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Abstract
1.	 Local ecological evidence is key to informing conservation. However, many global 

biodiversity indicators often neglect local ecological evidence published in lan-
guages other than English, potentially biasing our understanding of biodiversity 
trends in areas where English is not the dominant language. Brazil is a megad-
iverse country with a thriving national scientific publishing landscape. Here, using 
Brazil and using a species abundance indicator as an example, we assess how well 
bilingual literature searches can both improve data coverage for a country where 
English is not the primary language and help tackle current biases in biodiversity 
datasets.

2.	 We conducted a comprehensive screening of articles containing abundance 
data for vertebrates published in 59 Brazilian journals (articles in Portuguese or 
English) and 79 international English-only journals. These were grouped into three 
datasets according to journal origin and article language (Brazilian-Portuguese, 
Brazilian-English and International). We analysed the taxonomic, spatial and tem-
poral coverage of the datasets, compared their average abundance trends and 
investigated predictors of such trends with a modelling approach.
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1  |  INTRODUC TION

The Kunming-Montreal Global Biodiversity Framework (GBF), and 
associated Global Monitoring Framework, adopted in December 
2022 by Parties to the Convention on Biological Diversity, sets out 
an ambitious pathway to reach the global vision of a world living in 
harmony with nature by 2050 (UNEP,  2022a, 2022b). The overall 
aim of halting and reversing biodiversity loss is tracked by a number 
of indicators, some of which are included in the national reporting 
template (UNEP,  2022b). To ensure accurate tracking of progress 
towards goals and targets, any bias in these indicators needs to be 
understood and ideally mitigated (UNEP,  2018). Indicators based 
on global biodiversity databases, particularly those that largely 
rely on publicly available data from the scientific and grey litera-
ture, are prone to biases introduced through over-representation 
of well-studied groups and regions in monitoring schemes (Amano 
& Sutherland,  2013; Donaldson et  al.,  2017; Troudet et  al.,  2017; 
Yesson et al., 2007). In addition, this is intersected with a language 
bias resulting from the dominance of English as the language of sci-
ence, which has led to most papers in the major (often global) eco-
logical and conservation journals being written by English-speaking 
authors with affiliations in the Global North (Hazlett et  al., 2020; 
Melles et  al.,  2019). In some cases, the geographic distance from 
organisations hosting the biodiversity databases behind major indi-
cators, which are often in the Global North, is inversely correlated 

with the number of records within said databases, which also include 
fewer records for countries where English is not the main language 
(Amano & Sutherland, 2013). However, local ecological evidence is 
key to informing conservation and management efforts (Gutzat & 
Dormann, 2020), and this evidence is often published in local lan-
guages and journals (Amano et  al., 2016; Konno et  al., 2020). For 
example, nearly a third of all 75,513 scientific documents on bio-
diversity conservation published in 2014 were in languages other 
than English (from here onwards, non-English languages)—primar-
ily Portuguese, Spanish, simplified Chinese and French (Amano 
et al., 2016). This, along with the lack of English titles and abstracts, 
hinders data inclusion in global studies and indicators. Omitting 
studies published in other languages can bias ecological meta-
analyses (Konno et al., 2020) and limit the scope of ‘global’ reviews 
(Nuñez & Amano,  2021). The historic exclusion of biodiversity 
data published in non-English languages in databases such as the 
Global Biodiversity Information Facility (GBIF), which started using 
translators only in 2018 (https://​www.​gbif.​org/​en/​trans​lators), has 
exacerbated geographic biases present in biodiversity data.

Brazil, the largest country in Latin America and a signatory of 
the Aichi biodiversity target (CBD,  2010), is among the most bio-
diverse countries in the world (Lewinsohn & Prado,  2005) and 
home to two global biodiversity hotspots (Myers et  al.,  2000). It 
is also the only country in Latin America where Portuguese is the 
primary language (with over 200 million speakers). Furthermore, 

3.	 Our results showed that including data published in Brazilian journals, especially 
those published in Portuguese, strongly increased the representation of Brazilian 
vertebrate species (by 10 times) and populations (by 7.6 times) in the dataset. 
Meanwhile, international journals featured a higher proportion of threatened 
species. There were no marked differences in spatial or temporal coverage be-
tween datasets, in spite of different biases towards infrastructures. Overall, while 
country-level trends in relative abundance did not substantially change with the 
addition of data from Brazilian journals, uncertainty considerably decreased. We 
found that population trends in international journals showed stronger and more 
frequent decreases in average abundance than those in national journals, regard-
less of whether the latter were published in Portuguese or English.

4.	 Policy implications. Collecting data from local sources markedly further 
strengthens global biodiversity databases by adding species not previously 
included in international datasets. Furthermore, the addition of these data helps 
to understand spatial and temporal biases that potentially influence abundance 
trends at both national and global levels. We show how incorporating non-
English-language studies in global databases and indicators could provide a more 
complete understanding of biodiversity trends and therefore better inform global 
conservation policy.

K E Y W O R D S
biodiversity monitoring, Brazil, global biodiversity framework, inclusion, indicators, population 
abundance, vertebrates
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it has a thriving scientific community, and a publishing landscape 
with several national journals and country-wide incentives for base-
line science (despite recent funding cuts; Guimarães et  al.,  2018; 
Kowaltowski,  2021; Mcmanus et  al.,  2020). Recent assessments 
suggest that biodiversity in Brazil is under pressure: 1257 verte-
brate species are nationally threatened with extinction (Sistema de 
Avaliação do Risco de Extinção da Biodiversidade – SALVE, 2024), 
there is increasing and unprecedented deforestation (Assis 
et  al.,  2022; Pacheco et  al.,  2021) and, compared to other IPBES 
regions, vertebrate population abundance declines have been the 
most severe (−95% on average, Living Planet Report 2024 – A 
System in Peril, 2024) in the Latin America and the Caribbean re-
gion, especially for herpetofauna and freshwater fish. Yet, data are 
still lacking for most species in Latin America, including Brazil, which 
might be due in part to the lower availability of financial resources 
for monitoring, and limited accessibility of some areas of the region 
(Moussy et al., 2022) but may also be due to language bias (Karam-
Gemael et al., 2018). This is despite the fact that conservation sci-
ence publications in Portuguese are increasing, albeit at a slower 
rate than English-language studies (Chowdhury et al., 2022). These 
untapped data sources represent a huge opportunity to understand 
how data published in non-English languages might contribute to 
understanding local declines and how overlooking them may impact 
decision-making in policy and conservation.

Here, we use Brazil and a population abundance database as a 
case study to test the effectiveness of bilingual literature searches in 
addressing biases and improving data coverage in a global biodiver-
sity dataset for a country where English is not the primary language 
used in scientific communication. We collected data on population 
abundance trends for Brazilian vertebrates suitable for entry into the 
Living Planet Index Database (LPD) from (a) Portuguese-language 
articles from Brazilian journals, (b) English-language articles from 
Brazilian journals and (c) English-language articles from international 
journals. We assessed the taxonomic, spatial and temporal cover-
age of these three subsets, comparing average relative abundance 
trends and investigating their predictors. With this work, we target 
a knowledge gap that has the potential to make a valuable contribu-
tion to policy and environmental agreements, specifically the Global 
Monitoring Framework.

2  |  MATERIAL S AND METHODS

2.1  |  Data collection

We collected time-series of vertebrate population abundance 
suitable for entry into the LPD (livin​gplan​etind​ex.​org), which 
provides the repository for one of the indicators in the GBF, the 
Living Planet Index (LPI, Ledger et al., 2023). Despite the continuous 
addition of new data, LPI coverage remains incomplete for some 
regions (Living Planet Report 2024 – A System in Peril, 2024). We 
collected data from three sets of sources: (a) Portuguese-language 
articles from Brazilian journals (hereafter ‘Brazilian-Portuguese’ 

dataset), (b) English-language articles from Brazilian journals 
(‘Brazilian-English’ dataset) and (c) English-language articles from 
non-Brazilian journals (‘International’ dataset). For (a and b), we first 
compiled a list of Brazilian biodiversity-related journals using the 
list of non-English-language journals in ecology and conservation 
published by the translatE project (www.​trans​lates​cienc​es.​com) as 
a starting point. The International dataset was obtained from the 
LPD team and sourced from the 78 journals they routinely monitor 
as part of their ongoing data searches.

We excluded journals whose scope was not relevant to our work 
(e.g. those focusing on agroforestry or crop science), and taxon-
specific journals (e.g. South American Journal of Herpetology) since 
they could introduce taxonomic bias to the data collection process. 
We considered only articles published between 1990 and 2015, and 
thus further excluded journals that published articles exclusively 
outside of this timeframe. We chose this period because of higher 
data availability (Deinet et al., 2024), since less monitoring took place 
in earlier decades, and data availability for the last decade is also not 
as high as there is a lag between data being collected and trends be-
coming available in the literature. Finally, we excluded any journals 
that had inactive links or that were no longer available online. While 
we acknowledge that biodiversity data are available from a wider 
range of sources (grey literature, online databases, university the-
ses etc.), here we limited our searches to peer-reviewed journals and 
articles published within a specific time frame to standardise data 
collection and allow for comparison between datasets.

We screened a total of 59 Brazilian journals; of these, nine accept 
articles only in English, 13 only in Portuguese and 37 in both lan-
guages. We systematically checked all articles of all issues published 
between 1990 and 2015. Articles that appeared to contain abun-
dance data for vertebrate species based on title and/or abstract were 
further evaluated by reading the materials and methods section. For 
an article to be included in our dataset, we followed the criteria ap-
plied for inclusion into the LPD (livin​gplan​etind​ex.​org/​about_​index#​
data): (a) data must have been collected using comparable methods 
for at least 2 years for the same population, and (b) units must be of 
population size, either a direct measure such as population counts or 
densities, or indices, or a reliable proxy such as breeding pairs, capture 
per unit effort or measures of biomass for a single species (e.g. fish 
data are often available in one of the latter two formats).

2.2  |  Assessing search effectiveness and dataset 
representation

We calculated the encounter rate of relevant articles (i.e. those that 
satisfied the criteria for inclusion in our datasets) for each journal as 
the proportion of such articles relative to the total number of articles 
screened for that journal. We assessed the taxonomic representa-
tion of each dataset by calculating the percentage of species of each 
vertebrate group (all fishes combined, amphibians, reptiles, birds and 
mammals) with relevant abundance data in relation to the number of 
species of these groups known to occur in Brazil. The total number 
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of known species for each taxon was compiled from national-level 
sources (amphibians, Segalla et al., 2021; birds, Pacheco et al., 2021; 
mammals, Abreu et al., 2022; reptiles, Costa et al., 2022) or through 
online databases (Fishbase, Froese & Pauly, 2024). We calculated ac-
cumulation curves using 1000 permutations and applying the rar-
efaction method, using the vegan package (Oksanen et  al.,  2024). 
These represent the cumulative number of new species added with 
each article containing relevant data, allowing us to assess how ad-
ditional data collection could increase coverage of abundance data 
across datasets. To compare species threat status among datasets, 
we used the category for each species available in the Brazilian 
(Sistema de Avaliação do Risco de Extinção da Biodiversidade – 
SALVE, 2024) and IUCN Red List (IUCN, 2024), and calculated the 
percentage of species in each category per dataset.

To assess and compare the temporal coverage of the different 
datasets, we calculated the number of populations and species 
across time. To assess geographic gaps, we mapped the locations 
of each population using QGIS version 3.6 (QGIS Development 
Team,  2019). We then quantified the bias of terrestrial records 
towards proximity to infrastructures (airports, cities, roads and 
waterbodies) at a 0.5° resolution (circa 55.5 km × 55.5 km at the 
equator) and a 2° buffer using posterior weights from the R pack-
age sampbias (Zizka et al., 2021). Higher posterior weights indicate 
stronger bias effect.

2.3  |  Generalised linear mixed models and 
population abundance trends

We used the rlpi R package (Freeman et al., 2024) to calculate trends 
in relative abundance. We calculated the average lambda (logged an-
nual rate of change) for each time-series by averaging the lambda 
values across all years between the start and the end year of the 
time-series. We then built generalised linear mixed models (GLMM) 
to test how average lambdas changed across language (Portuguese 

vs. English), journal origin (national vs international), and taxonomic 
group, using location, journal name and species as random intercepts 
(Table 1). We offset these by the number of sampled years to adjust 
summed lambda to a standardised measure, to allow comparison 
across different observations with different lengths of time-series 
and plotted the beta coefficients (effect sizes) of all factors. Finally, 
we performed a post hoc test to check pairwise differences between 
taxonomic groups (Table S2).

To assess the influence of national-level data on global trends 
in relative abundance, we calculated the trends for both the 
International dataset and the two combined Brazilian datasets 
(Brazilian-Portuguese and Brazilian-English), using only years for 
which data were available for more than one species, to be able to 
estimate trend variation. We also plotted the trends for the Brazilian 
datasets separately. All analyses were performed in R 4.4.1 (R Core 
Team, 2024).

3  |  RESULTS

3.1  |  Datasets

More articles were screened for potential data to create the 
International dataset than the Brazilian-Portuguese and Brazilian-
English datasets (over 30 and 100 times more articles, respectively) 
(Table 2). Despite this, the Brazilian-Portuguese dataset had nearly 
four times more relevant articles compared to the International 
dataset, while the Brazilian-English dataset had the fewest rele-
vant articles. This was similarly reflected in the number of species 
and populations across datasets, with the Brazilian-English dataset 
having nearly the same number of species (albeit half the num-
ber of populations) as the International dataset. The International 
dataset had the highest ratio of populations to species, meaning 
that more than one time-series is often available for each species 
in this dataset.

Parameter Description Type of effect

Language Language (Portuguese or English) in which the 
article was written

Fixed effect

Origin Origin of the journal (Brazilian or International) in 
which the article was published

Fixed effect

Taxonomic group Broad taxonomic grouping at the class level 
(amphibians, reptiles, birds and mammals), and with 
all fishes combined into one group

Fixed effect

Journal name Name of the journal in which the article was 
published, to account for differences in editorial 
policy

Random 
intercept

Species name Species binomial name, to account for species-
specific responses

Random 
intercept

Location Unique ID based on the coordinates of the location 
where the population was monitored, included to 
account for site-specific effects

Random 
intercept

Length of time-series Total number of years with population sampling Offset

TA B L E  1  Description and type of 
effect for parameters included in the 
GLMM.
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For the same number of articles with relevant data, the 
Brazilian-Portuguese dataset adds more species than the other 
two datasets combined, as shown by the species accumulation 
curves (Figure 1a). Representation of vertebrate species known to 
occur in Brazil (9405 in total) was much higher for the Brazilian-
Portuguese dataset (6.29%), compared to the International 
(0.58%) and Brazilian-English (0.49%) datasets (Figure  1b). This 
was true across all taxonomic groups, except for reptiles, which 
were better represented in the Brazilian-English dataset (2.67% of 
all reptile species in Brazil). For amphibians, species representa-
tion across datasets was more balanced, with the Brazilian-English 
(0.59% of 1185 species) and International (0.42%) datasets still 
containing fewer species than the Brazilian-Portuguese (0.93%) 
dataset. The overlap between datasets was minimal, with only 
two species (0.29% of all species with abundance data) present 
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F I G U R E  1  (a) Species accumulation curves showing the 
cumulative number of species added to the dataset for each 
relevant article screened in each dataset. (b) Percentage of species 
known to occur in Brazil that had relevant data on abundance 
trends within each vertebrate group, and for all vertebrate species 
combined.
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in all three datasets—being commercial fish (the Yellowfin tuna, 
Thunnus albacares and the Blue runner, Caranx crysos).

When analysing the threat status of species represented in 
the datasets, we found that the International dataset had the 
lowest relative number of ‘Least Concern’ species, as well as the 
highest relative number of both ‘threatened’ species (e.g. as-
sessed as Vulnerable, Endangered or Critically Endangered, see 
Borgelt et  al., 2022) and species classified as ‘Data Deficient’ 
(Figure  2). On the other hand, the Brazilian-English dataset had 
the highest relative number of Critically Endangered species. The 
Brazilian-Portuguese dataset had the highest relative number 
of Least Concern species. Similar patterns were obtained with 
the threat status category for each species in the IUCN Red List 
(Figure S2).

3.2  |  Temporal coverage

Temporal coverage patterns were similar across datasets (Figure 3). 
Both the Brazilian-Portuguese and the International datasets peaked 
in number of populations (228 and 44, respectively) and species (154 

and 25, respectively) around the late 1990s, while the Brazilian-
English dataset peaked (20 populations, 20 species) in 2006.

3.3  |  Spatial biases

The three datasets had similar patterns of geographical distribution, 
with clusters of records close to major cities such as state capitals—
especially evident for the Brazilian-Portuguese dataset (Figure 4a)—
and a poor sampling of the Amazon Forest. The Brazilian-Portuguese 
dataset had a larger spatial coverage with a higher representation of 
northeastern Brazil than the other datasets. However, all datasets 
were still majorly clustered towards the coast, strongly overlapping 
in southeastern Brazil.

Biases towards infrastructures also differed between the three 
datasets (Figure  4b). Both Brazilian datasets were mainly biased 
towards roads, with the Brazilian-English dataset being especially 
biased towards waterbodies. By comparison, the International data-
set appeared overall less biased towards infrastructures except for 
airports. Proximity to urban agglomerations was not a strong biasing 
factor for any of the datasets.

F I G U R E  2  Percentage of species in 
each threat category, according to the 
Brazilian Red List, with data on population 
trends published between 1990 and 2015 
for each dataset. The colour scheme 
follows IUCN categories and the number 
of species in each dataset is indicated in 
brackets.

F I G U R E  3  Number of populations (a) 
and species (b) with data in a particular 
year for each of the three datasets.
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    |  7SERRANO et al.

The GLMM model showed that data in Portuguese had more neg-
ative average lambdas (albeit not significantly) than data in English, 
while international journals had significantly more negative lambdas 
than data from Brazilian journals (Figure 5; Table S1). Compared to 
amphibians (the group intercept), only reptiles had significantly more 
positive logged annual rates of change. These factors explained 
59.4% of the variance of the data. Our post hoc comparisons be-
tween taxonomic groups showed that the average annual change for 
reptiles is significantly more positive than that of amphibians, while 
the average annual change for fish is significantly more negative 
than that of mammals and reptiles. Every other pairwise comparison 
was non-significant. The random effect of the journal in which data 
was published was negligible (beta coefficient of <0.001, SD = 0.06). 
On the other hand, there were moderate levels of variability in the 
responses among species (beta coefficient = 0.03, SD = 0.17) and lo-
cations (beta coefficient = 0.79, SD = 0.88).

Trends in average relative abundance across time more negative 
for the Brazilian datasets (a decline of 96% in the index; final LPI 
value = 0.04, range = 0.01–0.14) than for the International dataset 
(a decline of 78% in the index; final LPI value = 0.22, range = 0.05–
1.52; Figure 6). Overall, the combined Brazilian datasets exhibited 
lower variation than the International dataset, which overlaps with 
the baseline (1 which implies no change in abundance) for the ma-
jority of the considered time frame. The trend for the International 
dataset reached negative values before 1980, with a decline in 
abundance starting around 1975 and a slight increase from 2012 on-
wards (although this may be due to fewer data points in later years 

and could change if later data were added). On the other hand, the 
trend for the Brazilian datasets only reached negative values after 
1990. Abundance trends across time were also different for the 
Brazilian datasets in each language (Figure  S1). Population data in 
the Brazilian-Portuguese dataset span 40 years (1974–2014), while 
data in English in Brazilian journals is only available from 1990 on-
wards. Both datasets showed decreasing trends in abundance, 
reaching negative values after 1990. The Brazilian-Portuguese data-
set attained a lower final LPI value (0.04, range = 0.01–0.15) than the 
Brazilian-English dataset (0.10, range = 0.02–0.44).

4  |  DISCUSSION

4.1  |  Improving coverage of biodiversity datasets

Our results show that collecting local data in Portuguese can help 
boost coverage of biodiversity data (here, abundance trends) for 
Brazil. Prior to this research, the LPD contained 103 time-series 
for 51 Brazilian species. By including data from national journals, 
we substantially increased the number of species and popula-
tions by 10.1 times and 7.6 times, respectively, with data from 
Portuguese language journals contributing to these increases by 
8.8 times for species and 7.0 times for populations. Rodríguez-
Caro et  al.  (2024) analysed locally sourced data from peer-
reviewed and grey literature for the Iberian Peninsula and similarly 
obtained twice the number of vertebrate populations currently in 

F I G U R E  4  (a) Distribution of 
populations in Brazil, coloured according 
to language and origin. (b) Posterior 
weights of bias towards infrastructures for 
the Brazilian-Portuguese (top), Brazilian-
English (middle) and International 
(bottom) datasets. Higher posterior 
weights indicate a stronger biasing factor 
(oversampling) close to a particular 
infrastructure type.
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the LPD, highlighting the importance of local data sources in as-
sessing trends in biodiversity change. Here, we also demonstrate 
that incorporating data from local sources enhances the temporal 
coverage and robustness of population trend calculations, though 
in this case, it only modestly extends spatial coverage. Finally, 
we also show that local data in other languages can make a use-
ful contribution to biodiversity datasets as data in Portuguese in 
local journals are the most taxonomically representative and show 
high levels of complementarity to data in international English-
language journals.

4.2  |  Species representation

International journals are expected to inherently have a lower en-
counter rate of articles containing monitoring data for any given 
country, as the data of interest will inevitably be diluted among the 
data for all other countries. However, collecting data from local 
sources and in non-English languages does not simply increase 

the number of records available per species, but unveils important 
information for a set of species that is not covered by the inter-
national literature. Our datasets are highly complementary, with 
the two datasets from Brazilian journals adding 513 species that 
are not included in the International one. This, combined with the 
markedly higher representation of most taxonomic groups in the 
Brazilian-Portuguese dataset, further reinforces how data from 
national journals and in a local language may contribute to a better 
understanding of the trends in abundance of megadiverse coun-
tries. While differences in species composition among datasets are 
expected given each dataset only covers a small proportion of the 
country's biodiversity, certain patterns appear to emerge—such as a 
tendency for international funding to prioritise high-profile, iconic, 
data-deficient or threatened species (McGowan et al., 2020). This 
is further reinforced by the International dataset having the high-
est population to species ratio, which suggests that most studies 
are focussed on few species. Baseline science often lacks ap-
peal for researchers and funders, compared to hypothesis-driven 
studies. This is partly due to the substantial funding required for 

F I G U R E  5  Beta coefficients of the GLMM. Positive values indicate positive average lambdas (increasing logged annual rate of change) 
while negative values indicate negative average lambdas (decreasing logged annual rate of change). Effects where confidence intervals 
overlap 0 are non-significant.
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long-term studies, but also because researchers need to maintain 
consistent productivity, which can be challenging when involved 
in studies that demand intensive effort over extended periods be-
fore yielding publishable results. However, there are international 
and national funds available for long-term monitoring of threat-
ened species (e.g. Rufford's foundation, https://​www.​ruffo​rd.​
org; EDGE, https://​www.​edgeo​fexis​tence.​org). Such studies often 
result in articles either published in English or in international 
journals, reflecting global interest in threatened species. Baseline 
monitoring studies focusing on ‘Least Concern’ species tend to at-
tract more interest from local audiences than international ones, 
and as a result, they are mostly published in local journals. This 
is in line with what has been observed for Brazil in other areas of 
science: Despite an improvement in scientific performance (meas-
ured in scientific paper production) over a similar time frame to the 
one used in our study, the impact of Brazilian research (measured 
in number of citations by the scientific community) is compara-
tively low (Strehl et al., 2016). This has been explained in part with 
the low level of international collaborations of Brazilian research-
ers, and the more regional nature of the research problems in cer-
tain knowledge areas and the fact that studies of this nature are 

mainly published in Brazilian journals. It is estimated that at least 
half of the papers by Brazilian scientists are published in Brazilian 
journals (CNPq, 2023).

Population trends published in international journals tend to 
be further from most infrastructures and thus may likely repre-
sent range-restricted species, which are less commonly reported in 
Brazilian journals, in which sampled populations usually occur closer 
to cities and access routes (Oliveira et al., 2016). These differences 
in sampling bias may reflect a stronger financial resource limitation 
for locally published articles (Boakes et al., 2010; Meyer et al., 2015). 
This is further corroborated by the International dataset having the 
highest relative number of ‘threatened’ and Data Deficient species, 
which usually depend on international funding (Morais et al., 2012) 
and often have smaller distributions, mostly distant to urban areas 
(Bland et al., 2015; Bland & Böhm, 2016).

4.3  |  Temporal and spatial coverage

Data published in international journals has greater temporal cov-
erage as it spanned the full 1970–2015 period. Data from Brazilian 

F I G U R E  6  Population trends of abundance for the time-series included in the International dataset (yellow) and the two Brazilian 
datasets combined (dark green) from 1970 to 2015, calculated following the LPI methodology. Changes in abundance were calculated in 
relation to the 1970 baseline (which is assigned a value of 1).
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journals (especially from articles published in Portuguese), however, 
greatly increased in availability over recent years, making up the ma-
jority of the data in our dataset from 1990 onwards. Interestingly, 
data published in English in Brazilian journals has increased in the 
last three decades, and this overlaps with a decrease in the number 
of populations and species published in international journals. We 
do not know if these trends are related and there are likely several 
reasons operating in parallel. For example, an increase in the impact 
factor of some Brazilian journals may attract Brazilian researchers 
away from international towards national ones, while international 
journals may have become more oriented to species of conserva-
tion interest, thereby limiting access to studies from Brazil on non-
threatened species. Furthermore, grey literature (such as technical 
reports or biodiversity assessments prior to development of infra-
structure) is widespread but overlooked in Brazil, although it may 
provide a valuable source of data on abundance (Alves Ribeiro de 
Carvalho Junior et al., 2024).

The substantial overlap in spatial coverage across all datasets 
confirmed that most regions in Brazil are undersampled, with most 
of the monitoring locations concentrated in coastal areas, espe-
cially in the southern portion of the country, or around major cities. 
These mainly overlap with the Atlantic Forest biodiversity hotspot 
(Myers et al., 2000), where ∼70% of the Brazilian population live 
(De Marques et al., 2016). Research in these areas may allow for 
more funding and decrease logistics costs (e.g. travel, experimental 
setup), thus increasing the over-representation of coastal Brazil. 
There are some major gaps in areas of high ecological integrity, 
such as the northern part of the Amazon, where populations are 
supposedly stable due to high habitat intactness and connectiv-
ity. However, Cerrado Savannas—the other biodiversity hotspot in 
Brazil (Myers et al., 2000)—lack abundance data, with significant 
gaps in regions with intense deforestation (e.g. the so-called ‘de-
forestation arc’, especially in the contact zones with southwestern 
Amazon Forest and in the MATOPIBA region—an acronym which 
includes the states of Maranhão, Tocantins, Piauí and Bahia—in the 
northeast; Schneider et  al.,  2021). Worryingly, there is also evi-
dence of decreasing conservation opportunities for endemic ter-
restrial vertebrates as a function of habitat loss and fragmentation 
in the Cerrado Savannas, which are included in the ‘deforestation 
arc’ (Vieira-Alencar et  al.,  2023). Therefore, our results confirm 
not only that international data are overlooking them but also that 
national-level local language publications are not assessing how 
much the abundance of vertebrates is changing in these critical 
regions, preventing the establishment of a proper baseline that al-
lows for effective conservation actions, before affected species 
become threatened.

4.4  |  Abundance trends of Brazilian vertebrates

Both the data available in international journals and the combined 
data from the Brazilian datasets showed negative abundance trends 
for Brazilian vertebrate species. From 1980 onwards, the trend for 

the international dataset was more negative than for the Brazilian 
datasets combined (except for the latter years), albeit with higher 
uncertainty. International journals might be more likely to publish 
more significant results, which in the case of conservation might 
equate to stronger negative changes in abundance. This has been 
reported for other ecological trends (Konno et al., 2020). Abundance 
trends sourced from Brazilian journals strongly declined after 1990, 
a pattern which was not observed in the International dataset. As 
non-threatened species are predominantly represented in both 
Brazilian datasets, the declines observed in these two subsets 
point to a potentially overlooked decrease in abundance in species 
not yet threatened with extinction. Population declines can be a 
prelude to local or—in the case of range-restricted species—species 
extinctions, and should therefore be monitored and investigated. 
Overall, including data from Brazilian journals to the data sourced 
from international journals strongly reduced variation around 
the overall abundance trend for Brazilian vertebrates. While the 
confidence bounds of trends calculated using the LPI methodology 
are descriptive and only indicative of the range of trends that 
could be obtained using the data available (rather than a measure 
of statistical uncertainty), a trend based on a larger number of 
populations sampled over a longer period will be more robust.

When investigating predictors of average rates of change 
in abundance, we found that publications in international jour-
nals had significantly more negative trends in abundance than 
those in Brazilian journals. Studies that find negative population 
trends, rather than stable or increasing population trends, may be 
more easily publishable in international journals (‘publication bias’, 
Wood, 2020), as these are often published more quickly (Jennions 
& Møller,  2002). Language barriers might also have an effect be-
fore the submission stage, as for some researchers it could be eas-
ier or cheaper (due to translation costs) to submit to local journals 
in Portuguese. A real or perceived higher acceptance rate in local 
journals in relation to international ones could also partially explain 
this pattern (Meneghini, 2010). Our models also indicate that loca-
tion has a moderate influence on the rate of change in abundance, 
suggesting local variation in abundance change. While this primarily 
captures site-specific differences, these local variations may con-
tribute to broader spatial patterns at regional or larger scales, which 
warrant further investigation.

4.5  |  Policy relevance beyond the Brazilian context

Here, we show that coverage of vertebrate abundance data can be 
substantially improved by considering local sources in a local language 
for a specific country. Other countries where English is not the main 
language may also benefit from this approach, especially those with 
several national journals. This may be especially relevant for tropical 
countries as local journals may contain population abundance for a 
large number of species still not included in English-language data-
bases. We recognise that each context is unique in terms of geogra-
phy, politics, recent conflict and availability of resources, and that 
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national publishing landscapes are influenced by different combina-
tions of funding challenges, infrastructure limitations and access to 
international networks (Loescher et al., 2022; Salager-Meyer, 2008). 
However, our results highlight that conservation research and policy 
would benefit from systematically incorporating evidence published 
in different languages. This approach may also be particularly more 
efficient for countries with the same language (e.g. Spanish-speaking 
Latin American countries or French-speaking African countries). A 
multilingual approach will provide a broader and more representa-
tive picture of biodiversity, as it enhances the coverage of datasets 
and can better inform policy and conservation interventions.

As our study demonstrates, the LPD and other similar global re-
positories may be limited by a linguistic bias, as they primarily rely on 
data searches and data published in English. This potentially influ-
ences our assessments of biodiversity trends over time. While English 
remains the lingua franca of science, the rate of publication of scien-
tific documents in other languages is not slowing down (Chowdhury 
et al., 2022). An analysis of biodiversity assessment reports across 
100 countries/territories found that non-English-language literature 
was a major source of information, representing on average 65% of 
the references cited (Amano et al., 2023). Incorporating these data 
into global biodiversity datasets can be an important first step to 
increase coverage of biodiversity data. This, in turn, would improve 
the accuracy and representativeness of biodiversity indicators and 
assessments at the national and global level. The LPI, which we used 
here to test our approach, is a component indicator in the monitor-
ing framework of the GBF for tracking progress towards Goals A 
and B and Targets 4, 5 and 9. It is also used to calculate regional-
level (Galewski et al., 2011; McRae et al., 2012) and as the basis for 
the development of national biodiversity indicators (Bayraktarov 
et al., 2021; Marconi et al., 2021). Other indicators reliant on syn-
thesising data from scientific publications such as the Biodiversity 
Intactness Index (Purvis et al., 2018) will likely be affected by a lan-
guage bias in a comparable way. Without similar data search efforts 
in other languages and countries, these important measures of the 
state of the planet may be missing crucial data. Our work also has im-
plications from an equality and diversity perspective. The language 
barrier in science is often exacerbated by socio-economic disparities 
between countries, and between areas of the same country. For ex-
ample, in countries where English is not the primary language, re-
searchers and especially those from marginalised communities may 
have limited access to the education, resources and opportunities 
required to be able to publish in English (Ramírez-Castañeda, 2020; 
Salager-Meyer, 2008). By including articles in languages other than 
English, global biodiversity datasets would be more representative 
of work from researchers and conservation practitioners from a di-
verse range of backgrounds.

4.6  |  Final remarks

Monitoring trends in population abundance across time-series 
is an essential tool to understand how biodiversity is changing. 

Such data can be helpful for finding patterns that might reflect 
natural processes over ecological and evolutionary time, as well 
as the influence of anthropic pressure on the environment and 
species populations. Species richness (Ceballos et  al.,  2017) and 
threats to species (Allan et al., 2019) are not uniformly distributed 
across realms and regions, with large numbers of species and high 
levels of threats in areas where English is not the only or main 
language used for scientific communication. These species-rich 
at-risk areas are systematically under-represented in biodiversity 
data (Ceballos et  al.,  2017), even for comparatively well-studied 
groups such as vertebrates (Titley et  al.,  2017). While ideally 
regional-level trends should be based on a random sample strati-
fied within the area of interest, these data are rarely available so 
efforts should focus on attaining better geographic, temporal and 
taxonomic representation and developing methods to address the 
bias in the data. Here, we demonstrated how including data pub-
lished in non-English languages and in local journals can boost the 
number of species and populations for a regional dataset, comple-
menting international datasets and thus improving the geographic 
and taxonomic coverage of biodiversity data. We hope our work-
flow will be replicated in other national and regional contexts, 
thus contributing to a better flow of information between local 
sources and international global-level assessments of biodiversity 
trends. This approach also fosters international collaboration and 
brings the work of in-country researchers and practitioners to the 
attention of international publications and into policy processes. 
However, this does not solve the South–North data availability 
bias for population trends or biodiversity data more generally. 
Reducing this bias requires a broader approach, involving fund-
ing bodies, research institutions and English-language and non-
English-language journals (Arenas-Castro et  al.,  2024; Pettorelli 
et al., 2021). For example, efforts should be supported to mobilise 
and publish data currently present in the grey literature, via multi-
lingual papers and/or papers with an English abstract; this enables 
evidence not only to be available in local languages to local prac-
titioners but also searchable in English for synthesis. Conversely, 
abstracts of English-language articles should more frequently be 
made available in other languages, as authors of national biodiver-
sity assessments acknowledge struggles in understanding English-
language literature (Amano et al., 2023). Strengthening research 
and publishing partnerships to expand collaboration networks be-
yond academia and across a broader range of countries would also 
help us gain a better understanding of how biodiversity is chang-
ing, thus advancing ecological sciences and providing more robust 
information to conservation and policy decision makers at a criti-
cal time for our planet.
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dataset (green) and International dataset (yellow) from 1970 to 2015, 
calculated following the LPI methodology.
Figure S2. Percentage of species in each threat category, according 
to the IUCN Red List, with data on population trends published 
between 1990 and 2015 for each dataset.
Table  S1. Output of GLMM model for the response of average 
lambda regarding language of the article, origin of the journal and 
taxonomic group.
Table  S2. Post-hoc comparison of differences in average lambda 
values between taxonomic groups.
Data S1. A list of the journals scanned for this work. Metadata are 
provided in the second tab of the spreadsheet.
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