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The western tree hole mosquito, Aedes sierrensis (Ludlow) (Diptera: Clucidae), is a pestiferous mosquito 
with a range extending over the entire pacific seaboard and into portions of the intermountain west. As a 
peridomestic heartworm vector, it demands at least some level of surveillance to understand its abundance. 
However, the species is refractory to a majority of conventional vector surveillance approaches for tracking 
mosquitoes. To find more options for Aedes sierrensis surveillance, a variety of oviposition attractants were 
evaluated in arena-style choice assays using colony reared adults. A range of infusion treatments (e.g., alfalfa, 
oak, and beetroot) were examined and then combined with investigations of liquid color as well as ovicup 
color and entryway position. These studies revealed that Ae. sierrensis have an affinity for purple coloration, 
plain water, and larger entryway sizes for oviposition cups. A prototype ovicup was 3D-printed using purple fil-
ament and multiple types of entryways, and used to re-test infusion waters. No particular attraction differences 
were detected after normalizing for purple color. Comparisons to black 3D-printed cups yielded surprising 
observations that male mosquitoes also aggregated on purple cups while females sheltered, but not neces-
sarily oviposited, in black cups. Although this was only a laboratory-based assessment, these studies provide 
useful information for future field trials of potential oviposition traps for surveillance of Ae. sierrensis.
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Introduction

Mosquito monitoring is critical for understanding, keeping histor-
ical records on, and ultimately targeting nuisance or vector mosquito 
species for abatement purposes (Chen et al. 2011, Crepeau et al. 
2013, Connelly et al. 2020). Ubiquitous vectors, particularly inva-
sive species, are major focus areas for mosquito abatement programs 
(Crepeau et al. 2013, Connelly et al. 2020). However, when dealing 
with highly regionalized species, such as the western tree hole mos-
quito, Aedes sierrensis (Ludlow), there is a distinct lack of basic 
information. Deficiencies in basic information, in turn, make it dif-
ficult to properly implement associated research, surveillance, and 
interventions.

Despite a patchy distribution and cryptic morphological sister 
species (Arnell and Nielsen 1972), Ae. sierrensis manifests as a 
target for mosquito abatement because of aggressive nuisance biting, 

opportunistic blood feeding, and often hyperlocal density that can 
plague unwitting residents in peridomestic environments (Scoles 
et al. 1993). This species is of further significance because it is a 
putative vector of dog heartworm, Dirofilaria immitis (Leidy), in 
western states (Walters and Lavoipierre 1982, Scoles et al. 1993, 
Tran et al. 2022). The role of this species in heartworm epi-cycles 
is largely unclear (Tran et al. 2022), in part due to an eclectic bi-
ological niche (Maciá and Bradshaw 2000), making surveillance 
outside of landing catches (human or otherwise) largely ineffective 
(Walters and Lavoipierre 1982, Garcia et al. 1988, Chaves et al. 
2020). Surveillance deficits for this species has resulted in routinely 
occurring nuisance complaints within riparian areas and edges in 
SLCMAD and other regions of the western United States (Scoles 
et al. 1993, Tran et al. 2022), while also potentially maintaining  
D. immitis circulation within urban and periurban green belts. 
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This not only instigates economic and veterinary damages (Colby 
et al. 2011), but potential conservation risks in areas such as local 
zoos, which house exotic animals that are susceptible to Dirofilaria 
infections (Alho et al. 2017).

Lessons learned from invasive container-inhabiting mosquitoes, 
such as Aedes aegypti (L.) and Aedes albopictus (Skuse), support 
that egg collections are a good, albeit variable, population indicator, 
especially when targeting small spatial resolution stemming from 
poor dispersal or low absolute numbers (Montgomery et al. 2017). 
Unfortunately, it is unclear what makes a good combination of ovi-
position attractants and receptacles for Ae. sierrensis, as working 
knowledge in operations requires manually checking harborage 
habitats (Walters and Lavoipierre 1982, Garcia et al. 1988, Scoles 
et al. 1993, Tran et al. 2022) or using location data derived from 
nuisance complaints (Scoles et al. 1993, Tran et al. 2022). What 
is known is that oviposition is seasonally biased towards organic 
matter (Maciá and Bradshaw 2000), regardless of pH level, even if 
unfavorable for the larvae (Mercer 1993), and there is a drive to ovi-
posit even when not successfully mated (Hawley 1985). The larvae 
hatch when oxygen depletes to 2.5% dissolved oxygen (Judson et 
al. 1966), which can be initiated in the laboratory using a bacteria-
laden nutrient broth. The low dissolved oxygen limit is also likely 
governing natural population seasonality based on the decay of de-
tritus in the larval rearing sites (Maciá and Bradshaw 2000).

Superficially, the habits of Ae. sierrensis resemble various 
Culex species, other tree hole Aedes sp., and invasive Ae. aegypti. 
These, respectively, will respond to hay or grass infusions (Hazard 
et al. 1967), oak leaf infusion (Trexler et al. 1998), and a wide 
variety of other plant matter, including geosmin compounds from 
beetroot infusions (Melo et al. 2020). Anecdotally, the routine 
surveillance performed at the Salt Lake City Mosquito Abatement 
District (SLCMAD) in Utah struggles to maintain reliable field 
detections using hay infusions that have become standard when 
using gravid traps for Culex species (Hazard et al. 1967), even 
when paired with receptacles mimicking those shown to be effec-
tive for Ae. aegypti (Montgomery et al. 2017). Some measure of 
success was observed using CO2-baited BGS traps (Chaves et al. 
2020), but collections were not selective to Ae. sierrensis and gen-
erally only a handful of mixed-sex adults were collected (Chaves 
et al. 2020).

Observations by SLCMAD surveillance teams have indicated 
that Ae. sierrensis adults are frequently associated with decid-
uous trees such as cottonwoods (Populus sp.), boxelders (Acer 
negundo), and common horse chestnuts (Aesculus hippocastanum) 
throughout scattered urban and suburban riverine nexus or 
mountain foothills. Leaves and flowers from the aforementioned 
trees commonly contain anthocyanin, a plant-based flavonoid 
containing red, purple, and blue pigments (Park et al. 1996, 
Paterska et al. 2017, Lăpădat et al. 2022). Betacyanin, a less widely 
distributed functional equivalent with reddish to violet pigments 
(Stafford 1994), is expressed highly in beets such as those used 
in Melo et al. (2020). Perhaps anthocyanin, or other raw nutri-
tional compounds available in some plant parts, can be influential 
in attracting Ae. sierrensis females to oviposit. Similarly, perhaps 
infusion recipes already attempted with various mosquito species 
may actually be attractive but are missing a fixable component, 
whether visual or nutritive. In an attempt to enhance Ae. sierrensis 
surveillance, we compared several variables ranging from infusion 
water types, to colorants, to receptacle entryways for attractive-
ness and efficacy. The ensuing details about oviposition preference 
in the laboratory were then used to develop a prototype oviposi-
tion cup for Ae. sierrensis surveillance.

Materials and Methods

Aedes sierrensis mosquitoes used in the oviposition trials were 
from a 2018 Sonoma County, CA, strain. Specimens were reared 
in laboratory colonies grown and maintained at the Salt Lake City 
Mosquito Abatement District and the University of Utah. Mosquito 
larvae were reared in collection trays loaded with nutrient broth 
and adults were housed in flight cages kept at consistent environ-
mental conditions of 27 ± 1 °C temperature and 70 ± 5% relative 
humidity. Adults were fed 10% sucrose solution during regular 
maintenance. Adults were between 9 and 23 days old and blood fed 
using a custom membrane feeding apparatus (Dewsnup et al. 2023) 
loaded with citrated bovine blood (Lampire Biological Labs, Inc., 
Pipersville, PA). Lighting conditions were held at 12:12 light:dark 
with an incremental dawn/dusk cycle as the light phase shifted. The 
temperature. Humidity, and light conditions for rearing were con-
sistent in the subsequent bioassays.

Binary Choice Assays
Initial binary choice experiments were conducted in small cubic 
flight cages either measuring 20 cm (collapsible lumite screen cage 
1450ASV, BioQuip Products Inc, Rancho Dominguez, CA) or 30 cm 
(Bugdorm-1 #DP1000, MegaView Science Co. Ltd., Taiwan) stocked 
with 10–15 mated female mosquitoes aspirated from containers of 
mixed-sex and aged cohorts. Isolated female cohorts were given 
24 h following relocation and were then offered a blood meal. The 
number of females that successfully acquired a blood meal was re-
corded. Oviposition trials were commenced 96 h post-blood feeding. 
Females used in oviposition assays ranged in age from 9 to 23 days 
old. Oviposition cups fashioned from 100 ml plastic vials (4.9 
cm × 9.8 cm) were filled with 80 ml treated or untreated (distilled) 
water. Only 1 type of treated water was made available at a time, 
and always in tandem with a second vial filled only with untreated, 
distilled water as a control. Seed germination papers (#6512981311, 
Anchor Paper Co., Saint Paul, MN) were cut to a 6 cm height and 
inserted as a roll into the vials such that about 3–4 mm of oviposi-
tion substrate was apparent above the vial rim. Each vial was then 
inserted into a black, construction paper sleeve such that only the 
rim of the vial projected outside the sleeve. A separate supply of 8% 
sucrose solution in a small vial with a white, paper towel wick placed 
between the 2 treatement vials was available throughout the dura-
tion of the oviposition bioassay.

No eggs were observed to be oviposited on the sugar water wick 
during any of the experiments. Mosquitoes were given 48 h to lay 
eggs before oviposition substrates were removed. Females that died 
during the 48 h oviposition period were not included in the total N 
for that replicate. Since eggs were laid either on the substrate or the 
liquid surface (or dislodged onto the surface), the liquid was filtered 
through a Whatman No. 4 white filter paper to collect any addi-
tional eggs. Similarly, eggs deposited on the germination paper ovi-
position substrate were rinsed off and filtered. A digital image of the 
dried filter paper with eggs was then captured and eggs were counted 
using ImageJ (Schneider et al. 2012). Placement of treated/untreated 
cups was randomized in each replicate to mitigate any positional 
effects such as light-orientation biases that may have accrued in the 
bioassay room.

Treatments evaluated in this style of assay were as follows: (i) 
nutrient broth prepared as 0.9 g nutrient broth (70149-500G, 
Sigma-Aldrich, Inc., St. Louis, MO) and ~0.25 g of brewer’s yeast 
(Cat. #903312, MP Biomedicals, Solon, OH) in 1 L of water; (ii) 
beetroot infusion (80 ml distilled water infused with 3 g of beet-
root peel for 24 h). The peel was contained within a cheesecloth 
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bag with a small zip tie since fermentation activity degraded the 
peel creating a solution laden with organic material that was oth-
erwise difficult to filter at the conclusion of the assay (Melo et al. 
2020). In these experiments, the control, untreated vials also had 
an empty, zip-tied cheesecloth bag immersed in the distilled water. 
Both bionutrient broth and beetroot peel treatments were prepared 
24 h in advance. (iii) Oak leaf infusion was prepared according to 
Trexler et al. (1998). Leaves were gathered from a Columnar English 
oak (Quercus robu var. fastigiata) on the University of Utah campus 
and soaked in tap water for 2 wk before being filtered out and the 
infusion stored in a 5 liter carboy. For bioassays, 20 ml of oak leaf 
infusion was withdrawn from the carboy and diluted with 60 ml 
distilled water; with distilled water as the control group. Replicates 
for each bioassay were as follows: nutrient broth vs. distilled water 
(N = 8): beetroot infusion vs. distilled water (N = 9); oak leaf infu-
sion vs. distilled water (N = 5).

Arena Choice Assays
In an expansion of the smaller arena two-choice bioassays, larger 
arena assays were conducted using cubic flight cages measuring 
45 cm (aluminum cage #E571, Australian Entomological Supplies 
Pty. Ltd., South Murwillumbah, NSW). Large arena assays 
were stocked with a 50:50 mixed-sex population of 2,000 adult 
mosquitoes that had been blood fed 96 h prior. Oviposition cups 
were initially presented as 473 ml, clear PET drinking cups (ASF 
Tashi LLC, Pittsfield, MA) filled with 153 ml of either treated or 
untreated water and then lined with 13 cm × 19 cm sheets of seed 
germination paper (#6512981311, Anchor Paper Co., Saint Paul, 
MN). Mosquitoes were allowed 96 h to oviposit before substrates 
were removed and eggs were counted under a light dissection scope. 
Placement of treated/untreated cups was randomized in each repli-
cate to mitigate light-orientation biases that may occur.

In light of findings from the binary choice assays, beetroot 
infusions were carried forward to be tested alongside an alfalfa 

infusion (Fig. 1A) prepared using 1 g/liter of dried alfalfa cubes (an-
imal feed) in water, then fermented at 27 ± 1 °C for 96 h. To isolate 
pigmentation effects from the beet infusion, an anthocyanin (Bilberry 
Extract 36% anthocyanin, Nature’s Way Brands, LLC, Green Bay, 
WI) treatment was made using 3.2 g/liter in water. Evaluations for 
Trial 1 were conducted by simultaneously presenting untreated 
water, water + anthocyanin, beetroot infusion, alfalfa infusion, and 
alfalfa infusion + anthocyanin. In the subsequent Trial 2, color was 
tested by itself with varying mixes of blue or red (Culinary grade, 
McCormick & Co., Inc., Hunt Valley, MD) dye in otherwise un-
treated water (Fig. 1B). Mixtures of either 100% blue, 1:2 red:blue 
(violet), 4:3 red:blue (purple), 2:1 red:blue (magenta), or 100% red 
dye were added at 3 drops per 153 ml of water in a cup. The combina-
tion of color and infusion were then compared in Trial 3 by offering 
water, water + purple, water + anthocyanin, alfalfa infusion, alfalfa 
infusion + purple, and alfalfa infusion + anthocyanin. Follow-up 
in Trial 4 used water, water + purple, beetroot infusion, and beet-
root infusion + purple. The final Trial 5 in this series examined re-
ceptacle color (Fig. 1C) by using either black or purple sleeves cut 
from colored cardstock in arenas containing water, water + purple 
dye, water + black sleeve, water + purple sleeve, water + purple 
dye + black sleeve, water + purple dye + purple sleeve. All aforemen-
tioned trials were replicated 3 times with independent cohorts of 
adult mosquitoes.

The progression of variables resulted in a custom oviposition 
cup being 3D-printed using either purple (1.75 mm purple, ESun 
Industrial Co., Ltd., Shenzhen, China) or black (1.75 mm black, 
ESun Industrial Co., Ltd., Shenzhen, China) polylactic acid filament 
extruded through a 0.6 mm nozzle with set temperature at 98.89 °C 
(210 °F) and 14.44 °C (58 °F) bed temperature. Varying lids were 
fabricated with either top entry or side entry into the cup. In ei-
ther case, 3 entryway sizes were created, 3.8 cm diameter, 2.5 cm 
diameter, or 1.3 cm diameter. Comparisons of entryway preferences  
(Fig. 1D) were conducted with only purple ovicups by simultaneously 

Fig. 1. A) Infusion additives choice assessments; B) Red-to-blue spectrum tests; C) Pairings for purple versus black cups and purple versus clear water; D) 
3D-printed ovicup prototype with top or side entry for small, medium, and large holes.
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presenting all 6 entryway styles as small, medium, or large for either 
of top entry or side entry (Trial 6). Finally, comparisons revisited the 
infusion water types by pairing either black or purple cups with only 
the large top entryway with water, beet root infusion, or alfalfa in-
fusion. Five replicates were conducted for all trials using 3D-printed 
ovicups (Trial 7).

Data Analysis
Analysis was conducted using R statistical software (v.4.2.1, The R 
Foundation for Statistical Computing, Vienna, Austria) via RStudio 
(v. 3.3.0, RStudio PBC, Boston, MA) using the additional loaded 
packages tidyverse, ggplot2, lme4, and emmeans. Binary choice 
assays were analyzed by first adjusting egg collections by treat-
ment to the female sample size in the assay (n = 8–15) and then 
using paired 2-sample t-tests between the egg/n counts from selected 
treatment (nutrient broth, beetroot, oak leaf) and corresponding 
untreated water pairing. Multi-treatment arena trials were using 
generalized linear mixed models (GLMM), with treatment factors 
and position as an interaction term. Replicate number was used as 
a random effect.

Results

In initial screenings in the binary choice assays (Fig. 2), egg depo-
sition was higher in plain water over nutrient broth (t8,17 = 2.8829, 
P = 0.0204) and beetroot infusion over plain water (t8,17 = 4.8271, 
P = 0.0013). No differences were observed between oak leaf infu-
sion and plain water (t5,9 = 0.3466, P = 0.7464). In Trial 1 of the 

arena assays, water, alfalfa infusion, and beetroot infusion were 
all inferior to water dosed with extra anthocyanin (Fig. 3A; Z5,17 = 
2.537, P = 0.0112). In Trial 2 assessing color gradient, blue gener-
ally trended to collect fewer eggs than shade of red (Z5,17 = 2.108, 
P = 0.0351). Although there was overlapping significances between 
the blended colors, trends generally favoring red hues in the tested 
spectrum, with the 4:3 red:blue dye ratio visually trending the 
highest (Fig. 3B). For simplicity, we elected to carry forward the 4:3 
red:blue dye ratio, labeled “purple”, in comparison to anthocyanin 
when combined with either plain water or alfalfa infusion. Trial 3 
egg deposition in purple water (30.841% of eggs) and anthocyanin 
water (37.121%) was distinct from the other groups (Fig. 3C; Z5,17 
= 3.945, P < 0.0001). Attempting again in Trial 4 with beetroot in-
fusion or normal water with additional purple dye yielded purple 
water (52.088% of eggs) and beetroot infusion with purple dye as 
significant (Fig. 3D; Z5,11 = 3.926, P < 0.0001) over plain water or 
undyed infusion.

Modifying cup colors in Trial 5 using either clear, black, or purple 
containers resulted in strong affinity for purple cups containing 
additional purple water (70.233% of eggs; Fig. 4A; Z5,17 = 5.352, 
P < 0.0001). Trial 6 used 3D-printed, purple, prototype cups (Figs. 1D 
and 4B and C) of varying entryway sizes and 2 orientations, of which 
the topside big, topside medium, and sideways medium entryways 
collected the most eggs (Fig. 4B; Z5,29 = 2.441, P = 0.0146). A visual 
trend implied that the big topside hole may have been superior to the 
sideways medium hole with more replication, but for simplicity the 
final laboratory evaluation was conducted with only the big topside 
hole. Trial 7 reevaluated infusion waters in the new prototype ovicup 

Fig. 2. A) Binary assay layout in 30 cm, cubic flight cage; B) egg collections, adjusted by number of females, for nutrient broth (left) versus untreated water (right) 
(t8,17 = 2.8829, P = 0.0204); C) oak leaf infusion (left) versus water (t5,9 = 0.3466, P = 0.7464); D) beetroot infusion (left) versus water (right) (t8,17 = 4.8271, P = 0.0013). 
For all box plots, the central shaded point denotes the mean, black points falling outside the box and whisker are outliers, and asterisks denote statistical 
significant difference from the paired treatment.
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Fig. 3. Arena choice assay for water color preference. A) Trial 1 results for water (Wat), alfalfa infusion (Alf), or beetroot infusion (Beet) having supplemental 
anthocyanin (Ant) (Z5,17 = 2.537, P = 0.0112). B) Trial 2 results for dye ratios ranging between blue and red, as compared to undyed water (Z5,11 = 2.108, P = 0.0351). 
C) Trial 3 results for purple dye (Pur) or anthocyanin (Ant) in either plain water (Wat) or alfalfa infusion (Alf) (Z5,17 = 3.945, P < 0.0001). D) Trial 4 results for water 
(Wat) or beetroot infusion (Beet) having supplemental purple dye (Pur) (Z5,11 = 3.926, P < 0.0001). Graphs annotated for significance and shown with standard 
error of the mean as I-bars.

Fig. 4. Arena choice assays for ovicup changes. A) Trial 5 results for clear cups (Clr or CC), purple cups (Pur or PC), and black cups (Blk or BC) with either plain 
water (-Cup) or purple-dyed water (-Pur) (Z5,17 = 5.352, P < 0.0001). B) Trial 6 results for entryway size as small (sm), medium (md), and big (bg) with either top 
or side orientations for a 3D-printed oviposition cup (Z5,29 = 2.441, P = 0.0146). Graph annotated for significance and shown with standard error of the mean as 
I-bars. C) Example of a purple ovicup showing male aggregation on exterior.
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and found significant differences by color, but not by infusion type 
(Fig. 5; Z5,29 = 5.632, P < 0.0001). A majority of eggs were collected 
in the purple ovicups with water (51.9%) or beet infusion (32.7%) 
(Fig. 5A). As an aside, it was observed that almost entirely male Ae. 
sierrensis superficially clustered on purple cups (Fig. 4C) while a mix 
of males and females clustered on black cups (Fig. 5B).

Discussion

In an unexpected shift in focus from infusion treatments to color, it 
appears Ae. sierrensis exhibited a strong affinity for purple oviposi-
tion containers when tested under laboratory conditions. Despite a 
life cycle requiring low dissolved oxygen to stimulate larval hatch 
(Judson et al. 1966), it seems gravid females do not seek out analo-
gous conditions for oviposition (Fig. 2B). Surprisingly, Ae. sierrensis 
were indifferent to oak leaf infusion over plain water, despite an at-
traction to beetroot over plain water. This characterized beetroot 
as the benchmark for trying to optimize an attractive oviposition 
lure. Although merely a suspicion because of local association of Ae. 
sierrensis to suspected anthocyanin contaminated tree holes (Park et 
al. 1996, Paterska et al. 2017, Lăpădat et al. 2022), it was evident 
that the anthocyanin did in fact encourage greater egg deposition 
even over the beetroot infusion. To then find that pigmentation was 
the primary driver rather than any particular type of organic matter-
laden water is perplexing given that Ae. sierrensis is reported to re-
quire certain vegetative decay states in larval rearing water (Maciá 
and Bradshaw 2000).

Although uncommonly reported, it is known from other spe-
cies that coloration and silhouette can be key foci for oviposition. 
Particularly, Wyeomyia sp., also known for their eclectic biology 
(epiphytic plants in trees as larval habitats), were studied in a sim-
ilar fashion using various colors of bromeliad-mimicking ovicups 

(Frank 1986). In an unintentionally clandestine mirroring of Frank’s 
own work, both the Wyeomeyia research using Tillandsia bromeliad 
leaf extract and this current study with Ae. sierrensis using beetroot 
found an unexpected departure from the nutritive infusion as visual 
cues came to light as a stronger driver of behavior. Furthermore, 
Frank (1986) found that color/saturation may not specifically be 
representative of pigment so much as being a substitute for shade 
and sun exposure (Prokopy and Owens 1983, Frank 1986).

This hypothesis has been linked, at least for Wyeomyia sp., to 
their respective distribution and plant habitats, since there is no re-
markable association with specific plants (Frank and Curtis 1982), 
despite clear fragmentation between species in preferred oviposition 
sites (Frank and O’Meara 1985). We believe the aforementioned 
logic and observations explaining Wyeomyia ecology is applicable 
to Ae. sierrensis as well. Our hypothesis is reinforced by detecting 
more eggs in anthocyanin or purple-dyed infusions regardless of pre-
existing colorants. This finding was most notable with the beetroot, 
which already possess colorants (betacyanins), but was more attrac-
tive with additional added colorants. This echoes the same color sat-
uration ideas expressed by others (Frank 1986, Isoe et al. 1995). 
Further, saturation preferences in plants could be correlated to UV 
attraction (Peach et al. 2019), given that beta- and anthocyanins are 
also UV filtering pigments (Stafford 1994, Park et al. 1996, Paterska 
et al. 2017, Lăpădat et al. 2022).

Our original intention in looking at different hole sizes and a top 
versus side orientation was to be expressive of the local tree holes al-
ready monitored by SLCMAD for Ae. sierrensis management. After 
all, it has been documented in other mosquitoes that an unfavorable 
entry will deter oviposition (Strickman and Kittayapong 1993), even 
in the field (Harbison et al. 2008). However, prior work in California 
has challenged whether Ae. sierrensis really have any sort of pref-
erence to the orientation of the entrance (Woodward et al. 1996), 

Fig. 5. A) Trial 7 arena choice assay results for water (Cup), alfalfa infusion (Alf), or beetroot infusion (Beet) with either purple (Pur) or black (Blk) 3D-printed 
oviposition cups (Z5,29 = 5.632, P < 0.0001). Graph annotated for significance and shown with standard error of the mean as I-bars. B) Example of a black ovicup 
showing mixed-sex aggregation on exterior.
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even though horizontal entry is preferred in the eastern tree hole 
mosquito, Aedes triseriatus (Say) (Lang 1990). Regardless, to our 
knowledge the entryway size for the ovicup has not been a previous 
target of study. It still may be that color attraction is not the primary 
mechanism for choice in oviposition sites.

Work by Woodward et al. (1996) experimented with nesting 
ovicups in a sheltered structure (“oviboxes”) to improve interest 
by mosquitoes. Woodward et al. (1996) inferred that Ae. sierrensis 
may seek shelter before ovisites, and that ovisites need to be shel-
tered in order to function well (Woodward et al. 1996). We may 
have observed this in our studies when females sheltered, but not 
necessarily oviposited, in black cups. Although not specifically about 
attraction, other investigations have found California-based Ae. 
sierrensis to deposit eggs primarily during daylight hours closer to 
sunset, even though visitation to the ovisite was scattered through 
day and night hours (Woodward et al. 2008). This may possibly link 
back to the need for shelter, rather than strictly an ovisite. It was 
not an objective of this study, but observations of male aggregations 
on the purple prototype ovitrap were an exciting finding. Males are 
undoubtedly also layered in their preferences, whether time of day, 
color, need for shelter, or other features.

Given that surveillance tools have to compete with resource options 
in the field, the prototype ovicups still need to be vetted in the field be-
fore deciding if they have a chance at encouraging oviposition in spite 
of nearby trees. This likely requires expanding the use of the ovicup 
to include accessory shelters (Woodward et al. 1996) and timing data 
collection with respect to evening oviposition trends (Woodward et 
al. 2008). If field validation succeeds, then expansion of Ae. sierrensis 
surveillance using custom ovicups may improve the otherwise dismal 
sample sizes typically collected of this species (Walters and Lavoipierre 
1982, Garcia et al. 1988, Scoles et al. 1993, Tran et al. 2022). Future 
study could include more targeted Dirofilaria investigations (Tran et 
al. 2022) by having better hotspot maps, helping to forecast or prevent 
Dirofilaria incursion into sensitive areas (ex: zoos). Phylogenetic work 
is another potential gain, given this species is within a scattered com-
plex (Arnell and Nielsen 1972). The greatest immediate gain is a means 
of diagnosing active areas with Ae. sierrensis, ideally streamlining labor 
and interventions so as not to waste limited resources by reactively 
following up on backyard nuisance calls (Garcia et al. 1988, Scoles et 
al. 1993, Tran et al. 2022) instead of preemptively curtailing the pop-
ulation. These are only optimistic suggestions, but even if ovicups end 
up not being competitive to natural tree holes in field testing, there may 
be other ways to exploit the color preference, such as in resting boxes 
or colored adult mosquito traps. These investigations will ultimately 
lead to enhanced surveillance of Ae. sierrensis throughout much of its 
western range.
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