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Abstract Research disciplines in science have historically developed in silos but are increasingly multidisciplinary. Here, we assessed how the insect ecology literature published in ecological and entomological journals has
developed over the last 20 years and which topics have crossed discipline boundaries. We used structural topic
modelling to assess research trends from 34 304 articles published in six ecology journals and six entomology
journals between 2000 and 2020. We then identiﬁed and compared topics that emerged from the entire body of
literature, or corpus, with topics that emerged from a subsection of articles that focused only on insects (insect
corpus). We found that, within the entire corpus, topics on ‘Community ecology’, ‘Traits, life history & physiology’ and ‘Ecological methods & theory’ became more prevalent over time (hot topics), whereas ‘Population
modelling’, ‘Insect development’, ‘Reproduction & ontogeny’ and ‘Plant growth’ declined in prevalence over the
20 years we surveyed (cold topics). In the insect corpus, we found that hot topics included ‘Thermal tolerance’
and ‘Disease vectors’, whereas cold topics included ‘Herbivore phenology’, ‘Insect-plant interactions’ and ‘Parasitoids and parasites’. ‘Landscape ecology’ was a growth topic area for both corpora. Our ﬁndings suggest that
insect-related research is a major component of the broader ecological discipline, and there are topics in ecology
where insect research aligns with general ecological trends. However, speciﬁc topics unique to the insect corpora
– such as insect taxonomy – are fundamental to both insect and ecology research. Abstract in Spanish and Portugese is available with online material.
Key words: entomology, insects, publication trends, review, structural topic modelling, taxonomy.

INTRODUCTION
Like all scientiﬁc disciplines, ecology changes and
evolves (Carmel et al. 2013; Borrett et al. 2014;
Westgate et al. 2015). For example, in Austral Ecology, several research topics have emerged and changed in importance over the past four decades
(Westgate et al. 2020): most dramatically, research
related to ’communities’ and ’landscapes’, which
were ranked 30 and 29, respectively, in the 1970s
(according to the prevalence of keywords among articles) were ranked second and fourth, respectively, in
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the 2010s. It is intriguing to know where research
trends are heading and how foci change as new theories arise, techniques develop and problems emerge.
Assessing broad research trends enables researchers
to identify gaps and opportunities (e.g. Andrew et al.
2013) and to target key research areas (Morton et al.
2009; Sutherland et al. 2013).
Historically, studies identifying trends and overall
scientiﬁc literature patterns have relied on classic systematic reviews and meta-analyses (Culina et al.
2018; Gurevitch et al. 2018). These approaches generally provide an overall assessment of the literature
or examine a set of deﬁned questions deemed important by the authors. However, a major shortcoming
of systematic literature reviews is that they can be
doi:10.1111/aec.13052
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biased towards the authors’ interests or their
approach to identifying and selecting relevant literature (Eysenck 1994; Ioannidis 2016; Haddaway et al.
2020). Meta-analyses are also prone to conscious and
unconscious biases of both researchers and the studies
included in analyses and mismatches between data
sources (de Vrieze 2018; Reid et al. 2018). Here, we
wanted to minimise these apparent biases by using a
structural topic modelling (STM) approach that uses
machine learning text-analysis and provides a more
objective assessment of research studies through time
(Westgate et al. 2015). The STM approach also identiﬁes frequently occurring combinations of words, identiﬁed as ’topics’ (Westgate et al. 2020).
The most signiﬁcant advantage of using a textanalysis approach is time savings and reduced effort
(Marshall & Wallace 2019). Although traditional
reviews can address speciﬁc questions (e.g. Carmel
et al. 2013), they can be cumbersome and timeconsuming when dealing with broad topics or questions – medical reviews from registration to publication on average take 67 weeks (Borah et al. 2017), and
environmental systematic reviews take on average
23 weeks (167 days: Haddaway & Westgate 2019). By
contrast, a text-analysis approach can quickly assess
very large numbers of papers (Marshall & Wallace
2019) and reduce some of the mistakes and biases that
can emerge from systematic reviews and meta-analyses
(Millard et al. 2015). Additionally, text-analysis
approaches enable trends to emerge organically, rather
than imposing a priori restrictions on the data interpretations. Machine learning lets the corpus (i.e. an academic body of literature) do the talking instead of
authors ‘shoehorning’ papers into topics they have
decided upon (Westgate et al. 2015). This free-form
approach provides a more objective overview than traditional review methods such as systematic reviews
and meta-analyses (Westgate et al. 2015): it allows for
unforeseen categories of data to emerge.
One useful text-analysis tool for the ecological
sciences is topic modelling (Blei et al. 2003; Westgate
et al. 2015). Topic modelling uses machine learning
to identify a given number of topics within a corpus
that each contain publications that share similar cooccurrences of words. Conceptually, it is a way of
characterising articles’ content in a corpus (Murakami et al. 2017) according to their similarities and
differences. Topics are driven by the data, rather
than the researcher (Luiz et al. 2019) allowing a more
objective categorisation and therefore are a truer
reﬂection of the whole corpus than researcherdetermined categorisations. Topic modelling offers a
chance for a ‘bird’s-eye-view’ (Luiz et al. 2019) of
the research ﬁeld of interest: it allows interrogation of
the resultant topics such as their similarities, popularity and growth through time and speciﬁcity/generality. It also enables a clearer topic deﬁnition, both in
doi:10.1111/aec.13052

terms of thematic content and the articles in which
they appear (Westgate et al. 2015). This is of interest
given that the uniﬁcation of disparate concepts within
scientiﬁc ﬁelds is considered important in the quest
for scientiﬁc progress (Chen et al. 2009). Here, we
assess an ecology corpus and entomology corpus to
identify how insect ecology-related research ﬁts into
the broader ecological literature and assess changes
in key topics over time.
In ecology, classic review approaches have potentially
skewed our understanding of key themes and misweighted certain topics/disciplines’ importance. For
example, taxonomic bias is a key problem in the ecological literature, with ‘taxonomic chauvinism’ being a critical issue (Bonnet et al. 2002; Leather 2009; Troudet
et al. 2017). These biases in research subjects reﬂect the
researcher’s interests and reﬂect societal interests (Wilson et al. 2007; Troudet et al. 2017). These biases can
also be reﬂected across a range of speciﬁc ecological
topics that have been studied across different geographic
regions (Culumber et al. 2019). As the most diverse
eukaryotic group on earth, insects should dominate the
ecological literature; however, this not always the case
(Troudet et al. 2017).
Entomology and insect ecology has had a rich history
of developing and pushing ecological research and theory (Leather 2015). Key ecological concepts including
mimicry – Batesian (Bates 1981) and M€
ullerian (Maran
2017); functional responses of organisms (Nicholson
1933); island biogeography (Darlington 1943); succession (Michaud et al. 2015); and population ecology
(Andrewartha & Birch 1954); all have strong entomological foundations. Understanding recent developments in existing insect ecology research are thus critical
to the progression of both entomological and ecological
research. Here we were interested in assessing how the
inﬂuence of entomological research has further developed into the wider ecological sphere.
Culturomics – here deﬁned as publication trends
identiﬁed through quantitative analysis of word usage in
digitised texts (Michel et al. 2011) – is a novel and, as
yet, not extensively used tool in ecological research. We
know of four other reviews that have assessed general
ecological research: a traditional review of 750 articles
(primarily from abstracts) in eight journals over 30 years
(Carmel et al. 2013); a machine learning assessment of
84 841 articles (titles, keywords, and abstracts) across
33 high impact factors journals over 40 years (McCallen
et al. 2019); a machine learning assessment of 32 000
articles from 16 journals between 2000 and 2014 assessing the diverging ﬁelds of conservation biology and ecology (Hintzen et al. 2020); and a topic modelling
assessment of 2 778 full-text articles in a single journal,
Austral Ecology, across 44 volumes (1976 – 2019) (Westgate et al. 2020). However, we know of no other efforts
to assess trends across ecological disciplines or crossover
of publishing inﬂuences and trends.
© 2021 Ecological Society of Australia
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In this study, we investigated if research topics
using insects as a focal taxon was similar or different
to research found in the wider ecological literature.
Our goal was to identify if insect research is biased
towards the topics it addresses, and if topics differed
between the insect-focused corpus (any article focusing on insects) and the broader ecological corpus (all
articles ignoring taxonomic focus). Based on the
accessibility of journal abstracts and consistency in
format, we restricted the corpus search to the last
two decades of research between January 2000 and
May 2020. Using text data derived from research
abstracts in our search, we addressed the following
four questions to address our main goal:
1.
2.
3.

4.

What are the key topics found across the entire
corpus?
What are the dominant taxonomic classes occurring in the key topics of the entire corpus?
Are there differences in key topics of study
between the ecology and entomology journals in
the entire corpus?
What are the key topics of research in the insectspeciﬁc corpus, and do they differ from topics
covered in the entire corpus, or speciﬁcally
between ecology or entomology journals?

METHODS
We chose 12 journals to form the overall corpus for our
study (Appendix S1): six ecology journals and six entomology journals. The journals were: Ecology, Oecologia, Oikos,
Functional Ecology, Journal of Animal Ecology, Austral Ecology, Environmental Ecology, Entomologia Experimentalis et
Applicata, Ecological Entomology, Insect Science, Austral Entomology/Australian Journal of Entomology, and Insect Conservation and Diversity. These 12 journals were selected as they
have a good representation entomological research, are of a
high quality and standard and spanned a sufﬁcient number
of years for our analysis.
We downloaded the bibliometric data for each journal
from the Web of Science in batches of 500 references in
June/July 2020. We text-mined abstracts of all articles published between January 2000 and May 2020 in the corpus.
For each reference, we extracted: authors; year of publication; journal; volume; title; abstract; keywords. We saved
and sequentially named data ﬁles to allow batching using R
script later in the process. In total, we extracted 34 304
articles which we then classiﬁed into the two main groups
of journals – ecological = 24 032, and entomological = 10
272; Appendix S1 and S2.
We used the ’taxize’ package (Chamberlain & Sz€
ocs 2013)
in R (R_Core_Team 2020) to extract the taxonomic names for
each article within the whole corpus. Taxize interacts with the
Global Names Recognition and Discovery application programming interface (API) to match given text to known taxa.
In our case, we used the scrapenames() function to detect all
taxonomic terms in all abstracts in the corpus and used the
tax_name() function to fetch classes and orders of these terms,
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using the National Center for Biotechnology Information database API. We then created two corpora – one with all articles
(i.e. the entire corpus) and one with only those articles that
contained the names of one or more insect taxa in the abstract
(i.e. the insect corpus).
To prepare both corpora for analyses, we removed punctuation, numbers and stop words (e.g. and, the, or), from the
extracted text of all abstracts and set three characters as the
minimum word length. We stemmed words to their root form
(e.g. predat = predation, predator, predators, predatory). The
ﬁnal step in data preparation was to remove words that
appeared in more than 85% of article abstracts (common
words) and words that appeared in fewer than 1% of article
abstracts (rare words) – these words provide very little information content (Westgate et al. 2015).
Multiple analytical methods for performing topic modelling exist. Two common approaches are the latent Dirichlet allocation (Blei et al. 2003) and STM (Roberts et al.
2014). Latent Dirichlet allocation (LDA) is perhaps the
most common technique for topic modelling (Blei et al.
2003). LDA deﬁnes topics using sets of words that cooccur at unusual frequencies. Further, articles within the
corpus are assumed to consist of multiple topics with
weights assigned to each topic for every article (topic
weights) (Westgate et al. 2015). STM improves on LDA by
employing document metadata (e.g. date, journal) to
improve the assignment of words to latent topics within a
corpus (Roberts et al. 2014). This added depth of data
allows researchers to make estimations on, for example, the
topic relationships to a particular journal type or the trajectory of topics over time (Roberts et al. 2016).
We used STM to identify topics within the corpora. STMs
allowed us to estimate the relationship between topics and
journal type (ecological and entomological) and document
metadata such as year of publication (2000-2020) (Roberts
et al. 2016). This approach enabled us to analyse the trajectory
of the topics over the 20-year time frame of the corpora. We ﬁtted STMs by analysing abstracts using the ’stm’ package
(Roberts et al. 2019) in R. When ﬁtting an STM, researchers
need to specify the number of topics to identify. We chose 30
topics for both our models, which is the current standard, as
this number provided sufﬁcient detail to communicate a summary of the topics in each corpora and contrast the topics with
regard to time and journal type without interpretation becoming overly complex (Westgate et al. 2015). To quantify the
effects of journal type and time, we included a linear ’year’
term and a factor ’journal type’ term in both of our STMs. We
ﬁtted the models using spectral initialisation as it has been
found to produce the best results most consistently (Roberts
et al. 2016).
For both the entire and the insect corpora, we interpreted
and labelled our topics (Appendix S3 and S4) by referring to
the twenty highest weighted words and also by manually reading abstracts of articles highly associated with each topic. We
gave each topic a short title intended to communicate a summary of each topic (Westgate et al. 2015). Importantly, the
topics identiﬁed through our analysis emerge objectively from
each corpus, based on the frequency of words in the text
among the articles. Similar to an nMDS ordination, we cannot
’choose’ or massage these to ﬁt our purposes. A ﬁtted STM
outputs a matrix of the log10 probability of occurrence of each
analysed word for each topic. We used this matrix to show the
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Fig. 1. Overview of study goals and questions.

Euclidean distances between the topics using hierarchical cluster analysis (Westgate et al. 2015). Our results show the natural
pattern of word co-occurrences in the text and show when they
are sufﬁciently studied to form their own topic. In some
instances, text describing particular taxa might occur frequently enough to form their own topic. We did not exclude
such taxa as a topic name as it highlights that taxa can indeed
be key topics of research in any given ﬁeld. Additionally, the
key bias arises from the cut-off being 30 topics: following Westgate et al. (2015).
For each of the four questions, different information was
extracted from the dataset (Fig. 1):

Question 1: What are the key topics found
across the entire corpus?
We were interested to see how the two journal types were
distributed within each of the topics. As such, we ﬁtted
topic prevalence between journal type, treating journal type
as a factor, using the estimateEffect() function in the ’stm’
package. We were also interested in how topic prevalence
changed through time, using this function to ﬁt year as a
linear term. We then plotted topics with axes of topic
prevalence through time (x-axis) and across the journal type
(y-axis).

Question 2: What are the dominant taxonomic
classes occurring in the key topics of the entire
corpus?
To address question 2, we were interested in identifying
the dominant taxa within each topic. We calculated the
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sum of the topic weights for all articles within the most
commonly featured classes (≥ 50 articles) for the entire corpus.

Question 3. Are there differences in key topics
of study between the ecology and the
entomology journals in the entire corpus?
Here we assessed the 30 most common topics addressed,
in both the ecology journals and the entomological journals.
We plotted these onto a heatmap ordering topics by their
prevalence across the journal types. On the x-axis, ’cold’
topics showed a reduction in prevalence from 2000 to
2020, whereas ’hot’ topics showed an increase. Topics close
to the zero line showed no difference over time. On the yaxis, topics close to zero were found equally in both the
ecology and entomology journals, and as they moved further from zero, they became more dominant in the speciﬁc
’corpus’ analysed. The bars are 95% conﬁdence intervals so
we can interpret those topics where the bars cross the zero
line as not signiﬁcant – that is belonging to both equally
(Prel et al. 2009).

Question 4. What are the key topics of research
in the insect-speciﬁc corpus, and do they differ
from topics covered in the entire corpus or
speciﬁcally between ecology or entomology
journals?
For Question 4, we followed a similar analytical approach
to Question 3, but with the subset of articles that speciﬁcally focussed on insects (i.e. the insect corpus) wherein we

© 2021 Ecological Society of Australia
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assessed the 30 most common topics addressed in both the
ecology journals and the entomological journals. We then
plotted the insect corpus results onto heatmaps ordering
topics by their prevalence across the journal types.

RESULTS

What are the key topics found across the entire
corpus?
We identiﬁed 30 clearly deﬁned topics that spanned
multiple disciplines of ecology (Fig. 2; Appendix S3;
Appendix S5). Eight topics exhibited a positive
change over the last 20 years (termed ‘hot’ topics) –
the three with the largest prevalence increase

9

included ’Community ecology’, ’Traits, life-history &
physiology’ and ’Ecological methods & theory’. Eight
exhibited no change. Fourteen topics exhibited a
reduction (termed ‘cold’ topics) – in particular ’Population modelling’, ’Insect development’, ’Reproduction & ontogeny’ and ’Plant growth’.

What are the dominant taxonomic classes
occurring in the key topics of the entire corpus?
Insect and plant articles dominated the overall corpus
that we assessed (Fig. 3). Dominant insect (Class
Insecta) topics included ’Insect development’, ’Insect
genetics’ and ’Insect taxonomy & distribution’ as well
as agricultural pest topics such as ’Insect pest

Fig. 2. Change in topic prevalence over time for the whole corpus. Values estimated using the estimate effect() function in
the STM model. Each point represents the slope of the prevalence trend over time. Positive values (red, hot) indicate an
increase in prevalence over time, and negative values (blue, cold) indicate a decrease in prevalence over time relative to the
whole corpus. Error bars represent 95% conﬁdence intervals. Numbers in parenthesis identify the topic number
(Appendix S3).

© 2021 Ecological Society of Australia
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control’, ’Leaf pests’, ’Pesticides’ and ’Chemical
ecology’. The insect topics were also prevalent in
’Climate change ecology’.
Flowering dicotyledon plants (Class Magnoliopsida)
were dominant in topics including ’Leaf pests’, ’Insect
herbivory’, ’Plant growth’, ’Soil function’ and ’Forest
ecology’ (Fig. 3). Birds (Class Aves) were most dominant in the topics covering ’Bird ecology’, ’Reproduction & ontogeny’, ’Population dynamics’ and ’Traits,
life-history & physiology’. Mammals (Class Mammalia) were dominant in the topics covering ’Reproduction & ontogeny’, ’Population dynamics’, ’Trophic
interactions’, ‘Ecological methods & theory’, ’Spatial
analysis’ and ’Population modelling’.

Are there differences in key topics of study
between the ecology and the entomology
journals?
Fifteen topics were more prevalent in ecology journals, 11 topics more prevalent in the entomology
journals, and four topics overlapped between the two
(Appendix S5 and Appendix S6). The three ’hot
topics’ (i.e. strongest growth areas) in the Ecology
corpus were ’Community ecology’, ’Traits, lifehistory & physiology’ and ’Ecological methods & theory’ (Fig. 4). For the Entomological journals, the
hottest topic was ’Insect genetics’. ’Landscape ecology’ was a hot topic across both ecology and entomology
journals
with
’Insect
herbivory’,
’Myrmecology’ and ’Pollination’ staying relatively static in topic prevalence over time. ’Population modelling’ was the coldest topic in the ecology journals,
whilst ’Insect development’ was the coldest topic in
the entomology journals.

What are the key topics of research in the
insect-speciﬁc corpus and do they differ from
topics covered in the entire corpus or
speciﬁcally between ecology or entomology
journals?
We identiﬁed 30 clearly deﬁned topics that spanned
multiple insect corpus topics (Appendix S4), with
ten topics increasing in prevalence, 13 staying relatively static, and seven reducing in prevalence from
2000 to 2020 (Appendix S7). Ten of these topics
were predominantly found in ecology journals
(Appendix S8). Insect-only hot topics in the ecology
journals included ’Trophic interactions’, ’Community
ecology’, ’Life-history traits’ and ’Herbivory
responses’. Cold topics included ’Population dynamics’ and ’Predation’ (Fig. 5). Fourteen topics were
predominantly in entomology journals (Appendix S4
doi:10.1111/aec.13052

Fig. 3. Heatmap of classes across the corpus. Includes
classes that appeared in 1000 or more articles. Classes are
clustered according to topic similarity. Topics are ordered
according to their journal type prevalence (green coloured
circles representing topics prevalent with ecological journals
and purple circles indicating prevalence with entomological
journals; see Appendix S5), and the number within the in
circle identiﬁes the topic number. Cell shade represents the
sum of the topic weights for all articles that contain that
class. Point colours along the y-axis represent the journal
type prevalence of the topics.
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Fig. 4. Plot of topics according to prevalence over time (x axis) and journal type (y axis). The number within the circle
identiﬁes the topic number, and size of the circle represents the sum of the article weights for each topic (Appendix S3).

and Appendix S9). The hottest topic in the entomology journals was clearly ’Gene expression’, with
smaller increases in ’Crop pests in soybean, potato &
cotton’ and ’IPM-Biological control’. Entomological
journal’s cold topics included ’Parasitoids & parasites’, ’Phenology & development’ and ’Noctuidae
pests’ (Fig. 4). Three topics were common to both
journal groups (Appendix S8). The primary hot topic
across all journals (Fig. 5) was ’Thermal tolerance’.
’Nutrition’ had a similar inﬂuence over time; while
’Insect-plant interactions’ was a ’cold’ topic (Fig. 5).
Across the journal type and topics, ﬁve insect
orders dominated the corpora (Fig. 6): Lepidoptera,
Hymenoptera, Hemiptera, Coleoptera and Diptera.
All ﬁve orders made strong contributions to most of
the 30 topics identiﬁed.

DISCUSSION
Our study accomplished two main goals: 1) we identiﬁed how insect ecology-related research ﬁts into the
broader ecological literature and 2) we assessed how
changes in key topics over time differ between literature in ecological and entomological journals. We
© 2021 Ecological Society of Australia

found that three topics from the entire corpus
increased in their prevalence over the last 20 years:
’Community ecology’, ’Traits, life-history & physiology’ and ’Ecological methods & theory’. Previous
text analysis research published in Austral Ecology
also found ’Community ecology’ was a dominant
topic over the last decade (Westgate et al. 2020),
while a review of 33 high impact journals found
’Traits’ to be a similarly prevalent topic (McCallen
et al 2019). However, McCallen et al. (2019) found
’Climate change’ and ’Genetics’ to be the other two
major topics in their analyses. The difference
between their ﬁndings and ours could be the result
of a heavy bias for high-impact global studies, such
as climate change and medical research.
Key topics from the entire corpus that declined in
their prevalence over time included ’Population modelling’, ’Insect development’, ’Reproduction & ontogeny’ and ’Plant growth’. These topics may be
picked up by other journals not assessed here, or
their inﬂuence, or terminology used to refer to these
topics, may have evolved. For example, population
modelling may have morphed into other types of
modelling, as the topic word ’model’ was also
included in both the topics’ Ecological methods &
doi:10.1111/aec.13052
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Fig. 5. Plot of topics according to prevalence over time (x-axis) and journal type (y-axis) for the insect-only corpus. The
number within the circle identiﬁes the topic number, and size of the circle represents the sum of the article weights for each
topic (Appendix S4).

theory’ (Topic 19) and ’Spatial analysis’ (Topic 26)
(Appendix S3). However, this could be a wider trend
as the themes’ Life-history’, ’Plant reproduction’,
’Survivorship’, ’Food webs’, ’Carrying capacity’,
’Plant physiology’, ’Seasonal trends’, ’Development’
and ’Herbivory’ all reduced in prevalence across 33
high-impact journals assessed by McCallen et al.
(2019). Additionally, there has been an increase in
the number of journals in both ecology (number of
ecology journals in 2019 – 169; 2000 – 100; (Clarivate_Analytics 2020)) and entomology (number of
entomology journals in 2019 101; 2000 – 66; (Clarivate_Analytics 2020)) disciplines that have been associated with an exponential increase in publications
broadly in the natural sciences (Bornmann & Mutz
2015). In other broad discipline areas, such as higher
education research, this has led to splitting of
research into isolated ’islands’ and further disciplinespeciﬁc divisions because of specialisation (Daenekindt & Huisman 2020).
Insects and plants were the dominant taxa assessed
in this study (Class Insecta: 33.6% of papers; Class
Magnoliopsida 21.2%), followed by Class Aves
doi:10.1111/aec.13052

(6.1%) and Class Mammalia (5.8%). As we targeted
insects, this is to be expected. However, the bias
toward insects in publications is unusual with a general bias towards endotherms for both biodiversity
occurrence data (Troudet et al. 2017), ecological
research (Leather 2009) and behavioural research
(Rosenthal et al. 2017).
Distinct topics from the entire corpus tended to be
more prevalent in either ecology or entomology journals, but some topics were prevalent in both. For
example, ’Landscape Ecology’ was a growth topic
area for both journal categories, suggesting that larger
spatial scale research is increasingly studied. Insect–
plant interaction research, speciﬁcally ’Insect herbivory’ and ’Pollination’, were both prevalent over
the last 20 years in both journal categories. This
crossover may be because of how the two topics
explicitly involve insects interacting with other noninsect taxa, speciﬁcally with plants. Additionally,
research on ’Ants’ is a dominant topic published
equally in ecology and entomology journals through
time. This suggests that not only is the larger-scale
ecological literature inﬂuencing the entomological
© 2021 Ecological Society of Australia
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Fig. 6. Heatmap of orders across the insect-only corpus.
Includes orders that appeared in 1000 or more articles.
Orders are clustered according to topic similarity. Topics
are ordered according to their journal type prevalence
(green coloured circles representing topics prevalent with
ecological journals and purple circles indicating prevalence
with entomological journals; see Appendix S7), and number within the circle identiﬁes the topic number. Cell shade
represents the sum of the topic weights for all articles that
contain that class. Point colours along the y-axis represent
the journal type prevalence of the topics (Appendix S4).

literature, but there is also insect research reaching
into the broader ecological literature.
Within the insect-speciﬁc corpus, hot topics crossing both entomology and ecology journals include
’Thermal tolerance’ and ’Disease vectors’. Topics
with similar inﬂuence over time include ’Forestry
© 2021 Ecological Society of Australia

beetles’ and ’Nutrition’. The ’Thermal tolerance’
topic broadly covers climate change research, range
shift, latitudinal gradients and cold resistance
(Appendix S4). Researchers are moving past the generic climate change topics and becoming more
nuanced in assessing the direct impacts of humaninduced climate change across various disciplines
(Haunschild et al. 2016; Wang et al. 2018; Callaghan
et al. 2020). Work on critical thermal limits – both
upper and lower – are key areas of this work. Within
the climate change framework, it is also surprising
that ’Population dynamics’ research has reduced in
its emphasis in the ecology journals. We anticipated
these critical aspects of life history would continue to
be well studied. Gene expression is the key growth
area in the entomology journals. This increase is
likely because of gene editing, sequencing and DNA
identiﬁcation becoming more accessible in terms of
both cost and availability (e.g. Cruaud et al. 2019;
Klein & Hainer 2020; Leung et al. 2020).
Overall, we found positive evidence indicating
insect-speciﬁc research is overlapping with the
broader ecological research areas and continuing to
be an active research topic, or increasing in prevalence, over time. In particular, ’Landscape ecology’,
’Insect herbivory’ and ’Ant’ research were strong and
active throughout the major ecological and entomological journals we assessed. There was also a range
of topics unique to each corpus. For the insect corpus ‘Traits’, ‘Interactions’ and community-level
research increased in ecological journals, whereas
more genetic and pest-based analysis were key
growth areas in the entomological journals. Even
though we only assessed a snapshot of journals, we
would expect these trends to follow if other ecological and entomological journals were to be included
in a broader assessment, as they have been identiﬁed
in previous ecological literature analyses (McCallen
et al. 2019).
We expected to see a decrease in entomological
taxonomy research over time because of decreases in
paid taxonomic job positions in Australia (Braby &
Williams 2016; Weaver 2017). However, we found a
dominance and slight increase in taxonomic research
doi:10.1111/aec.13052
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in entomology journals over the past 20 years with
taxonomy considered a potentially ‘warm’ topic.
Interestingly, this increase is independent from
changes in genetic research (based on the top 20
topic words, Appendix S4). There have been many
reviews and commentaries identifying issues with taxonomic research over the past few decades: from taxonomic bias – both across classes (Troudet et al.
2017) and within the Insecta class (Zuk et al. 2014),
through to the lack of taxonomic skills and the loss
of taxonomic expertise, such as for ﬂowering plants
(Bebber et al. 2014). However, other assessments
found increases in taxonomy across all animal taxa
(Vinarski 2020). Here we also found that topics
related to insect taxonomic research are active and
have increased in prevalence over the past 20 years –
for the top ﬁve insect orders, taxonomy was highly
weighted. Such integration between taxonomy and
ecology needs continual nurturing and strengthening
(Halme et al. 2015), enabling opportunities for critical research in new and emerging issues to be acted
upon into the future.

perspective. This study’s initial impetus was an insect
ecology-focussed workshop on the 30th November
2018, as part of the Ecological Society of Australia
annual conference in Brisbane, Australia. Workshop
participants identiﬁed the critical lack of understanding of how insect-related literature ﬁts into the
broader ecological landscape and how resolving this
knowledge gap might help identify future insect ecology research priorities. We thank the participants of
the workshop who assisted with ideas and impetus
for the work: Brogan Amos, Barbara Downes, Kathy
Ebert, Edward Fensom, Adam Frew, Lachlan Jones,
Thomas Hayashi, Andrew Hayes, Dieter Hochuli,
Melissa Houghton, Manual Lequerica, Grace Leung,
Andrew Maynard, Jaye Newman, Hazel Parry, Emma
Razeng, Thomas Sayers, Manu Saunders, Jessa
Thurman, Andrew Wallace-Mitchell, Blythe Vogel
and Alan York. We also thank Lucy Johanson for
assisting in extracting some records from the Web of
Science database. We also thank Elsie Denton and
Kirk Davies for reviewing a previous version of the
manuscript.

CONCLUSION
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Our study demonstrates entomological research was
and continues to play a major role in the development of ecological concepts and theories. The publication assessment carried out here – although not
exhaustive – has extracted some key elements of
how topics move between taxa speciﬁc (entomology)
and broader discipline-based (ecology) journals.
Crossover of key ideas and theories from taxa to
discipline is important for developing a holistic
understanding of the interactions of all components
in an ecosystem or ecological function. A holistic
understanding of ecological function enables us to
move the ecology discipline forward and develop
tools to assess and manage ‘wicked problems’
(L€
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emerging.
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