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ABSTRACT

As vectors of many arboviruses and diseases, mosquitoes greatly affect human
and animal health. Mosquitoes’ growth and development are influenced by their
symbiotic microbes. Understanding the effects of these symbionts on mosquito growth
and development, as well as mosquito microbiome dynamics as a whole, can inform
studies and programs aimed at controlling mosquito populations. Here, I investigated the
fungal communities present in Aedes albopictus mosquito larvae and their water
environments. Microbe-free, lab-reared mosquitoes were given microbiota treatments
from wild mosquito-associated or environmental sources, or both, along with one of two
diet types (a lab diet or a more natural bamboo diet). I collected samples of the
microbiota inocula, as well as water and late-stage mosquito larvae 5-8 days after
inoculation, for DNA sequencing of the 18S SSU region, a molecular marker of
eukaryotic communities. The remaining treated larvae were allowed to pupate for 40
days, and the total pupal biomass was collected. Consistent in water and larvae samples,
fungal communities were more diverse in the bamboo diet than the lab diet, but
community compositions differed by both diet and microbiota sources. No significant
correlation between water or larvae fungal diversity and mosquito pupae biomass was
found, indicating variation in biomass across treatments may be better explained by
fungal community compositions or other unexamined microorganisms (e.g. bacteria).
These findings highlight the importance of nutritional context when investigating the
ecology of mosquito-fungi interactions.
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1.0 INTRODUCTION

1.1 BACKGROUND

The fungal kingdom is highly diverse and plays critical roles in global
ecosystems. Fungi can have various lifestyles in an ecosystem, ranging from parasitic or
pathogenic to saprotrophic or mutualistic (Dube, 2013). As terrestrial decomposers, fungi
transform nutrients and cycle them back into soil for other organisms to use (Talbot et al.,
2008). As mycorrhizal mutualists, they help plants absorb water and nutrients from the
soil, improving plant growth (Begum et al., 2019). Fungal fruiting bodies can also
provide a food source for various organisms (Feeney et al., 2014; Inga, 2007). Although
we are most familiar with larger mushrooms with fruiting bodies, the microscopic world
of fungi is even more diverse and abundant (Debeljak and Baltar, 2023). Fungi can also
parasitize organisms and cause various plant diseases that ultimately result in plant death
(Fondevilla and Rubiales, 2011). Similarly, some species of fungi infect insects
(entomopathogenic fungi), including various species of mosquitoes. Yet interactions
between fungi and mosquitoes are not well characterized.

Due to anthropogenic impacts, mosquitoes have invaded ecosystems worldwide
and are one of the most widespread vectors for deadly arboviruses and diseases (Gratz,
2004). To combat this global issue, many mosquito population control methods have
been studied, including insecticides, genetic modifications, and natural ecosystem
interactions (Chaudhry et al., 2019). Nevertheless, they each have their limitations, such

as insect resistivity, high costs, and uncertain resulting ecosystem behaviors (Chaudhry et



al., 2019). Research on microorganisms has been instrumental in such efforts, for
instance bacteria Bacillus thuringiensis israelensis is a widely commercially available
insecticide and the bacterial endosymbiont Wolbachia underlies the sterile insect
technique (Ben-Dov, 2014; Yen and Barr, 1971).

The early development in aquatic habitats is a critical period during which
microorganisms affect the proportion and rates of mosquitoes that reach adulthood.
Mosquitoes lay their eggs in small bodies of water, where the eggs will hatch, and remain
as larvae until pupation and subsequently adulthood. These water environments are where
mosquito larvae can obtain beneficial bacterial and fungal symbionts to help them grow
or encounter harmful species of microbes that can inhibit their development (Dube, 2013,

ch 3 pg 32).

1.2 MOSQUITO-FUNGI INTERACTIONS

Recent research has found that the fungus Purpureocillium lilacinum is
promising in disrupting the development of malaria and affecting transmission to adult
mosquito Aedes aegypti (N1u et al., 2024), demonstrating how fungi can also potentially
reduce the effectiveness of mosquitoes as vectors for harmful diseases. Conversely, fungi
can break down complex substrates containing lignin and cellulose, which could provide
nutrients for growing mosquito larvae (Baldrian and Valaskova, 2008; Hammel, 1997).
Learning more about which fungal taxa are present in the mosquito-associated

mycobiome can create a better understanding of which may promote or inhibit mosquito
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success. This knowledge can then be applied to mosquito control operations to minimize
the spread of deadly diseases.

Although many studies have examined the importance of bacteria, it is unclear
whether fungal symbionts have a definitive role in mosquito development (Tawidian et
al., 2019). However, some studies have identified that interactions between fungi and
mosquito larvae can be important. For example, a species of yeast (Saccharomyces
cerevisiae) has been found to induce hypoxia within the mosquito larval gut, an essential
step in development (Valzania et al., 2018). This indicates that the presence of some
fungi can be beneficial for the development of mosquitoes, but others can have negative
impacts. Entomopathogenic fungi, such as the species belonging to the genera Beauveria,
Lagenidium, Coelomomyces, Entomophthora, Culicinomyces, and Metarhizium can
inhibit growth and yield lower survival rates of larvae (Scholte et al., 2004; Tawidian,
2023). More research is needed to better understand fungi-mosquito interactions,

including how they may change under different ecological contexts.

1.3 STUDY OVERVIEW

In this study, I aimed to determine if fungal communities associated with
mosquito larvae had an effect on the larval growth and development in order to further
inform mosquito control operations. The mosquito I focus on, Aedes albopictus, is a
vector for various diseases such as dengue and chikungunya viruses (Gratz, 2004) and is
locally invasive in the Hawaiian Islands. Microbe-free Ae. albopictus larvae were

provided microbiota from environmental, mosquito-associated, or both sources. To
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account for potential influence of diet on mosquito fitness and microbiome development,
the microbiome treatments were crossed with one of two diets, where one was more
standard for lab-rearing and one more natural. I used DNA sequencing to compare
mosquito larvae-associated fungal diversity under these conditions and examine their
correlations with mosquito fitness, as measured by the weight of pupae. I hypothesized
that fungal diversity would have a negative correlation with the growth and development
of mosquitoes due to higher chance of encountering the harmful entomopathogenic
species, and that different microbiota treatments and diet types will affect the overall
fungal community compositions. These results can help us more deeply understand

putative connections between fungi and the health of mosquitoes.
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2.0 METHODS

2.1 EXPERIMENTAL DESIGN

In 250 mL experimental mesocosms filled with 100 mL of sterile water, lab-
reared, axenic Ae. albopictus mosquitoes were given one of three microbial treatments.
Two of these treatments were natural sources of microbes collected from Lyon
Arboretum (Manoa, HI, USA): (1) environmental microbes from bromeliad Neoregelia
carolinae pools (~30 mL water mixed from 10 plants) that lacked Ae. albopictus but
contained other mosquito species or (2) mosquito-associated microbes collected from Ae.
albopictus larvae (n = 58) residing in bamboo tree hole cavities, trunks from fallen
bamboo trees that fill with rainwater. A third treatment received both of these natural
microbe pools. To make the mosquito-associated microbiome inoculum, collected Ae.
albopictus larvae were first sterilized to remove surface microbes (with a 5 min
incubation in 500 pL of 70% ethanol and two washes of 500 puL of 1X phosphate-
buffered saline (PBS)), homogenized with an autoclaved pestle, and diluted in ~30 mL of
sterile water to match the collected volume of bromeliad water. To make the combined
environmental and mosquito-associated microbiome inoculum, bromeliad water and
mosquito larvae homogenate were passed through a 10 um filter-capped syringe. Each
experimental mesocosm’s inoculum contained the microbiota sources (environmental or
mosquito-associated or both) that were either live or heat-killed (via autoclaving) to
control for inert materials across treatments (Table 1). Each inoculum was 300 pL total of

microbiota sources (1:4 environmental:mosquito based on comparisons of cell density
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under a light microscope with Erythrosine B cell stain) that were pipetted into the
mesocosms.

All microbiota treatments were crossed with two autoclave-sterilized diets: a
standard lab-rearing diet of 1:1 beef liver powder:powdered yeast extract (lab diet), or a
diet of ground bamboo leaves, mimicking detritus in bamboo tree hole cavities (bamboo
powder diet). These six microbe by diet combinations were each replicated five times for
a total of 30 mesocosms. Twenty-five 1-2 day old L1 larvae, hatched from surface-
sterilized eggs from a lab-reared colony (Kriefall et al., 2024), were placed into each
mesocosm (n = 750 larvae total). For indicators of mosquito fitness, pupae were collected
daily, dried in a drying oven at 50°C for 11 days, and their individual weights were

recorded. The experiment was terminated on day 40.

Table 1. Experimental mesocosm inoculation contents: live (+) or heat-killed (-)

microbes from either environmental or mosquito-associated sources.

Environmental Mosquito-associated Combined
microbes microbes treatment | environmental and
treatment mosquito-associated

microbes
treatment
Environmental + - +
microbes
Mosquito-associated - 4 +
microbes

14



2.2 SAMPLE COLLECTION AND SEQUENCING

A volume of 500 pL of each of the stock solutions of environmental
microorganisms and mosquito-associated microorganisms were collected on the day the
experiment began to characterize the microbial communities in the inocula (n = 2). On
experimental day five, 500 pL of mesocosm liquid (containing water and microbial
treatments) were collected from each mesocosm (n = 30) to characterize microbial
communities prior to pupation as mosquitoes tend to purge microbiota during
metamorphosis (Moll et al., 2001). On the first day of pupation (experimental day eight),
five larvae per mesocosm were pooled to characterize late-stage larval communities (n =
30 pools total).

DNA from all aforementioned samples and six additional negative controls with
only kit reagents (n = 68 total) were extracted with the Macherey-Nagel NucleoMag
Tissue kit following manufacturer instructions and with a Kingfisher Flex. The DNA
extracts were sent to the Microbial Genomics and Analytical Laboratory (MGAL) at
University of Hawai‘i (UH) at Manoa (HI, USA) for library preparation. There,
Polymerase Chain Reaction (PCR) amplification of the fungal SSU rRNA gene was
conducted using the following primers: 18S-82F: 5'-GAAACTGCGAATGGCTC-3’
(Lopez-Garcia et al., 2003and Euk-516R: 5'-ACCAGACTTGCCCTCC-3' (. Each PCR
mix contained 6.3 pL of molecular-grade water, 12.5 pL of 2X KAPA 3G Buffer, 1.5 pL
MgClz (25 mM), 0.2 uL. KAPA 3G Tagq, 0.75 pL of the forward primer (10 uM), 0.75 pL
of the reverse primer (10 uM), and 3 pL of DNA template (total reaction volume of 25

puL). The reactions were held for 3 minutes at 95 °C before cycling 35 times through 20
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seconds at 95 °C, 15 seconds at 55 °C, and 30 seconds at 72 °C, and a final hold for 3
minutes at 72 °C. Three additional PCR positives (Zymo) and PCR negatives (only kit
reagents) were also generated during these steps. Amplicons were barcoded using a
NEXTERA kit (Illumina Inc., CA, USA). Libraries were then submitted to the Advanced
Studies in Genomics, Proteomics and Bioinformatics (ASGPB) at UH Manoa (HI, USA)

for 2 x 300 paired-end sequencing on a MiSeq (Illumina).

2.3 BIOINFORMATICS AND STATISTICAL ANALYSES

I analyzed the sequenced data, including quality control and clustering of reads
into amplicon sequence variants (ASVs), using the QIIME2 pipeline (Bolyen et al.,
2019). For taxonomic assignment, I used the SILVA version 138 non-redundant (99%
identity criterion) reference database (Quast et al., 3013) reformatted for QIIME2 with
RESCRIPt (Robeson et al., 2021). All further processing took place in R (v.4.4.1; R Core
Team, 2024) and R studio (v4.4.1; Posit Team, 2024) unless otherwise noted. The
package decontam (Davis et al., 2017) removed putative contaminant ASVs (n = 8
removed). Non-eukaryotic phyla were removed from further analyses and undetermined
Eukarya phyla were cross-referenced with the NCBI BLAST database to ensure all the
fungal phyla were included. The data were then analyzed with the phyloseq package
(McMurdie and Holmes, 2013) to visualize and compare alpha diversity metrics
(Shannon’s index) across samples and treatments. Shannon’s index was statistically

compared across diet X microbial treatment combinations with a generalized linear

model using package stats (R Core Team, 2024), with a Gaussian distribution. Post hoc
16



analyses were conducted using the emmeans package (Lenth 2025). I also correlated the
Shannon indices of the microbial communities in water and mosquito samples with
mosquito pupal biomass (a proxy for fitness). For these correlations, I used generalized
linear mixed models from the glmmTMB package (Brooks et al., 2017) and examined

whether there was significant diet X diversity interactive effect on mosquito pupal

biomass, with microbial treatment as a random effect. Nested models with and without
terms of interest assessed statistical inference using log-likelihood ratio tests assuming a
y?-distribution. To compare overall community compositions, principal coordinate
analysis (PCoA) was performed within phyloseq using the Bray-Curtis dissimilarity
metric, while a PERMANOVA (adonis2 in the vegan package; Oksanen et al., 2024)
assessed statistical significance. Relative abundances of fungal taxa at the order and

genus levels were characterized in these mosquito and water samples.
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3.0 RESULTS

3.1 MOSQUITO PUPAL BIOMASS DIFFERED BY EXPERIMENTAL
TREATMENTS

Total pupal biomass per mesocosm was influenced by interactions between diet
and microbiota treatment (P < 0.05; Figure 1). Specifically, the lab diet (larval food)
yielded higher pupal biomass than the bamboo powder diet overall, except for the
combined environmental + mosquito microbial treatment which produced approximately
equivalent biomass to the bamboo diet groups (Figure 1). Within the bamboo powder
diet, none of the microbiota treatments were distinguishable from each other with post
hoc comparisons (Figure 1). Within the lab diet, biomass accumulated from the
mosquito-associated microbiota treatment did not differ from the environmental
microbiota treatment, but it was statistically significant and higher than the combination
environmental + mosquito-associated microbiota treatment (Figure 1). Biomass from the
environmental microbiota treatment did not differ from the combination treatment within

the lab diet (Figure 1).
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Figure 1. Box plots showing the total mosquito pupae biomass per mesocosm
(mg) for (A) bamboo powder diet and (B) larval food (lab diet) across all the microbiota
treatments. “Env.” (colored in orange) has environmental microbes only, “Mos. + Env.”
(colored in blue) has both mosquito and environmental microbes, and “Mos.” (colored in
green) has mosquito microbes only. The black lines in the boxes indicate the median, and
the colored boxes indicate the interquartile range from the 25th percentile (beneath the
median) to the 75th percentile (above the median) for n = 5 mesocosms per diet by
microbial treatment combination. The whiskers show the range of data excluding outliers.
No outliers are present in this plot. Significant differences between the microbiota

treatments are indicated by different lowercase letters.
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3.2 FUNGAL TAXA IN MICROBIAL STOCKS, WATER, AND LARVAE
SAMPLES

The environmental microbiota stock sampled on experimental day zero had a
higher fungal diversity than the mosquito-associated microbiota stock (Figure 2). The
genus Saturnispora was prevalent in the environmental microbiota stock, but not in the
mosquito-associated microbiota stock (Figure 2). In the mosquito-associated microbiota
stock, the most prevalent genus was Malassezia (which was also found in the
environmental microbiota stock) (Figure 2). About half of each of the microbiota stocks
were made up of ASVs that did not fall into the four most abundant ASV orders, as

indicated by the grey-scale colors (Figure 2).
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Figure 2. Bar plots showing the relative abundance of fungal orders and genera in
the two microbiota stocks given to mesocosms on experimental day zero. Different colors
indicate different genera (or the next lowest taxonomic level identified), with the colored
scales indicating the four most abundant genera within the four most abundant orders,

and the grayscale indicating other taxa that did not fall under the most abundant orders.

Malasseziales and Saccharomycetales, two of the most abundant orders found in

the microbiota stocks from day zero, were also found to be the most abundant orders in
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the experimental samples taken on days five and eight (Figures 2 and 3). Both of these
orders were found in all diet X microbiota treatment samples, with the relative
abundances largely corresponding between larvae and water samples (Figure 3). Due to
lack of fungi, seven larvae samples and two water samples did not amplify during PCR.
These samples were left out of the analyses, and our total number of 60 samples (30

larvae and 30 water) was reduced to 51 total samples.
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Figure 3. Bar plots showing the relative abundance of fungal orders and genera
(or the next lowest classification identified) of (A, C, and E) larvae samples taken on
experimental day eight, and (B, D, and F) mesocosm liquid (water) samples taken on
experimental day five. Each microbiota treatment is displayed in separate rows. The same
colors represent different fungal orders as in Figure 2 and are indicated in the legend on
the right. While we began with 5 replicates per diet-microbiota combination, some
samples failed to amplify during sequencing library preparation, indicating a lack of

fungal DNA.

Common genera that were found in the water and larvae samples across
microbiota treatments included Malassezia and Komagataella. Saturnispora was found in
both the environmental microbiota samples and the combination of environmental +
mosquito-associated microbiota samples, but it was not found (or found at a very low
relative abundance) in the samples only given the mosquito-associated microbiota (Figure
3). Saccharomyces was found in each water sample across the microbiota treatments, but
at a much lower relative abundance than the other three genera listed above. For both the
water and larvae samples, the mosquito-associated microbiota treatments had a relatively
low abundance of Saturnispora, despite the rest of the microbiota treatments having a
high relative abundance of this genus (Figure 3). Instead, the mosquito-associated
microbiota treatments for water and larvae both had a higher relative abundance of
Malassezia compared to the other microbiota treatments (Figure 3). The family

Ceratobasidiaceae was present in three of the samples, two from mosquito-associated
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microbiota treatments in water and larvae samples, and the third in a water sample from

an environmental microbiota treatment.

3.3 FUNGAL DIVERSITY ACROSS TREATMENTS

Shannon diversity analyses showed there was no significant main effect of
microbiota treatment or interactive effect of diet and microbiota treatments on the
diversity of fungi from mosquito larvae samples (P = 0.11 for microbiota treatment, P =
0.62 for interaction; Figure 4). However, larvae reared on the bamboo diet had overall
higher Shannon diversity than those reared on the lab diet (P < 0.05; Figure 4). The
fungal Shannon diversity of water samples were marginally affected by the interaction
between diet and microbiota treatments (P = 0.079; Figure 4), and not by the main effects
of microbiota treatments or diet (P = 0.15 for microbiota treatment, P = 0.89 for diet;

Figure 4).
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Figure 4. Box plots showing the fungal diversity, based on the Shannon diversity
index, across the different microbiota treatments and diet types in mosquito larvae
samples (collected on experimental day eight; A and B) and water samples (collected on
experimental day five; C and D). Each color corresponds to a different microbiota
treatment, orange being environmental microbiota “Env.”, blue being mosquito-
associated + environmental microbiota “Mos + Env.”, and green being only mosquito-
associated microbiota “Mos”. Outliers are indicated by black dots. There were no
statistically significant post hoc differences between treatments, as indicated by the letter

‘a’ above all groups.
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3.4 NO CORRELATION BETWEEN SHANNON DIVERSITY AND
MOSQUITO BIOMASS

No correlation was found between fungal diversity (Shannon’s index) and pupae
biomass for both larvae and water samples (P =0.21, P = 0.12, respectively; Figure 5).
Microbiota treatment included as a random intercept explained almost no variation in
biomass (variance = 1.38e-8). The diet type did have a significant influence on biomass,
with higher biomass in the lab diet, which corresponds to what we found previously (P <
0.001; Figures 1 and 5A). We also examined biomass correlations with the Shannon
index within each diet type separately and found that correlations were not significant for
either the bamboo diet or the lab diet (P =0.21, P = 0.45, respectively; Figure 5A).
Similar results were found for the water samples, as diversity did not correlate with
biomass within each diet type individually (P = 0.87 for bamboo diet, P = 0.25 for larval

food; Figure 5B).
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Figure 5. Scatter plots showing fungal Shannon’s diversity and pupae biomass
summed per mesocosm (mg). A shows Shannon’s diversity of fungi associated with
larvae, and B shows Shannon’s diversity of fungi in the water samples. Shapes
(microbiota treatments) and colors (diet) for both A and B are according to the legend on
the right. Regression lines show the linear trends between Shannon’s diversity and
mosquito pupae biomass, with shaded regions around the lines representing the 95%

confidence intervals.
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3.5 COMMUNITY COMPOSITIONS DIFFER BY EXPERIMENTAL
TREATMENTS

The interaction between microbiota treatments and diet had a significant impact
on fungal community composition (P < 0.05, R’ = 0.056; Figure 6). Sample type,
meaning either larvae or water, did not have a significant impact on microbial community
composition (P = 0.60; Figure 6). Together, these factors explained approximately 29.7%

of the variation in community composition, while the remaining 70.3% was unexplained.
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Figure 6. Principal Coordinates Analysis (PCoA) plot to visualize Bray-Curtis
dissimilarities between samples. Samples are colored by food type (bamboo vs. larval
food) crossed with sample type (larvae vs. water) and shaped by microbiota treatment
(environmental microbiota, mosquito-associated microbiota, and mosquito-associated +
environmental microbiota). It is important to note that many points with highly similar

communities may be overlapping.
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4.0 DISCUSSION

4.1 SUMMARY

The focus of this study was to further understand mosquito-fungi interactions. The
data showed an overall variability in fungal taxa among microbiota treatments (Figures 2,
3). Fungal genera detected in both mosquito larvae and water samples after five to eight
days largely corresponded to the microbiota stocks given to the mesocosms initially
(Figures 2, 3). Similar to other research (Luis et al., 2019), the dominant orders found in
Ae. albopictus mosquito larvae were Saccharomyces and Malasseziales. Fungal diversity
did not statistically correlate with mosquito fitness, as measured by pupal biomass
(Figure 5), and community compositions were largely impacted by the interaction

between diet type and microbiota treatments (Figure 6).

4.2 MOSQUITO PUPAL BIOMASS DIFFERED BY EXPERIMENTAL
TREATMENTS

The interaction between diet and microbiota treatments impacted mosquito pupal
biomass, largely due to overall higher biomass found with the lab diet compared to the
bamboo diet, and variation in biomass among microbiota treatments within the lab diet
(Figure 1). Diet plays an important role in nutritional health in mosquito larvae, which in
turn sets up the individual for later growth as pupa and adult (Wilkerson et al., 2021).
Various studies have also shown how microbiota communities in mosquito larvae guts

are necessary for development (Coon et al., 2014). As such, it is not surprising that both
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diet and microbiota influenced pupal biomass. Here, the lab diet, which was easier for the
mosquito larvae to digest and contained high nutritional value, resulted in the two single-
sourced microbiota treatments each producing significantly higher pupal biomass when
compared to the bamboo powder diet. Sourced from either conspecific mosquito larvae
collected from bamboo cavities or bromeliad pools in which heterospecific mosquito
larvae lived, both mosquito-associated and environmental microbial treatments offered
microbiomes where members co-exist and have adapted to mosquito-related
environments (Seabourn et al., 2023). These microbial communities are likely stable in
their adapted mosquito-related environments because of well-established niche partition
and/or synergistic interactions among themselves, or between them and host mosquito
(Seabourn et al., 2023). This could explain why these two microbiota treatments yielded
the highest host mosquito pupal biomass when a nutritious lab diet was provided. In
contrast, a microbiome with combined sources where members did not go through natural
adaptation together showed less benefit to the host even with ample nutrients. One
possible explanation could be the introduction of competition between microbes, or
between the microbes and the larvae, which could negatively affect the growth of the
mosquitoes (Lucas-Barbosa et al., 2023). Pupal biomass was consistently low across
microbiota treatments in the bamboo diet, likely due to the difficulty of accessing the
nutrition in the plant leaves (Martinson et al., 2021). This finding signifies the importance

of nutritional context of microbiome influence on mosquito development.
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4.3 FUNGAL TAXA IN MICROBIAL STOCKS, WATER, AND LARVAE
SAMPLES

The environmental microbiota stock was found to have the highest fungal
diversity. This is likely due to bromeliad water providing more niches for diverse fungal
taxa than the narrower niche inside the mosquito larvae, consistent with what other
studies have found (Caragata et al., 2021; Tawidian et al., 2021). Similar fungal genera
were found within the microbiota stocks, water samples, and larvae samples. This is
consistent with other research findings that mosquito microbiomes are largely influenced
by host-environment and host species microbial communities (Tawidian et al., 2021;
Hegde et al., 2024). A high relative abundance of yeasts such as Saccharomyces and
Komagataella in both the water and larvae samples can be explained by associations
between yeasts, tank bromeliads, and mosquitoes (Lucia dos Santos et al., 2023;
Malassigné et al., 2020).

Saccharomyces cerevisiae was the yeast species in the lab diet provided to half of
the mesocosms. Because it was present in the diet, we expected to find the genus
Saccharomyces in all the samples fed the lab diet. However, Saccharomyces was only
detected in three of the lab diet samples (two water samples and one larvae sample). It is
possible that in these mesocosms that Saccharomyces was not detected, at the time of
sampling, the food was already broken down by the mosquitoes, resulting in relatively
low abundance of Saccharomyces that failed to be picked up by sequencing. This
indicates that Saccharomyces from the lab diet can fail to establish in the mesocosm

environment. Additionally, Saccharomyces was found in mesocosms fed the bamboo
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powder diet, which could be because these yeasts are commonly found in bamboo
environments (Lucia dos Santos et al., 2023).

Malassezia has been found in association with mosquitoes in previous studies
(Hedge et al., 2024) and in a wide variety of other habitats (Amend, 2014). In our
experiment, its high abundance and presence throughout all types of samples and
treatments still lack an explanation. Since Malassezia is commonly found on human skin
and scalps (laniri et al., 2022), we cannot rule out the possibility that it was introduced
from human sources during field sampling, stock preparation, mosquito rearing,
sampling, or molecular analysis, although standard laboratory personal protective
equipment (e.g. gloves, sterile materials) were used to protect the samples from human

contact.

4.4 FUNGAL DIVERSITY ACROSS DIET AND MICROBIOTA
TREATMENTS

In this study, larvae reared with the bamboo diet had a significantly higher fungal
diversity (Figure 4) compared to those fed a lab diet. The bamboo diet likely contained a
greater diversity of complex substrates, such as lignin and cellulose, which may
preferentially select for some groups of fungi capable of utilizing them (Baldrian and
Valaskova, 2008; Hammel, 1997). The bamboo powder diet mimics a more natural diet
that mosquitoes might encounter in the wild, which could have yielded a higher fungal
diversity because it more closely resembles the environment in which fungal

communities can thrive (Brown, 2005).
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4.5 NO CORRELATION BETWEEN FUNGAL DIVERSITY AND
MOSQUITO BIOMASS

Contrary to expectations, there was no statistically significant correlation between
mosquito pupal biomass and the diversity of fungi in both larvae and water samples
(Figure 5). The exact reason for this lack of correlation is unknown, but when these
community compositions are compared to other studies, key fungal species that might
have had negative impacts on mosquitoes appear absent from our study. Species like
Beauveria bassiana and Metarhizium anisopliae have been found to reduce Ae.
albopictus and Ae. aegypti larval and pupal survival, or delay development (Tawidian,
2023; Scholte, 2007; Accoti et al., 2021). My study did not find B. bassiana or M.
anisopliae in either the larvae or water samples, which along with other
entomopathogenic species, might have caused a negative correlation, had they been
present.

The lack of correlation between fungal diversity and mosquito pupal biomass in
this study could also be uncaptured influence of other microbial groups associated with
mosquito microbiome. Bacterial communities present in mosquito larvae (dedes aegypti,
Aedes albopictus and Culex quinquefasciatus) can have positive effects on mosquito
fitness through adulthood and in some cases have been found to be essential for mosquito
development (Giraud et al., 2021; Coon et al., 2016). Since bacterial communities were
not analyzed in this study, whether their influence on mosquito fitness is stronger than

those from fungal communities warrants attention in future studies.

33



4.6 COMMUNITY COMPOSITIONS DIFFER BY EXPERIMENTAL
TREATMENTS

Multivariate analyses showed significant effects of diet and microbiota treatment
on fungal community compositions (Figure 6), consistent with findings from previous
studies (Hegde, 2024; Zouache et al., 2022). Similar findings have been shown in related
studies which investigated the effects of protein-high and natural diets, as well as
microbial inocula on how fast mosquitoes reached adulthood, and their sizes (Santos
Souza et al., 2019; Martinson and Strand, 2021). Unlike what has been observed in
mosquito bacterial communities (Wang et al., 2018; Dada et al., 2014), sample type
(water or larvae) did not have a significant impact on fungal community compositions,

likely because mosquito fungal communities are largely adopted from their environment.
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5.0 CONCLUSION

This study analyzed the fungal communities present in mosquito Ae. albopictus
larvae as well as its water environment when given different microbiota sources and
diets. Contrary to my initial hypothesis, fungal diversity and mosquito fitness, as
measured by pupal biomass, were not correlated in this study. Including simpler
communities, for example, excluding bacteria, or even individual fungi in future
microbiota treatments (especially entomopathogenic species and yeasts) could help to
better understand the roles fungi play in mosquito fitness. Additionally, measuring fitness
through other metrics such as speed of pupation and adult reproductive success would
also benefit future work. Specifically isolating the fungal communities within mosquito
larvae guts could also give better insights into whether fungi add nutritional benefits to
the mosquitoes. Furthermore, studying the mosquitoes at multiple life stages would
broaden the understanding of fungal community interactions with mosquitoes as a whole.
It is important to understand mosquito-microbiota associations to better inform mosquito
control operations. Mosquitoes are important vectors for diseases that have the potential
to harm native Hawaiian bird populations, as well as humans, which is why novel

methods of population control are under investigation.
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