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Abstract: Scientometrics enables us to comprehend the interests and trends in scientific 
knowledge production and dissemination. In this study, we evaluate the effects of 
gender, academic experience, location of residence, and graduate program score on the 
quantity of published articles, the number of citations and the H-index of researchers 
belonging to Brazilian graduate programs in Biodiversity. Variables related to the 
researchers were measured, and the relevance in explaining scientific production was 
examined using hierarchical models. In graduate programs, there were more men than 
females. The number of articles as first author and the H-index increase progressively 
through the researchers’ career, while the number of citations increases at the beginning 
of their careers, stabilizing between 10 and 20 years, and increasing again after 30 years 
of career. We concluded that gender, academic experience, and graduate program score 
were the most important variables in explaining the scientific production of graduate 
programs in Biodiversity in Brazil.
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INTRODUCTION
Brazil has significantly increased its scientific 
production in the last two decades, ranking 13th 
in the world in 2018 (Clarivate Analytics 2018). 
One area of knowledge experiencing remarkable 
growth is biodiversity, which is expected since 
the country has approximately 20% of the total 
number of species worldwide (Myers et al. 
2000). In addition, it has the highest percentage 
of tropical forests, a high number of endemic 
species, and the presence of two biomes 
considered biodiversity hotspots: the Atlantic 
Forest and the Cerrado (Overbeck et al. 2018). 
The country also provides various ecosystem 
services, contributing to the social and economic 
development of the region (Joly et al. 2019).

The interest of the Brazilian university 
system in environmental problems stimulated 
the development of graduate programs (GPs) 

focused on topics on Biodiversity and Ecology 
(Prates & Irving 2015). The GPs motivated a 
significant increase in the scientific production 
in the area, which obtained the highest number 
of articles and citations in South America in 
2017/2018 (Clarivate Analytics 2018). This increase 
was driven by the scientific production of 
academics and their research teams (Vosgerau et 
al. 2017). Distinct factors can influence academic 
productivity, such as gender, age, access and 
participation in research networks, or access 
to funding. Scientometrics examines aspects 
of information and communication using 
quantitative and qualitative indicators to study 
scientific production (Santos & Kobashi 2009). 
This allows evaluate the performance or trends 
in knowledge production between researchers, 
groups, universities or nations (Oliveira & Lopes 
2021). For example, the scientometric analysis 
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may include gender, academic formation, or 
academic experience. Therefore, scientometrics 
can help to identify scientific ecosystems 
with economic deficits and gaps in scientific 
representation. 

Scientific production is asymmetric in 
several aspects. One of the most cited and 
recurrent asymmetries is the gender gap: males 
produce about 70% of the total scientific articles. 
The causes of this gap are diverse, such as the 
decrease in the time invested in research by 
females due to motherhood and socially imposed 
gender roles, less financial support for research 
(Abramo et al. 2009, Borsuk et al. 2009, Larivière 
et al. 2013, Lopes & Lopes 2022, Prpiû 2002), or 
socio-historical causes due to the hegemonic 
structure of scientific production (Krause 2016). 
Although studies have shown the gender gap 
expressed in the number of researchers and 
project funding (Ferrari et al. 2018, Oliveira et 
al. 2021, Salerno et al. 2019, Zandonà 2022), little 
is known about the differences in scientific 
production between males and females in the 
Biodiversity and Ecology research (Mcmanus et 
al. 2020, Zandonà 2022).

In the last forty years, the number of 
females in academic positions in Biological 
Sciences in Brazil has increased (Perlin et al. 
2017). However, they achieve less prestigious 
academic positions than males, which 
negatively influences academic opportunities 
and productivity (Duch et al. 2012, Larivière et al. 
2013, Mauleón & Bordons 2006, Perlin et al. 2017, 
Sandström 2009). In addition to structural gaps, 
females face a higher rejection rate than males 
in the peer review process when submitting their 
manuscripts approved in indexed journals (Fox 
& Paine 2019). The lack of diversity and gender 
representation is enhanced when regional 
asymmetries are considered since most males 
with prestigious positions in universities is 
found in the metropolitan regions of the country 

(Ferrari et al. 2018). Another aspect pointed 
out as a critical factor in the generation of 
knowledge and scientific production is academic 
experience. The number of publications increase 
right after finishing doctoral studies, stabilizing 
in the middle of the academic career and 
subsequently decreasing towards the end of 
the research career (Bonaccorsi & Daraio 2003, 
Gonzalez-Brambila & Veloso 2007). 

In this study, we evaluate the effects of 
gender, academic experience, location of 
residence, and graduate program score on the 
quantity of published articles, the number 
of citations and the H-index of researchers 
belonging to Brazilian graduate programs in 
Biodiversity. Although the growth of scientific 
production on Brazilian biodiversity is 
recognized, few studies explore the importance 
and role of graduate programs in Biodiversity 
on this increase in scientific production (CAPES 
2017a, Diniz-Filho et al. 2016). Additionally, 
little is known about possible asymmetries 
related to gender or geographic regions and 
their influence on the generation of scientific 
knowledge in Biodiversity and Ecology (Oliveira 
et al. 2021, Zandonà 2022). The reduction of 
regional or gender asymmetries contributes to 
the development of science, economic growth, 
and the increase in innovative solutions for 
decision-making about socio-environmental 
problems (Jacobi et al. 2015, Sarseke 2018). 
In this way, this study offers an overview of 
scientific production in a highly relevant area of 
knowledge for Brazil, which could help decision-
making concerning the promotion of national 
research and the reduction of disparities in 
science.
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MATERIALS AND METHODS
Sampling design
We collect personal and scientific production 
data of academics from GPs in Biodiversity, 
with a focus on Ecology, from public and 
private institutions in Brazil, available on the 
Sucupira platform (2019). This platform provides 
the guidelines to the evaluation  of GPs in the 
Brazilian system. In Brazil, there are currently 111 
GPs in Biodiversity with a focus on Ecology.

For the selection of the GPs, we used a 
stratified random sample considering the five 
regions of Brazil (North, Northeast, Center-west, 
Southeast, and South) and the GP score (hereafter 
referred to as score) given by “Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES – Ministry of Education). In Brazil, GPs 
are evaluated every four years according to the 
academics’ scientific production and human 
resources training. Scores range from one to 
seven. Higher scores mean a higher overall quality 
of the program. The programs in operation have 
scores between three and seven. The scores 
and region of the GPs were obtained from the 
Sucupira platform (2019). We used the variable 
region as a criterion to not underestimate or 
overestimate the number of GPs sampled per 
region. For each region of Brazil, we sampled 
one GP per score ranging three to seven. Except 
for the south and center-west, the rest of the 
regions did not present programs with a score 
of seven. In these cases, we assigned a program 
with a score of six. When there were no GPs with 
a score of six or seven in a region, we assigned a 
program with a score of five. 

For the GPs, we evaluated the score and region 
where develops its activities. For academics, we 
identified their sex and academic experience 
based on information in their online curricula 
available in the César Lattes Platform (Platform 
César Lattes 2022). The academic experience was 

estimated as the difference between the year 
of data collection (2019) and the researcher’s 
doctoral completion year. We compiled the 
researcher’s name and contrasted it with a list 
of proper names in Brazil (Diccionário de Nomes 
Próprios 2022). It was possible to assign sex to 
97.9% of the academic cases (male or female). 
The remaining cases were disregarded from the 
sample. There is no information on gender in 
the curricula. Therefore, we consider that the sex 
of the researchers corresponds to their gender 
(males = men; females = women), admitting the 
possible biases associated with cases of gender 
recognition (Torgrimson & Minson 2005).

We compiled the scientific production 
of the professors from the Scopus database 
(2022) in the period between 2003 and 2018. 
The analysis started in 2003, since between 
that year and 2014 there was an increase in the 
number, and an expansion in the distribution of 
federal universities and other federal education 
and research institutions in Brazil (Casqueiro 
et al. 2020). The increase in the number of 
universities at the national level and, therefore, 
in the number of graduate programs, allowed 
us to obtain a more diverse sample, with a 
higher number of programs in general, and 
by score, distributed throughout the country. 
Additionally, data collection extended until 2018, 
as all analyses were performed in 2019. For each 
academic, we measured the number of articles 
in which they appeared as the first author from 
2003-2018, the average number of citations, and 
the H-index. Researches show that in Ecology the 
first author is the researcher who contributes 
the most to the article, being directly involved 
in most of the  preparation, data analysis, and 
writing of the article (Weltzin et al. 2006, Wren 
et al. 2007). In that sense, we evaluate the first 
author of the articles because in the Biodiversity 
field they represent the person who did most 
of the work. Furthermore, the quantitative 
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parameter “articles as first author” is used for 
the evaluation of graduate programs in the field 
of Biodiversity in Brazil (CAPES 2017a), justifying 
its importance for understanding researchers’ 
scientific production. The average number 
of citations was calculated as the sum of the 
number of citations registered over the number 
of articles registered. The H-index expresses the 
weighting between the number of publications 
and citations received by an author throughout 
his academic career (Bornmann et al. 2007). The 
process of searching and retrieving data from 
the César Lattes Platform Lattes and Scopus 
was conducted manually for each researcher. 
All registered publications were full articles with 
International Standard Serial Number (ISSN).

Statistical analysis
We identified the variables with the greatest 
power to explain the quantity and impact 
of scientific production using multinomial 
regressions with a hierarchical partition test 
using the package hier.part (Nally 1996) in R (R 
Development Core Team 2018). We built three 
models that included the predictor variables: 
academic experience, gender, score, and the 
region in Brazil where the GP was based. The 
models were differentiated only by the response 
variable analyzed. Model I evaluated the effect of 
the explanatory variables on the H-index, model 
II evaluated the effect on the average number 
of citations per author, and model III evaluated 
the effect on the number of articles produced 
per author. The hierarchical partition test was 
used to identify the variables with a greater 
explanatory capacity in the magnitude of the 
response variables. However, as a methodological 
limitation, hierarchical models do not allow us 
to identify the direction or magnitude of the 
relationships between the explanatory variable 
and the response variable. Therefore, it is 
necessary to explore these relationships based 

on the nature of the variables analyzed. The 
joint and alone contribution of each variable 
were verified (Nally 1996). The Z- values were 
obtained (indicate statistical significance) using 
a data randomization process; when Z- values 
> 1.65 were considered significant because 
they were located in the upper range of the 
confidence interval of 0.95.

We evaluated the presence of possible 
multicollinearity between the explanatory 
variables of each model using the Variance 
Inflation Factor (VIF) analysis with the package car 
in R (R Development Core Team 2018). VIF values 
> 3 indicate multicollinearity. The VIF analysis 
showed the absence of collinear variables in 
our study. Due to the existence and behavior 
of outliers, a Quasi-Poisson distribution was 
assumed for the variables.

RESULTS
We evaluated 581 curricula from academics 
available in the César Lattes Platform. From these, 
491 (84.5%) corresponded to full professors, 
88 (15.2%) assistant professors, and two (0.3%) 
visiting professors. From the total number of 
academics evaluates, 211 (36%) were females 
and 370 (64%) were males. A total of 28.932 
articles were examined (Table I). The relative 
number of articles weighted by the number of 
GP for each score varied widely, with 720 articles 
for a GP score of three and 1,780 for a GP score of 
seven. Similarly, the average number of citations 
was correlated to the GP score, ranging from 13.2 
for programs with a score of three to 25.3 for 
those with a score of seven.

Despite the GPs score or the GP region, the 
proportion of female academics was lower for 
all GPs studied. GP that scored four had the 
highest average number of female researchers 
per program with 43%. GP that scored seven 
had the highest average number of males 
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per program (69%). Similarly, the center-west 
region had the highest average number of male 
researchers (72%), while the southeast region 
had the highest average number of female 
researchers (41%).

All predictor variables significantly 
influenced the H-index model (Z-value>1.65; 
Table II). Academic experience was the 
predictor variable with the greatest magnitude 
of explanation (56.4%). The H-index increased 
as the academics advanced in their research 
careers though time. Specifically, throughout 
their entire academic experience males have a 
higher H-index than females (Fig. 1a). Gender 
explained 6.2% of the variation, with males 
having an average H-index of 13.4 (SD = 9.94) and 
females having an average H-index of 10.97 (SD 
= 6.03) (Fig. 1b). The GP score explained 23.6% of 
the variation in the H-index since its increase is 
associated with an increase in the GP score, with 
programs that scored three having the lowest 
average H-index (mean = 8.56; SD = 5.98) and 
programs that scored seven having the highest 
(mean = 18.52; SD = 10.08) (Fig. 1c). Finally, GP 
region was responsible for explaining 13.8% of 
the variation observed, with the center-west 
(mean= 14.22; SD= 9.77) and Southeast (mean 
= 13.95) regions obtaining the highest H-index 
values (Fig. 1d).

The significant predictors factors for the 
average number of citations per author model 
were academic experience (Z-value = 6.94) and 
GP score (Z-value = 5.83) (Table II). Academic 
experience explained 26.1% of the variation in 
the average number of citations. The number 
of citations by author increased in the first ten 
years after the completion of doctorate studies, 
reaching an asymptote between 10 and 20 years, 
and increasing again when academics reached 
30 years of academic experience (Fig. 2a). The 
GP score was the most significant predictive 
variable (Table II) since an increase in the GP 
score was associated with an increase in the 
average number of citations. The GPs that scored 
three had the lowest number of citations (mean 
= 13.2; SD = 13.1), whereas the programs that 
scored seven had the highest average number 
(mean = 25.27; SD = 18.3) (Fig. 2b). 

Academic experience had the most 
significant predictive variable (62.3%; Z-value = 
50.29) in the model for the number of articles, 
although gender (12.9%; Z-value = 10.57) and GP 
score (10.8%; Z-value = 3.15) were also significant 
(Table II). The number of articles published 
gradually increases until academics reached 
approximately 30 years of work experience, and 
then reached an asymptote (Fig. 3a). However, 
males publish a greater number of articles 

Table I. Data of scientific production collected from the 25 GPs in biodiversity categorized by their graduate 
program score. The relative number of articles: number of articles weighted by the number of GP for each score.

GP score Number of 
GP

Relative number of 
articles 

Average number 
of citations

Total number of 
researchers 

Proportion of 
females (%)

Three 5 720 13,2 96 34

Four 5 1040 14,9 120 43

Five 6 1108 14,3 127 33

Six 7 1418 19,7 183 37

Seven 2 1780 25,3 55 31

Total 25 1157 17 581 36
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than females throughout their entire careers 
as professors and/or researchers. Concerning 
gender, males (mean = 55.28; SD = 49.7) published 
1.4 times as many articles as females (mean = 
40.32; SD = 28.3) (Fig. 3b). Finally, it was found 
that the number of articles increased gradually 
with the GP score (Fig. 3), with an average of 37 
articles in GPs with a score of three, increasing 
to an average of 65 in GPs with a score of seven.

DISCUSSION
Our study evidenced a lower presence of females 
compared to males in academic positions in 
Biodiversity and Ecology in Brazil (Table I). 
A similar pattern was reported in Exact and 
Natural Sciences careers, where there was a high 
percentage of males (Abramo et al. 2009, Perlin 
et al. 2017). Females also had lower number of 
publications and H index than males, but these 
differences were of low magnitude (Fig. 1b; Fig. 
3a). Nevertheless, the number of citations did 
not differ between genders. It is important to 
highlight that our study did not analyze the 
influence of variables such as the presence of 
self-citations or the nationality of the researchers 
on the number of citations. We are aware that 
our choices may have influenced our results. 
In this sense, it is known that North American 
and European researchers produce more 

cited articles than Latin American researchers 
(Romero 2020). Regarding self-citations, it has 
been reported that, when considering them, 
males have a greater number of citations than 
females. However, by excluding self-citations, 
there are no gender differences (Astegiano et al. 
2019). Gender inequality in the number of articles 
published does not necessarily reflect gender 
differences in scientific impact. Our results agree 
with studies in Ecology and Evolution that show 
that although males are more productive than 
females, there are no gender differences in the 
number of citations or H-index (Bornmann et 
al. 2007, Ledin et al. 2007, Symonds et al. 2006). 
Our results may indicate that publications led 
by females may have a greater scientific impact 
than those led by males.

Historically, many graduates from programs 
in the natural sciences are not incorporated 
into academic positions as professors, affecting 
their scientific production, development, and 
permanence in the research career (Addessi 
et al. 2012, Goulden et al. 2011, Zandonà 2022). 
The decrease in the presence of females in 
universities may be the result of a structural 
process called the scissors effect, characterized 
by a decrease in the number of females 
advancing in the academic career (Arêas et al. 
2020). Our results show the presence of this 
effect, since as the graduate program score 

Table II. Results of the hierarchical partition analysis, including the percentage of total explanation (%) of the 
predictors variables (gender, academic experience, GP score, and GP region) in relation to the response variables 
(H-index, average number of citations, and number of articles) in the tested models (I, II, and III). * Denotes 
variables having significant Z-score values (Z>1.65). 

Predictors variables

- Gender Academic experience GP Score GP Region

H-Index 6,2* 56,4* 23,6* 13,8*

Average number of citations 0,2 26,1* 43,2* 30,6

Number of articles 12,9* 62,3* 10,8* 13,7
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increases, the proportion of females decreases 
notably. As is known, there is a gender gap in 
the areas of science, technology, engineering, 
and mathematics (STEM), where males publish 
on average up to 27% more than females 
(Huang et al. 2020, Shen 2013, Zippel 2017). This 
disparity of scientific production is probably due 
to differences in the duration of the academic 
career between males and females, where 
males remain longer in universities, resulting in 
a greater number of publications than females 
(Huang et al. 2020). Factors such as maternity 

and home routine can promote a decrease in the 
scientific production of females, explaining this 
shorter duration of their academic career. (Carpes 
et al. 2022). Thus, as admission of professors  to 
higher score graduate programs requires a high 
scientific production as an evaluation criterion, 
it is likely that the greater number of articles 
produced by males favors their entry into these 
academic prestige positions.

The proportion of females was lower 
in all regions and GPs studied (Table I). The 
accumulation of attributes due to the existence 

Figure 1. Relationships between significant predictive variables and the H-index in the explanatory model I. 
Variation of the H-index according to academic experience (a), between men and females (b), between GPs scores 
(c), and the five GPs regions (d). 
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of baseline disparities (Bol et al. 2018), called 
Matthew effect, may explain the higher number 
of articles published by males in our study. 
Such indicators of scientific production give 
males professional advantages, such as better 
opportunities of achieving financial support 
for research projects or advancing faster in the 
research careers (Astegiano et al. 2019, Perc 2014, 
Rørstad & Aksnes 2015). Furthermore, our findings 
may also reflect the Matilda effect wich explains 
that females usually receive fewer credits than 
males and their work is less recognized (Rossiter 
1993). The sociology of science has shown 
the existence of structural causes in gender 
disparity, with multiple cases where females are 
more productive than their males colleagues, 
but still have received fewer prizes and credits 
for their discoveries (Knobloch-Westerwic et al. 
2013, Lincoln et al. 2012). 

The long-term persistence of advantages 
for males in their work, and consequent 
disadvantages and lower recognition for 
females could promote gender disparity. Several 
actions can be taken to help reduce the gender 
gap in science. For example, institutions can 
award prizes and grants for research teams 
led by females as well as include females in 
leadership and decision-making positions. Also, 
it is important to establish clear hiring criteria 
that ensure equal opportunities between males 
and females, as well as to consider maternity as 
an evaluation factor (Carpes et al. 2022, Donoso 
et al. 2011). The implementation of these actions 
will be able to collaborate with the participation 
and permanence of females in science.

In Ecology, the male perspective has 
been prioritized. This may be a result of lower 
financial support to females research projects, 
and the smaller number of females in high 

Figure 2. Relationships between significant predictive variables and the average number of citations per author in 
the explanatory model II. Variation in the average number of citations based on academic experience (a) and GP 
score (b).
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academic positions, when compared to males 
(Outram 1987, Zandonà 2022). However, females’s 
contribution has been relevant in many areas 
of science, such as behavioural ecology (Lupon 
et al. 2021). Also, they have stood out in other 
areas, making interdisciplinary contributions 
from environmental sociology and conservation 
theory (Puleo 2017). These areas of study, with 
a strong presence of females, have promoted 
new perspectives. One of them is Ecofeminism, 
a theoretical framework that synthesizes the 
need to mediate in society to inhibit gender 
biases (Cova 2005). The contributions of females 
in science provide a diversity of innovative 
scientific questions than males generally do not 
address in science.

The academic experience is critical in 
understanding the number and impact of 
publications, indicating a peak in scientific 
productivity with the advance in the academic 

career. For both females and males, the 
production and impact of articles increased in 
a non-linear manner with academic experience 
(Fig. 1a; Fig. 2a; Fig. 3a). This relation has already 
been documented (Rørstad & Aksnes 2015), 
where young researchers increase their scientific 
output as their cooperation networks develop 
and become professors, when they achieve 
a peak in their scientific output (Bonaccorsi 
& Daraio 2003). However, between genders, 
females achieve lower levels of productivity 
and intellectual recognition at the same ages 
that males due to the problems they experience 
throughout their academic careers, which impair 
their stability, growth, and productivity (Holman 
et al. 2018).

The GPs score provided an excellent 
predictive capability of scientific production, 
with a progressive increase in number of 
publications from program score three to 

Figure 3. Relationships between significant predictive variables and the number of articles as first-author in the 
explanatory model III. Variation in the number of articles based on academic experience (a), gender (b), and GP 
score (c). 
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score seven (Fig. 1c; Fig. 2b; Fig. 3c). The GPs are 
assessed every four years, and their scores are 
based on many indicators related to productivity, 
social impact, internationalization, and program 
development. The evaluation criteria primarily 
consider the scientific output of researchers in 
general, among professors and students (CAPES 
2017b). Thus, the increase in the average number 
of publications, citations, and H-index per 
researcher is linked to an increase in the GP score, 
which is used to measure academic excellence 
and internationalization. The score is a key 
factor for the allocation of government funds, 
number of scholarships, laboratory equipment, 
and infrastructure, all of which directly influence 
the potential for scientific production (Furtado 
& Santos 2016, CAPES 2017b). 

Regional socioeconomic and educational 
disparities are well recognized, and they have 
resulted in divergences in the development of 
universities and research centers (De Almeida & 
Guimarães 2017). For example, it is in the most 
of Brazil’s biodiverse regions that there are 
fewer human resources in universities (Avellar 
2015). Despite this well-known asymmetry, 
our findings demonstrate that the GPs region 
is only one of the variables that significantly 
influenced the variation in the H. Here, we find 
that the programs located in the southeast 
region were among the ones with the highest 
average H-indices in the country (Fig. 3d). The 
first graduate courses in Ecology were created 
in São Paulo (e.g., Universidade Federal de São 
Carlos, Universidade Estadual de Campinas, 
Universidade de São Paulo), which contributed 
to its greater number of GPs and the presence 
of universities with high scientific production 
at the national level (Zorzetto et al. 2006). 
In addition, the largest number of graduate 
courses in the Southeast area is related to 
the promotion of science through important 
research agencies, such as the Fundação de 

Amparo à Pesquisa do Estado de São Paulo 
(FAPESP) or the Serrapilheira Institute (Oliveira 
& Lopes 2021). Regional asymmetries become 
visible when recognizing that the North of the 
country has only 3% of human resources in the 
academic field and the lowest per capita income 
at the national level, probably impacting the 
lowest number of GPs in this region (MEC 2013, 
IBGE 2019). The asymmetry is also regulatory and 
fiscal because state institutions do not prioritize 
resources for the promotion of science and 
innovation.

Science promotion must be a permanent 
guideline in societal development and must 
include gender policies that promote parity 
between viewpoints, sectors, and areas of 
research interest (Ordorika 2015). It is an 
opportunity to learn about new issues and other 
perspectives on our relationship with nature. 
Although there has been a growth in the number 
of graduate programs and research in the field 
of biodiversity and ecology over the last 15 years 
(CAPES 2017a), the knowledge about scientific 
production and the disparities between 
researchers has not yet been studied. This is 
important for promoting new perspectives about 
biodiversity by bringing together academic 
institutions and actors from many sectors, such 
as decision-makers, regional research centers, 
and local communities (Rosa et al. 2021). 

In conclusion, we verified that there is a 
gender disparity in the graduate programs in 
Biodiversity in Brazil. In these GPs there are 
a greater number of male researchers than 
female and males have more articles published 
and a higher H-index than females, but their 
numbers of citations is comparable. Despite this 
gender disparity, females have been associated 
with solving environmental problems, coming 
up with innovative ideas, and ensuring more 
successful conservation practices (Maas et al. 
2019). Nonetheless, their authority in biodiversity 
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and environmental policy decision-making 
remains limited because females’s knowledge, 
needs and priorities in relation to biodiversity 
are overlooked  (CBD, unpublished data, Jacobi 
et al. 2015). Finally, it is crucial to consider that 
science is cumulative and diverse by nature, 
so the real inclusion of females will allow for 
greater scientific progress and development. For 
example, mixed-gender teams produce more 
novel and highly cited papers than same-gender 
teams (Yang et al. 2022). A gender balance in 
science can promote new approaches and 
scientific discoveries with greater inclusion and 
diversity in scientific communities.
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