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Abstract

Microplastic (MP) pollution is a threat to environments around the world and mosquitoes are particularly af-
fected because of their high chance of encountering MP as larvae. Mosquitoes have been shown to readily
consume microplastics and they have a significant impact on health in society, yet we have limited knowledge
on the effects of MP exposure on fitness-related traits. Additionally, the data we do have come primarily from
studies that have used unrealistically high microplastic concentrations, or unrealistic methods of exposure.
Here we exposed wild-type first instar Culex pipiens and Culex tarsalis larvae to two 4.8-5.8 um polystyrene
microplastic concentrations (0 particles/ml, 200 particles/ml, 20,000 particles/ml) to evaluate the effect of MP
exposure on body size, development, and growth rate. We found no effect of microplastics on any of the traits
in either species. These results indicate microplastic exposures comparable to levels found in nature have
minimal effects on these fitness-related traits. Future directions for this work include examining whether the
effects of MP exposure are exacerbated when evaluated in combination with other common stressors, such as

warming temperatures, pesticides, and food limitation.
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Microplastics (MPs) are classified as plastic particles smaller than
5 mm in diameter, are potentially toxic, and are omnipresent
throughout natural and urban systems (Silva et al. 2018, Corradini et
al. 2019, Dris et al. 2016, Eriksen 2013, Lin 2021). Most of the work
on MP done in the last few decades has focused on characterizing
the quality and quantity of MP in the environment, while more re-
cent work has focused on the consequences of MP ingestion; mainly
physiological effects, (Muhammad et al. 2021, Fudlosid et al. 2022),
accumulation in tissues (Mcllwraith et al. 2021, Wang et al. 2021a,
b), and trophic effects (Al-Jaibachi et al. 2018). Particular effects of
MPs depend on the type of MP type used (i.e., polystyrene, polyeth-
ylene, polypropylene, polyester), the size of the MP, the shape of the
MP (i.e., fiber, sphere, crushed particles), and the organism ingesting
the microplastic (Sanchez-Hernandez 2021). Most studies to date
have focused on MPs in marine environments, however MPs are
also prevalent in freshwater and terrestrial environments (Eerkes-
Medrano et al. 2015).

In lakes and ponds, MPs can remain buoyant in the aquatic
environment or they can sink to the bottom (Semcesen and Wells
2021). Consequently, filter-feeding organisms such as mosquitoes
and zooplankton have a high probability of encountering and
ingesting MPs. Mosquitoes in particular are likely to ingest MPs be-
cause they can feed in the water column as well as graze off various
surfaces. Despite their importance for public health, we currently
have a limited understanding of the effects of MP exposure on mos-
quito fitness. Studies on laboratory colonies of third instar Culex
pipiens L. demonstrated that MP doses of up to 200 MPs/ml did
not affect adult weight (Al-Jaibachi et al. 2019). In the same study
system at higher doses (8 x 10° MPs/ml), MP accumulated in the
gut and Malpighian tubules of larvae, and were also found in the
Malpighian tubules post-metamorphosis (Al-Jaibachi et al. 2018).
Other experiments have demonstrated that the presence of MPs did
not affect oviposition behavior of C. pipiens (Cuthbert et al. 2019)
and finally, exposure of fourth instar Culex quinquesfasciatus Say to

© The Author(s) 2023. Published by Oxford University Press on behalf of Entomological Society of America. All rights reserved. For permissions, please e-mail: 604

journals.permissions@oup.com.

€202 JoquianoN 0} Uo 1sanb Aq 1Z2/€70./%09/€/09/9191LE/aWI W00 dno"olwapese//:sd)y Wolj papeojumoq


mailto:thormeyer@zoology.ubc.ca?subject=

Journal of Medical Entomology, 2023, Vol. 60, No. 3

605

MP (4.2 x 10¢/L) delayed development and altered their biochemical
profiles (Malafaia et al. 2020).

Although we now have some knowledge of how MP exposure
may affect growth and development in mosquitoes, several gaps re-
main. For example, some experiments in this area have used MP
doses that are orders of magnitude higher than concentrations found
in the environment (Al-Jaibachi et al. 2018, Koelmans et al. 2019,
Bucci et al. 2020, Stanton et al. 2020), and thus the relevance of these
studies to natural ecosystems may be limited. Additionally, the few
studies that have examined the effects of MP on mosquitoes have
used third or fourth instar larvae (Al-Jaibachi et al. 2019, Malafaia
et al. 2020). Exposing organisms to MPs only after certain devel-
opmental stages can give misleading insights into the effects of MP
ingestion in nature, as they are likely to be exposed to MPs continu-
ously immediately after hatching. MP toxicity experiments that use
concentrations and exposure durations comparable to those found
in natural settings are necessary to better understand the ecological
effects of these pollutants.

Here, we exposed wild-caught first instar Cx pipiens and
Culex tarsalis Coquillett larvae to two polystyrene microplastic
concentrations. The objectives of this experiment were to determine
if mosquito growth and development were affected by MP doses
that are more similar to those observed in nature, and to assess the
effects of MPs when larvae are continuously exposed immediately
after hatching. We used zero, 200 particles/ml, and 20,000 particles/
ml of 4.8-5.8 pm polystyrene beads for our MP treatments. About
200 particles/ml represents the highest values of MP seen in urban
waters to date (e.g., in waste water treatment plants) but is also
below concentrations of MP found in river, pond, and lake sedi-
ment (Koelmans et al. 2019), (sediment refs: Turner et al 2019, Yang
et al 2021, Castafieda et al 2014, Duis and Coors 2016). Because
mosquitoes both filter water in the water column and graze on sedi-
ment and detritus (REF), we believe 200 particles/ml is a reasonable
approximation for quantities of MP that may be encountered by
Culex larvae in urban environments. We used 20,000 particles/ml
because many other studies have used this concentration and thus
we could compare our results to existing studies. We chose Culex
species because of their wide-ranging global distribution and public
health importance. Given the results of similar studies, we predicted
that a MP dose of 20,000 particles per ml would result in minor
decreases in mosquito growth rate but that the dose of 200 MP/ml
would not affect mosquito growth or development.

Methods

Microplastic Solutions and Experimental Design
MP solution was made by mixing 4.8-5.8 pum polystyrene spher-
ical beads (more information in the supplementary materials) with
1 liters of reverse osmosis (RO) water. The three experimental
treatments were control (0 particles/ml), low (200 particles/ml),
and high (20,000 particles/ml). These concentrations were made by
calculating the mass per particle and weighing out the appropriate
amounts, following the equations in (Connors et al. 2017). These
equations are made available in the Supplementary Materials (S1).
Culex pipiens and Cx tarsalis egg rafts were collected from ar-
tificial containers on the University of British Columbia campus in
July 2021. Egg rafts were separated and kept in reverse osmosis
(RO) water. The two egg rafts (per species) that hatched soonest
after collection were used for the experiment, and first instar larvae
were transferred into respective treatments one day after hatching.
Each level in the MP treatment (0, 200 MP/ml, 20,000 MP/ml)

contained 20 individually-reared Cx pipiens and 20 individually-
reared Cx tarsalis, and each egg raft contributed 10 mosquitoes to
each treatment, for a total of 120 mosquitoes across all treatments.
Individual mosquitoes were reared singly in 50 ml beakers, and
water or MP solution in each beaker was replaced every 7 d. In
the treatments with microplastics, larvae were thus exposed
microplastics from one day posthatching until they emerged as
adults. To ensure unlimited food, larvae were fed 0.8 mg ground
TetraMin tropical flake fish food daily (Reiskind and Wilson 2008).
The experiment was conducted in Panasonic MIR-254 incubators
on a 16/8 h light-dark photoperiod and 25/18°C day/night temper-
ature regime.

Data Collected

Adult emergence was dates recorded and development time was de-
fined as the number of days from hatching to adult. Upon emergence,
adult mosquitoes were immediately sexed and frozen at -18°C. We
used right wing length as a proxy of body size (Petersen et al. 2016).
Right wings were removed and photographed under a dissecting mi-
croscope at 2.0x magnification (Zeiss Stemi 508). We used Image]
(Rasband 1997-2018) to measure the length of the wing from the
alular notch to wing tip. We calculated growth rate by dividing wing
length by development time.

Analysis

All statistical analyses were done in R version 4.1.1. For both spe-
cies, we created three linear mixed-effects models with wing length,
development time, and growth rate as the dependant variables. For
each model sex, MP treatment, and an interaction between sex and
MP treatment were included as the explanatory variables. Egg raft
ID was included as a random effect.

Results

Survival rates in this experiment were high for both species in all
treatments. Cx pipiens survival was 100%, 95%, and 95% for the
0, 200, and 20,000 particles/ml treatments respectively. Cx tarsalis
survival rates were 75%, 90%, and 90% in the 0, 200, and 20,000
particles/ml treatments respectively.

Females had longer wings than males (Fig. 1) in both Cx pipiens
(F,,, = 242.86,p < 0.001) and Cx tarsalis (F, ,, = 55.12, p < 0.001).
Variation in wing length was not explained by MP treatment for Cx
pipiens (F, ;, = 2.211, p = 0.120) or Cx tarsalis (Foqs =1.625,p =
0.209). The interaction term between sex and MP treatment was
also not significant: Cx pipiens (F,;, = 0.466, p = 0.630) and Cx
tarsalis (F, ., = 0.955,p = 0.393).

Females took longer to develop than males did (Fig. 1) for both
Cx pipiens (F;, = 19.421, p < 0.001), and Cx tarsalis (F ,, =
5.853, p = 0.012). There was no effect MP treatment on mosquito
15y, = 0.944, p = 0.396), or Cx
, = 0.444, p = 0.644). The interaction between sex and
= 0.808, p

2,52

development time for Cx pipiens (F,
tarsalis (Fipa
MP treatment was also not significant: Cx pipiens (F,
= 0.451) and Cx tarsalis (F, ,, = 0.519,p = 0.599).

Growth rate was faster in females (Fig. 1) than males for both Cx
pipiens (F, ;,= 242.86, p < 0.001), and Cx tarsalis (F, ,, = 55.12,
p < 0.001). There were no effects of MP treatment on the growth
rate of Cx pipiens (Fups0 = 2.212,p = 0.120), or Cx tarsalis (Fu, =
1.625, p = 0.209). The interaction between sex and MP was also not
significant for Cx pipiens (F, ;, = 0.4657, p = 0.630), or Cx tarsalis
(Fi 44 = 0.955,p = 0.392).
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Fig. 1. The effect of MP exposure on Culex pipiens (control n=20; 200, 20,000
particles/ml n=19) and Culex tarsalis (control n=15; 200, 20,000 particles/ml
n = 18) (a) wing length (b) development time, and (c) growth rate. The three
MP concentrations are 0 particles/ml, 200 particles/ml, and 20,000 particles/
ml. Within each treatment sex is differentiated by color, with the female data
on the left and male data on the right.

Discussion

Overall, our results showed that doses of 200 or 20,000 particles
per ml of 4.8-5.8 um polystyrene beads had no effect on the body
size, development, or growth rate of Cx pipiens or Cx tarsalis. Our
study is unique in that we exposed mosquitoes to microplastics im-
mediately after hatching, we used wild-caught species instead of lab-
oratory colonies, and we used MP doses similar to that found in
polluted waters in nature. We also exposed Cx tarsalis to MPs, the
first experiment to our knowledge to do so. These data suggest that
under ideal growing conditions (unlimited food, no competition) MP
exposure had minimal effects on mosquito growth and development.

The lack of response of mosquitoes to the 200 MP/ml treat-
ment matched our predictions and was similar to the response
of Cx pipiens body weight reported in Al-Jaibachi et al. (2019).
Together these studies suggest that at this low dose, whether larvae
are exposed at first (this experiment) or third instar (Al-Jaibachi

et al. 2019 study) makes little difference to the overall outcome.
However, our results for the 20,000 MP/ml treatment differed from
those found by Malafaia et al. (2020). In that study, fourth instar Cx
quinquefasciatus that were exposed to similar doses of larger, irreg-
ularly shaped particles (17-53 pm) exhibited delayed growth. It is
possible that the particle type and size used in Malafaia et al. (2020)
had greater negative effects on mosquito development than smaller-
size polystyrene particles used here, or that Cx quinquefasciatus is
inherently more sensitive to MP ingestion compared to Cx pipiens
or Cx tarsalis. MP particle size affected organism morbidity in zoo-
plankton (Liu et al. 2022) and earthworms (Xiao et al. 2022) but in
both cases, smaller-sized particles caused more damage than larger
ones. Finally, it is also possible we did not see effects of microplastics
on mosquito life history traits because mosquitoes actively avoided
ingesting them. We do not believe this to be the case because pre-
vious research has shown that third and fourth Cx. pipiens readily
ingest microspheres up to 100 microns in diameter and that first
and second instars can ingest spheres up to approximately 60 um in
size (Dadd 1971). Additionally, studies testing the effects of similar-
sized MP and concentrations on closely related mosquito species
have all reported consumption of the particles by mosquito larvae
(Al-Jaibachi et al. 2018, Malafaia et al. 2020).

Our study examined the effects of MP exposure on mosquito life
history traits because of their clear link to overall mosquito popu-
lation growth and fitness (Ruybal et al. 2016). In other insects, MP
exposure is speculated to reduce total body size by affecting the
ability of insects to properly assimilate nutrients, either by blocking
the digestive tract, damaging intestinal tissue, or by acting as a poor
quality dietary addition and diluting ingested nutrients (Silva et al.
2018, Malafaia et al. 2020, Sanchez-Hernandez 2021, Fudlosid et
al. 2022). A limitation of investigating life history traits is that the
effects of MPs may be more apparent at the physiological level. For
example, the silk moth Bombyx mori L. exhibited clear immune
responses when exposed to a 5-5.9 pm 9.78 x 10* MPs/ml dosage in
food (Muhammad et al. 2021). Recent studies on honeybees found
that exposure to MPs increased gene regulation associated with de-
toxification and immune responses (Deng et al. 2021) and altered the
gut microbiome (Wang et al. 2021a, b). The up or down regulation of
immune function by MP could have significant implications for dis-
ease spread by mosquitoes (Bartholomay and Michel 2018). An ad-
ditional limitation to this study is that it was conducted in controlled
laboratory conditions and thus whether these doses of MP also have
no effect on mosquitoes in the wild, where they are exposed to other
environmental factors, such as increased temperatures, heavy metals,
or pesticides (Mao et al. 2022), is unknown.

In conclusion, here we have documented that relatively realistic
doses of MP have no effects on three life history traits in two species
of Culex mosquitoes. Our study provides some balance to the many
existing experiments that have subjected study organisms to doses of
MP that far exceed what is commonly found in nature (Bucci et al.
2020). We echo the call made by others (e.g., Bucci et al. 2020) that
more ecologically and environmentally relevant studies are needed
to better understand the effects of this ubiquitous pollutant in nat-
ural systems.
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