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ABSTRACT. We performed a scientometry to validate trends in the scientific production on phytotelmata 
and the importance of these microenvironments in the maintenance of biodiversity. We searched for 
articles in the Web of Science and looked at publications from 1987 to 2016. We collected years of 
publication, surveyed organisms, countries where the surveys took place, plants that accumulate 
phytotelmata, scientific journals that publish more about the topic and their respective IFs (Impact Factor) 
and the keywords of each article. We built a heatmap using the most frequent keywords in the studies, to 
investigate the topics studied over the years. We have found 293 publications, increasing over the years. 
Insects, anurans and crustaceans were the most studied organisms. The most studied plant families were 
Bromeliaceae, Poaceae and Apiaceae. The published studies analized were carried out mainly in Brazil, 
Argentina and Peru. The most published journals on the subject are: Zootaxa, Hydrobiologia, Biotropica 
and Journal of Natural History. Some main global concerns such as climate change, habitat fragmentation 
has gained the attention of the phytotelmata studies in the recent years. The results contribute to the 
knowledge about phytotelmata accumulated biodiversity and research trends. 
Keywords: bromeliads; scientometry; insect-plant interaction; tank plants; microenvironments. 

Tendências na produção científica sobre microhabitats fitotelmata: um estudo 
cienciométrico 

RESUMO. Realizamos uma cienciometria para demonstrar tendências na produção científica sobre 
fitotelmata e a importância desses microambientes na manutenção da biodiversidade. Buscamos artigos no 
Web of Science e analisamos publicações de 1987 até 2016. Coletamos os anos de publicação, organismos 
estudados, países onde ocorreram as pesquisas, plantas que acumulam fitotelmata, revistas científicas que 
mais publicam sobre o tema e seus respectivos FIs (Fator de Impacto) e as palavras-chave de cada artigo. 
Fizemos um heatmap, utilizando as palavras-chave mais frequentes nos estudos, para investigar os tópicos 
estudados ao longo dos anos. Encontramos 293 publicações, com aumento ao longo dos anos. Os insetos, 
anuros e crustáceos foram os organismos mais estudados. As famílias de plantas mais estudadas foram 
Bromeliaceae, Poaceae e Apiaceae. As pesquisas foram realizadas, principalmente, no Brasil, na Argentina e 
no Peru. Os periódicos que mais publicam sobre o tema são: Zootaxa, Hydrobiologia, Biotropica e Journal 
of Natural History. Os resultados contribuem para o conhecimento sobre a biodiversidade acumulada em 
fitotelmata e tendências nas pesquisas. 
Palavras-chave: bromélias; cienciometria; interação inseto-planta; plantas-tanque; microambientes. 

Introduction 

Interaction between organisms in nature is very 
important for the occurrence of different ecosystem 
processes, which contribute to the maintenance of 
biodiversity (Wohlgemuth, Solan, & Godbold, 
2017). More than half of the world's species live in, 
within or on other organisms, where they find 
sources of supply that sustain their growth and 
reproduction creating colonization conditions that 
would otherwise be unavailable  (Townsend,  Begon, 

& Harper, 2006). In most environments plant 
communities determine the physical structure and 
environmental heterogeneity, serving as 
microhabitats for several species, providing a wide 
range of resources for invertebrates and vertebrates 
with different ecological niches, collaborating for 
species diversity and distribution (Tews et al., 2004; 
Begon, Townsend, & Harper, 2007).  

Aquatic microhabitats called phytotelmata can be 
found in hollow parts of plant branches, bunching 
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of leaf axils, flowers, fallen fruits and bracts 
(Brouard et al., 2012; Ferreira-Keppler, Neiss, 
Torreias, & Campos, 2017) where there is 
accumulation of water, debris and decomposing 
organic matter, which maintains a complex trophic 
chain (Panizon, Oliveira, & Bosa, 2014). These 
environments are colonized by different taxonomic 
groups, such as: bacteria, fungi, mites, algae, 
macroinvertebrates and some vertebrates, such as 
anuran amphibians (Safar, Gomes, Marques, 
Lachance, & Rosa, 2013; Robaiana, Souza, Gomes, 
Cardoso, & Almeida, 2015).  

The phytotelmata microenvironments are 
increasingly stirring the scientific community's 
interest in harboring high biodiversity and being 
model systems, where complex ecological 
relationships occur (Marino, Guariento, Dib, 
Azevedo, & Farjalla, 2011). These microhabitats are 
considered living laboratories, where it is possible to 
observe events of colonization, dispersion, predator-
prey interaction and competition (Lehtinen, 
Lannoo, & Wassersug, 2004; Siri, Donato & Paggi, 
2008). Then, for many organisms the phytotelmata 
represents an environment that covers its entire life 
cycle (Kneitel & Chase, 2004). 

Understanding the patterns of species 
distribution in the natural environment is essential 
for designing biodiversity protection strategies 
(Mehrabi, Slade, Solis, & Mann, 2014). Thus, 
knowing the breadth of the groups of organisms that 
inhabit the phytohelmata supports the development 
of research in these microenvironments, 
highlighting their importance as reservoirs of 
biodiversity and demonstrating the need for 
conservation not only of large forest fragments, but 
also of the microcosmo (Yanoviak, Paredes, 
Lounibos, & Weaver, 2006). Therefore, using 
scientometry which is the study of quantitative 
aspects of science, it is possible to evaluate scientific 
trends and highlight gaps and biases in research on 
the ecological role of phytotelmata, which can guide 
future work and assist in the protection of these 
habitats (Pinto, 2008).  

Scientometric techniques analyze scientific and 
technological progress in different areas of 
knowledge (Carneiro, Nabout, & Bini, 2008). They 
have great potential for application, and the results 
of scientometric analyses can help government and 
research institutions make decisions about which 
areas of knowledge need to be better investigated 
and the ones that demand more resources (Silva & 
Bianchi, 2001). In this sense, the use of 
scientometric analysis allows the evaluation of the 
status of knowledge on different subjects in the field 

of ecology, measuring its growth, as well as 
analyzing existing citations and the emergence of 
current themes in the area (Vanti, 2002), as well as 
revealing trends and gaps in scientific production 
(Verbeek, Debackere, & Luwel, 2002). 

The objective of this work was to perform a 
scientometry, to emphasize the importance of 
aquatic microhabitats phytotelmata in maintaining 
the biodiversity of different species and to evaluate 
the trends in the studies on the theme, investigating 
which groups of organisms are most studied in these 
microenvironments, which are the most reasearched 
plant families for forming phytotelmata, the 
countries where research is carried out, which 
periodicals publish most and which subjects are 
most frequently covered in studies on these 
microhabitats. 

Material and methods 

We survey the scientific literature published in 
the database Thomson ISI Web of Science using the 
search term “phytotelm*”. The use of the asterisk 
indicates that any end of the search word can be 
accepted, thus ensuring the inclusion of the term in 
the singular and plural, which allows amplitude in 
the search resulting in a greater number of articles 
found (Ferreira et al., 2014). The search term could 
appear in the titles, abstracts or keywords of the 
articles. The filter for years was from 1987 to 2016. 
We do not consider the year 2017, year of the 
survey, because it is the current year. Only scientific 
articles were used in the scientometric analysis, 
therefore, articles of revision, scientific notes or 
articles in the press were not considered. 

After reading the titles, abstracts and keywords of 
the articles, the following information was obtained: 
a) year of publication, b) groups of organisms found 
in phytotelmata, c) countries where the research was 
carried out, d) families of plants that accumulate 
phytotelmata, e) scientific journals that publish 
more about phytotelmata and f) keywords used in 
the articles indicated by the authors and the journal 
Impact Factor (IF) referring to the period 2016/2017 
(obtained from the Journal Citation Reports- JCR). 
The papers were analyzed from 1987, which was the 
first year with an article published on the subject. It 
was necessary to obtain the articles published up to 
1991 in full, once the Web of Science did not 
provide abstracts and keywords yet at that time. We 
analyzed the temporal pattern of publication on the 
subject from 1987 to 2016 based on the years of 
publication and number of articles published each 
year. The number of articles with the search term 
“phytotelm*” was standardized through time 
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dividing the number of phytotelmata articles by the 
total number of articles in the database in the same 
year, and then multiplying the result by 100. 

We reported graphically the most studied 
groups of organisms in phytotelmata; the families 
of plants researched for forming the aquatic 
microenvironments; the countries where the 
surveys are carried out and the journals that 
publish the most on the subject. When the titles, 
abstracts or keywords were provided with the 
name of the species or the genus of the 
phytotelmata, they were classed in the higher 
taxonomic framework as families of plants or 
groups of organisms. 

We analyzed the evolution of the topics 
studied over the years through the keywords, 
using the most frequent ones, and excluding from 
the analysis those with an overall occurrence less 
than eight. Due to the low number of articles and 
consequently the keywords, the first eight years 
(from 1987 to 1994) were excluded from the 
analyses. We also excluded the keywords that 
indicates local and organism, because these terms 
were considered in the priors’ analyses.  For this 
procedure we used a heatmap analysis in R 
program using the “heatmap” package (R 
Development Core Team, 2017). A heatmap (or 
heat map) is a way to visualize hierarchical 
clustering, where data values are transformed into 
color scale (Kassambara, 2017). In this way 
heatmaps allow us to simultaneously visualize 
clusters of samples (years of publication) and 
features (frequency of the keyword). The years 
and the keywords are re-ordered according to the 
hierarchical clustering result, setting similar 
observations close to each other. Visualizing the 
data matrix this way, it is possible to find the 
keywords that are most associated to the years.  

Results and discussion 

We found 293 articles on phytotelmata. Over 
the years there has been an increase in the 
number of publications (r=0.7672; p < 0.001). 
The years with the most published articles on 
phytothemata were 2014 (n = 29 articles) and 
2016 (n = 27 articles). The first articles were 
published in 1987 (n = 2) (Figure 1). Such as 
“Phytotelmata: Swamps or Islands?” (Frank & 
Lounibos, 1987) and “Survival, development and 
predatory effects of mosquito larvae in venezuelan 
phytotelmata” (Lounibos, Frank, Machado-
Allison, Ocanto, & Navarro, 1987).  

 
Figure 1. Temporal trend in the standardized number of articles 
(multiplied by 100) that contained the word ‘‘phytotelm*’’ in the 
ISI database from 1987 to 2016.  

Investigating which groups of organisms are 
most studied in these microenvironments, insects 
were the most present in phytotelmata (Figure 2). 
Insects such as beetles, ants, aphids, scale insects 
commonly associate with phytotelmata present in 
foliar armpits, bamboo internodes, bracteas or fallen 
fruits or holes in tree trunks (Oliveira, Sena, Loges, 
Camara, & Reis, 2010). Insects such as Diptera, 
Coleoptera and Dragonflies are widely found in 
these aquatic microenvironments (Greeney, 2001). 
They exploit the phytotelmata primarily in search of 
food and breeding grounds (Lehtinen et al., 2004). 
In phytotelmata there are often immature forms of 
insects (larval stages) that play an important role in 
the trophic chain of these microenvironments, being 
a link between primary producers and secondary 
consumers (Henriques-Oliveira, Nessimian, & 
Dorvillé, 2003).  

Anuran amphibians have also been extensively 
studied in phytotelmata (Figure 2). These 
microhabitats are breeding grounds for amphibians 
throughout the tropics (Moravec et al., 2009). 
Anurans use phytotelmata primarily for oviposition 
and development of tadpoles (Whittaker et al., 
2015). In addition, the anurans have a temporary 
relationship with the water availability of 
phytotelmata to keep their tegument moist and 
provide some of their respiration (Rowley, Le, Dau, 
Hoang, & Cao, 2014). Other organisms such as 
crustaceans, protozoa, mites and algae are also 
prominent in studies on phytotelmata (Figura 2).  

The families of plants with greater 
representativeness in the articles are shown in 
Figure 3. Bromeliaceae, Poaceae and Apiaceae the 
families appeared more frequently in the studies. 
According to Greeney (2001) around 1500 species 
from 29 different plant families are potential 
accumulators of different forms of life that create 
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the phytotelmata. Among these families, bromeliads 
are the taxon with greater number of species with 
such characteristics. 

 

Groups of organisms 

Figure 2. Groups of organisms studied in phytotelmata. 

Bromeliads are one of the plant families that 
accumulate rainwater in rosettes formed by the 
bundling of their leaves, becoming a water tank that 
guarantees living conditions to the fauna and flora 
that inhabit these microhabitats (Marques & 
Forattini, 2005). They are the plants with the highest 
phytotelmata record due mainly to their foliar 
rosette morphological structure, which captures and 
accumulates water and organic matter, providing the 
aggregation of an enormous biodiversity, being the 
focus of environmental and ecological studies 
mainly in the Americas (Rangel et al., 2017). The 
accumulated phytotelma in these plants serves as a 
habitat for bacteria, protozoa, insect larvae and adult 
arthropods, small anuran amphibians, and other 
micro and macroinvertebrates (Paula Júnior, Rosa, 
Alves, & Divino, 2017). 

Another family studied for forming the 
phytotelmata was the Poaceae (Figure 3). The 
Poaceae family includes herbaceous, sublime and 
woody plants (Leandro, Shirasuna, Filgueiras, & 
Scatena, 2016). Among them are the bamboo, where 
the phytotelmata form in their internodes (Chiu & 
Kam, 2006). Phytotelmata can accumulate in leaf 
axils (Bromeliaceae and Araceae), modified leaves 
(Heliconia), flowers (Marantaceae), bamboo 
internodes (Poaceae), depressions, rotting holes, or 
holes in fallen trees, leaves or bracts or open fruits 
(Campos & Fernández, 2011). Bromeliads and 
bamboo are well-studied plants for they accumulate 
phytotelmata by keeping in these water reservoirs 
some complex trophic chains (Torreias & Ferreira-
Kepler, 2011). Navarro, Enriquez, Vaca, and 
Benitez-Ortiz (2013) also state that the main plant 
families in the neotropics that accumulate 

phytotelmata are: Bromeliaceae, Poaceae, Apiaceae, 
Sarraceniaceae, Araceae, Heliconiaceae, 
Marantaceae, Musaceae, Strelitziaceae and 
Zingiberaceae. The Apiaceae family can be found 
almost everywhere, being represented by about 455 
genus and 3,600 to 3,751 species, which are grouped 
into three subfamilies: Apioideae (404 genus, 2,827 
to 2,936 species) seen predominantely in the 
Northern Hemisphere; Saniculoideae, with about 
nine genera (304 to 325 species), of cosmopolitan 
distribution, found in the Southern Hemisphere; 
and Hydrocotyloideae with 42 genera, 469 to 490 
species, found mostly in the Southern Hemisphere. 
In Brazil, the family is represented by about 19 
genera (Wanderley & Martins, 2007). 

 

 
Figure 3. Plant families studied in phytotelmata research. 
Families cited only once were included in the topic others. 

The main countries where phytotelmata research 
was carried out include Brazil, Argentina and Peru 
(Figure 4). Brazil is considered one of the countries 
with the greatest diversity of flora and fauna on the 
planet (Schuttz, Araújo, & Sá, 2012). The 
Bromeliaceae family is essentially neotropical, 
presenting a high diversity of species in the South 
and Southeast regions of Brazil, in these plants the 
accumulation of rainwater and debris favors 
ecological interactions of different groups of 
organisms (Torreias, Ferreira-Keppler, Godoy, & 
Hamada, 2010). This family of plants also occurs 
from the southern United States to the south of 
Argentina, at altitudes ranging from 0 to 1200 
meters, with an abundance in open, preserved, 
humid forests (Padilla, 1973).  

Brazil also has one of the largest bamboo 
diversities in the New World, with about 155 species 
(Schmidt & Longhi-Wagner, 2009). One possible 
justification for Brazil to lead studies on 
phytotelmata may be due to some investments in 
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recent years focused on taxonomic studies (since the 
group that prevailed until the 1980 was the diptera), 
both on a global scale (Species 2000, Integrated 
Taxonomic Information System, Global 
Biodiversity Information Facility, All Species 
Foundation, Tree of Life, among others) as well as a 
regional scale (such as PROTAX in Brazil and 
PEET in the United States). There was a gain in 
space for a larger number of specialist taxonomists in 
different orders of aquatic insects (such as 
Coleoptera, Ephemeroptera, Odonata, Hemiptera 
and Trichoptera), which contributes to the 
taxononic knowledge of other orders and the 
composition of the phytotelmata community 
(Hamada, Nessimian, & Querino, 2014).  

In Brazil and Peru, the highest occurrence of 
studies on phytotelmata may be related to the fact 
that bromeliaceae have a significant value due to 
their interaction with fauna and biodiversity and the 
high degree of endemism that the species present in 
the region (Martinelli et al., 2008). Probably, a 
greater number of studies on phytotelmata occur in 
these countries due to the interest of estimating and 
knowing the richness and abundance of bromeliad 
species, since such parameters can be used to 
estimate the state of conservation and disturbance of 
the environment and the carrying capacity of the 
local biodiversity (Leme & Marigo, 1983). 

 

 
Figure 4. Distribution of publications on phytotelmata by 
country. The countries with less than two ocorrences were 
included in others. 

Articles on phytotelmata were published in 136 
journals, the scientific journals where more articles 
about the subject have been published are 
represented in Figure 5. The four journals that most 
published were Zootaxa (25 articles), Hydrobiologia 
(14 articles), Biotropica (10 articles) and Journal of 
Natural History (10 articles). This is probably due to 
the scope of these journals that address studies on 

animals, such as insects, aquatic habitats and 
biodiversity in the tropics (Rowley et al., 2014). 
Ecology is the journal with the greatest impact factor 
that publishes studies on phytotelmata, and articles 
that report basic elements of ecology. Published 
researches in these journals ranges from a 
descriptive to an experimental approach, covering 
population, community, ecosystemic and 
evolutionary ecology. Thus, considering that the 
articles on phytotelmata investigate ecological 
relations and the biodiversity of different groups of 
organisms, these articles fit the scope of these 
journals and reveal the international interest for 
interspecific and ecosystemic relations in these 
microhabitats, given that they are all international 
journals (Srivastava et al., 2004; Jocque, Fiers, 
Romero, & Martens, 2013). 

 

 
Figure 5. Journals that published more scientific papers on 
phytotelmata with the respective impact factor in parenthesis.  

The keywords did not order the years in a 
chronological way (Figure 6). Some words such as 
landscape, spatial pattern, climate change and 
biogeography are concentrated in the recents years. 
On the other hand, keywords such as new species, 
taxonomy, community, biodiversity, life history and 
forest were common throughout the years. The 
word landscape was only common in 2008. These 
topics can indicate the uniformity in publications 
about basic topics in taxonomy and community 
ecology. However, in the recent years some topic 
involving macroecology and landscape ecology were 
incorporated in the studies with phytotelmata.  

Most of the recent articles contained keywords 
such as food web, life history and interaction. These 
keywords were more common in the years 2008, 
2012, 2013 and 2016. In phytotelmata the water, 
nutrients and accumulated detrits sustain several 
food webs and life history processes of different 
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organisms (Polis, Anderson, & Holt, 1997). In 2016 
it was also common new species, taxonomy, 
biodiversity, habitat fragmentation, Neotropical, 
biogeography and climate change (Figure 6). In 2008 
there was a greater variety of topics studied, focusing 
mainly on the landscape, new species, interaction, 
life history and food webs (Figure 6).  

 

 
Figure 6. Heatmap figure with the relationship between the 
keywords and publication year. The strong colors reflect the most 
frequent words by years. The closest years have shown the most 
similar keywords. 

Habitat destruction is one of the world's 
concerns. This phenomenon caused mainly by 
anthropic actions leads to the loss of large forest 
fragments and species living in these 
environments (Fahrig, 2003), being one of the 
primary issues for the conservation of biodiversity 
(Franklin, Noon, & George, 2002). Changes 
caused by the destruction of habitats lead to loss 
of diversity and affect ecosystem services and 
functioning (Riemann, Ndriantsoa, Rödel, & 
Glos, 2017). The age and structure of the forests 
are important for the maintenance of 
phytotelmata and diversity of associated 
organisms, because in mature and old forests the 
possibility of formation of phytotelmata is greater 
due to humidity, shade, holes in trees and 
quantity of tank plants (Fincke, 2006). 

The keyword “tropical” was found in the years 
1995, 1996, 2001, 2005 and 2008. On the other 
hand, the keyword “forest” was constant from 
2007 to 2016. Phytotelmata can be studied to 
answer different questions in community ecology 
(Kitching, 2000), and can be found mainly in 
tropical forests (Muller, Navarro-Silva, & 
Marcondes, 2009). It is important to protect 
tropical forests from deforestation and habitat 

fragmentation in an attempt to preserve 
phytotelmata microhabitats and populations of 
organisms in these microecosystems. (Khazan, 
Bright, & Beyer, 2015).  

Conclusion 

This study revealed that phytotelmata holds a 
high diversity of biological communities, however 
there are still few studies on these microhabitats. 
The main plant families that accumulate 
phytotelmata are Bromeliaceae, Poaceae and 
Apiaceae. Most of the research on phytotelmata is 
carried out in countries of the South America and 
the most of the articles on the subject are published 
in international journals, which demonstrates the 
globalization of the knowledge produced about 
these microenvironments. We observed that the 
main global concerns such as climate change and 
habitat fragmentation has attracted the attention of 
the phytotelmata studies in the recent years.  
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