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ABSTRACT

We studied the potential pollinators of four Chloraea orchid species that grow sympatrically in Central-
South Chile. We recorded potential pollinator visits, and evaluated capsule formation after 30 days. Results
revealed Coleoptera and Hymenoptera species as potential pollinators, with no specific preference for any
orchid species. Many visited flowers aborted, leading to low capsule formation, especially in C. lamellata.
These findings enhance our understanding of Chilean orchid biology, aiding in their conservation efforts.
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RESUMEN

Estudiamos los polinizadores de cuatro especies de orquideas del género Chloraea que crecen
simpatricamente en el centro-sur de Chile. Registramos visitas de probables polinizadores y evaluamos la
formacion de capsulas treinta dias después mediante observaciones de campo. Encontramos Coleoptera
e Hymenoptera como polinizadores, sin preferencia por especies de orquideas. Muchas flores visitadas
abortaron, lo que provocé baja formacién de capsulas, especialmente en C. lamellata. Estos resultados
aportan al conocimiento de la biologia de las orquideas chilenas y favorecen su conservacion.

Palabras clave: orquideas terrestres, polinizacién natural, polinizadores de orquideas.

INTRODUCTION

Orchidaceae is one of the largest and most diverse families
of flowering plants, comprising over 25,000 species (Dressler
1993; Heywood et al. 2007; Reina-Rodriguez et al. 2010).
Orchid species constitute an advanced and taxonomically
intricate group, highly specialized and with complex biological
interactions (Rasmussen 2002), including one of the most
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awesome and intriguing examples of complexinteractions with
pollinators (Roberts 2003; Scopece et al. 2015). The orchid-
pollinator interaction seems to be so ancient that the fossil
of the extinct orchid Meliorchis caribea was found together
with the stingless bee Proplebeia dominicana (Hymenoptera:
Apidae), with the respective pollinium attached to its body
(see Ramirez et al. 2007). Orchid pollination is extremely
diversified, including rewarding and deceptive systems and
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various behavior types (Dressler 1993). This variation in
motivation and outcome of flower visits by the pollinator
is expected to affect patterns of pollinator specialization
(Schiestl & Schluter 2009). Close to a 97 % of all orchid
species require a pollinator (mostly insects), with about 60 %
interacting with a single pollinator species (Tremblay 1992),
suggesting an important adaptive process in the family
(Cozzolino & Widmer 2005).

The morphological diversity of orchid flowers reflects
several adaptations to a wide range of pollinators (Johnson
& Steiner 2000; Herrera et al. 2006; Kaur 2019), usually
attracting pollinators via visual and/or chemical clues
(Tremblay et al. 2005; Micheneau et al. 2009; Duque-
Buitrago et al. 2014). Pollinators are usually insects including
bees and wasps (order Hymenoptera), though species
from the Lepidoptera, Diptera, Coleoptera, and others also
pollinate orchids, as do some small birds (Statman-Weil 2001;
Hawkeswood & Turner 2004; Lehnebach & Robertson 2004;
Micheneau et al. 2010; Newman et al. 2011; Stokl et al. 2011).
A few previous studies in Chile have reported the presence of
species of the orders Hymenoptera and Diptera as probable
pollinators as they were observed carrying pollinia attached
to the torax, also some species of the orders Lepidoptera
and Coleoptera have been described, but only as visitors
(Lehnebach & Riveros 2003; Humana et al. 2008; Cuartas-
Dominguez & Medel 2010; Monzén et al. 2019). However, for
most species the identity, attraction strategy, dependency,
and success of pollination is unknown. Existing data show
that Chilean orchids, Chloraea species in particular, the most
diverse genus of orchids in Chile (Rodriguez et al. 2018), are
pollinated exclusively by insects, especially Hymenoptera
such as Colletes spp. and Centris spp., and Coleoptera such as
Astylus spp. (Lehnebach & Riveros 2003; Humana et al. 2008;
Monzén et al. 2019).

In this study we studied pollinators in four Chloraea
species, namely; Chloraea collicensis, C. lamellata, C. crispa,
and C. gavilu. This information is essential to increase our
understanding of Chilean orchid biology and their many
interactions, which could contribute to their conservation,
since some species are listed as endangered and most are not
even evaluated (Novoa et al. 2015; Atala et al. 2017).

MATERIALS AND METHODS

StupY AREA: Four Chloraea species were included in this study.
Chloraea collicensis Kraenzl. and C. lamellata Lindl. were
observed in a mixed population close to the city of Angol,
Araucania region (37°49'20" S, 72°41’30" W). The studied C.
crispa Lindl. population was located in the Laja exit sector close
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to the main road, Biobio region (37°10'17" S, 72°23'47" W).
Lastly, C. gavilu Lidl. population was located in the Yumbel exit
sector close to the main road, Biobio region (36°59'54.93" S,
72°34'24.10" W). Chloraea collicensis is recognized by some
authors (Novoa et al. 2015), but is currently considered a
synonym of C. chrysochlora Phil. (Rodriguez et al. 2018).
However, there are no recent systematic studies of Chilean
Chloraea species, highlighting the urgent need for a revision.

Stupby EvALuATION: During flowering, in November 2022, we
conducted the field observations. These consisted in two visits
per population separated by eight days. Observations were
made in the morning and afternoon. We observed fully opened
flowers of each species and registered presence of pollinators
(Table 1). Sample size (n) was 50 flowers for C. collicensis, C.
lamellata y C. crispa and 21 flowers for C. gavilu. Pollinators
were captured and kept in polyethylene bags and were then
transported to the laboratory for later identification. Insects,
pretreated with acetone, were observed and photographed
using a binocular scope (Olympus SZ2-ILST) with an attached
digital camera (Moticam 2000). From direct observation and
analysis of the digital photos, we identified the insect species
according to morphological traits (Lazo 2015; MMA-ONU
2020). 30 days after capture of the pollinators, we evaluated in
the field the percentage of formed capsules in order to assess
the efficiency of natural pollination in these orchid species. To
do this, we randomly selected 18 plants per species and we
registered the total flowers, total formed capsules, and total
aborted flowers.

ANALYSIS DATA

Capsules formed percentages were calculated by dividing the
number of capsules formed by the total number of flowers
(x100). The normality distribution of the total number of
flowers and percentages of capsules formed was evaluated
with the D’Agostino & Pearson omnibus normality test. When
the data were normally distributed a one-way ANOVA was
used to test significance, followed by Tukey's post-hoc test
at P < 0.05. Otherwise, a Kruskal-Wallis test was used to test
significance, followed by Dunn’s multiple comparisons test at
P < 0.05. Statistical analyses were performed with the free
software package R (Institute for Statistics and Mathematics
2022; https:/www.r-project.org/).

RESULTS AND DISCUSSION

In this study, we found nine species of bees, ladybugs, bee
flies, and small beetles visiting the four studied Chloraea
species, from the Order Coleoptera (66.7 %) and Hymenoptera
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(33.3 %) (Table 1, Fig. 1). Insects visiting the flowers were from
6 families; namely Bombyliidae (Bombylius sp.), Buprestidae
(Bilyaxia concinna), Coccinellidae (Eriopis connexa chilensis),
Melyridae (Astylus trifasciatus, Arthrobrachus sp.), Andrenidae
(Andrena crataegi, Andrena sp.), and Miridae (Gonzalezinus
squamosus). Only three of them were classified as potential
pollinators (Andrena sp, Andrena crategi, and Astylus
trifasciatus), as we detected attached pollinia in them (Table 1,
Fig. 1), strongly suggesting their role as probable pollinators
of these orchids. However, we cannot rule out that the other
captured species of insects were visiting a flower which
pollinia were already removed or that pollinia was lost when
manipulating the samples for identification.

Most of these studies recorder diurnal pollinators,
including the present study. There is evidence of nocturnal

pollination in several orchid species (Pedron et al. 2012;
Duque-Buitrago et al. 2014; Suetsugu et al. 2017). This
syndrome has been associated with the form, color, and
aroma of the flowers. Orchids pollinated during the day have
usually evident visuals cues such as contrasting colors and
notorious flowers (Koivisto et al. 2002). On the other hand,
night-pollinated orchids can be usually white, cream-colored,
or light yellow (Kelber et al. 2003), such as C. collicensis and C.
crispa. Additionally, night-pollinated orchids commonly have
strong scents as olfactory cues to guide pollinators (Martins
& Johnson 2007; Suetsugu et al. 2017). In some species of
the genus Chloraea scent glands have been described in the
fleshy and thickened tips of the sepals, characteristics of
the genus (Gumprecht 1980; Vogel 1990; Lehnebach 1999).
Contrastingly, C. gavilu and C. lamellata have distinct yellow

Ficure 1. A-B Chloraea collicensis and C. lamellata visited by Arthrobrachus sp. C. Bombylius sp. in a C. crispa flower. D-F Andrena sp.,
Astylus trafasciatus, and Andrena crataegi with pollinia attached. / A-B. Chloraea collicensis y C. lamellata visitadas por Arthrobrachus sp.
C. Bombylius sp atrapado en flor de C. crispa. D-F. Andrena sp., Astylus trafasciatus, and Andrena crataegi portando polinios.
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flowers that contrasts with the green/brownish background,
likely attracting daily pollinators via visual cues. The use of
camera traps could provide confirmation of night-pollination
in the two light-colored Chilean orchids. Numerous orchid
species are pollinated by food deception, where rewardless

flowers attract foraging pollinators through the mimicry of
other flowers or the use of non-specific floral signals (Phillips
& Batley 2020). We lack the information on nectar content
and aromatic volatile emissions in these species to conclude
on this regard.

TasLE 1. Floral visitors of four species of orchids of the genus Chloraea, endemic to the south-central zone of Chile, as potential
pollinators. (*) marks the identified species with pollinia attached to them. / Visitantes florales de cuatro especies de orquideas del
género Chloraea, endémicas de la zona centro-sur de Chile, como potenciales polinizadores. (*) marca las especies identificadas con

polinias adheridas.

Order Family Genus/species C. collicensis C. crispa C. gavilu C. lamellata
Bombyliidae Bombylius sp X X
Buprestidae Bilyaxia concinna X
Coccinellidae Eriopis connexa chilensis X X
Coleoptera .
Astylus trifasciatus x*
Melyridae Arthrobrachus sp X X
Gonzalezinus squamosus X X
. Andrena crataegi x*
Andrenidae
Hymenoptera Andrena sp x*
Miridae Gonzalezinus squamosus X X

All orchid species were equally visited, with no evidence
of specificity among them. Despite pollinator visits apparently
not being species-specific, insect visitation frequency was
low and fruit-set scant. Despite the fact that we cannot
functionally connect insect visits to capsule formation
in this study, the observed results suggest that fruit set in
these species could be limited by pollinators. Overall, the
recorded diversity and abundance of potential pollinators
was relatively low. The low pollination rates typical for
orchids are generally attributed to pollinator limitation, i.e.
the absence or rarity of pollinators (Wilcock & Neiland 2002;
Tremblay et al. 2005). In this study, it may be due to the fact
that strong winds are common in the study site and there
is also presence of invasive plant species such as Rubus sp.,
Genista monspessulana, Echium vulgare, among others. These
species have been known to negatively impact native plant
pollination by capturing the pollination service with a greater
floral display (Lehnebach & Riveros 2003; Carvallo et al.
2013; Carvallo & Medel 2016). Additionally, the introduction
of exotic insect species have reduce the populations of many
native insects (Sanguinetti & Bustos 2014). Such is the case of
the native bumblebee (Bombus dahlbomii) that is now severely
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threatened by the introduction of the exotic Bombus terrestris
(Fonturbel et al. 2023).

In the field, over 60 % of all flowers aborted, even in some
cases the totality of the flowers of an individual were aborted.
Capsule production (natural pollination) in the field was low
for all studied species, with values not exceeding 35 %.
Nevertheless, low capsule production by natural pollination
has been reported for other species of the genus (Lehnebach
& Riveros 2003; Humana et al. 2008; Cuartas-Dominguez &
Medel 2010). There is also no significant difference in the
average number of fertilized flowers across species (Fig. 2). C.
lamellata presented the lower capsule formation percentage,
reaching only 22.5 %. This is in line with another studied
species in the area, C. disoides (22 % capsule formation,
Pereira et al. unpublished data). Reproductive failure in
plants can often be attributed to pollination limitation, as
stated above, where the movement of viable pollen between
flowers through the absence of pollinators is insufficient
(Bierzychudek 1981; Zimmerman & Pyke 1988). Species
of the genus Chloraea are usually pollinator-dependent for
fruit set, requiring the presence of pollen on the stigma
as a stimulus as seen in other temperate orchids (Neiland
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& Wilcock 1998), and self-pollination is morphologically
prevented in most orchids by the herkogamous structure of
flowers (Proctor et al. 1996). Self-pollination has been tested
in C. lamellata (Lehnebach & Riveros 2003), C. crispa (Humana
et al. 2008) and C. gavilu (Pereira et al. unpublished data). In all
cases, cross-pollination resulted in higher capsule formation.
This further underlines the importance of natural pollinators
for the long-term conservation of orchid species. The need is

not to preserve only threatened orchids, such as C. disoides
(Atala et al. 2017), but also their natural environments, where
their pollinators and mutualistic fungi reside. Lastly, further
studies, including night pollinators, should be conducted
to further the knowledge on Chilean orchid pollinators,
strategies, and pollination ecology. This information could
be essential for effective management and conservation
decisions and strategies.

100+
90 J

%

C. gavilu C. crispa

Flowers
Aborted (%)

Capsules
Formed (%)

C. collicensis C. lamellata

FiGuRE 2. Percentage of flowers aborted and capsules formed in C. gavilu, C. crispa, C. collicensis, and C. lamellata.. No significant difference
between columns were detected (1-way ANOVA, P > 0.05). / Porcentaje de flores abortadas y capsulas formadas en C. gavilu, C. crispa,
C. collicensis, y C. lamellata. No se detectaron diferencias significativas entre columnas (ANOVA de 1 via, P > 0,05).
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