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Abstract

This literature review aims to synthesise existing knowledge on research on pollination of 
orchid species in Guatemala. Orchids, known for their diverse and specialised interactions 
with pollinators, play a key role in the ecosystems of this Central American country. As a 
base for our research, we have used the orchid checklist published in 2018 where more 
than 1200 taxa have been listed. Then we conducted a systematic search of academic 
databases, including, but not limited to PubMed, Web of Science, Scopus and relevant 
botanical databases. From 1231 orchid species reported to occur in Guatemala and clas-
sified in 221 genera, we have found data on pollination of only 98 taxa, classified in 71 gen-
era. Through an exhaustive survey of the relevant scientific literature, this review intends 
to provide a comprehensive summary of the available data, highlighting gaps in current 
knowledge and suggesting directions for future research. Research on pollination in trop-
ical orchids presents a formidable challenge due to the immense diversity of species, the 
intricacies of pollination mechanisms, the elusive nature of pollinators and the suscepti-
bility of these ecosystems to environmental changes. Despite these challenges, the im-
portance of unravelling these mysteries is underscored by the critical role orchids play in 
tropical ecosystems and their potential implications for conservation and biodiversity.

Key words: Biodiversity, flora of Guatemala, Orchidaceae, pollinators, pollination re-
search, review

Introduction

Guatemala, with its remarkably varied topography and ecosystems, has long 
captivated the attention of researchers seeking to unravel the complexities of 
its biodiversity. Over the years, a multitude of studies have contributed to our 
understanding of the myriad species that inhabit this region, as well as the eco-
logical processes that govern their existence.

Research in Guatemala has been diverse, spanning disciplines such as ecol-
ogy, botany, zoology, genetics and environmental science. Studies have ranged 
from taxonomic explorations of new species to in-depth analyses of ecosystem 
dynamics and the impacts of anthropogenic activities. The collaborative efforts 
of local and international researchers have significantly expanded our knowl-
edge base, revealing the intricacies of Guatemala’s unique flora and fauna. How-
ever, as in other countries in the region, pollination research seems to be still 
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rather neglected (see data presented by Ackerman et al. (2023)). A substantial 
portion of research in Guatemala has focused on cataloguing and describing 
new species, contributing to the global understanding of biodiversity. Taxonom-
ic studies have uncovered previously unknown flora and fauna, enriching our 
appreciation of the country’s biological diversity. Research has delved into the 
intricate relationships between species and their environments, examining the 
ecological roles different organisms play in various habitats. Understanding the 
dynamics of ecosystems, from the coastal regions to the highland cloud forests, 
has been crucial for devising effective conservation strategies. Investigations 
into the conservation status of key species and ecosystems have highlighted 
the vulnerabilities and threats faced by Guatemala’s biodiversity. Deforestation, 
habitat loss, climate change and other anthropogenic impacts demand urgent 
attention to safeguard the nation’s natural heritage (Dix and Dix 2007). Recog-
nising the importance of local communities in biodiversity conservation, some 
studies have explored the integration of indigenous knowledge into conserva-
tion practices. Collaborative initiatives that involve local residents have proven 
instrumental in preserving both cultural traditions and biological diversity.

Amidst the rich tapestry of Guatemala’s diverse ecosystems lies a fascinating 
yet often overlooked phenomenon: the complex dance of orchid pollination. Or-
chids have long fascinated botanists, ecologists, nature lovers and others with 
their dazzling colours, shapes and scents. Located in the heart of Central America, 
Guatemala is home to an incredible variety of orchid species, each with its unique 
breeding strategy. From the misty highlands to the sun-bathed lowlands, the coun-
try hosts a breath-taking array of orchids, estimated at ca. 1,300 species (Archila 
et al. 2018). Guatemala’s diverse ecosystems, from cloud forests to tropical jun-
gles, provide ideal niches for orchids to thrive and each species is uniquely adapt-
ed to its specific habitat. Guatemala’s orchid diversity not only contributes to the 
country’s ecological richness, but also underscores its role as a global hotspot for 
orchid enthusiasts eager to explore the wonders of these intricate and enticing bo-
tanical gems. Orchids have evolved diverse and sophisticated mechanisms to en-
sure successful pollination, highlighting the intricate relationships between these 
plants and their pollinators (Ackerman et al. 2023). The co-evolution of orchids with 
specific pollinators has resulted in a fascinating array of shapes, sizes and types 
of behaviour that contribute to the incredible diversity of the orchid family. Orchids 
employ a remarkable variety of strategies to attract pollinators and the specific 
pollinators can vary widely amongst different orchid species. They have evolved 
to attract specific pollinators through their unique shapes, colours and fragrances. 
Some common orchid pollinators include bees, wasps, flies or hummingbirds.

While orchids are a diverse and ecologically important plant group, many 
orchid species in Guatemala still have not been studied. Orchid pollination can 
be highly specialised and understanding these relationships is crucial for con-
servation efforts, especially in the face of environmental changes. This article 
provides a thorough and critical overview of the current state of knowledge 
about pollination biology of Guatemalan orchids, summarising decades of sci-
entific research on this fascinating phenomenon. We synthesise findings from 
a variety of studies to define how much we know about the reproductive strate-
gies of these unique plants. With this comprehensive review, we aim to provide 
a holistic understanding of current scientific knowledge, identify research gaps 
and provide insights that can serve as the basis for future research. By address-
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ing existing knowledge gaps and highlighting emerging challenges, we aim to 
inspire a renewed commitment to the ongoing exploration and conservation of 
Guatemala’s extraordinary biodiversity.

Methodology

As a base for our research, we have used the orchid checklist published by Arch-
ila et al. in 2018 where more than 1200 taxa have been listed. Then we conduct-
ed a systematic search of academic databases, including, but not limited to 
PubMed, Web of Science, Scopus and relevant botanical databases. We utilised 
a combination of keywords such as “orchids”, “pollination”, “Guatemala” and re-
lated terms to ensure a comprehensive coverage of relevant literature. We have 
defined clear inclusion and exclusion criteria to filter the retrieved articles and 
included studies that specifically focus on the pollination of orchid species that 
are known to occur in Guatemala, encompassing various aspects such as floral 
morphology, pollinator behaviour and ecological interactions. We have excluded 
studies that did not provide solid data such as reports of pollinia transfer. Sub-
sequently, we have performed an initial screening based on titles and abstracts 
to identify potentially relevant articles. After this initial screening, we thoroughly 
evaluated the full texts of selected articles to determine their suitability for inclu-
sion in the review. As a result, we have included in our meta-analysis about 150 
scientific publications. Then we extracted relevant information from the select-
ed articles, including details about orchid species studied, pollinators identified, 
floral traits involved in pollination and ecological contexts. Finally, we have or-
ganised the extracted data into a structured framework for analysis.

Results

From 1231 orchid species reported to occur in Guatemala and classified in 
221 genera, we have found data on pollination of only 98 taxa, classified in 71 
genera (classification sensu Archila et al. (2018); detailed results presented in 
Table 1). Most of the information found was rather scarce and incomplete and 
only a few studies were conducted in Guatemala itself (see Fig. 1). Gathered 
data showed that, only for 22 genera (100% representatives), at least one polli-
nator is known and for as many as 150 genera, not a single effective pollinator 
has been documented. It should be noted that these 22 genera consist of 1–2 
species only. We include also a summary of data on known pollinators taking 
into account the classification at the level of subtribes (Table 2).

Discussion

The previous attempt to summarise knowledge on pollination of the Guatemalan 
orchids was presented by Dix & Dix during the 1st International Congress of Neo-
tropical Orchidology that was held in San José, Costa Rica, in May 2003. In their 
conference abstract published in Lankesteriana (Dix and Dix 2003), the authors 
stated that direct observation has enabled them to identify pollinators for 118 
species of orchids, representing 16% of the 734 confirmed taxa in Guatemala 
(number of taxa follows Dix and Dix (2000)). For another 233 species (32%), the 
literature allowed them to suggest the categories represented by the pollinators. 
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Table 2. Summary of data known pollinators taking into account the classification at the subtribe level.

Subtribe Species number in Guatemala Species with known pollinator Species with known pollinator (%)
Angraecinae Summerh. 10 0 0%
Arpophyllinae Dressler 5 2 40%
Arundiinae Dressler 1 1 100%
Bifrenariinae Dressler 2 0 0%
Bletiinae Benth. 15 1 7%
Bulbophyllinae Schltr. 5 0 0%
Catasetinae Schltr. 13 7 54%
Chysiinae Schltr. 7 0 0%
Coeliinae Dressler 5 0 0%
Coeliopsidinae Szlach. 1 0 0%
Comparettiinae Schltr. 2 1 50%
Corallorhizinae E.G. Camus, Bergon & A. Camus 5 1 20%
Coeliopsidinae Szlach. 1 0 0%
Cranichidinae Lindl. 25 0 0%
Cryptarrheninae Dressler 2 0 0%
Cyclopogoninae Szlach. 27 4 15%
Cymbidiinae Benth 2 2 100%
Cypripediinae Meisn. 2 2 100%
Cyrtopodiinae Benth. 15 0 0%
Dichaeinae Schltr. 23 2 9%
Elleanthinae Szlach. 6 0 0%
Epidendrinae Szlach. 120 1 1%
Eriopsidinae Szlach. 1 0 0%
Galeottiellinae Salazar & M.W. Chase 1 0 0%
Goodyerinae Klotzsch 16 0 0%
Goveniinae Dressler 15 1 7%
Habenariinae Benth. 29 1 3%
Huntleyinae Schltr. 14 4 29%
Ionopsidinae Pfitzer 3 1 33%
Laeliinae Benth. 104 8 8%
Leochilinae Szlach. 5 2 40%
Lockhartiinae Schltr. 5 0 0%
Lycastinae Schltr. 34 0 0%
Macradeniinae Mansf. 1 1 100%
Malaxidinae Benth. & Hook. f. 34 0 0%
Maxillariinae Benth. 49 3 6%
Meiracylliinae Dressler 2 1 50%
Notyliinae Benth. 8 1 13%
Oncidiinae Benth. 73 10 14%
Ornithocephalinae Schltr. 8 1 13%
Pachyphyllinae Pfitzer 1 0 0%
Phragmipediinae Szlach. 4 1 25%
Pleurothallidinae Lindl. 274 10 4%
Polystachyinae Schltr. 8 1 13%
Ponerinae Pfitzer 29 0 0%
Prescottiinae Dressler 5 1 20%
Sobraliinae Schltr. 47 3 6%
Spiranthinae Lindl. 33 2 6%
Stanhopeinae Benth. 64 14 22%
Stenorrhynchidinae Szlach. 29 1 3%
Telipogoninae Schltr. 4 0 0%
Trichocentrinae Schltr. 1 1 100%
Trichopiliinae Pfitzer 8 2 25%
Triphorinae (Dressler) Szlach. 8 1 13%
Tropidiinae Pfitzer 3 1 33%
Vanillinae Lindl. 10 2 20%
Warreinae Szlach. 1 0 0%
Wullschlaegelliinae (Dressler) Dressler 2 0 0%
Xylobiinae Archila 4 0 0%
Zygopetalinae Schltr. 1 0 0%
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Figure 1. Pollinators in Guatemalan orchids A Fruit fly visiting Specklinia sp. flower 
B Hummingbird (Amazilia cyanocephala) pollinating Ornithidium fulgens (photo: Fredy L. 
Archila Morales) C Fly (Zygothrica sp.) pollinating Masdevallia floribunda.

According to their knowledge at the time, the most important orders in pollina-
tion were Hymenoptera, responsible for pollinating 46% of the species (Euglossi-
ni 16%) and Diptera, which pollinated 28%. This proportion is evident also in our 
results (see Fig. 2). Only 8% of orchid species were capable of self-pollination 
according to the authors. Unfortunately, to our best knowledge, these data have 
not been published and, thus, we are not able to comment on their findings. 
Since the methodology of their survey also remains unknown, we are not sure if, 
for instance, if the authors separated visitors from effective pollinators.

Studying pollination in tropical orchids presents a myriad of challenges that 
researchers must navigate to unravel the intricate relationships between these 
plants and their pollinators. The unique characteristics of tropical ecosystems, 
coupled with the specialised adaptations of orchids, contribute to the com-
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Figure 2. Visualisation of the contribution of different animal groups to the pollination of Guatemalan orchids.

plexity of this research endeavour. One of the primary difficulties lies in the 
sheer diversity of tropical orchid species (Ackerman et al. 2023). The tropics 
harbour an extensive array of orchid taxa, each with its distinct morphological 
and ecological traits. This high diversity often demands specialised knowledge 
and resources for accurate identification and classification, making it chal-
lenging for researchers to establish comprehensive datasets. Furthermore, the 
cryptic nature of many orchid species exacerbates the difficulty in locating and 
studying them in their natural habitats. Understanding the intricate pollination 
mechanisms of tropical orchids proves to be a formidable task. Many orchid 
species exhibit complex floral structures and employ diverse pollination strat-
egies, including mimicry, deceit and rewards. Deciphering the specific cues 
that attract pollinators and elucidating the mechanisms that ensure success-
ful pollination necessitate a detailed understanding of both the plant and the 
associated pollinator community. This complexity poses a significant barrier 
to researchers seeking to generalise findings across various orchid taxa. The 
elusive nature of tropical orchid pollinators adds another layer of complication 
to research efforts. Many orchids depend on specific pollinator species, which 
may be highly specialised or nocturnal (Ackerman et al. 2023). Identifying and 
studying these pollinators requires meticulous observation and often involves 
the use of advanced techniques, such as night-vision equipment and molecu-
lar analysis. As a result, access to specialised equipment and the expertise to 
operate it becomes crucial, making such studies resource-intensive and logisti-
cally challenging. Tropical orchids are also vulnerable to environmental chang-
es, including habitat loss and climate fluctuations, which can impact both the 
plants and their pollinators (Dix and Dix 2007). Understanding the resilience 
of these intricate relationships in the face of environmental changes requires 
long-term monitoring and collaboration across disciplines, further complicat-
ing the research landscape.
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In the study published by Ackerman et al. (2023), it was found that only half 
of the species records with known reproductive data are epiphytic. This find-
ing is noteworthy considering that approximately 72% of orchid species exhibit 
epiphytic behaviour (Gravendeel et al. 2004), indicating a significant under-rep-
resentation of these species in orchid pollination studies. The significant chal-
lenge for numerous studies concerning Orchidaceae, especially in tropical 
regions, is the fact that orchids are characterised by high diversity, yet fewer ac-
tive pollination biologists work in the region compared to temperate areas (Ack-
erman et al. 2023). As reported in the mentioned paper, the majority of orchid 
pollination researchers operate in regions where orchid epiphytes are scarce 
or non-existent. This geographical bias is evident in the data, with temperate 
and subtropical latitudes being disproportionately represented due to intensive 
research activities in regions such as South Africa, southern Australia, Europe 
and northern America north of Mexico (Ackerman et al. 2023 and references 
cited therein). Conversely, tropical regions of Africa, Latin America, Temperate 
Asia and Tropical Asia are severely under-represented. Indeed, the disparity in 
the representation of scientists from the so-called Global South in the fields of 
ecology and evolution studies remains a critical issue. Despite the immense 
biodiversity and ecological significance of regions such as Africa, Latin Amer-
ica and parts of Asia, the voices and perspectives of researchers from these 
areas are often marginalised. According to Hughes et al. (2023), 83% of all top 
researchers in ecology and evolution are based in the top 12 countries, which 
are all European, North American or Australian. Limited access to resources, 
including funding and advanced research facilities, coupled with systemic bar-
riers, such as language barriers and unequal academic networks, contribute to 
this imbalance. The consequences are profound, as indigenous knowledge and 
local expertise crucial for understanding and addressing ecological challenges 
are often overlooked. Rectifying this imbalance requires concerted efforts to 
amplify the voices of scientists from the Global South, foster equitable collabo-
rations and dismantle systemic barriers that hinder their participation in global 
scientific discourse.

Conclusions

The complex and diverse orchid flora in Guatemala remains largely unexplored, 
particularly in terms of pollination biology. Despite their ecological and cultural 
significance, a comprehensive understanding of the pollination mechanisms 
employed by the majority of orchid species in this region eludes us. Research 
on pollination in tropical orchids presents a formidable challenge due to the im-
mense diversity of species, the intricacies of pollination mechanisms, the elu-
sive nature of pollinators and the susceptibility of these ecosystems to environ-
mental changes. Despite these challenges, the importance of unravelling these 
mysteries is underscored by the critical role orchids play in tropical ecosystems 
and their potential implications for conservation and biodiversity. Future re-
search endeavours should address these challenges collaboratively, combining 
expertise from ecology, botany and entomology to advance our understanding 
of tropical orchid pollination. Such investigations will not only contribute to our 
scientific knowledge, but also play a crucial role in developing effective conser-
vation strategies for these enigmatic and often endangered plants.
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