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Abstract

Mosquitoes can act as vectors of pathogens, posing risks to both human and animal health. One of the
major pillars of integrated mosquito management is mosquito surveillance. However, most surveillance is
performed at ground level, which leaves the vertical distribution of mosquitoes poorly understood. To fill
this gap, we conducted mosquito surveillance at both ground and canopy levels at Silver Springs State
Park. In July 2024, mosquitoes were collected at 10 sites in both the developed and undeveloped areas of
the state park using resting traps and BG Sentinel 2 traps. Among female mosquitoes, both species
diversity and mean abundance were higher in undeveloped areas and at ground level. Of the three
dominant species, Aedes infirmatus and Psorophora ferox were most abundant at ground level, while
Culex nigripalpus was more prevalent in the canopy. Habitat affected only the prevalence of dedes
infirmatus, with more mosquitoes found in the undeveloped areas of the park. In addition to Culex
nigripalpus, several other vector species were collected, but in low numbers. The presence of these vector
species at SSSP and that of both native and non-native animal species, which may act as reservoirs of
mosquito-borne diseases, can help to better understand vector-borne disease dynamics across different
landscapes and vertical strata.
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Introduction

The horizontal and vertical distribution of mosquitoes within the environment can affect the
female mosquito’s ability to encounter adequate hosts and take a bloodmeal. This bloodmeal is
essential to the female mosquito to ensure egg maturation following the mating process and the
production of the next generation or progeny. During these vector-host interactions, pathogen
transmission can occur, and therefore, mosquito spatial distribution can affect vector-borne
disease epidemiology. In addition, mosquitoes will travel across the landscape to find adequate
resting and oviposition sites, and changes in the landscape can alter their ability to find

conditions adequate for their survival. For example, several studies have shown that urbanized
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habitats often harbor lower abundance and diversity of mosquitoes but tend to facilitate the
proliferation of vector species like Aedes aegypti (Ae. aegypti) or Culex quinquefasciatus (Cx.
quinquefasciatus) that have evolved to use man-made containers as breeding sites (Wilke et al.,
2021; Ferraguti et al., 2016). Additionally, the availability and quality of these resources can
vary along the vertical strata and affect mosquito species composition within a single habitat.

Mosquitoes are known to travel vertically to find adequate hosts, oviposition substrate, and
refugia (Giordano et al., 2021). However, few studies have looked at the impact of trap height on
adult mosquito distributions in Florida. One study using three different trap types (BG sentinel
traps, Mosquito Magnet X traps, and Omni-directional Fay-Prince traps) demonstrated that the
two most abundant species collected had differences in height preference, with Cx. nigripalpus
found at higher abundance at the canopy level and Ae. albopictus seeking hosts mainly at ground
level (Obenauer et al. 2009). A second study, using CDC light traps, reported no difference in
abundance between the two heights for Cx. nigripalpus, while Aedes taeniorhynchus and
Anopheles crucians (An. crucians) were found more abundant at ground level (Giordano et al.
2021).

West Nile virus (WNV), Eastern equine encephalitis virus (EEEV), and Saint-Louis
encephalitis virus (SLEV) are the most prevalent mosquito-borne diseases in the United States.
These viruses are always present and maintained between ornithophilic mosquitoes and birds
(Go et al., 2019). Spillover events result in yearly human epidemics when following the
migration of reservoir bird hosts, mosquitoes start to feed on humans (Kilpatrick et al., 2006).
Additionally, local transmission of invasive pathogens like malaria, dengue, chikungunya, and
Zika viruses (DENV, CHIKYV, and ZIKV) has been documented in the USA in urban cycles
(CDC, 2023; Jones et al., 2024; CDC, 2024). In their sylvatic cycles, these pathogens are
maintained between non-human primate reservoir hosts and primatophilic mosquitoes (Bakker et
al., 2020; Coatney et al, 1961).

With over 308,741 annual visitors, SSSP provides an environment where wildlife, humans,
and mosquitoes come in close contact, potentially facilitating pathogen transmission (Florida
Department of Environmental Protection, 2020). Silver Springs State Park protects the 7km long
Silver River, and its surrounding habitat composed of wetland, sandhill pine, oak hammock,
floodplain swamp, and hydric hammock environments. The park features both developed areas,

significantly altered by human activity, and undeveloped areas that remain in their natural state
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with minimal to no human-made improvements. The SSSP animal species inventory indicates
the presence of both native and exotic species, some of which can act as reservoirs of WNV,
SLEV, and EEEV (Florida Department of Environmental Protection, 2014). The park is also
home to a wild colony of Rhesus macaques (Macaca mulatta), which can act as a reservoir for
CHIKYV, ZIKV, DENV, and yellow fever virus (YFV) (Wilson et al., 2022). While vertebrate
species at SSSP are well-documented, invertebrate populations, including mosquitoes, remain
understudied.

This study employs BG Sentinel 2 traps (BGS2 traps, Biogents AG, Regensburg, Germany)
and resting traps to determine the species diversity and abundance of mosquitoes in SSSP at
different vertical strata (1m and 8.5m) and two habitat types (developed vs. undeveloped). We
hypothesized that mosquito abundance and diversity would be greater 1) in the undeveloped
areas, due to greater environmental diversity, and 2) at ground level, due to a richer community
of vertebrate hosts. Understanding how mosquitoes use their habitats can help create more
effective mosquito and disease control strategies.

Methods
Study Area

Surveillance of mosquitoes occurred at SSSP (Latitude: 29.216389, Longitude: -82.057777)
located in Marion County, Florida. Five sites were selected in the undeveloped area, a heavily
vegetated area in the floodplain swamp, with minimal human disturbance along the Creek Trail.
The other 5 sites were in the developed area, characterized by significant infrastructure, high
human activity, and regular landscaping. This area lacks canopy cover and underbrush, limiting

natural mosquito breeding sites and habitats (Figure 1).
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Figure 1. Map showing the ten locations used as mosquito surveillance sites at SSSP. Sites 1-5 were in the
developed area, while sites 6 to 10 were in the undeveloped part of the park. The map was created in ArcGIS.

Trap selection and setup
Each site received two different traps to collect a diversity of mosquito species: a BGS2 trap
and a resting trap. The BGS2 traps were selected for their ability to collect host-seeking
mosquitoes, including Aedes aegypti and Aedes albopictus, which are the main vectors of
DENV, ZIKV, and CHIKYV. In addition, the trap itself was ideal to be able to store the dry ice
container and batteries necessary for proper function while raising the trap to 1m (ground level)
and 8.5 m (canopy level) (Figure 2). Trees with high branches were selected, and a tennis ball
connected to a fishing line was first placed over a branch using a “Chucklt!” brand tennis ball
thrower. The traps were elevated using a pulley system (McGregor et al. 2018, Hendy et al.
2020), and the height (1 or 8.5m) was determined using a Simmons LRF 600 range finder.
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Figure 2. BGS2 trap set at A) Im and B) 8.5m above ground at Silver Springs State Park

Resting traps were selected to sample blood-fed females and increase the diversity of
mosquitoes collected. These traps consisted of a 30-gallon black plastic trash can laid
horizontally on the ground with the entrance facing west to reduce sun exposure at the time of
collection. The bottom of the trash can was filled with moist leaf litter. A watering can filled
with water was used to keep the leaf litter moist at each visit, and mosquitoes from the resting
traps were sampled by vacuum aspiration using a Prokopack aspirator (John W. Hock Company,

Florida, United States) for 60 seconds at each visit (Figure 3).
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Figure 3. Resting traps showing A) the black trash can with leaf litter (left) and B) the watering can and Prokopack
aspirator (right).

Mosquito collection

Two collection events were conducted two weeks apart, over two consecutive days. On the
first day, mosquitoes were collected from the resting traps at each site using the Prokopack
aspirator. In addition, the BGS2 traps baited with dry ice (CO2) and BG Lure (which mimics
components of human sweat to attract mosquitoes) were deployed at Im or 8.5m and left
overnight. On the second day, mosquitoes were collected from the BGS2 traps, and a second
round of aspiration was performed from the resting traps. Mosquitoes collected were brought
back to the lab on ice and kept in a -80° C freezer. Mosquitoes were then identified to species
level using a dichotomous key of mosquitoes from North America (Darsie and Ward 2005) and
categorized by sex, trap type, site number, date, and physiological stage (unfed, blood-fed,
gravid, sugar-fed, mites). During the second collection event, BGS2 trap heights were reversed
(i.e., traps placed at ground level during the first event were moved to the canopy level and vice
versa).
Statistical analysis

We used generalized linear mixed modeling (GLMMs) in Statistical Package for Social
Sciences (SPSS Version 29.0.2.0) to analyze the impacts of trap height (ground vs. canopy) and
habitat type (developed vs. undeveloped) on the three following response variables: total

mosquito abundance, diversity (Shannon’s Index; Shannon, 1948), and abundance of the three
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dominant mosquito species: Ae. infirmatus, Cx. nigripalpus, and Ps. ferox using three separate
models. These species were chosen due to their abundance (more than 100 individuals collected),
while the rest of the other species were relatively rare, with fewer than 10 individuals per
species. Trap height and habitat type were treated as fixed effects, with site and collection events
included as random effects to account for variability. To evaluate the effect of habitat type, we
used a log-linear model and compared Shannon diversity indices. Count data for the total number
of female mosquitoes and the 3 dominant species were modeled using a Poisson distribution with
a log link function; the Shannon index was modeled using a normal distribution.
Results

Mosquito community composition

A total of 2,085 mosquitoes were collected, among which the majority were females (Figure
4A). Of these, 1,905 females were successfully identified to the species level and used in the data
analysis. Among these females, 1,738 were unfed, 42 were blood-fed (BF), 93 were sugar-fed
(SF), 38 were gravid, and 6 had mites (Figure 4B).

A) Bl Females B) [ Bloodfed
= Males B Unfed
Il Gravid
[ Sugar fed
Bl Mites
Total=2,085 Total=2,002

Figure 4. A) Total mosquitoes collected organized by sex, with females in green and males in purple, and B)
female mosquitoes separated by physiological status. Unfed mosquitoes representing the majority of the catch
appear in green.

Female mosquitoes belonged to 18 different species among 5 genera (Aedes, Anopheles,
Culex, Mansonia, and Psorophora) (Figure SA). Culex nigripalpus was the most abundant
species (n=998, 49.85%), followed by Ae. infirmatus (n=413, 20.63%), and Ps. ferox (n=349,
17.42%). The rest of the species were less abundant, representing altogether 12.1% of the total
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catch (n=242). Of the blood-fed mosquitoes, Anopheles quadrimaculatus (An. quadrimaculatus)

was the most abundant (22.44%), with Cx. nigripalpus being a close second (20.4%), and other

species found in smaller quantities (Figure 5B).
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Figure 5. A) the total number of identified females and B) the total number of blood-fed females by mosquito

species

Impact of trap height

The mosquito community assemblage from the BGS2 trap 1m and the BGS2 trap 8.5m can

be seen in Figure 6A. While most of the species were found at both ground and canopy level,

Aedes sollicitans (Ae. sollicitans), Ae. triseriatus, An. quadrimaculatus, Culex territans (Cx.

territans), and Mansonia dyari were found exclusively at 1m, and Psorophora columbiae was

the only species solely found at 8.5m.

Trap height significantly impacted species assemblages with traps at Im (0.54+0.0.07) (Mean

£ SE) collecting overall more species (F, 1g=2 7.785, p<0.001) than traps at 8.5m (0.39+0.06)

(Figure 6B). In addition, mosquito abundance was significantly greater at Im (108.1+44.3) than

at 8.5m (74.4+19.9) (F, 14=10.476, p<0.001) (Figure 6C).
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When assessing the impact of trap height on the three dominant species, we found that the

BGS2 trap at 1m collected more Ae. infirmatus (F, 14=36.497, p<0.001) and more Ps. ferox

(F2,18=7.955, p=0.03) than the BGS2 trap 8.5m (Figure 6C). In contrast, Cx. nigripalpus

(F,,18=12.886, p<0.001) were more abundant in the canopy (57.8+18.5) compared to ground
level (40.3+16.39) (Figure 6C).
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Figure 6. A) Mosquito community composition with species color-coded by genus, B) Shannon diversity index
and average number of female mosquitoes collected per trap night, and C) Average number of Cx. nigripalpus, Ae.
infirmatus, and Ps. ferox collected per trap night by trap height with BGS2 traps at Im in green and in purple at

Impact of habitat type

8.5m.

While most species were found in both developed and undeveloped areas of the park, Ae.

sollicitans was only caught in the developed area, while Ae. triseriatus, Anopheles punctipennis,

Cx. territans, and Ps. columbiae were only caught in the undeveloped area (Figure 7A).

Undeveloped sites harbored both a higher mosquito diversity (0.50 + 0.07) and greater

abundance (117.5 = 40.6) compared to developed sites, which had lower diversity (0.40 = 0.07)
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and abundance (65.0 + 24.88). These differences were statistically significant for both diversity
(F2,18=32.348, p<0.001) and abundance (F?2,:s =7.004, p=0.006) (Figure 7B). Ae. infirmatus was
found to be more abundant in the undeveloped area (F, 13=4.508, p=0.026) while Cx. nigripalpus
(F2,18= 3.506, p=0.052), and Ps. ferox (F,1=0.210, p=0.812) abundance was not impacted by
habitat (Figure 7C).
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Figure 7. A) Mosquito community composition with species color-coded by genus, B) Shannon diversity index
and average number of female mosquitoes collected per trap night, and C) Average number of Cx. nigripalpus, Ae.
infirmatus, and Ps. ferox collected per trap night by habitat type, with developed areas in green and undeveloped
areas in purple.

Discussion and Conclusion

Our study shows that mosquito abundance and diversity was higher at ground level, which is
consistent with previous studies on vertical stratification conducted in the US, Brazil, and
Australia (Giordano et al., 2021; Henry et al., 2020; Henry et al., 2021; Sebayang et al., 2021). In
addition, a higher number of mosquitoes and species were found in the undeveloped areas of the
park. This is consistent with other studies showing loss of biodiversity along an urbanization

gradient (Perrin et al., 2022; Ferraguti et al., 2016). When looking at our mosquito community
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composition, we found that most of our species were shared between the different habitats and
different heights, but some species were found exclusively at certain heights or habitats.
Differences in mosquito community composition by height and habitat can be attributed to
factors including the presence of preferred hosts, vegetation structure, presence of preferred
resting and breeding sites, and microclimates. Regardless, the small sample size of the collected
specimens for these species (less than 10 individuals per species) imposes limitations on our
ability to make broad inferences.

In this study, Cx. nigripalpus was the dominant species collected using BGS2 traps. This
mosquito is an important vector of both WNV and SLEV in Florida and is known as a generalist
feeder, taking bloodmeals from birds, mammals, amphibians, and reptiles (Hancock et al., 2022).
We found Cx. nigripalpus to be more abundant at 8.5m than at ground level. These results are in
contrast with the study conducted in South Florida, where Cx. nigripalpus abundance was not
correlated with heights (Giordano et al., 2021). Variation between the two studies may be due to
habitat differences between site locations, collection period (summer vs. spring), and the trap
type (CDC light traps vs. BGS2 traps). We did not see any statistical differences in the
abundance of this mosquito according to habitat type, which can be explained by the longer
flight range of this mosquito (850 meters) (Verdonschot & Lototskaya, 2014).

Aedes infirmatus, the second most abundant mosquito species collected in our study, is not
known to play a major role in the transmission of these pathogens to humans. As such, it is
considered more of a nuisance species. We found Ae. infirmatus to be more abundant at ground
level, which correlates with its feeding preference on mammals, including white tailed deer and
rabbits (Reeves et al., 2018). In addition, this mosquito was more abundant in the undeveloped
areas of the park, which correlates with its preference for wooded and flood-prone areas.

Psorophora ferox, the third most abundant mosquito in this collection, is not considered a
major vector of disease to humans but is recognized as an aggressive feeder that gives painful
bites (Magnarelli, 1980). Similar to Aedes infirmatus, Ps. ferox was more common at ground
level, aligning with its mammalian feeding tendencies, although this species has also been

reported to feed on birds (Molaei et al., 2008). In contrast to Ae. infirmatus, no significant
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difference in abundance was noted according to habitat type, which can be attributed to the long
flight range of this species (up to 3218 meters) (Holderman & Connelly, 2025).

Other vectors collected at SSSP include vectors of DENV, CHIKV, and ZIKV (4edes
albopictus), EEEV (4e. sollicitans and Mn. titillans), La Crosse encephalitis virus (4e.
triseriatus), plasmodium (4n. crucians, An. punctipennis, quadrimaculatus), and major and
bridge vectors of WNV, SLEV, and EEEV (Cx. coronator, Cx. erraticus, and Cx.
quinquefasciatus) (Burkett-Cadena 2013). The presence of vector species and animals that
commonly serve as reservoirs for enzootic diseases like WNV, SLEV, and EEEV, combined
with tourists at SSSP, creates an optimal environment for spillover events and human infection.
Moreover, the increasing number of imported cases and local transmission events of dengue,
Zika, chikungunya, and malaria in Florida can present a risk for spillback events (transmission of
a pathogen from infected humans to animals) to occur through the visitation of infected visitors
and the presence of a stable Rhesus macaque population which are known reservoirs for these
pathogens (Anderson, et al. 2017; Bakker et al., 2020). This is concerning, as once established in
an enzootic cycle, vector-borne diseases are much more difficult to control.

While this study provides valuable insights into the mosquito composition at SSSP, its one-
month duration limits conclusions on seasonal variation. Additional sampling will allow for
better investigation of the impact of habitat type and trap height among “rare” species, and an
increase in the number of blood-fed mosquitoes collected will allow us to infer feeding habits
among the different species. By identifying patterns in spatial and vertical mosquito diversity,
this study lays the groundwork for more comprehensive ecological models of mosquito habitat

use and behavior, contributing to improved vector surveillance and control strategies.
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