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Abstract

One of the most peculiar biological interactions between pollinators and plants is the use of flowers as sleeping places, but
this phenomenon is still poorly understood and it has been proposed to use citizen science in the form of volunteer records
to fill the knowledge gaps. In this work, we report for the first time on the use of flowers as sleeping places by five species of
Chilean flies of the genus Lasia (Acroceridae) in central Chile. In addition, we seek to determine whether the flower shape
and/or color might be good predictors for flies using them as sleeping places. We used standardized records from a long-term
citizen science project that exclusively monitors flies. We counted the number of flies that used flowers as a sleeping place
and discretized the morphological variables of the flowers to relate both responses and predictors with a generalized linear
model. We found that flowers belonging to the genus Alstroemeria, followed by Clarkia and Salpiglossis, were the most
used as sleeping places. Our results suggest that zygomorphic flowers (with bilateral symmetry, and usually tubular flowers)
are a better predictor than actinomorphic flowers and their color. The use of zygomorphic flowers could represent a better
option for flies in adverse environmental conditions or to avoid predators, but the use of flowers as sleeping places could be
an as-yet poorly understood way of pollinating plants. Citizen science, although it has some limitations (taxonomic, spatial
or temporal biases), has great potential for describing new biological interactions in a changing world.
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Introduction

Around 87.5% of angiosperms rely on animals, such as
insects, bats, or birds, for their reproduction and seed pro-
duction. Those animals, in turn, which visit flowers gain pol-
len, nectar, and other resources as floral rewards (Ollerton
et al. 2011; Giannini et al. 2013). At least ~350,000—but
in all likelihood more than a million — insect species visit
flowers for different purposes (Wardhaugh 2015). Paradox-
ically, little is known about many of these flower-animal
interactions even though they have a significant impact on
both plant and animal survival and reproduction. These
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knowledge gaps are known as Eltonian shortfall (Hortal
et al. 2015), and many of these biological interactions prob-
ably face extinction risk (Rezende et al. 2007; Cardoso et al.
2011). To partially solve these gaps, some authors have pro-
posed capitalizing on secondary information from records
obtained during citizen science projects (i.e., projects in
which citizens help to gather information on biodiversity or
environmental phenomena; Callaghan et al. 2021; Groom
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et al. 2021). The massive scale of current technological
resources such as smartphones with internet availability,
social media platforms and high-resolution cameras has
notably increased the number of recorded species interac-
tions, such as prey-predator (e.g., Barahona-Segovia and
Pafiinao-Monsalvez 2020), host-parasitoid (e.g., Doherty
et al. 2021), or flower-visitor (e.g., Taylor et al. 2020) and
this information could greatly increase our understanding
and shape future actions regarding important ecosystem ser-
vices like food security or conservation biological control.

Although there is a great diversity of arthropod spe-
cies that visit flowers (Wardhaugh 2015), the best-known
interactions are those involving bees and bumblebees and a
significant number of citizen science projects are currently
focusing on this group of insects in different ecosystems and
on different continents (e.g., Bloom and Crowder 2020; Gar-
diner and Roy 2022; Koffler et al. 2021; Lander 2020). The
main resources that flowers deliver to these pollinators are
pollen, nectar, and vegetable oils. However, it is well-known
that flowers can also be used as sleeping places, although
there are only scant records for different ecosystems, mainly
of wild bees, in existence (Alves-dos-Santos et al. 2009;
Watts et al. 2013; Pinheiro et al. 2017; Sabino et al. 2017).
Male bees emerge a few days before females for the mat-
ing season and in the meanwhile they use the same flowers
for feeding and as sleeping places (Alves-dos-Santos et al.
2009). Flower species can simultaneously host one or sev-
eral individuals (ca. 30 Eucerinae bee in Iris atropurpurea
Baker) and the morphology of the flower suggests the total
number of bees that it can accommodate (Alves-dos-Santos
et al. 2009; Watts et al. 2013). Paradoxically, other pollinator
taxa using flowers as sleeping places, such as flies, have not
yet been recorded (Woodcock et al. 2014).

Fly-based citizen science projects are not as common as
bee-based ones (Gardiner and Roy 2022). Although several
of these investigations are focused exclusively on Syrphi-
dae or Culicidae (see supplementary material for Fig. 3 in
Gardiner and Roy 2022), none of them have reported new
interactions with flowers or on the use of flowers as sleeping
places. ‘Moscas Floricolas de Chile’ is a pioneer project that
is using social media (i.e., Facebook, Instagram, Twitter and
iNaturalist) to implement a collaboration network between
scientists and volunteers throughout Chile to record flies and
their interactions with other fly species, flowers, and habitats
(Barahona-Segovia et al. 2022a). One of the most striking
families for project volunteers is Acroceridae, whose adults
visit and pollinate several angiosperm species (Borkent and
Schlinger 2008; Botto-Mahan et al. 2011; Gonzélez et al.
2014, 2019; Borkent et al. 2016). Of particular interest is
the Chilean species of Lasia Wiedemann (a total of nine
species; Gonzilez et al. 2018), also commonly known as
hummingbird flies, which are characterized by having a
large mouthpart that they use to obtain nectar from tubular
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flowers without necessarily perching on them (Schlinger
1981). Lasia can sustain its flight in the same place like
hummingbirds; additionally, it is a very striking metallic
color and densely hairy. Although these characteristics dif-
ferentiate Lasia from other flies, making them an ideal target
species for a citizen science project, the interactions of this
genus with plants are basically limited to the use of Alstro-
emeria L. flowers in central Chile (Botto-Mahan et al. 2011;
Gonzalez et al. 2014, 2019). Only one of these studies has
attempted to search for relationships between pollinators and
the selection of certain floral phenotypes of Alstroemeria in
different populations, which found that corolla tube length
and nectar guide ratio were important floral traits only for
two populations (Gonzélez et al. 2019).

In this paper, we report for the first time on the use of
flowers as sleeping places for hummingbird flies of the genus
Lasia in central Chile, using citizen science to detect these
new plant—insect interactions. We have also analyzed the
number of flies accommodated in each flower, asking the
main question: do the flower traits affect the number of hum-
mingbird flies sleeping in them at night? Then, we discuss
how certain flower-type traits could impact the incidence of
hummingbird flies using flowers as sleeping places, and also
the use of citizen science to expand the frontiers of knowl-
edge about plant—fly interactions.

Materials and methods
Citizen science project and dataset

The records of Lasia using flowers as sleeping places were
obtained from the citizen science project ‘Moscas Floricolas
de Chile’ (https://www.facebook.com/groups/7749868525
48819/). These records were observed by citizen scientists
between the Atacama and Biobio regions, most especially
between latitudes 32° and 35° S, an area associated with
Mediterranean sclerophyllous forest and shrublands (Fig. 1).
Citizen scientists can submit any record (photo or video)
of flies present in the sociopolitical territory of Chile and
its validation is subject to the provision of three basic data:
(a) an original photo; (b) a specific geographic position
or coordinates to map the record, and (c) the specific date
(day/month/year) of the observation (Barahona-Segovia et al
2022a). When one or more of the above items were miss-
ing, we contacted the citizen scientist to obtain them. If this
information was not provided, we discarded this occurrence.
The validation of the records is based on the published lit-
erature on each family of flies. The correct identification at
the species level increases with a greater number of photos
at different angles of each record, providing a greater set
of diagnostic features for each species according to Bara-
hona-Segovia et al. (2022b). So, between 2015 (start of the
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Fig. 1 Distribution map of records of Lasia species obtained with citizen science using flowers as sleeping places. Circles of different colors rep-

resent different species and morphospecies

project) and 2022 (to present), we searched for Lasia records
within the project using the Facebook search engine with
the words “Lasia” (generic name) AND “mosca colibri”
(Spanish common name) OR “corvina” (specific epithet)
OR “metallica” (specific epithet) OR “aenea” (specific
epithet) OR “rufovestita” (specific epithet) OR “rufa” (spe-
cific epithet) OR “nigritarsis” (specific epithet). We used
these keywords to standardize our search by year to include
records prior to the start of the project (i.e., 2015), using a
protocol in which one person searched this Moscas Flori-
colas dataset for 1 hr per day, twice a week for 2 months.
Additionally, we verified that the records effectively corre-
sponded to specimens sleeping and not feeding on nectar by
looking at the photos and communicating directly with the
citizen scientists if the specimens had been photographed (1)
at sunset, at night, or early in the morning, (2) when the citi-
zen scientist considered the wind chill to be low, (3) when
there was a lot of shade in the flowers, or (4) on cloudy or
post-rain days according to the information provided by our
volunteers. The search was conducted in May and June of
each year because Lasia is exclusively active between Octo-
ber and mid-March. With the dataset filtered, we included

other useful pieces of information, for example, interactions
with flowers, the administrative Chilean region, and a unique
link provided by Facebook for each occurrence, which was
incorporated in an Excel sheet and was submitted as open
access supplementary material (more details in the Figshare
https://doi.org/10.6084/m9.figshare.20063450).

From the photographic records received, we discretized
two floral traits as possible explanatory variables: flower
shape and coloration. Flowers with radial symmetry were
classified as actinomorphic, whereas tubular flowers with
bilateral symmetry were classified as zygomorphic. In
regard to coloration, we separated plants into those with
light-colored flowers (e.g., white, yellow, or white as a
base) and those with dark-colored flowers (e.g., red, purple,
orange). Also, some of the photographic records obtained
(see results) showed different flowers occupied by differ-
ent individuals of Lasia, so we considered such records in
the same photo as independent events. Because there is an
unbalanced total number of records by Lasia species, in the
statistical analyses we considered this variable to be random
(see statistical analyses below). In order to be able to dis-
tinguish between the Lasia species in the records obtained,
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we used the original descriptions of integument coloration
and hairiness provided by Erichson (1840), Rondani (1863),
and Philippi (1865). Thus, we differentiated L. aenea by its
coppery-yellowish integument and golden-brownish hairs
(Supplementary Fig. S1A); L. corvina by its pilosity and
black integument (Fig. 1A, B); L. rufa by its greenish mes-
onotum and rufous abdomen and reddish pilosity (Fig. S1C);
L. metallica by its entirely greenish body and golden-yellow
pilosity (Fig. S1B); L. rufovestita because it differs from the
rest due to the violaceous coloration of its body and reddish
hairiness (Fig. S1D), while L. nigritarsis differed from the
rest because of the blue-greenish coloration of its body and
grayish hairiness. All those individuals that did not fit mor-
phologically with these traits were classified at the generic
level. In addition, the plants that the Lasia used as sleeping
places were classified at generic or species level by botanists
Diego Alarcén (Universidad de Concepcién and Instituto de
Ecologia y Biodiversidad), Rodrigo Chaura (project volun-
teer), and Joaquin Sepulveda (project volunteer).

Statistical analyses

To establish differences in the use of flowers as sleeping
places, we made a comparison of pairs of plant species for
the times that were used with a Chi-square analysis of given
probabilities using the software R. We tried to establish
potential explanations for the use of certain flower charac-
teristics as sleeping places by the Lasia genus, irrespective
of hummingbird fly and flower species, thereby avoiding
biases based on these predictors. First, we carried out a pair-
wise association between autocorrelated characteristics of
the flowers through Pearson r correlation analysis using the
psych (Revelle 2022) and corrplot (Wei and Simko 2021)
packages in R software. Then, to test the effect of the shape
(zygomorphic vs actinomorphic) and color (light-colored
vs. dark-colored flowers) of the flowers on the number of
hummingbird flies found (response variable) in the sleep-
ing places, we performed a General Lineal Model (GLM).
Because our data are discrete counts, we fitted a Poisson
error distribution and applied an overdispersion test using
the AER R package using R software (alpha=0.22; Kleiber
and Zeileis 2008). The shape and color of the flowers were
incorporated as categorical fixed predictors, whereas we
used the year of each record (1lan), Lasia species (1lsp),
plant species (1lsp), and identification of the record (1/ID)
as random variables and they were added to each model.
Lastly, we avoided multicollinearity by calculating the Vari-
ance Inflation Factor (VIF) of each predictor, resulting in
models without interactions (VIF < 10). Then, we performed
the GLM using MASS, Matrix, and nlme R packages and
the models obtained were ranked using the Akaike Informa-
tion Criterion (AIC), Akaike weight (AICcw) and Akaike
delta (AAICc) (Burnham and Anderson 1998, 2002) with
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the MuMIn R package (Barton 2009). Also, we assessed the
goodness-of-fit of the selected model by running a likeli-
hood ratio test comparing it to the null model. We performed
statistical analyses using R software v.1.3.1093 (R Develop-
ment Core Team 2022).

Results
Sleeping places and flies

Of the 234 records received, we used only 70 (29.91%)
records of five Lasia species (L. aenea, L. corvina, L. metal-
lica, L. rufa, and L. rufovestita) and two morphospecies
using flowers as sleeping places, from 52 different citizen
scientists. Ninety-three flowers as sleeping places of 15 dif-
ferent plant species were recorded (Table 1). Alstroemeria
ligtu var. simsii (Spreng.) Her. Bayer was the main flower
species used with 37.63% of records (n=35; Fig. 2A), fol-
lowed by the Onagraceae Clarkia tenella (Cav.) F. H. Lewis
& M. E. Lewis, with 13.97% of records (n=13; Fig. 2E),
Salpiglossis sinuata Ruiz & Pav. with 12.90% (n=12;
Fig. 2D), Alstroemeria pulchra var. pulchra Sims with 8.60%
(n=28; Fig. 2B), A. ligtu var. ligtu (Spreng.) Her. Bayer with
6.45% (n=6) and Chloraea bletioides Lindl. with 5.37%
(n=5; Table 1, Fig. 2C). Other flower species used as sleep-
ing places are presented in Table 1. Alstroemeria ligtu var.
simsii was the only plant species that showed significant dif-
ferences in the number of times that it was used as a sleeping
site, barely followed by A. pulchra var. pulchra (Table 2).
Additionally, C. tenella was significantly different to all the
other plant species with the exception A. ligtu var. simsii, A.
pulchra var. pulchra and S. sinuata (Table 2).

From this selection, 123 individuals were registered as
follows: L. corvina was the most frequent species (n =48;
39.02%) followed by L. aenea (n=40; 32.52%), L. rufa
(n=16; 13.01%), L. metallica (n=9 each; 7.31%), L.
rufovestita (n=8; 6.50%), and Lasia sp. (n=2; 1.62%).
Most of L. corvina individuals were recorded in A. ligtu
var. simsii (n=27, 56.25%; Fig. 3A), whereas L. aenea
individuals were found to sleep mainly in Alstroemeria
species (n =23, 57.5%; Fig. 3B). Other plant species used
as sleeping places by Lasia are found in supplementary
material ST1 (and Fig. 2F, G). The 71.43% (n=50) of the
records, only presented one individual hosted (Fig. 2A,
B, F, G), 14.28% (n=10) presented two individuals
(Fig. 3A, C), 7.14% (n=5) presented three individuals
(Fig. 3D), 4.28% (n=3; Fig. 2D) presented four flies
and one record presented nine individuals sleeping in the
same flower (1.43%; Fig. 3B and Fig. 4). Extraordinarily,
7.14% (n=15) were recorded sleeping and mating at same
time (Fig. 3C), whereas 15.71% (n=11) presented flies
in different flowers in the same photo (Fig. 3C). Lastly,
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Table 1 Plant species recorded as sleeping places by Lasia species

Plant name NTR FPP TFPP
Alstroemeria garaventae 1
Alstroemeria ligtu var. ligtu 5 6 6
Alstroemeria ligtu simsii 25 35 44
Alstroemeria ligtu splendens 1 1 1
Alstroemeria pulchra var. pulchra 8 8 17
Centaurea chilensis 1 1 1
Chloraea bletioides 5 5 7
Chloraea nudilabia 2 2 2
Clarkia tenella 3 13 13
Nolana sp. 1 1 1
Rhodophiala bagnoldi 2 2 4
Salpiglossis sinuata 10 12 17
Taraxacum officinalis 1 1 1
Tropaeolum brachyceras 1 1 1
Verbascum thapsus 1 1
Zephyrantes sp. 3 3 5
Total 70 93 123

FPP Total number of flowers used per plant species; NTR number of
total records per plant species; TFPP number of total hummingbird
flies per plant species

5.71% (n=4) presented pollinia of orchids on their thorax
(Figs. 2C and 3D).

Lasia and flower-type interactions

The best-fitted model explained that the use of flow-
ers as sleeping places by hummingbird flies is affected
by the shape of the flowers, followed by the null model
(Table 3). Hummingbird flies use flowers with a zygo-
morphic shape (1.5+0.17 individuals/flower) more fre-
quently than those with an actinomorphic one (1.00+0.01
individuals/flower).

Discussion
Sleeping places and flies

Scientific literature has recorded that fly species can use
flowers to protect themselves against adverse environmen-
tal conditions or facilitate metabolism by taking advantage
of the higher temperature of flowers or their heliotropism
(Woodcock et al. 2014). Although these behaviors could
be similar to the act of sleeping inside flowers, as some
native bees do (Alves-dos-Santos et al. 2009; Watts et al.
2013; Sabino et al. 2017), the use of flowers as sleeping

places by flies is unprecedented. In this work, we report
for the first time on the use of flowers as sleeping places
by hummingbird flies of the genus Lasia. Although the
richness of flowers used for this purpose was not that high,
we found a pattern in the use of flowers that favors some
zygomorphic species, such as A. ligtu var. simsii and A.
pulchra var. pulchra.

Our results showed that the shape of the flower was
the main trait considered for Lasia to use those flowers
as a sleeping place. Although most flowers occupied as
sleeping places, such as Alstroemeria or Salpiglossis,
are zygomorphic, some actinomorphic species like C.
tenella may also be used, possibly because these flowers
exhibit nyctinasty (i.e., their flowers close at night), as
has been recorded for flowers used by wild bees (Pinheiro
et al. 2017). Meanwhile, other species with zygomorphic
flowers, such as Eccremocarpus or Tropaeolum, have a
small flower opening, making it impossible for larger flies,
such as L. corvina, to use them as sleeping places. The
data we have is not sufficient for us to determine whether
flower traits affect whether flies sleep alone or in groups.
To respond to additional questions about the relation-
ships between flower traits and the number of sleeping
flies accommodated in flowers, we need information about
corolla size, flower temperature, or corolla tube length,
which cannot be extracted from citizen science data.
Moreover, our null model resulted to be the second best-
fitted model, which invites us to consider the abovemen-
tioned new flower traits and plan systematic samplings to
detect other explanations for how they are used as sleeping
places.

The use of some flowers as sleeping places could be
influenced by the flower phenology (i.e., temporal avail-
ability) of certain species on a local scale. There are limi-
tations to studying these interactions with citizen science
(Groom et al. 2021), for example spatial biases due to peo-
ple focusing on areas accessible by roads and recording
only in some places in those areas or the systematic sam-
pling of the bloom throughout the flight period of Lasia.
These hypotheses should therefore be studied in the field
using a systematized design to assess whether the abun-
dance of plant species and their shape leads to a bias that
should be considered when studying which flowers Lasia
uses as sleeping places.

Lasia is commonly recorded as part of the Alstroemeria
flower visitor assemblage and is considered to be an effi-
cient pollinator of these plants (Gonzélez et al. 2014,
2019; Murua et al. 2019). The presence or absence, as
well as the abundance of Lasia in Alstroemeria popula-
tions, could influence floral traits such as floral tube length
and nectar guide area (Gonzalez et al. 2019). The length
of the floral tube could be critical for Lasia because it
needs better overnight shelter to avoid low temperatures,
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Fig.2 A Alstroemeria ligtu

var. simsii with Lasia corvina,
Lagunillas. Photo by Gabri-

ela Carrasco; B Alstroemeria
pulchra with L. corvina, Peumo.
Photo by Felipe Molina; C
Chloraea bletioides with L.
corvina transporting polynios,
El Ingenio. Photo by Claudio
Salas; D Salpiglossis sinuata
with Lasia rufovestita grouped,
Las Cabras. Photo by Matias
Tobar; E several shot of Clarkia
tenella with L. aenea and L.
metallica, Pencahue. Photo by
Mario Antonio; F Verbascum
Thapsus with L. aenea, El
Volcan. Photo by Tomas Poch
and G Nolana sp. with L. metal-
lica, Atacama. Photo by Pedro
Vargas

rain, wind, and predators, as well as an opportunity to
mate. This strategy to avoid negative environmental con-
ditions has also been observed in wild bees from the tribe
of Tapinotaspidini (Apidae), according to Pinheiro et al.
(2017) and Eucera bees (Apidae), according to Sapir et al.
(2005). In fact, during the night flowers generate heat via
their cell metabolism, creating a warm environment, which
is used by pollinators to take refuge from unsuitable envi-
ronmental conditions (Seymour et al. 1983, 2003; Sapir
et al. 2005). However, this behavior has never been reg-
istered for flies before this work. On the other hand, L.
corvina has low visitation rates compared to the amount of
Alstroemeria pollen it carries (Murda et al. 2019), which
suggests that sleeping in Alstroemeria flowers could be a
complementary pollination mechanism. This mechanism
of pollination has also been observed in night-sheltering
solitary male bees in self-incompatibility Oncocyclus
irises (Sapir et al. 2005). In fact, some records of Lasia
transporting Chilean orchid pollinia suggest an active role
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in their reproduction, such as has been recorded by sev-
eral studies into deception mechanisms (e.g., Johnson and
Morita 2006; Endara et al. 2010; Gaskett 2011; Figs. 1C
and 2D). Unfortunately, other mechanisms for flies using
flowers as sleeping places are not studied and further
research should seek to understand more precisely what
conditions different flowers offer that lead to them being
selected as possible sleeping places by Lasia, and whether
this behavior influences flower reproduction.

Citizen science and biological interactions

The Intergovernmental Science-policy Platform on Biodiver-
sity and Ecosystem Services (IPBES) has reported signifi-
cant knowledge gaps regarding pollinators at the global level
(IPBES 2016), which also suggests a lack of knowledge of
their biological interactions. These biases are more evident
between groups of pollinating insects. For example, native
bees and bumblebees are more common in citizen science
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Table 2 Comparisons between the total number of flowers used as sleeping places by Lasia between plant species

Plants Ag All Als Alsp  App Cb Cc Cn Ct No Rb Ss Tb To Vit Ze

Ag - 0.058 * 1.000  0.019 0.563 1.000 0.004 0.001 1.000 0.563 0.002 1.000 1.000 1.000 0.317
All - * 0.058 0.593 0.317 0.058 0.157 0.108 0.058 0.157 0.157 0.058 0.058 0.058 0.593
Als _ Ed & & Ed & 0.001 & & sk & & * Ed

Alsp - 0.019 0.317 1.000 0.563 0.003 1.000 0.563 0.002 1.000 1.000 1.000 0.317
App - 0405 0.019 0.057 0275 0.019 0.057 0371 0.019 0.019 0.019 0.131
Cb - 0.563 0.654 0.032 0.317 0.654 0.089 0.563 0317 0317 0317
Cc - 0.563  0.001 1.000 0.563 0.002 1.000 1.000 1.000 0.317
Cn - 0.012 0.563 1.000 0.007 0.563 0.563 0.563 0.563
Ct - 0.003 0.012 0.841 0.001 0.003 0.003 0.003
No - 0.563  0.002 1.000 1.000 1.000 0.317
Rb - 0.007 0.563 0.563 0.563 0.563
Ss - 0.002 0.058 0.058 0.012
Tb - 1.000 1.000 0.317
To - 1.000  0.317
Vt - 0.317
Ze -

Values represent p-value for chi-square test

Ag Alstroemeria garaventae; All Alstroemeria ligtu var. ligtu; Als Alstroemeria ligtu var. simsii; Alsp Alstroemeria ligtu var. splendens; App
Alstroemeria pulchra var. pulchra; Cb Chloraea bletioides; Cc Centaurea chilensis; Cn Chloraea nudilabia; Ct Clarkia tenella; No Nolana sp.;
Rb Rhodophiala bagnoldi; Ss Salpiglossis sinuata; Tb Tropaeolum brachyceras; To Taraxacum officinalis; Vt Verbascum thapsus; Ze Zephyran-
thes sp.

Bold values are statistically significant
*p<0.0001; **p <0.001

Fig.3 A Couple of L. cor-
vina mating and sleeping on
Alstroemeria ligtu var. simsii.
Photo y Andrés Ramirez; B
group of Lasia rufa sleeping in
Alstroemeria pulchra. Photo by
Sebastian Cordero; C group of
L. corvina in several flower of
A. ligtu var. simsii. Some flow-
ers have couples mating. Photo
by Flor de Montafia, and D
Lasia rufa mating in Chloraea
bletioides and transporting pol-
ynios. Photo by Luis Eduardo.
White arrows show mating and
black arrow show Lasia trans-
porting polynios
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Fig.4 Lasia individuals hosted 100
in each flower used as sleeping

places. Values over the bars rep-

resent the number of times that

different numbers of individuals

were found per a single flower 75 n=50
used as sleeping places
°
D
[2]
=
2
[
50
5
IS
=S
25
0

Table 3 Candidate model set based on a priori predictions of the
effects of predictors and on number of hummingbird flies (individual/
flower) in flowers

Candidate models set K LL AlCc AAICc AlCcw

shape+ (llan) + (llsp) 2 — 11591 23596 0.00 0.38
+ (1lplant) + (1ID)

1 (null model) 1 —-117.02 236.09 0.14 0.36

col+shape+(llan)+ 3 —115.89 238.07 2.11 0.13

(1lsp)+ (1Iplant) +
(11ID)

col +(1lan) + (1Isp) 2 —-117.02 238.17 2.21 0.13

Generalized linear models with a Poisson error distribution were
ordered by AICc

Shape=shape of the flowers (actinomorphic vs zygomorphic);
(llan)=year random effect; (llsp)=_Lasia species random effect;
(11ID) =identification of the record random effect; (1 | plant)=plant
species random effect

projects than flies (see Gardiner and Roy 2022; Ghilardi-
Lopes and Zattara 2022). There is also a significant lack of
records in public databases such as GBIF that could facilitate
knowledge of the biological interactions in pollinating flies
like Syrphidae (Boyd et al. 2022). Other shortfalls in soci-
etal knowledge, such as that pertaining to the role of flies
in human well-being (public shortfall) or what species of
flies citizen scientists observe (scientific knowledge short-
fall; Cardoso et al. 2011), increase biases against flies and
the potential interactions that they can perform with plants.

The citizen science project ‘Moscas Floricolas de Chile’
began in 2015 and has + 7000 volunteers nationwide, as
well as renowned dipterologists studying different families

@ Springer

n=

5 6 7 8 9

Number of Lasia

(Barahona-Segovia et al. 2022a). Each year, the project
receives between 700 and 1000 records of different fly spe-
cies in Chile, many of which reveal new biological inter-
actions, especially with plants and their flowers (R. Bara-
hona-Segovia unpublished data). The records of Lasia using
sleeping places represent a unique interaction for the whole
family, highlighting the power that citizen science can have
in advancing scientific knowledge. However, despite the fact
that citizen science has a high social connotation due to the
participatory nature of its process, it also has limitations and
associated biases that can impact the detection of these new
biological interactions. For example, not all fly families have
a resolved taxonomy, so the identification of some records
can be complex. In some cases, to be certain about the iden-
tity of a fly (or plant) species a validation process is needed
based on the presence of different morphological characters,
as in the case of Trichopoda pictipennis (Barahona-Segovia
et al. 2022b). In the collection of information for our work,
we detected at least two individuals of Lasia that do not
match the known taxonomy for the genus, which could limit
the knowledge of these flies and their interactions.

Other biological interactions of the project, such as those
of giant robber flies preying on invasive Hymenoptera
(Barahona-Segovia and Pafiinao-Monsalvez 2020), or those
where other species of Acroceridae parasitize tarantulas (R.
Barahona-Segovia et al., unpublished data), have also been
documented from citizen science records over time. These
new biological interactions could reveal data that could
prove useful in making decisions such as (1) improving the
experimental design of research into plant—animal interac-
tions, (2) implementing agricultural management measures
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to supplement the potential food resources of pollinating
flies (e.g. Syrphidae), (3) considering potential uses for flies
in conservation biological control (Barahona-Segovia et al.
2022b), (4) detecting specialist fly—plant interactions and
potential threats to them, and (5) integrating citizen science
as a surveillance mechanism over time into public agricul-
tural and conservation policies.

In conclusion, citizen science can make a significant con-
tribution to the knowledge of new biological interactions
in key functional groups for humans as pollinators, includ-
ing uncharismatic insects like flies. The records of Lasia
using flowers as sleeping places are unique on a global scale
and open up a range of options for new evolutionary and
ecological questions that could in the future be applied to
different investigations. Although some biases seem to be
insurmountable at the moment, citizen science can describe
with greater representativeness the as-yet-unknown richness
of biological interactions in highly dynamic landscapes that
are constantly changing as a result of human intervention.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11829-022-09936-7.
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