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Abstract

Diversity is a driving force of innovation and creativity in scientific research. Therefore, supporting and maintaining
diversity is a priority within academic communities. Gender is an important but understudied aspect of diversity in most
scientific fields, including entomology. Women remain underrepresented in paid academic positions, despite the fact that
nearly half of earned PhDs in science are awarded to women. With the goal of documenting contemporary demographic
patterns and highlighting generational change in the global myrmecological community, we examined author gender
ratios and publication rates over the past three decades, both globally and by country affiliation. Approximately one third
of authors publishing about ants during 2008 - 2017 were women, which is similar to reported rates of their representa-
tion in other scientific fields. Over the past three decades, the total number of researchers studying ants has increased
and the proportion of women authors in myrmecology has risen from 17.6% in 1987 to 27.7% in 2017. Despite this in-
crease in representation, women publish fewer papers than men, both cumulatively and annually. This gender-specific
publication gap has not diminished over the past decade. Only five women rank among the 50 authors with the greatest
number of publications during the past decade. Representation of women varied among the 105 countries with which
myrmecology publications were associated, and women were underrepresented in nearly all. In the 10 countries with
the greatest numbers of authors and highest numbers of publications, none had a gender-ratio biased towards women.
Overall, these findings describe a myrmecological community that has grown significantly over thirty years, with an
increasing proportion of women. Although this trend suggests a rising generation of myrmecologists that is more gender
diverse than ever before, continued lack of parity in representation of women and their productivity are areas of concern.
Further examination of these issues will inform our understanding the composition of the myrmecologist community.
This data-based approach is a first step toward dismantling barriers and ensuring equity for members of all genders in
our next generation of researchers.
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Introduction

Diversity in science: Diversity is a driving force of
innovation and creativity in scientific research. The ben-
efits of fostering diverse working collaborations, namely
increased innovation and productivity, have been demon-
strated across many fields, including Science, Technol-
ogy, Engineering, and Mathematics (STEM) (PaGe 2008,
WOOLLEY & al. 2010, Moss-RACUSIN & al. 2012, FREEMAN
& HUANG 2014). Professional collaborations that are rep-

© 2020 The Author(s).

OPEN 8ACCESS

resentative of broad cultural and social backgrounds aid
in fueling creativity through challenges to established
norms, exposure to novel perspectives, and exchange of
information and ideas (ApAMS 2013, ALSHEBLI & al. 2018).
In recent years, considerable efforts have been made to
facilitate greater equity and inclusion of underrepresented
groups in STEM fields (VALANTINE & al. 2016, HODAPP &
BrowN 2018). Several initiatives have aimed at creating
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workspaces and collaborations that are more inclusive
with respect to gender, race, ethnicity, nationality, socio-
economic class, and more (Fox 2008, ALLEN-RAMDIAL &
CaMPBELL 2014). However, quantitative data on diversity
in research are often lacking, making it difficult to mitigate
disparities. These knowledge gaps are especially pervasive
in highly specialized subdisciplines, such as myrmecology,
where little data on researcher demographics have been
collected (but see RAMALHO & al. 2020a). Here, we focus
on one aspect of diversity, gender, and associated demo-
graphics of authorship among ant researchers, including
publication rate and national affiliation. While we recog-
nize that gender is non-binary, these metrics can still offer
tractable measures of one aspect of diversity and equity in
the global community of myrmecologists.

‘Women in science: Nearly half of earned PhDs in
science are awarded to women, yet they remain under-
represented in paid academic positions in most scientific
fields (Ross1 1965, SHEN 2013, SHELTZER & SMITH 2014),
including entomology (WALKER 2018, WIEDENMANN &
al. 2018). The women who occupy these positions face
barriers to advancement, and they are less likely than
men to be retained in research positions (Apamo 2013)
and advance to prominent leadership roles (WILLIAMS &
al. 2017, BERENBAUM 2019). A cascade of contemporary re-
search has consistently identified gender bias in academic
activities, where women are underrepresented on editorial
boards (CHO & al. 2014), as reviewers for journal articles
(WALKER 2018), among speakers at high-profile academic
venues (NITTROUER & al. 2018), and as nominees for major
awards (LUNNEMANN & al. 2019). Awards, when granted,
are of lower value than those bestowed upon men (Ma
& al. 2019). These studies are informative in identifying
gender bias as a contributor to lack of parity, despite the
fact that their inclusivity is limited to a binary definition
of gender which fails to encompass the full spectrum of
gender identity and expression (MORADI & PARENT
2013). Gender bias that manifests in inequities such as
those described above may be due to explicit or implicit
discrimination, differential resource allocation (Cecr &
WiLLIAMS 2011), or relate to life choices (RAMALHO & al.
2020b), but is common across STEM fields. Additionally,
the longstanding, but erroneous belief that national eco-
nomic status is a principal determinant of gender equity
(GappI1s & KrLaseN 2014) can confound efforts to support
the advancement of women. Identifying barriers to the
success of underrepresented STEM professionals is an
essential step for supporting equity in the broader commu-
nity of researchers. Publications on this topic universally
highlight the need for high-resolution data on the status
of gender equity to set goals for increasing parity in indi-
vidual fields. In response to this need, this study assesses
gender across the global myrmecological community.

Myrmecology: The field of myrmecology encom-
passes basic and applied research on ants, comprising
many subdisciplines of the biological sciences, including
taxonomy, evolution, ecology, behavior, biochemistry,
physiology, and toxicology. Research on ants also inter-

188

sects with other scientific fields, such as physics, mathe-
matics, computer science, and engineering. Researchers
work with ants for a variety of reasons that extend beyond
the value and importance of the subjects themselves. For
example, taxonomic and genomic resources on ants that
are available for research make this group of arthropods
one of the most tractable and diverse lineages of non-
model organisms on earth. Myrmecologists, therefore,
are a broad swath of researchers — here we include those
who may not define themselves first and foremost as myr-
mecologists, but whose work nevertheless focuses on ants.

The earliest researchers credited in ant science are
primarily European and American men who worked in
the late 19* and early 20™ centuries. Swiss researcher
Auguste Forel is often referred to as the first myrmecolo-
gist, and the term “myrmecology” was coined by American
entomologist William Morton Wheeler (GEORGIADIS &
TRAGER 2015). However, women also made important
contributions to research on ants. Although their works
may be less numerous or less widely known, these sci-
entists include such luminaries as British entomologist
Lucy Evelyn Cheesman, who collected extensively in the
Pacific (TOUZEL & GARNER 2018), and American ecologist
Mary Talbot, who devoted more than half of a century to
studying ant ecology and behavior (KANNOwsKI1 2012). As
the study of ants has expanded over the years, the global
community of myrmecologists has broadened dramat-
ically. Early scientists largely conducted research inde-
pendently, an approach that starkly contrasts with modern
workflows for collaborative research, which today require
cooperation across countries, institutions, and scientific
disciplines. This shift in how science is conducted, and the
expanded foci of research conducted on ants, has also been
accompanied by transitions in who studies ants.

The goal of this study was to characterize the con-
temporary gender diversity of the global myrmecological
community and document changes in the composition of
participants over time. We specifically asked 1) is the pro-
portion of women, globally and by country, similar to those
in other STEM fields?; 2) are publication rates of women
equivalent to those of men?; and 3) how have these met-
rics changed over the past three decades? We assembled
information to answer these questions from author names
and affiliations associated with peer-reviewed ant-focused
research articles from the past decade (published 2008
- 2017). We also retrieved data from twenty (1997) and
thirty years (1987) ago to evaluate trends over time.

The authors of this study self-identify as members
of some underserved groups (i.e., women, lesbian/gay/
bisexual/transgender/queer (LGBTQ) individuals, people
of color, first generation college students), but are aware
that we do not speak for all members of the communities to
which we belong and do not represent all axes of diversity.
We acknowledge our individual privileges as able-bodied,
educated individuals with advanced degrees, and we rec-
ognize that we cannot fully understand the experiences of
all myrmecologists. We do, however, strive to be allies to
and with marginalized groups in myrmecology through



meaningful action to promote inclusivity. In compiling
these data and making them publicly available, we aim
to establish baseline data for evidence-based discussions
about existing diversity among myrmecologists. Our re-
search community has the potential to advance through
increased diversity, enhancing productivity, innovation,
and visibility. In order to support diversity and excellence
in the next generation of myrmecologists, we must first
understand who we are as a group.

Materials and methods

Human subjects research: This study was reviewed
by the University of Florida Institutional Review Board
(IRB#201902902) and approved as exempt.

Methodological limitations: The goal of this re-
search was to identify disparities in the myrmecological
community in an effort to reduce inequities. The authors
openly acknowledge that the data upon which these con-
clusions are based cannot address all aspects of diversity.
Six points in particular are possible sources of error: 1) Di-
versity is more than gender and national affiliation. Truly
describing demographic trends in our community requires
identifying factors that encourage, or limit, participation
of all groups in myrmecology research. 2) Gender is not
binary, and therefore the binary gender designations
used in this study do not reflect the reality of gender as a
spectrum. The limits of available gender designations are
a result of cis-normative understanding of gender, which
is mirrored in the typical perceptions (and biases) of most
professional communities and career-impacting groups
such as job search committees, journal editors, and peer
reviewers. Self-reported gender would more accurately
reflect each author’s identity. 3) Name-based gender infer-
ence is more successful with names of European origin, in
general (SANTAMARIA & MIHALJEVIC 2018). The greatest
number of names in our dataset for which gender inference
was not possible were those transliterated from non-Latin
alphabets. 4) Country affiliation of authors is based on
institutional location rather than origin of individuals.
Because many researchers work abroad temporarily (e.g.
graduate training, postdoctoral positions) or permanently,
this metric is therefore an imperfect measure of interna-
tional diversity of authors. 5) Publication venues included
in this study are not exhaustive, and myrmecological liter-
ature can be found in many journals not indexed by Web
of Science. An unintended consequence of this approach
is that this dataset is English-language biased and likely
favors experimental research over publications focused
on taxonomy and natural history observation. 6) Authors
in this study are treated equally, regardless of authorship
position on a publication, and without regard to journal
ranking. Both factors matter for professional advance-
ment, and first and last author position usually indicate
lead researcher position for the individual study and of
the lab group, respectively. Future studies should consider
how to address these concerns, as further enhancing the
granularity of results will increase our ability to assess
and promote diversity.

Data acquisition: Metadata were assembled for
myrmecological literature published from 2008 to 2017
by conducting a search of the Web of Science (WoS) Core
Collection database using the following search string:
(Topic = formicid* OR myrmecol*) AND (Year published
= 2008 - 2017) on 8 September 2018, at the University
of Florida; the same criteria were used for a search of
years 1997 and 1987, conducted on 8 November 2018. The
authors refined the results of the search to include only
peer-reviewed journal articles, reviews, and book chap-
ters. Finally, the following data for each of the resulting
reference records were downloaded: Author / Editors,
Addresses, ISSN / ISBN, IDS Number, Title, Times Cited,
Language, Accession Number, Source, Document Type,
Keywords, Source Abbreviation, WoS Categories, Author
identifiers, Conference Information, Research Areas,
and Usage Count. Duplicate records were eliminated and
the resulting reference records were processed, where
authors were disambiguated using the “refsplitr” package
(FOURNIER & al. 2020) with (R CorE TEAM 2020), the
platform used for all analyses described below.

A dataset was generated based on unique combinations
of authors and publications, from which author and pub-
lication metrics were calculated. To focus on trends asso-
ciated with the most active members of the myrmecology
community, a dataset from 2008 to 2017 was generated
that excluded singleton authors — defined as authors for
whom only a single published paper was recovered for the
examined time period. Singletons were included in 1997
and 1987 datasets because most authors in both years were
associated with only a single publication.

Author gender classification: Gender was in-
ferred for each author in the dataset as: woman, man,
or unknown, using name-to-gender inference services
in a three-step process, which was adopted to reduce
misclassification rate as much as possible (SANTAMARTA
& M1HALJEVIC 2018) (but see methodological limitations
above). For each dataset, 1) names were assigned gender
probabilities based on first names using the Genderize.io
API via the “genderizeR” package in R (War1s 2016, GEN-
DERIZE ND). Gender classifications with a probability of
80% and above were accepted, and any assignment with
probability below 80% was then 2) investigated further us-
ing Gender.api (GENDER API 2016), which assigned gender
probabilities based on first names. Gender assignments
with a probability of 80% and above were accepted, and
assignments with probability below 80% were investigated
further by 3) manually searching for identifying pronouns
in publications and online professional websites. When
publications did not identify authors by first names, but
cited first and middle initials only, significant effort was
dedicated to identifying full names for gender inference.
Authors were coded as unknown if it was not possible to
infer gender as described above; the category “unknown”
does not refer to non-binary individuals.

Country affiliation: For each publication record
from 2008 to 2017, the author’s primary institution was
used to infer country affiliation and georeferenced using
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the “refsplitr” package in R (FOURNIER & al. 2020). Authors
with no affiliation listed on publications and were coded
as “NA”. Country affiliation was not readily available for
authors in 1997 and 1987 datasets. Authors in the 2008 -
2017 dataset that were affiliated with different countries on
separate papers (e.g., an author changed institutions, and
thus national affiliation) were included in each country’s
total author count. However, authors were only counted
once when calculating global author totals. Proportion of
women authors was determined by dividing the number
of women by the total number of authors within each
unit of time and geographic region. The average propor-
tion of women authors was calculated, globally, based on
countries with 10 or more authors from 2008 to 2017 (61
countries). For individual countries, average authorship
proportion was calculated using data from countries that
had a minimum of three publications, published during
at least two separate years, as this provided more precise
national authorship proportions (79 countries).

Publication numbers: To assess differences in total
publication numbers between women and men, a gener-
alized linear mixed-effects model was run using R statis-
tical software, where total paper counts for each unique
author were a function of gender, and random intercepts
of “Years” and “Country” accounted for potential variation
between years and countries, respectively. Multi-authored
papers were represented in this modeling framework mul-
tiple times, once for each author. This model was also used
to evaluate the singleton-excluded dataset. A multi-model
approach was used, with three model derivations: one used
anegative binomial error distribution (link = log), the sec-
ond used a Poisson error distribution (link = log), and the
third was a null model response variable set to a function of
1. All models were compared and ranked utilizing Akaike
Information Criterion (AIC) scores, a framework regarded
as less biased than step-wise model selection (BURNHAM
& ANDERSON 2004). These three models were the final
models evaluated within the AIC framework because other
models with more complex random effects did not achieve
model convergence despite the implementation of various
model optimizers. For all statistical tests an alpha level of
0.05 was used to assess statistical significance.

GDP and population data were used to calculate
per capita gross domestic product (GDP) of each country
in the dataset from 2008 to 2017, providing a means of
assessing author gender ratios in the context of national
economic growth. National GDP (in US $) and total pop-
ulation data were downloaded from The World Bank Da-
tabank’s World Development Indicators database (WORLD
BANK 2019). Taiwan was not included in the GDP data
and was therefore removed. A mixed-effects model with
a Gaussian error distribution was used to assess the rela-
tionship between per capita GDP and women authorship
proportions. To assess model performance, diagnostics of
fitted values compared to model residuals, fitted values to
actual values, and marginal and conditional R2 values were
observed using the “MuMIn” package in R (BARTON 2013).
Average annual numbers of publications by women, men,
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and unknown authors from 2008 to 2017 were calculated
by averaging the total number of papers associated with
each unique author for each year. Visual comparisons were
used to assess differences in publication rates from the
2008 - 2017 dataset with datasets from prior decades, as
data from 1987 and 1997 represent discrete years rather
than averages of values accumulated over a decade. All
mixed effect models were run using the “lme4” package
(BATES & al. 2015) and all graphics were produced using
the “tidyverse” package (WickHAM & al. 2019) in R.

Change over time: To assess temporal trends in the
proportion of women publishing in myrmecology during
2008 - 2017, two statistical approaches were used. For
both, the proportion of women and men was calculated
by dividing the total number of authors per gender by the
sum of all authors for a given year. First, the 2008 - 2017
data were split into two time categories (2008 - 2012 and
2013 - 2017) and compared the means of women author
proportions between the time periods using a t-test in
R. The normality and homogeneity of variances in the
data were assessed using a Shapiro-Wilkes test in R and
a Levene’s test using the “car” package (Fox & al. 2007),
respectively. Second, for singleton authors, a simple linear
model was run in R on gender proportions of authors as a
function of year and model assumptions and diagnostics
were evaluated based on residual diagnostic plots. This
linear model could not be applied to overall women au-
thorship proportions because data failed to meet model
assumptions.

Data availability: To encourage further research
in this area, this dataset, including metadata used in the
analyses and graphics, is available as digital supplemen-
tary material to this article, at the journal’s web pages
(Appendix S1).

Results

The myrmecological community has grown to be large
and prolific. Our Web of Science search recovered 4817
publications from the past decade (2008 - 2017), work pro-
duced by 8106 authors from 105 countries. Singletons (i.e.,
authors publishing a single paper) comprised 69.7% (n =
5653) of all authors during this period. The remaining sub-
set of authors that published two or more papers included
2453 individuals. We recovered 202 publications associ-
ated with 401 authors in 1997, ten years prior to the 2008
- 2017 dataset. Two decades earlier, in 1987, we found 59
papers associated with 96 authors (Tab. 1). Singletons were
not removed from 1997 and 1987 datasets because most of
these authors published only a single paper in a given year.

Women’s representation: During the decade span-
ning 2008 - 2017, women comprised 32.9% (n = 2671)
of unique authors, whereas men constituted 63.1% (n =
5120) and authors of unknown gender 3.8% (n = 314)
(Tab. 1). When singleton authors were excluded from the
10-year dataset, representation of women was lower, at
29.4% (n = 721, 67.8% men, n = 1662; 2.85% unknown, n
=70). Among the decade’s singletons, men were also more
numerous than women: 34.5% of authors were women



Tab. 1: Authorship, by gender, of myrmecological publications in 1987, 1997, and 2008 - 2017. Table provides total paper and
author numbers as well as the genders that make up these values. Publications include peer-reviewed journal articles, reviews,

and book chapters.

Number | Number of % Women % Men % Undetermined

Year(s) of papers authors (mumber of (mumber of (mumber of
authors) authors) authors)

1987 59 96 16.7% (16) 78.1% (75) 5.2% (5)
1997 202 401 20.7% (83) 78.3% (314) 1.0% (4)
2008 398 993 25.8% (256) 71.7% (712) 2.5% (25)
2009 412 1066 26.8% (286) 70.8% (755) 2.4% (25)
2010 445 1205 30.5% (368) 66.5% (801) 3.0% (36)
2011 484 1280 29.7% (380) 66.6% (853) 3.7% (47)
2012 470 1198 29.1% (349) 67.5% (809) 3.3% (40)
2013 480 1334 31.0% (414) 65.4% (873) 3.5% (47)
2014 499 1364 28.6% (390) 68.1% (929) 3.3% (45)
2015 537 1603 30.9% (496) 66.4% (1065) 2.6% (42)
2016 550 1698 32.6% (554) 64.4% (1094) 2.9% (50)
2017 542 1717 30.6% (525) 66.0% (1134) 3.4% (58)
2008 - 2017 481.7 1345.8 29.6% 67.4% 3.1%
annual average
2008 - 2017 781 1216 26.4% (206.8) 71.5% (556.7) 2.2% (17.1)
annual average
Singletons excluded
2008 - 2017 565.2 565 34.0% (195) 61.6% (345.8) 4.4% (24.4)
annual average
Singletons only
2008 - 2017 (total) 4817 8105 32.9% (2671) 63.1% (5120) 3.8% (314)

(n = 1950), 61.2% were men (n = 3458), and 4.32% were
unknown (n = 244). Of the total number of women au-
thors, 73.0% published only a single paper during these
ten years, a higher proportion than among men (67.5%;
unknown = 77.7%).

The proportion of women in the myrmecology com-
munity was also calculated as an annual average: 29.6%
(67.4% men, 3.1% unknown); this number was lower than
the proportion of women summed across the entire decade
(Tab. 1, Fig. 1, Fig. 2). The average annual proportion of
women with more than one paper represented in this data-
set was even lower, at 26.4% (71.5% men, 2.2% unknown).
Among authors associated with only a single paper, the
average annual proportion of women was 34% (61.6% men,
4.4% unknown).

Individual countries differed in author gender ratios,
but men predominated in the vast majority (Appendix S1).
In the ten countries with the greatest number of authors
in the 2008 - 2017 decade, representation of women was
highest in Mexico (35%) and Brazil (35%), and the lowest
was in Japan (10%) (Fig. 3). The overall global propor-
tion of women authors was 30.2% during the decade of
2008 - 2017; national proportions of women ranged from
4.8% (Saudi Arabia) to 83.3% (Sri Lanka). Among all na-
tions publishing in myrmecology, some departed notably
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Fig. 1: Proportion of women, men, and unknown authors of
publications in the field of myrmecology from 2008 to 2017,
retrieved from the present study. Colors indicate gender. Dot-
ted vertical line represents cutoff between the pre-2000 and
post-2000 datasets.

from average gender ratios. Countries with very high
representation of women included Sri Lanka (83.3%), Bul-
garia (77.8%), and Croatia (66.7%) — all of which had small
research communities of 16 or fewer authors. Argentina
was the only country with a large research community
where the majority of authors were women (55.0%, n =
169 total authors). By contrast, countries with poor rep-
resentation of women were more common. They included
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Fig. 2: Singleton authors counted by research papers in the field of myrmecology, retrieved from the present study. (A) Annual
number of singleton authors, by gender, publishing in myrmecology from 2008 to 2017. Grey bars represent the total number
of authors by gender and year from the total dataset. (B) Linear regression indicates a significant increase in the proportion of
women authors among singletons, in relation to men, as a function of time (years).
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Fig. 3: Global proportion of women authors, by country, calculated with data from the 79 countries with three or more publications
from 2008 to 2017, published during at least two years. (A) Global map showing annual authorship proportion of women in 79
countries, averaged across all years. Color gradient reflects the proportion of women authors. (B) Annual proportion of women
authors in the ten countries with the greatest number of total authors between 2008 and 2017.

countries with small communities of 16 or fewer authors
— Ukraine (12.5%), Philippines (14.3%), Uganda (15.4%) —
to medium, with 20 - 50 authors — Hungary (2.0%), Saudi
Arabia (4.8%), Ecuador (14.3%) — and large, with more
than 300 authors — Japan (15.2%).
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Influence of per-capita GDP: Per capita GDP did
not significantly influence the proportion of women au-
thors, as shown by the results of a linear mixed-effects
model (p > 0.05, marginal R2 value = 0.01; conditional R2
value = 0.62). Rather, other country-specific differences



Tab. 2: Average annual number of publications per author, by gender, in 1987, 1997, and 2008 - 2017. Average values are separated
by gender and standard error for each gender is provided. Total averages by decade (with and without singleton authors) are also

provided. SE = standard error.

Women Men Unknown
Average SE Average SE Average annual SE
annual annual number of
number of number of publications
publications publications

1987 1.06 0.06 1.45 0.10 1.00 0.00
1997 1.19 0.06 1.28 0.05 1.00 0.00
2008 1.23 0.04 1.43 0.04 1.04 0.04
2009 1.23 0.04 1.39 0.04 1.12 0.09
2010 1.19 0.03 1.38 0.04 1.25 0.15
2011 1.27 0.04 1.40 0.03 1.17 0.08
2012 1.25 0.04 1.39 0.04 1.25 0.13
2013 1.20 004 1.34 0.03 1.04 0.03
2014 1.22 0.03 1.38 0.03 1.16 0.05
2015 1.15 0.02 1.42 0.04 1.21 0.09
2016 1.13 0.02 1.34 0.03 1.18 0.06
2017 1.21 0.03 1.40 0.03 1.07 0.03
Mean 2008 - 2017 121 001 139 001 1.15 0.03
(with singletons)
Mean 2008 - 2017 140 | 0.02 162 0.02 1.38 0.07
(without singletons)

accounted for approximately 61% of the variance in the
proportion of women.

Publication number: The number of myrmecology
publications per author recovered in this dataset varied
considerably during the decade ranging from 2008 to 2017.
Only five women ranked in the top 50 highest-producers of
peer reviewed publications (Tab. S1). One woman author
was among the top ten publishers, a group that collectively
authored 12.6% of all papers from 2008 to 2017, and whose
individual paper counts ranged from 43 to 104 publi-
cations. The first, second and third highest-publishing
women ranked 7™ (n = 50), 16" (n = 36), and 37™ (n = 29)
in total publication counts, respectively.

Across the decade, the average annual number of pub-
lications per author was 1.21 for women, 1.39 for men, and
1.15 for unknown authors (Tab. 2, Fig. 4). When singleton
authors were excluded, the average annual number of pub-
lications was higher for all authors, with 1.40 papers, on
average, for women, 1.62 for men, and 1.38 for unknown
authors.

Results from the mixed-effects model, which ac-
counted for differences between years and countries, sup-
ported the finding that men published more papers than
women (Tab. 3). Total paper counts for women and men
differed substantially among countries (p < 0.05, marginal
R2 = (.17, conditional R2 = 0.78). Results were similar
when singletons were excluded from the dataset, and the
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Fig. 4. Average number of papers per author, by gender, in
1987, 1997, and 2008 - 2017. Colors indicate gender and error
bars represent the standard error of each average value. Dot-
ted vertical line represents cutoff between the pre-2000 and
post-2000 datasets.

model fit did not change (marginal R2 = 0.17, conditional
R2 =0.79).

The countries with the largest myrmecology communi-
ties, based on number of publishing authors from 2008 to
2017, were the USA (n = 1475), Brazil (n = 894), Germany
(n = 370), Australia (n = 295), France (n = 282), Japan
(n = 280), the People’s Republic of China (n = 217), the
United Kingdom (n = 196), Spain (n = 161), and Mexico
(n =99) (Fig. 5). In these countries, as in nearly all coun-
tries, men published more papers (n = 3498) than women
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Tab. 3: Model output from a mixed-effect negative binomial model assessing total paper counts as a function of author gender
with random effects of time (Year) and count incorporated in the model structure. Men had statistically higher mean paper counts
than women or authors of unknown gender. SD = standard deviation; SE = standard error.

Random effect:

Name Variance SD

Country 1.247 1.117

Year 0.012 0.109

Fixed effects:

Name Estimate SE z-value P-value
Intercept (Unknown) -0.618 0.180 -3.430 <0.001
Women 1.163 0.127 9.173 <0.001
Men 2.085 0.125 16.739 <0.001

Brazil
Australia -295
Peoples R China -217
Gender UK -196
B Unknown .
B Women Spain '161
Men

Mexico

‘99
T NG of Authors ’ No. of Papers
Fig. 5: The 10 countries associated with the greatest numbers
of publications in myrmecology from 2008 to 2017, retrieved
in the present study. Number of authors by gender (left, colors
represent different genders) and total number of papers (right)

are presented for each country.

(n = 1798) during the decade. The average annual number
of publications per author, by gender, in these ten countries
was only slightly higher than for all countries worldwide,
with 1.22 (SE 0.02) papers for women, 1.41 (SE 0.01) for
men, and 1.18 (SE 0.04) for unknowns. When singletons
were excluded, annual publication number per author, by
gender, in these ten countries increased for both men and
women, with the average number of papers by men (1.65,
SE 0.02) remaining higher than those authored by women
(1.40, SE 0.03) and unknown authors (1.43, SE 0.01).

The average number of publications by men exceeded
those by women during the 2008 - 2017 decade in nearly
all nations outside of the top-ten countries (based on total
number of papers). Women out-published men in only two
nations, Bulgaria and Slovakia. However, both countries
had fewer than ten published authors over this decade.
Women did not publish more than men in any country
with more than ten authors during the decade from 2008
to 2017.

Trends over time: International representation in
the myrmecology literature has grown over the thirty-year
time period examined in this study. While country affil-
iation data were not available for all publication records
from 1987 and 1997 in the Web of Science database, the
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available data show that authors from 11 countries were
represented via publications in 1987, with the greatest
number of authors affiliated with the USA (13), followed
by Belgium (4), France (3), and Germany (2). Authors from
40 countries were represented in 1997, with the greatest
number affiliated with the USA (49), followed by France
(11), and Brazil (8). Myrmecology publications from 2008
to 2017 included authors from 105 countries, with indi-
viduals in the USA, Brazil, and Germany represented in
the highest numbers.

Representation of women over time: Participa-
tion by women in myrmecological research has increased
globally over 30 years. Women authors represented 17%
of the community in 1987 (78% men, 5% unknown) (Tab.
1). Ten years later, in 1997, representation of women was
higher, at 21% (78% men, 1% unknown). The following
decade, in 2008, 23% of authors were women (75% men,
2% unknown), and data from 2017 indicate that 28% of
authors were women (70% men, 3% unknown). Despite
this increase in women over three decades, there has been
no statistically significant change in annual proportion of
women over the past ten years. There was no difference
in proportion of women during the first five years, 2008 -
2012, as compared to the second five years, 2013 - 2017 (p
> 0.05, t-value = 0). The proportion of women singletons,
authors with a single myrmecological publication, also
increased over the 30 years we examined, from 22.2% in
1987 t0 33.6% in 2017. From 2008 to 2017, the proportion
of women singletons increased significantly in relation
to men singletons (Fig. 2) (p < 0.05, adjusted-R2 = 0.36).

Publication number over time: The average num-
ber of indexed publications per author, overall, has not
grown over 30 years. Authors published slightly more
than one paper per year, on average, in 1987 (mean =
1.26 £ 0.04) and in 1997 (mean = 1.36 + 0.08). During the
decade from 2008 to 2017, the average annual number of
publications per author was similar (mean = 1.33 + 0.01).

Men out-published women during each year examined
in this study. This gender-based difference in publication
rate was greatest in 1987. After this time, the annual gap
in publication rate was lower but no trend (decreasing



or increasing) was detected (Tab. 2, Fig. 4). Publication
rates in 1987 were 1.06 + 0.06 for women, 1.45 + 0.1 for
men, and 1.00 + O for unknown authors. The publication
rates in 1997 were 1.19 + 0.06 for women, 1.28 + 0.05
for men, and 1.00 + 0 for unknown authors. The average
number of publications was higher overall in 2008, though
publication rates for women (1.23 + 0.04) were still lower
than those of men (1.43 + 0.04) (unknown: 1.04 + 0.04).
Average annual publication rates in 2017 were similar to
those from 2008, where women (1.21 + 0.03) again had
lower rates of publication than men (1.40 + 0.03) authors
(unknown: 1.07 + 0.03).

Discussion

A growing body of research on the field of workplace
disparities in STEM fields has shown that gender-het-
erogeneous teams produce better science (CAMPBELL &
al. 2013). One of the first essential steps to overcoming
structural barriers that constrain diversity in STEM is
collecting and publishing data on diversity representation
(GroGAN 2019). These data are necessary for identifying
problems within the STEM community and provide the
requisite evidence-based foundation for achieving meas-
urable goals of increased representation. Here we report
on the global gender demographics of the myrmecological
community by reviewing thirty years of publications,
assessing which countries are active in myrmecology
research, what proportion of researchers are women, the
scale of the gender gap in publication rate, and how these
metrics have changed over time.

The global myrmecological community has grown
dramatically in thirty years, and today research on ants
is conducted across the globe, in over 100 countries. More
than 8000 authors published papers about ants over the
past decade alone. This growth reflects an increase in
international activity — historically, early myrmecolo-
gists were overwhelmingly affiliated with institutions
in Europe and North America (especially USA). Now, an
abundance of research also originates from institutions
across Central America, South America, Australia, and
Asia. Myrmecological research is also increasing in Af-
rica and Madagascar, with much influence coming from
collaborations fostered through organizations such as the
E.O. Wilson Biodiversity Foundation, Gorongosa National
Park, the Bibikely Biodiversity Institute, and the Madagas-
car Biodiversity Center to name a few. The proliferation of
myrmecology research is not necessarily limited to regions
with high ant richness, but likely relates to supportive
scientific infrastructure and funding mechanisms.

Proportion of women: Women are undeniably un-
derrepresented in myrmecology, worldwide, and annually
comprise only 29.6% of actively publishing individuals.
This number is consistent with the findings of RAMALHO
& al. (2020a) that women in myrmecology are underrep-
resented as first and last authors. Underrepresentation of
women in global workforce engagement has been docu-
mented at similar rates (29.3% women) (UNESCO 2019),
and comparable trends are observed in other life science

fields. For example, participation of women in myrmecol-
ogy is lower than in health and medical specializations,
which tend to have high representation of women, but
higher than in historically men-dominated fields of science
such as physics and computational biology (BoNHAM &
STEFAN 2017, HOLMAN & al. 2018).

Myrmecology is not unique in its lack of gender parity.
Many scientific fields lack representation of women, espe-
cially in senior positions (HANDELSMAN & al. 2005). First
and last author positions often denote relative prestige,
serving as indicators of career success (RAMALHO & al.
2020a). Rather than author position, we examined publi-
cation rates. We used authors’ publication numbers over
a ten year span as a proxy for establishment in the field of
myrmecology, with two or more publications indicating
an authors’ seniority in comparison to those with only one
publication. By this conservative metric, the proportion of
women authors publishing multiple papers (26.4%) was
much lower than across the community overall (34.0%)
during 2008 - 2017. These results echo previous research
documenting lower publication rates among women au-
thors in STEM than for men (DucH & al. 2012, LARIVIERE
& al. 2013, BENDELS & al. 2018) and further bolster findings
of significant underrepresentation of women authors in en-
tomology journals (WALKER 2019, RAMALHO & al. 2020a).

Singletons, authors that published a single paper in
myrmecology during the past decade, comprised 70% of
total authors. Men outnumbered women in this group, just
as men predominate in myrmecology overall. However, a
greater proportion of women than men were singletons.
Although it is beyond the scope of this study to evaluate the
determinants of single-paper authorship, the sheer number
of singleton authors in myrmecology demands attention.
Who are these singleton authors? They may include ear-
ly-career researchers embarking on a lifetime of myrmeco-
logical study, late career researchers with low publication
rates, established researchers that publish infrequently on
ants, and non-myrmecologist collaborators of established
authors. Some are undoubtedly short-term technicians
and authors who published once in myrmecology and then
turned their talents elsewhere. Could some proportion
of these authors have found productive careers in myr-
mecology? Can we reduce attrition rates by broadening the
appeal of myrmecology? Can we attract and retain more
talent to our field? To answer these questions and improve
the recruitment and retention pipeline for myrmecology
careers, we must be willing to acknowledge deficiencies
in our own communities and commit to addressing them.

Around the world, we found gender disparities to be
common in nearly all countries where myrmecology re-
search is conducted; women outnumber men in vanish-
ingly few research communities. In the ten countries with
the greatest number of authors publishing in myrmecology,
the highest average annual percentage of women did not
surpass 35%. Even Mexico, the country closest to achieving
gender parity (women reached 50% of authors in one year),
did not regularly have equal numbers of women and men.
These results highlight the importance of evaluating data
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at fine scale. For example, in the USA, the proportion of
women myrmecologists was 33.6% when evaluated using
data summed across a decade — a figure similar to reported
rates among academic entomologists (33% women), but
lower than among entomologists employed by the US
government (37% women) (WALKER 2018). However, the
average annual proportion of women authors in the USA
was much lower, at 25%.

Many factors contribute to gender inequity, but our
results suggest that high national GDP was not correlated
with gender parity in myrmecology, a result consistent
with current socio-economic theory (GADDIS & KLASEN
2014). Rather, sociocultural factors, including domestic
support for STEM research, are likely to have the greatest
influence in supporting women myrmecologists. The coun-
tries with particularly high, or low, proportions of women
authors also have gender ratios comparable to those in the
national STEM workforce (UNESCO 2019) — a pattern that
holds true for large and small countries, and across nations
with high and low numbers of publishing myrmecologists.
Although higher GDP did not correlate with the proportion
of women authors in this study, increasing participation of
women is considered a key factor in increasing the wealth
of nations, both large and small (HAMILTON & al. 2018).

Publication numbers: The paucity of women au-
thors among the top-publishing professionals in myr-
mecology is sobering. Only five women were among the
50 most prolific publishers of the past decade. While this
is in part a by-product of historical gender inequities in
academia, it also reflects a lack of diversity among senior
researchers today. One unfortunate consequence of homo-
geneity of senior leadership is the lack of representative
diversity in mentorship, which poses a challenge to in-
creasing diversity in the recruitment pipeline and affects
critical points in professional onboarding ranging from
advertising training opportunities to hiring for permanent
positions (SMITH & ERB 1986). Avenues to success can
also be affected by issues of inclusion, such as networks
of co-authorship. For example, senior authors who are
men are more likely than women to co-author papers with
other men in the fields of ecology and evolutionary biology
(FRANCES & al. 2020).

Publication rates are a metric of research dissemination
used to evaluate academic success and affect hiring and
promotion decisions. In myrmecology, women published
less, on average, than men did over the past decade, a trend
mirroring widespread gender disparities in advancement
across STEM fields (LARIVIERE & al. 2013, BENDELS & al.
2018). Among authors who published more than once in
the past decade, a man published 1.36 papers for every
paper produced by a woman, on average. This disparity
in productivity is another broad indicator that women
researchers have not achieved senior-level positions in
STEM fields at the same rate as men (HANDELSMAN & al.
2005). The pattern of men out-publishing women authors
was consistent across countries regardless of factors such
as GDP, size of the national myrmecology community, and
proportion of women overall. Another success metric —
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not evaluated here but influential to advancement — is
impact, that is, article citations. Other STEM disciplines
have documented that articles with women as first and
/ or last authors are cited less frequently than papers
authored by men (BENDELS & al. 2018). This measure
deserves examination in the myrmecological community
to provide insight into gender differences in visibility and
influence in the field.

Trends over time: The overall number and pro-
portion of women publishing in myrmecology today rep-
resents a significant increase in participation by women
compared to thirty years ago. The uptick in research
activity and diversification of national affiliations is good
news for the field of myrmecology, as international col-
laborations generate more citations of published work
(SmITH & al. 2014), and can foster diversity of the science
itself (Stocks & al. 2008). Although these numbers suggest
positive diversity trends, gender ratios have only inched
towards equity in myrmecology, where the proportion of
authorship by women has not risen over the past ten years.
This finding parallels that of RAMALHO & al. (2020a), who
also found no increase in the number of women senior
authors (i.e., first or last author position) in myrmecology
over the past ten years. Likewise, although the number of
peer-reviewed papers published by women has increased,
we found that women in myrmecology still publish at a
lower rate than men, that the number of women singleton
authors increased over the past ten years, and that the
publication gap has not budged in over twenty years. These
trends echo other findings from gender research in STEM
fields showing that increases in participation of women are
accompanied by increases in gender differences in both
productivity and impact (HUANG & al. 2020).

The future of the myrmecology community: The
results of this study describe myrmecology researchers
as a growing, increasingly international community with
greater diversity and more women researchers than ever
before. This is good news for a relatively small scientific
specialty as heterogeneity in the workforce can lead to
greater innovation and creativity (Apams 2013). However,
benefits of this diversity can only be realized when all com-
munity members are appropriately supported (NIELSEN &
al. 2017). The subdiscipline of myrmecology is not excep-
tional in having limited diversity and pronounced gender
disparities, but as a socially cohesive community, it does
have the potential to be exceptional in overcoming these
limitations. To date, the myrmecological community has
yet to address barriers that have prevented, and continue to
limit, full participation by women (ETzkow1TZ & al. 1994).
Providing these data are a first step towards equity in this
community, especially considering the need for education
and mentorship of future leaders (HoLMAN & al. 2018)
and recruitment of diverse science and ant enthusiasts
from the earliest ages (Goobp & al. 2010, Bian & al. 2017).

Why are we no closer to parity in myrmecology, in
number of women researchers and their productivity, than
we were ten years ago? One hopeful explanation may be
found in the high proportion of women authors of single



papers over the past decade: women researchers may be
overrepresented as early career scientists. If even a frac-
tion of these authors are embarking upon a productive ca-
reer path in myrmecology, they may well usher in a change
in gender ratios from what we present here. Retaining and
supporting more women through sequential educational
and career stages are instrumental to achieving gender
parity. Incoming women scientists will have to contend
with the legacy effect of women being grossly underrep-
resented in senior positions that are linked with high
publication output and pervasive gender bias, associations
that have been documented within academia at all levels
(ROPER 2019). While overt sexism may no longer be toler-
ated, women are more likely than men to be passed over for
promotions (GUMPERTZ & al. 2017) or not fairly judged for
their research output (BUDDEN & al. 2008). Gender parity
will not be achieved by waiting for women myrmecologists
to trickle in; rather, making workplace culture more sup-
portive of professional women is the primary determinant
of workforce diversity (GROGAN 2019).

Promoting a rising generation of researchers that is
more diverse than its antecedents requires supporting
best practices that lead to successful outcomes for all. This
includes combating high attrition rates for women and
other minority groups (Xu 2008), supporting advancement
through different career stages and levels of leadership
in science (GUMPERTZ & al. 2017), and improving search
and hiring practices to minimize unintentional biases
(CEc1 & WiLLIAMS 2015, SMITH & al. 2015). The success
of double-blind review of publications and grants in in-
creasing diversity (BUDDEN & al. 2008) demonstrates that
changes in practice can make a dramatic difference. As
RamMaLHO & al. (2020a) emphasize, gender equity can be
supported in many ways, from increasing the international
representation of women and other genders at conferences
and workshops, as reviewers, and on editorial boards
(SmI1TH & ERB 1986, LARIVIERE & al. 2013, EsPIN & al.
2017, WALKER 2019), to advocacy through social media
and outreach (JACKSON & SPENCER 2017). Within the life
sciences, proactive communication to diverse audiences,
engagement of young scholars, and recruitment with di-
versity in mind are becoming standard practice in efforts
to do better (HANSEN & al. 2018, BERENBAUM 2019). If the
field of myrmecology is to have a vibrant future, improving
diversity must be regarded as a necessity for us all.
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