraction  

DNA was extracted individually from the remaining abdomen of each engorged Culicoides 

female using the PureLink™ Genomic DNA mini kit (Mammalian Tissue and Mouse/Rat 

Tail Lysate Protocol), following the manufacturer's instructions.  DNA was stored at –20°C 

for further analysis.    

 

3.2.3 PNOC marker amplification and sequencing 

The Prepronociceptin (PNOC) gene, a mitochondrial marker specific to mammals, was used 

to identify the vertebrate hosts of engorged Culicoides females.  PCR amplification was 

performed using the following reaction mix, prepared with the Promega® PCR kit: 1× 

colorless buffer, 1.2 mM MgCl₂, 0.4 mM dNTPs, 0.4 µM of each primer—PNOC forward 
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(5′-GCATCCTTGAGTGTGAAGAGAA-3′) and reverse (5′-

TGCCTCATAAACTCACTGAACC-3′)—and 1 U/µL of Taq DNA polymerase. 

PCR conditions were as follows: an initial denaturation at 98 °C for 8 minutes; followed by 

50 cycles of denaturation at 96 °C, annealing at 56 °C, and extension at 72 °C (each step 

lasting 30 seconds); and a final extension at 72 °C for 5 minutes. 

Amplicons were analyzed via electrophoresis on a 1.5% agarose gel with a 100 bp DNA 

ladder (Promega®). Electrophoresis was run at 100 V for 40 minutes. Gels were visualized 

using a photo-documentation system (BioRad). The presence of a band at approximately 

330 bp indicated the presence of vertebrate (mammalian) DNA. 

Samples showing a positive PNOC band were lyophilized and sent for Sanger sequencing at 

Macrogen Inc. (Seoul, South Korea). 

4.   RESULTS  

4.1. Overall abundance patterns of Hoffmania vs no Hoffmania  

A total of 1,247 Culicoides females were identified from the Tiputini tower collections in 

2023 (Figure 1). Of these, 19.49% were collected at stratum M1, 33.52% at M2, and 46.99% 

at M3, indicating that nearly half of all females were captured in the uppermost stratum 

(Figure 2). 

To assess vertical stratification in abundance, a Kruskal–Wallis test was conducted for both 

Hoffmania and non-Hoffmania specimens across the three strata (M1 n = 12; M2 n = 12; M3 

n = 12). No significant differences were detected in abundance among strata for either group 

(Hoffmania: H = 3.52, p = 0.172; non-Hoffmania: H = 4.26, p = 0.119) (Figure 2). 

Seasonal variation in abundance was also evaluated across monthly samples (n = 3), 

revealing no statistically significant differences in either group (Hoffmania: H = 15.33, p = 
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0.168; non-Hoffmania: H = 16.53, p = 0.122), despite visible fluctuations in monthly patterns 

(Figure 3). 

 

4.2. Climate Hoffmania vs no Hoffmania Abundance  

 

Climatic variables from 2023, specifically temperature and total monthly precipitation 

recorded at the Tiputini tower, were compared with the abundance data of Culicoides females 

from the same year. 

The Spearman’s rank correlation analysis revealed a significant positive association between 

monthly precipitation and the abundance of Hoffmania (ρ = 0.36, n = 36, p = 0.032), as well 

as for non-Hoffmania specimens (ρ = 0.35, n = 36, p = 0.034) (Figure 3). When analyzed by 

stratum, both groups exhibited a strong positive correlation with precipitation at M1 

(Hoffmania: ρ = 0.62, n=12, p = 0.032; non-Hoffmania: ρ = 0.65, n=12, p = 0.021). At M2, 

correlations were weak and not statistically significant for either group (Hoffmania: ρ = -

0.01, n=12, p = 0.975; non-Hoffmania: ρ = 0.23, n=12, p = 0.457). At M3, non-Hoffmania 

abundance was significantly correlated with precipitation (ρ = 0.60, n=12, p = 0.040), while 

Hoffmania abundance showed a positive but non-significant trend (ρ = 0.52, n=12, p = 

0.083). 

In contrast, temperature showed different trends when analyzed by stratum (Figure 4). At 

M1, a significant negative correlation was observed between temperature and non-Hoffmania 

abundance (ρ = –0.60, n = 12, p = 0.039), while Hoffmania showed a non-significant negative 

trend (ρ = –0.39, n = 12, p = 0.208). At M2, Hoffmania exhibited a weak, non-significant 

correlation with temperature (ρ = –0.22, n = 12, p = 0.474), and non-Hoffmania showed a 

slight positive but non-significant association (ρ = 0.21, n = 12, p = 0.488). No significant 
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correlation with temperature was detected at M3 for either group (Hoffmania: ρ = –0.27, n = 

12, p = 0.395; non-Hoffmania: ρ = –0.12, n = 12, p = 0.725). 

 

4.3. Blood-fed female analysis   

 

Of the 64 blood-fed Culicoides females analyzed, 22 species were identified across nine 

subgenera or species groups, including Daedalus, Diphaomyia, Eublepharus, Fluvialis, 

Haematomydium, Hoffmania, Leoni, Mohave, and Reticulatus (Table 1). Twenty of these 

had been previously recorded in Ecuador (Mosquera et al., 2022). Culicoides mirsae and one 

unidentified Culicoides from the Daedalus group are newly reported for the country. 

PNOC amplification yielded four positive specimens. Sequencing identified C. leopoldi 

feeding on Choloepus sp., C. frestasi and C. mirsae on Lagothrix sp., and C. propinquus on 

Alouatta sp. The respective collection strata were M1, M2, and M3 (Table 1). 

 

5.   DISCUSSION  

Although differences in the total abundance of Hoffmania and non-Hoffmania females across 

the three vertical strata were not statistically significant, a clear trend in spatial distribution 

was observed, with a greater proportion of specimens captured in the canopy (M3). 

Specifically, 46.99% of all female Culicoides were collected in M3, followed by 33.52% in 

the mid-canopy (M2) and only 19.49% in the understory (M1) . These findings are consistent 

with previous studies in temperate forests, where most Culicoides were also captured in 

higher strata. For instance, McGregor et al. (2018) reported 79–89.2% of all Culicoides 
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collected in the canopy in a Florida reserve, and Bernotienė et al. (2024) observed 80.6% of 

Culicoides captured at mid- and high-canopy levels in Lithuania.  

  

Despite this similarity, the mentioned studies were conducted in temperate systems, which 

differ ecologically from the tropical rainforests of the Amazon. As such, while they provide 

proper context, they may not fully explain the mechanisms influencing vertical distribution in 

this region. One possible explanation for the canopy preference in Tiputini could be the 

significantly greater biomass in upper forest strata. Nascimento and Laurance (2002) reported 

that up to a quarter of all aboveground biomass in central Amazonian forests is stored in the 

canopy, supporting higher host and resource availability for Culicoides.  

  

Although Culicoides females were more abundant in the canopy overall, the vertical 

distribution of the subgenus Hoffmania contrasted with this pattern. Hoffmania was more 

abundant in the understory, comprising 60.1% of females at M1 but only 23.2% at M3. This 

distribution suggests a potential adaptation or ecological preference for the lower strata. 

Supporting this, Erram and Burkett-Cadena (2021) demonstrated that C. insignis, a member 

of the Hoffmania subgenus, preferentially oviposits in muddy substrates. Although this 

behavior may not be universal across all Hoffmania species, such substrate preferences may 

help explain their increased abundance in understory habitats.  

  

Monthly fluctuations in the abundance of both Hoffmania and non-Hoffmania groups were 

observed, but these differences were not statistically significant. However, previous research 

show the strong seasonal behavior of many Culicoides species. For example, C. paraensis in 

Rondônia, Brazil, exhibited clear seasonal peaks corresponding to transitions between dry 

and rainy seasons (Feitoza et al., 2023). Gusmão et al. (2019) also found that 88% of captures 
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of 26 Culicoides species occurred during the rainy season, which supports this study's 

significant seasonal patterns, as more rainfall increased the abundance of both groups.  

Longer-term monitoring in various sites is needed to robustly assess the effect of seasonality 

in  Tiputini Culicoides community.  

  

A significant positive correlation was found between total monthly precipitation and the 

abundance of Hoffmania and non-Hoffmania. This result is consistent with numerous studies 

(Blackwell et al., 1999; Gusmão et al., 2019; Veggiani Aybar et al., 2010) and aligns with the 

aquatic or semi-aquatic larval development of Culicoides, which depends on moist substrates.  

When stratified by height, precipitation remained a significant positive predictor of 

abundance at M1 and M3 but not at M2. This absence of correlation in the mid-canopy may 

reflect its transitional ecological role. Flores et al. (2024)  suggest that the understory (M2) 

possesses a reduced structural complexity and simplified interaction networks compared to 

the canopy and understory. Culicoides may use this stratum primarily as a transit zone, which 

could explain the weaker response to precipitation.  

  

In contrast to precipitation, temperature exhibited weaker and more variable effects on 

Culicoides abundance. At M1, a significant negative correlation was observed for non-

Hoffmania, whereas Hoffmania showed a non-significant negative trend. These patterns may 

be linked to larval dependence on moist substrates. Blackwell et al. (1999) reported increased 

mortality of C. impunctatus larvae in drying soils under high temperatures. Similarly, Feitoza 

et al. (2023) noted that C. paraensis populations increased with rising precipitation and lower 

temperatures.  

At M2, both groups showed weak, non-significant associations with temperature, possibly 

due to the buffering effects of the mid-canopy microclimate (Flores et al., 2024). At M3, no 
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significant temperature correlation was detected. All temperature data were collected at 

ground level, which may have limited the detection of vertical temperature gradients. Future 

studies should include microclimatic monitoring across all vertical strata.  

  

Of the 64 engorged Culicoides females analyzed, 22 species were identified. Two taxa, C. 

mirsae and an unidentified species within the Daedalus group, appear to be new records for 

Ecuador. C. mirsae Ortiz., previously reported from Venezuela, Panama, Trinidad and 

Tobago, and Colombia (Wirth et al., 1988). The blood meal source of one C. mirsae 

specimen was also successfully sequenced identified, marking this species first recorded 

feeding preference. The unidentified Daedalus sp. shared several morphological features with 

C. daedaloides Wirth and Blaton., but exhibited a PR approximately twice as large, 

suggesting it may represent a new, undescribed species (Wirth et al., 1988). C. daedaloides 

has been reported in Colombia and Panama, meaning that the Daedalus group could harbor 

unreported or new species in Ecuador (Wirth et al., 1988). Further morphological and 

molecular analyses are required to confirm this.  

  

Nine of the 22 species had known trophic preferences. Species such as C. castillae, and C. 

paraensis have been recorded feeding on mammals, including humans, primates, birds, and 

livestock (Felippe-Bauer & Silva, 2006; Perruolo et al., 2016; Pinheiro et al., 1981). As 

expected, better-studied vector species had more dietary records, while non-vector taxa 

remained poorly characterized. Expanding blood-fed female analyses is thus essential to 

understanding the vectorial potential and host range of Culicoides species in Amazonian 

ecosystems.  

  



23 
 

 

The four successfully sequenced engorged female samples revealed ecologically significant 

host associations. C. leopoldi, collected at M1, fed on a two-toed sloth (Choloepus sp.), a 

canopy-dwelling species known to descend to the ground periodically to defecate, a behavior 

hypothesized to reduce olfactory detection by predators (Monge Nájera, 2021) . Choloepus 

has also been proposed as a sylvatic reservoir of Leishmania spp. (Herrer & Christensen, 

1980). Although Culicoides are not confirmed vectors of Leishmania, reports of DNA from 

these parasites in species like C. foxi suggest potential for interaction (Rebêlo et al., 2016).  

At M2 and M3, C. frestasi and C. mirsae were found to have fed on Lagothrix sp. (woolly 

monkeys), while C. propinquus (M2) fed on Alouatta sp. (howler monkeys). These findings 

align with the known vertical movement patterns and habitat use of these primates in Tiputini 

(Marsh, 1997). Reports mention Lagothrix and Alouatta as recognized hosts of filarial 

parasites such as Mansonella and Dipetalonema (Conga et al., 2018; Laidoudi et al., 2020). 

  

These findings suggest that some Culicoides species in the Neotropics may exhibit host 

preferences for arboreal mammals, particularly primates. Previous studies have documented 

such associations in C. atelis, C. hollensis, and C. paraensis (Farias et al., 2024), reinforcing 

the notion of vertical stratification in host use. In the present study, three identified hosts 

were primates, suggesting a potential trophic bias among canopy-dwelling midges. Further 

molecular analyses using broader markers like Cytochrome B (CytB) are needed to capture 

non-mammalian hosts and increase species-level resolution. This preliminary study will help 

build a more complete picture of the feeding ecology and disease transmission potential of 

Culicoides species in tropical forest environments. 

6.  CONCLUSIONS  
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 This preliminary study provides a detailed account of the spatial and temporal distribution of 

Culicoides species in an Amazonian rainforest, integrating environmental variables and 

trophic patterns into a stratified ecological framework. The results confirm that the canopy 

supports the highest abundance of non-Hoffmania species, reinforcing the view that upper 

forest strata act as key reservoirs of diversity for this group. Vertical stratification was 

evident, with each forest level harboring a distinct community likely shaped by its specific 

microhabitat conditions.  

 

 

From a climatic perspective, the sub-canopy appeared to function as a transitional zone, 

where Culicoides abundance was relatively unaffected by either temperature or precipitation. 

In contrast, rainfall was positively correlated with total abundance, particularly during April 

and May, suggesting that precipitation may serve as a seasonal cue for adult emergence or 

activity.  

Molecular analysis of blood-fed females confirmed that certain Culicoides species feed on 

arboreal vertebrates, including known reservoirs of zoonotic pathogens. These findings 

highlight the importance of incorporating vertical forest structure into biodiversity surveys 

and disease ecology frameworks. The evidence suggests that the canopy plays a pivotal role 

in shaping ecological dynamics and influencing potential transmission cycles of zoonotic 

agents.  

Collectively, these results highlight the value of a vertically stratified approach in vector 

ecology. They reveal that abundance, activity patterns, and feeding behavior vary 

significantly across forest levels. Such differences are crucial for advancing ecological 

understanding and informing public health interventions in tropical forest systems.  
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8 TABLES AND FIGURES 

 

Figure 1. Total Hoffmania vs non Hoffmania abundance comparison 
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Figure 2. Total Hoffmania vs non Hoffmania abundance across strata 
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Figure 3. Seasonal abundance of Hoffmania and non Hoffmania vs total monthly 

precipitation (mm), per strata 
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Figure 4. Seasonal abundance of Hoffmania and non Hoffmania vs average monthly 

temperature, per strata 
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Table. 1. Reported species of engorged female Culicoides with background on trophic 

preferences and new trophic preferences 

Species Group/Subgenus Reported Diet Our Study 
Culicoides aureus Reticulatus No data reported - N/A 

Culicoides castillae Fluvialis Human blood (anthropophilic; 
caught biting humans) 

(Wirth & 
Blanton, 1959) N/A 

Culicoides crucifer Haematomyidium No data reported - N/A 
Culicoides sp. Daedalus No data reported - N/A 

Culicoides 
eublepharus 

Eublepharus No data reported - 
N/A 

Culicoides evansi Diphaomyia No data reported - N/A 
Culicoides fieldi Leoni No data reported - N/A 

Culicoides filarifer Hoffmania Generalist – mammals and 
birds  

(Milián-García 
et al., 2021) N/A 

Culicoides fittkaui Reticulatus Mammals (presumed; no direct 
data) 

- 
N/A 

Culicoides florenciae Eublepharus No data reported - N/A 
Culicoides frestasi Diphaomyia No data reported - Lagothrix sp. 
Culicoides glabrior Haematomyidium No data reported  - N/A 
Culicoides guttatus Hoffmania No data reported - N/A 
Culicoides horticola Haematomyidium No data reported - N/A 
Culicoides leopoldi Fluvialis No data reported - Choleopus sp. 
Culicoides mirsae Diphaomyia No data reported - Lagothrix sp. 

Culicoides 
paucienfuscatus 

Reticulatus Mammals (livestock; dominant 
near cattle) 

(Costa et al., 
2013) N/A 

Culicoides pinafoi Reticulatus No data reported - N/A 
Culicoides 
propinquus 

Mohave No data reported - Alouatta sp. 

Culicoides 
propriipennis 

Eublepharus No data reported - 
N/A 

Culicoides 
reticulatus 

Reticulatus Mammals – including humans 
(also large mammals) 

(Carvalho et al., 
2021) N/A 

Culicoides paraensis Haematomyidium Humans, sloths (Bradypus 
tridactylus), rodents, 
marsupials, non-human 
primates, birds (low evidence), 
livestock (occasionally); 
confirmed via molecular 
analyses and virus reservoir 
studies. 

(Pinheiro et al., 
1981; Romero-

Álvarez & 
Escobar, 2018) 

N/A 
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9.  APPENDIX A: TABLE OF HOFFMANIA AND NON HOFFMANIA WITH 

CLIMATIC VARIABLES  

Month Strata No_Hoffmania Hoffmania Avg_Temperature_C Total_Precip_mm 
Nov M1 2 2 25.71 93.32 
Nov M2 45 4 25.71 93.32 
Nov M3 100 5 25.71 93.32 
Dec M1 2 0 25.29 102.45 
Dec M2 15 3 25.29 102.45 
Dec M3 27 1 25.29 102.45 
Jan M1 11 6 24.93 96.49 
Jan M2 4 4 24.93 96.49 
Jan M3 28 5 24.93 96.49 
Feb M1 0 1 25.26 70.03 
Feb M2 15 22 25.26 70.03 
Feb M3 8 21 25.26 70.03 
Mar M1 17 28 25.05 135.21 
Mar M2 19 4 25.05 135.21 
Mar M3 52 11 25.05 135.21 
Apr M1 2 16 25.04 135.16 
Apr M2 3 11 25.04 135.16 
Apr M3 5 0 25.04 135.16 
May M1 32 65 24.84 203.37 
May M2 30 56 24.84 203.37 
May M3 209 86 24.84 203.37 
Jun M1 9 4 24.08 117.39 
Jun M2 19 33 24.08 117.39 
Jun M3 6 7 24.08 117.39 
Jul M1 13 15 24.54 97.91 
Jul M2 2 1 24.54 97.91 
Jul M3 7 0 24.54 97.91 

Aug M1 0 2 25.48 57.12 
Aug M2 16 21 25.48 57.12 
Aug M3 0 0 25.48 57.12 
Sept M1 1 0 26.15 57.03 
Sept M2 6 10 26.15 57.03 
Sep M3 4 0 26.15 57.03 
Oct M1 8 7 26.77 39.89 
Oct M2 52 23 26.77 39.89 
Oct M3 4 0 26.77 39.89 

 


