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Who is working on ant physiology? There is room to improve international 
collaborations
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Abstract

Ants are an abundant and diverse group with worldwide distribution. Given their omnipresence, ecosystem services, 
and potential applications, ants may be excellent models for multiple lines of research such as physiology. However, the 
focus and worldwide distribution of ant physiology research are unknown. Given the evidence of scientific colonialism in 
multiple scientific areas – where credit and reward are not given to local scientists from developing nations when scien-
tists from wealthier nations travel for research – we examined the potential for such trends in studies of ant physiology. 
We investigated the frequency of studies and collaborations across countries during 2015 - 2019, which simultaneously 
allowed us to estimate the most studied taxa.

We found that the largest proportion of studies was done in Europe and North America. Collaboration trends were mainly 
among high-income countries. Nearly one third of the countries that served as sampling sites were not represented in 
authorship (mostly low- and middle-income). Furthermore, low- and middle-income countries show a lower proportion 
of authorship or co-authorship when these countries served as sampling sites, as compared with high-income countries. 
This disparity might indicate scientific colonialism in the field. However, collaborations between institutions from the 
sampling country and their foreign counterparts increased with the per capita Gross Domestic Product, suggesting a 
link between country’s participation in international collaboration and its economic prosperity.

How publications are circulated may further influence trends in scientific colonialism. Both the probability that a study 
reaches the public sphere (Altmetric) and the number of citations increase with the impact factor (IF) of the journal in 
which the article was published. Unfortunately, high-IF journals often show the highest Article Processing Charges, which 
can be a financial impediment for institutions in low- and middle-income countries. Our study highlights factors that 
influence the process of research in this field. The evidence of scientific colonialism in ant physiology that we highlight 
in this study calls for urgent measures to promote more equitable collaborative efforts.
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Introduction
Ants are one of the most dominant groups of insects dis-
tributed in many distinct habitats, ranging from arctic 
to tropical ecosystems, as well as desert areas (Coleman 
& Wall 2015). They are estimated to make up to 25% of 
animal biomass (Hölldobler & Wilson 1990), highly 
diverse, with 16,506 species described worldwide (Ant-
Web 2021). Given that ant colonies often contain large 
numbers of workers and occupy many different habitats 
and niches, ants can provide important ecosystem services 
such as pollination (Gómez & al. 1996), seed dispersal 
(Horvitz & Beattie 1980), bioturbation by moving large 
amounts of soil (Tschinkel & Seal 2016), control of other 
insect populations (Offenberg 2015), and even influence 
the diversity of other organisms (Wills & Landis 2018). 
These processes may directly or indirectly affect the flow 
of energy and matter in the ecosystem (Folgarait 1998). 
In addition, the ecosystem services provided by ants are 
relevant for both natural and agricultural landscapes 
(Elizalde & al. 2020). Although the importance of stud-
ying ants is clear, information about the distribution of 
studies per country or region is mostly unknown. Accord-
ing to historic trends in scientific colonialism relating to 
other biological lines (Varsavsky 1967, Asase & al. 2021), 
rich countries collect study organisms in poorer countries 
whilst receiving all the benefits of that research. Moreo-
ver, there is a negative correlation pattern between ant 
diversity and economic growth (Sachs 2001, Economo 
& al. 2018). Altogether, this led us to examine whether 
scientific colonialism is taking place in ant research and 
what mechanisms may be driving it.

All the ecosystem services mentioned above ultimately 
involve physiological aspects of the ants. In a conservation 
context, ants’ physiological tolerance to temperature can 
be an important predictive tool for modeling responses 
to climate change (Diamond & Chick 2018). Moreover, 
understanding the physiology of ants may provide tech-
nological improvements for humans. For instance, Reddy 
& al. (2011) highlight the potential applications of the 
unique hollow nanofiber membranes produced by the 
ant Oecophylla smaragdina for tissue engineering and 
other medical and biotechnology applications. In addi-
tion to the current therapeutical applications of some of 
ants’ venoms (Kou & al. 2005), their venoms are another 
promising area of research for pharmacological applica-
tions, providing the possibility of discovering new func-
tional molecules or drug candidates (Torres & al. 2013, 
Touchard & al. 2016). Ant venoms are currently being 
studied as potential sources of novel bioinsecticides, ther-
apeutic agents, antimicrobial substances, among others 
(Touchard & al. 2016). Therefore, physiological studies, 
together with the study of behavioral, physical, and the 
life-history traits of ants are relevant, in order to explore 
potential new benefits that may address human problems  
(Elizalde & al. 2020).

Despite the evident importance of studying ant physiol-
ogy, information about the distribution of studies per coun-
try, region, or taxon (subfamilies, genus, species) is mostly 

unknown. For instance, by analyzing the distribution of 
studies on urban ants, Santos (2016) found a scarcity of 
studies in tropical regions and Eastern Europe. Likewise, 
studies on other social insects, like bees, seem to follow 
similar trends with most studies carried out in USA and 
Europe (Cullen & al. 2019). This led us to the hypothesis 
that ant-physiology studies may follow similar trends. In 
this light we focused specifically on whether high-income 
countries tend to collaborate with low- and middle-income 
countries on publications when these countries are used 
as sampling sites. If low- and middle-income countries 
show a lower proportion of co-authorship when being 
used as sampling sites, then this could be an indicator of 
scientific colonialism (also known as neo-colonial science, 
colonial science, parachute science, or helicopter research, 
among others; Dahdouh-Guebas & al. 2003, Minasny & 
al. 2020). Understanding trends in scientific colonialism 
can help to create the tools to eradicate the practice. For 
example, reducing scientific colonialism through inter-
national collaborations can build scientific capacity in 
low- and middle-income countries, which benefits them 
as the generation of knowledge has always been a key 
component of economic growth and welfare (Wagner & al. 
2001). Moreover, international collaborations can promote 
the advancement of science by researchers learning from 
and helping each other, broadening knowledge and the 
opportunity for multidisciplinary research, among others 
(Dusdal & Powell 2021).

We are aware that variations exist within the expres-
sion of scientific colonialism; for instance, settler colonial-
ism in which scientists take over land to develop scientific 
infrastructures with complete disregard of indigenous 
populations (Prescod-Weinstein & al. 2020); or extrac-
tive colonialism which does not entail permanent occupa-
tion but extraction of material (Monarrez & al. 2022). An-
other form of scientific colonialism is where local scientists 
do field work and collect data, while foreign collaborators 
do all the analytical work (Dahdouh-Guebas & al. 2003, 
Boshoff 2009). Our study defines “scientific colonialism” 
as when foreign authors from high-income countries sam-
ple ants in low- and middle-income countries and publish 
the results without collaboration with any researchers 
from local institutions and akin to extractive colonialism. 
Evidence of this in other lines of biology has been observed 
within North American ecologists working in neotropical 
countries and European ecologists working in Asia and 
Africa (Stocks & al. 2008, Raby 2017, Baker & al. 2019). 
In a similar vein, collaborations in biodiversity studies are 
predominantly between countries located in North Amer-
ica and Europe (Tydecks & al. 2018). In contrast, some 
authors have started to promote the use of more inclusive 
and ethical collaborative practices, decolonializing their 
research (Radcliffe 2017, Trisos & al. 2021).

Therefore, to evaluate whether some form of scientific 
colonialism occurs in the study of ant physiology, we used 
a systematic approach to evaluate the number of studies on 
ant physiology per geographical region during a five-year 
period (2015 - 2019). In this approach, we investigated 
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which countries had published research on ant physiology 
in that period, which countries were the most prevalent lo-
cations for collecting ants, and which ant taxa are the most 
studied. Moreover, we searched for specific evidence of col-
laboration by assessing whether the affiliation of authors in 
the publication included the sampling country where the 
ants were collected. We evaluated whether the probability 
of at least one co-author being from the sampling coun-
try had a correlation with the per capita Gross Domestic 
Product (GDP) of the sampling country. Altogether, these 
results can indicate whether capacity building through sci-
entific collaborations is provided by high-income countries 
when sampling ants in low- and middle-income countries, 
the knowledge of which could assist in developing a more 
equitable and self-sustaining scientific community (Bur-
gess & Chataway 2021). Finally, we assessed whether 
the probability that the information from these studies 
reaches the public (Altmetric value) depends on factors 
such as the number of citations or impact factor (IF) of 
the journal. We performed these two comparisons as an 
indirect measure to estimate whether researchers from 
high-income countries obtain more citations and more  
publicity.

Materials and methods
Web of Science ś Core Collection was used to search for 
scientific articles on physiology of ants during the period 
from 2015 - 2019 (included in the Science Citation Index 
Expanded), due to its predominance as a tool for perform-
ing meta-analysis in many fields (Li & al. 2018, Zhu & 
Liu 2020) and its perceived reliability as a source of evi-
dence for systematic reviews (Gusenbauer & Haddaway  
2020).

The database was accessed on September 1, 2020. First, 
a basic search by topic was performed using the following 
terms: “ant”, “ants“, or “Formicidae“. The search topic 
was then refined by the inclusion of the following terms: 
“physiology“, “tolerance“, “thermoregulation“, “metabol“, 
“immunity“, “cuticular“, “hormone“, “neuro“, “endocrine“, 
“nutrition“, or “exocrine“. Only research articles were 
selected, which resulted in 822 articles. Each article was 
examined individually to verify that it was in fact related 
to the physiological processes of ants and to exclude the 
ones that corresponded to other types of studies. The 
final database included 295 articles. For each article, the 
following information was extracted: bibliographic refer-
ence, countries of publication (according to the authors’ 
affiliations), sampling country (where ants were collected), 
and species of ants that were studied. It was assumed that 
the publication reflects the affiliation to where the research 
was started even if the researchers subsequently changed 
institutional affiliation. Additionally, the subfamily of 
the ants studied in each article was added to the database 
(obtained from AntWiki, Barr 2014). In addition, the 
number of citations from each study was retrieved from 
Google Scholar, the IF of the journal from Journal Citation 
Report 2020 (Clarivate Analytics 2020) and the average 
per capita GDP in US dollars (USD) for 2015 - 2019 of the 

sampling country was retrieved from the World Bank's 
site (World Bank 2020a). Countries were also catego-
rized as low- (LI), middle- (MI), or high-income (HI), 
following the World Bank’s classification (World Bank 
2020b). For simplicity, lower-middle and upper-middle 
income were pooled as MI. Additionally, the Altmetric 
value of each article was retrieved, which was sourced from 
the Smithsonian Library Research tools (https://library.
si.edu/research). The Altmetric score is a weighted count 
of the attention that a scholarly article has received and 
is based on an automated algorithm reflecting the rela-
tive reach of each type of source (e.g., Twitter, Facebook, 
Newspaper; https://www.Altmetric.com). The higher the 
value, the more popular the article is, calculated based 
on the number of mentions it received in different online 
sources (Melero 2015).

Data analysis
Descriptive statistics were used to quantify the fre-

quency with which different ant taxa were studied (di-
vided by species, genera, and subfamilies), the number of 
publications per country and the number of samplings per 
country and geographical region (North America, Central 
America, South America, Europe, Asia, Africa, Oceania). 
To quantify the most studied families and genera, only 
ants identified as belonging to a precise species were taken 
into consideration (partial identifications were not used; 
e.g., Camponotus sp1.), and the species corresponding to 
each genus and subfamily were counted. To determine the 
most studied ant species, the number of publications per 
species was counted.

The “igraph” package (Csardi & Nepusz 2006) in R (R 
Core Team 2021) was used to build circular and bipartite 
social networks as a graphical description of collaboration 
trends. To define whether collaborative work was under-
taken between countries, it was noted if the country where 
the ants were sampled (sampling country) was the same as 
the country specified in the authors’ affiliations. Therefore, 
if at least one author had an affiliation from the sampling 
country together with authors from foreign institutions, 
then it was counted as a collaboration. If institutions from 
multiple countries were involved, in addition to a local in-
stitution, these were counted as different collaborative ef-
forts. For example, if Argentina was the sampling country 
and the publication contained one author from Argentina, 
one author from Brazil, and one author from Uruguay, then 
this would count as one collaboration for Argentina - Brazil 
and one collaboration for Argentina - Uruguay.

A chi-square test of independence was used to test 
whether the proportion of countries in an income cat-
egory was associated with the probability of publish-
ing at least one study (whether published or not). The 
same test was also used to examine if the proportion 
of countries in an income category was associated with 
the probability that at least one collaboration occurred. 
Finally, the same test was applied to determine whether 
the proportion of authorships or co-authorships from a 
sampling country varied in relation to the income category.  
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A proportion of 1 (100%) indicates that a sampling country 
participated in all the publications resulting from those 
samplings, which would indicate no scientific colonialism 
in a particular income category. Decreases in that propor-
tion for LI and MI countries would indicate increases in 
trends of scientific colonialism.

In all cases, a Generalized Linear Model (GLM) with a 
Quasi-Poisson distribution was used as the use of Poisson 
distribution alone resulted in over-dispersion. A GLM 
was applied to investigate whether the number of col-
laborations in which the sampling country participated 
with foreign institutions was influenced by the natural 
logarithm of the per capita GDP of the sampling country. 
A positive correlation between the number of collabora-
tions (with foreign institutions) and the per capita GDP 
would be a suggestion of scientific colonialism. Also, a 
GLM was used to investigate whether the total number of 
publications on this topic from the sampling country was 
influenced by the natural logarithm of the per capita GDP. 
A positive correlation would be another indirect indication 
of scientific colonialism. Additionally, a GLM was utilized 
to evaluate whether the Altmetric value was influenced by 
the number of citations, impact factor, and year of publi-
cation. Finally, a GLM was used to explore whether the 
number of citations depends on the IF of the journal and 
year of publication. The ggplot2 package was used for the 
figures associated with the GLMs. Effects were considered 
statistically significant if P < 0.05, and all analyses were 
done in R (R Core Team 2021).

Results

Taxa, country, and region
We counted 479 species of ants (3% out of 16,506 

species worldwide, Antweb 2021) that were studied in 
publications on ant physiology during 2015 - 2019. These 
species belong to 70 genera that are classified in 13 sub-
families. Most of the species belong to the subfamilies 
Myrmicinae (n = 208) and Formicinae (n = 158), followed 
by Ponerinae (n = 32) and Dolichoderinae (n = 31, Fig. 1A). 
When comparing the proportion of species studied in each 
subfamiliy (as reported in AntWeb), the subfamilies Pseu-
domyrmecinae (7%), Formicinae (5%), Dolichoderinae 
(4%), Ectatomminae (4%), and Myrmicinae (3%) possess 
the highest percentage of species studied. The genera 
with the most studied species were Camponotus (n = 54), 
Crematogaster (n = 47), and Formica (n = 34, Fig. 1B). 
Solenopsis invicta, Lasius niger, and Linepithema humile 
were among the most studied species, with 24, 21, and 15 
publications, respectively (Fig. 1C).

We found that 50 countries served as sampling sites at 
least once for studies on ant physiology during 2015 - 2019. 
Out of this total, sampling was done in 27 HI countries, 
18 MI countries, and 5 LI countries. The United States 
is the country where ants were collected most frequently  
(n = 67, Fig. 2A). Other frequent countries were Brazil, 
Panama, Australia, France, Japan, and Finland, all of them 
with at least 13 publications (Fig. 2A). North America and 
Europe were the continents with the most publications 
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Fig. 1: Number of ant species per subfamily (A) and per genera (B) that were investigated in studies on physiology during the 
2015 - 2019 period. In (A), the fraction indicates the number of species found in this review over the total number of species per 
subfamily, as reported in AntWeb (2021). In (B), genera with fewer than seven species are not shown. (C) depicts the number of 
publications on ant physiology per ant species. Species with less than five publications are not shown.
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(Fig. 2B), covering 22% and 16% of the species in those 
regions, respectively (Tab. S1, as digital supplementary 
material to this article, at the journal's web pages; Ant-
Web 2021). Studies on species in the rest of the regions 
covered between 2 - 6% of the species described in the 
region (Tab. S1).

Per capita GDP, collaborations, and total pub-
lications

Publications on ant physiology, during the period 2015 
- 2019, came from 41 countries around the world. In the 
global context, 2 out of 27 LI countries (7%), 10 out of 110 
MI countries (9%), and 24 out of 80 HI countries (30%) 
published at least one study. This indicates that the income 
category is associated with the probability that a country 
publishes a study (X² = 16.5, d.f. = 2, p = 0.0003). For in-
stance, the United States (HI), Germany (HI), Brazil (MI), 
France (HI), and Belgium (HI) were among the countries 
with the highest number of publications (Fig. 2C). Addi-
tionally, institutions from some countries seem to sample 
ants more frequently in certain countries than in others, 
irrespective of whether collaborations occurred (e.g., 
United States institutions sampling in Panama, Fig. 3).

A number of collaborations between countries can 
be identified (Fig. 4). When a country serves as a sam-
pling site, the probability that it participates in the pub-
lication (authorship or co-authorship) is associated with 
the income category of the country (X² = 41.9, d.f. = 2,  
p < 0.0001). When serving as a sampling site, HI countries  
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Fig. 2: Number of publications in which different countries 
served as sampling sites for research on ant physiology during 
the period 2015 - 2019. In (A), countries with one study are not 
shown. (B) depicts data from (A) grouped per geographical 
region. (C) Total number of publications on ants’ physiology 
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Fig. 3: Bipartite network showing country of author affiliation in a publication (top row) and country where ants were sampled 
(“sampling country”, bottom row), during 2015 - 2019, alphabetically ordered and grouped in high- (red), middle- (green), and 
low-income countries (blue). The thickness of the line that joins two countries corresponds to the number of times that the country 
of author affiliation obtained ants from the sampling country. Country codes: AR: Argentina, AU: Australia, AT: Austria, BE: Bel-
gium, BN: Brunei, BR: Brazil, CA: Canada, CH: Switzerland, CI: Ivory Coast, CN: China, CR: Costa Rica, CZ: Czech Republic, DE: 
Germany, DK: Denmark, EC: Ecuador, ES: Spain, ET: Ethiopia, FI: Finland, FR: France, GB: Great Britain, GF: French Guiana, 
GR: Greece, HU: Hungary, HK: Hong Kong, ID: Indonesia, IN: India, IR: Iran, IL: Israel, IT: Italy, JP: Japan, LK: Sri Lanka, MA: 
Morocco, MG: Madagascar, MX: Mexico, MY: Malaysia, NO: Norway, NZ: New Zealand, PA: Panama, PG: Papua New Guinea, 
PH: Philippines, PE: Peru, PL: Poland, PR: Puerto Rico, PT: Portugal, RO: Romania, SA: Saudi Arabia, SG: Singapore, SE: Swe-
den, SR: Suriname, TN: Tunisia, TR: Turkey, TW: Taiwan, UG: Uganda, US: United States, UY: Uruguay, and ZA: South Africa.
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participated in 80%, MI countries in 54%, and LI coun-
tries in 13% of the publications that resulted from those 
samplings. Globally, 2 out of 27 LI countries (7%), 11 out 
of 110 MI countries (10%), and 26 out of 80 HI countries 
(33%) collaborated at least once, which indicates a sig-
nificant association between the income category and 
the probability of international collaboration (X² = 18.2,  

d.f. = 2, p = 0.0001). Specifically, there were 16 countries 
(of 50 countries) that only served as a sampling site (Af-
rica: 4, America: 6, Asia: 2, Europe: 3, Oceania: 1; corre-
sponding to LI: 3, MI: 9, HI: 4) and did not participate in 
the publication of the study (unconnected nodes in Fig. 4).

The number of publications in which local institutions 
of the sampling country participated increased with the 
per capita GDP (GLM, z = 2.2, p = 0.03, Fig. 5A). The num-
ber of collaborations between local and foreign institutions 
increased with the per capita GDP of the sampling country 
(GLM, z = 2.26, p = 0.03, Fig. 5B).

Altmetric, citations, and impact factor
By using the Altmetric value as a proxy, the probability 

that an article reached the public was not influenced by 
the number of citations it received (GLM, t = 1.3, p = 0.19, 
Fig. 6A) or the year of publication (GLM, t = 0.55, p = 0.58). 
However, the probability that an article gained public in-
terest increased with the IF of the journal (GLM, t = 2.2, 
p = 0.03; Fig. 6B). The number of citations increased with 
the IF of the journal (GLM, z = 11.53, p < 0.001; Fig. 6C) 
and decreased with the year of publication (GLM, t = - 10.1, 
p = 0.001, Fig. 6D).

Discussion
Our study highlights trends relating to inequality between 
low-, middle-, and high-income countries in terms of pub-
lications and collaborations. Moreover, our findings also 
suggest that authors that publish in high IF journals are 
more likely to obtain publicity, and likely benefit academ-
ically from such exposure. At the same time, our results 
highlight the fact that only a handful of ant species is 
studied widely at present. Additionally, researchers from 
most countries in the world seemed underrepresented in 
the list of authors that publish studies on ant physiology, 
at least during our study period.

Fig. 4: Circular social network showing collaboration trends 
between institutions from different countries when at least 
one institution from the sampling country participated in the 
publication. Countries with no connections represent sampling 
countries in which no local institution collaborated with foreign 
institutions in publications, during 2015 - 2019. See legend in 
Figure 4 for description of country codes. Country codes in red 
represent high-income countries, green are for medium-income, 
and blue are for low-income countries.

Fig. 5: Relationship between the number of publications in 
ant physiology and the per capita Gross Domestic Product of 
the country (log transformed). (A) Number of publications 
by at least one local institution. (B) Number of collaborations 
(publications) in which at least one local institution from the 
sampling country (where ants were sampled) participated with 
foreign institutions in the publication.

Fig. 6: Relationship between the value of exposure to the public 
(Altmetric score) of publications on ants’ physiology and (A) 
the number of citations and (B) the impact factor of the journal. 
Relationship between the number of citations and the IF of the 
journal (C) and the year of publication (D).
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The relatively large proportion of studies with species 
of Myrmicinae, Formicinae, Ponerinae, and Dolichoder-
inae is likely related to their higher diversity (Borowiec 
& al. 2020). Additionally, a large number of studies on 
ants from these subfamilies have been undertaken in 
temperate zones, indicating that these trends are driven 
by the high proportion of HI countries in those regions. 
However, these subfamilies are also common in other parts 
of the world and their higher diversity makes them prime 
research targets for the study of physiological responses 
at the community and ecosystem level. However, less than 
2% of the species in Amblyoponinae, Leptanillinae, and 
Proceratiinae were studied. Species in these subfamilies 
are rarely found because they have underground or leaflit-
ter habitats, so that they require special sampling methods 
(Brown 1960, Masuko 1990, López & al. 1994), making 
them less likely to be used in physiological studies. Addi-
tionally, in some cases, their distribution is predominantly 
in low-income regions (e.g., Guénard & al. 2013), making 
them even more unlikely to be studied.

Commonality and diversity are often used as criteria 
for studying a particular genus (Bos & al. 2019). Some of 
the species richest genera worldwide were among the most 
studied: Camponotus, Crematogaster, and Formica (Ant-
Web 2021). Although identification of genera per country 
is outside of the main scope of this study, it should be 
noted that Camponotus and Formica were studied mostly 
by HI countries (Fig. 1). The dominance of HI countries 
in publishing ant physiology studies that we have found, 
therefore, helps to explain the higher frequency of studies 
on Camponotus and Formica. Moreover, their frequent oc-
currence worldwide in a range of different habitats, span-
ning natural and agricultural lands (Young & al. 1996, 
Watt & al. 2002, Graham & al. 2004, Floren & al. 2014, 
Triyogo & al. 2020) allows for comparative physiological 
studies across species – which should favor international 
collaborations – to reveal evolutionary trends under a 
variety of environmental conditions (Menzel & al. 2017, 
Diamond & Chick 2018).

Overall, the most studied species tend to be invasive 
species or species that have become model organisms 
because of their abundance and easiness to keep in labo-
ratory conditions (e.g., Linepithema humile, Camponotus 
floridanus, Lasius niger, Monomorium pharaonis, Sole-
nopsis invicta, Harpegnathos saltator; Smith & al. 2009). 
There is ample opportunity for research in ant physiology 
with around only 3% of the total species investigated dur-
ing our study period. Two of the most studied species are 
worldwide invasive pests: fire ants (Solenopsis invicta) 
and Argentine ants (Linepithema humile), which would 
justify the higher frequency of studies. Lasius niger is a 
preferred species by European researchers because one 
can easily collect hundreds of queens after their nuptial 
flights, that produce new colonies under laboratory con-
ditions (Parker & Parker 2006).

Only 25% of the countries of the world were sampled at 
least once during our review period. The top 15 countries 
publishing work on ant physiology are mostly HI countries 

(except for Brazil and Panama), a trend also seen in other 
lines of research (Dahdouh-Guebas & al. 2003, Nature 
Index 2020). Despite the higher ant diversity in the tropics 
(Economo & al. 2018), most tropical regions in the world 
are the poorest and least studied, as is also the case with 
studies on ecology and biodiversity (Stocks & al. 2008, 
Titley & al. 2017). In African countries, for example, we 
found that only 2% of the species were studied at least 
once during this period. With such a small proportion of 
species studied in most LI regions, we can but speculate 
how much we do not know about ant physiology. How 
many more discoveries are waiting to happen in barely 
known species in poorly studied regions? For instance, 
the desert ant Cataglyphis bombycina shows increased 
protein stability when exposed to acute heat stress (Wil-
lot & al. 2017). We extrapolate that there may be a myriad 
of potential applications that might emerge from a better 
understanding of ant physiology, such as creating protein 
stability against heat stress in crops or insects of economic 
importance. Future work may one day allow ideas like 
these to come true.

Current trends suggest that innovations based on 
published knowledge on ants will come from HI countries. 
In our analysis of collaborations, 16 countries (3 LI, 8 MI, 
and 5 HI) out 50 countries served purely as sampling sites 
during our study period. Moreover, we found that there 
is an increase in number of publications and collabora-
tions in studying ant physiology with per capita GDP of 
the sampling country. This is similar to what Asase & al. 
(2021) found in ecological and conservation studies. How-
ever, these correlational trends could be a function of the 
country’s economy. For example, a country’s investment 
in research and development might increase as GDP in-
creases (Andersson & Fredriksson 2018). Nevertheless, 
our strongest result suggesting scientific colonialism is 
the lower proportion of times that LI and MI countries 
participated in publications (13 and 54%, respectively) 
when the country served as a sampling site, as compared 
with HI countries (80%). High-income countries tend to 
dominate publication on ant physiology (52% of studies 
published by European and North American authors). In a 
similar vein, the largest proportion of collaborations were 
in Europe and North America and between them (50%). 
LI-MI collaborations did not occur, and collaborations be-
tween MI countries were scarce (e.g., n = 1 for MX-PE). For 
other regions, only a handful of countries contributed the 
majority of the overall count of publications: Japan (HI) 
and China (HI) in Asia, Panama (MI) in Central America, 
Brazil (MI) and Argentina (MI) in South America, South 
Africa (MI) in Africa, and Australia (HI) in Oceania. 
Therefore, our results indicate that this adverse historic 
trend of dominance by industrialized countries in multiple 
scientific disciplines (Dahdouh-Guebas & al. 2003) is not 
improving with time, at least in the study of ant physiology.

Fortunately, researchers and journals in several fields 
are becoming aware of the importance of reducing global 
inequalities in science, supporting colleagues and academ-
ics from middle- and low-income countries (Pettorelli  
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& al. 2021). Best practices in the reduction of such post-co-
lonial dynamics in global scientific research methodology 
refute such “parachute science” (scientific colonialism) in 
the field of biodiversity studies (Asase & al. 2021, Haele-
waters & al. 2021) which we find equally applicable to 
physiological studies of insects. It remains unclear whether 
“scientific colonizers” in ant physiology are implementing 
any level of capacity building, financial aid, or investment 
in local infrastructures as a compensation. However, data 
from other fields suggest that lack of co-authorship often 
comes with the absence of the aforementioned compen-
satory capacity building initiatives. The latter would, in 
some way, serve to establish equitable partnerships, to 
some extent mitigating the post-colonial dynamic (Mi-
nasny & al. 2020). Future studies should evaluate whether 
compensatory measures are being implemented in any line 
of research to decolonialize global academia (e.g., Lepore 
& al. 2021).

Public exposure to peer-reviewed articles (approxi-
mated using Altmetric value) increased with the IF of the 
journal, following similar trends in medical (Chang & al. 
2019, Nocera & al. 2019), ecological, and conservation 
studies (Lamb & al. 2018). Unfortunately, it is common for 
journals with high IF to have the highest article processing 
charges (APC, Solomon & Björk 2012, Yuen & al. 2019). 
This consequently places MI and LI academic institutions 
at a disadvantage as APCs are unaffordable (Burchardt 
2014, Tang & al. 2017), resulting in their work being less 
likely to gain a broad audience or recognition. Moreover, 
our results reveal that the number of citations also tend 
to increase with IF, as seen in other fields (Weale & al. 
2004, Mammola & al. 2021). This combination of factors 
perpetuates the cycle in which authors and institutions 
in HI countries can promote their research to the public, 
obtaining more citations and prestige, as well as attracting 
more scientists and funding, generating a type of Matthew 
effect (Bol & al. 2018). Our study highlights the urgent 
need to develop capacity building and strengthen research 
in LI and MI countries.

Conclusion
Ant physiology is a fertile area for research and dis-

coveries. However, reviews, or meta-analysis on aspects 
of ant physiology that could highlight gaps and guide re-
searchers towards new lines of research are surprisingly 
scarce (e.g., Grześ 2010, Feldhaar & Otti 2020, Fergu-
son & al. 2021). Work on poorly known species must be 
made a priority, given the alarming rates of biodiversity 
loss worldwide (Ceballos & al. 2017) and high threat of 
habitat destruction of hotspots for discovery of ant species 
(Guénard & al. 2012). The field’s focus on studying only 
a handful of species for understanding ant physiology is 
alarming because the poorest countries show the largest 
proportion of threatened species (Tydecks & al. 2018) as 
well as the largest research deficits. This geographic im-
balance in research must be addressed by the targeted pro-
motion and support of local institutions and researchers, 
especially in the LI and MI countries. Complex empirical 

methods require sophisticated equipment with significant 
associated costs. Although the factor of equipment costs 
was not directly studied, it is a relevant sub-factor within 
the economic categorization and GDP of the countries 
involved. The relationship between equipment cost, APCs, 
and academic grants seems to be exacerbating the gap be-
tween researchers in LI, MI, and HI countries. Therefore, 
research networks should promote and sponsor the use 
of new technologies by researchers, such as laboratory 
equipment, in less affluent regions, together with promot-
ing their academic freedom, to reduce the Matthew effect 
(Merton 1968). For this, we must develop strategies to 
ensure that researchers from HI countries try to collab-
orate with researchers in MI and LI sampling countries. 
One way would be that publishers ask authors to provide a 
justification statement in scenarios where ants were sam-
pled from a country without any local co-authors listed.
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