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INTRODUCTION
Long-term biodiversity monitoring data play a 

crucial role in enhancing the understanding and 
management of ecological systems (Azzellino et al., 

The Projeto de Monitoramento de Praias (PMPs) in Brazil is the world’s largest marine tetrapod stranding monitoring 
program, covering over 3000 km of coastline. PMPs are organized as four monitoring programs, executed by a 
number of institutions, with the primary aim of assessing possible impacts of the oil and gas industry (O&G) on 
marine tetrapods. Since 2015, data recorded by all PMPs have been stored in a single database with public access. 
We undertook a literature review to gather all peer-reviewed publications from 2010–2023 using data from PMPs. 
We summarized 139 publications to investigate: (i) temporal trends in the number of publications; (ii) subject areas 
from those publications; (iii) taxonomic groups and species studied; (iv) the participation of non-executing institutions 
based on author affiliations. In addition, we explored whether species ranked higher in conservation assessments 
were more represented in the publications. Overall, the PMPs have a high number of publications considering their 
relatively recent implementation when compared to longer stranding monitoring programs. The open-access nature of 
the PMP database seems to be a catalyst for research, including one-third of publications being authored only by non-
executing institutions. The program with the most publications was the PMP-BS (Bacia de Santos), which may result 
from a larger monitored area, higher numbers of strandings and research institutions than other monitoring programs, 
and higher mortality due to higher human density. The number of publications was similar across taxonomic groups 
(sea turtles, seabirds, and marine mammals), which together studied 61 species. Notably, the studies addressed a 
variety of topics, suggesting that PMPs contribute not only to monitor the impacts of the O&G, but also to increase our 
understanding of the distribution, ecology, and health of several species. Therefore, continuing PMPs is essential to 
monitor long-term trends, inform strategies, and support effective management of marine tetrapods.
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2017; Lindenmayer and Likens, 2009). These data 
can be used for detecting and assessing responses 
to disturbances and ecosystem changes (Gaiser 
et al., 2020) and exploring temporal patterns at the 
level of ecosystems, communities, populations, and 
genes (Magurran et  al., 2010). Due to changes 
in major marine ecosystems caused by human 
activities (McCauley et al., 2015), such as bycatch, 
overexploitation, acoustic and chemical pollution, 
marine debris, and physical habitat destruction 
(Hooker and Gerber, 2004), there are growing 
concerns about marine life and its health (Claro 
et al., 2019). Therefore, monitoring human impacts 
as well as the environmental changes on wildlife has 
become increasingly urgent (IJsseldijk et al., 2020).

Marine tetrapods, such as sea turtles, 
seabirds, and marine mammals, have been used 
as sentinel species to assess ecosystem health 
(Hazen et al., 2019). Due to their primary oceanic 
habits, however, monitoring these species in situ 
can be costly. One strategy is to monitor stranded 
animals and carcasses, which provides a low-
cost alternative to gather data on these oceanic 
species (Peltier et al., 2014; Pyenson, 2011) and 
allows great spatiotemporal coverage (IJsseldijk 
et al., 2020; Prado et al., 2023).

Systematically recording strandings can 
provide information on species richness and 
abundance (Coombs  et  al., 2019), diversity 
patterns (Pyenson, 2011), species distributions 
(Snell et al., 2023), mortality rates (Ijsseldijk et al., 
2020), and population status (Paterson et  al., 
2021). These records also enable the comparison 
of time series (Prado et  al., 2016, 2023), helping 
to identify unusual mortality events (Norman et al., 
2004), and possible environmental threats (Pyke 
and Szabo, 2018). Additionally, stranding data can 
guide the establishment of conservation initiatives 
(Mghili et  al., 2023) by determining ecological 
impacts, which subsequently inform and support 
the implementation of mitigation measures for local 
populations (Dudhat et al., 2022; Fernández et al., 
2012; Gulland et  al., 2025; Peltier et  al., 2014). 
Gulland et  al. (2025), for instance, summarized 
examples of scientific advances resulting from 
stranding studies that contributed to implementing 
conservation strategies of marine mammals, such 
as the ban on naval exercises in the Canary Islands 

following the detection of gas bubble disease in 
stranded beaked whales (Fernández et al., 2005, 
2012). Therefore, systematic surveys are valuable 
tools for identifying patterns and trends of strandings 
(e.g., Prado et  al., 2016, 2023), supporting the 
understanding of their underlying causes, and 
guiding the development of management proposals 
and conservation measures for marine tetrapods 
(Chou et al., 2024; Lennon et al., 2025).

Strandings result from a complex interplay of 
three major components on a regional-to-local 
scale: (i) biological, related to relative abundance 
and mortality rate (including both natural and 
anthropogenic causes); (ii) physical, which 
encompasses processes that determine carcass 
transport (e.g., tides, wind, currents, carcass 
buoyancy); and (iii) societal, which influences 
stranding reports (Azzellino et al., 2017; Norman 
et al., 2004; Peltier and Ridoux, 2015). Interpreting 
stranding records is challenging because 
observed results stem from multiple interacting 
processes among these components. Despite 
these limitations, analyzing strandings over large 
spatial scales and long time series can smooth 
down any skewed effects that one of these 
components might cause in the dataset, yielding 
insightful results (Peltier and Ridoux, 2015; Prado 
et al., 2023; Pyenson, 2010; Vianna et al., 2016). 
In addition, regardless of the scale of the analysis, 
accounting for effort within the spatial-temporal 
grain is arguably crucial to provide unbiased 
results based on stranding data (Authier et  al., 
2014; Prado et al., 2023).

In Brazil, long-term monitoring projects 
have contributed to academic research and the 
development of human resources (Cordeiro 
et  al., 2022). The “Projetos de Monitoramento 
de Praias” (PMPs; acronym in Portuguese 
for Beach Monitoring Projects) are part of 
environmental monitoring programs required by 
the Brazilian Federal Institute for the Environment 
and Renewable Natural Resources (IBAMA) 
to grant permission for oil and gas exploration 
and production by PETROBRAS across four 
sedimentary basins (Brasil, 2011). The PMPs main 
goal is to assess the impacts of this commercial 
activity on marine tetrapods by systematically 
monitoring for carcasses and providing veterinary 
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care for live stranded animals (Petrobras, 2023). 
The target fauna of the monitoring are tetrapods 
that occupy or depend on the marine environment 
for at least part of their life cycle, which includes 
sea turtles, seabirds, and marine mammals 
(Petrobras, 2023). The total area monitored by 
PMPs spans over 3000 km, monitored daily, weekly, 
or fortnightly, making it the largest systematic 
monitoring program of stranded animals in the 
world (Rosário et  al., 2022). Although not yet 
considered a long-term project, their large-scale 
coverage over a decade represents an important 
initiative for monitoring marine tetrapods. Aiming 
to standardize the data collected by all institutions, 
since 2015, all records from PMPs are stored in 
the “Sistema de Informação de Monitoramento da 
Biota Aquática” (SIMBA; acronym in Portuguese 
for Aquatic Biota Monitoring Information System) 
(Petrobras, 2023). SIMBA works as a central 
repository for the data on individual records, 
specimens, laboratory analyses, and veterinary 
procedures (Petrobras, 2023). Noteworthy, SIMBA 
is freely and openly accessible to the public at 
https://simba.petrobras.com.br/simba/web/.

Brazil is home to several marine tetrapod 
species classified as nationally threatened, 
including four sea turtles, 25 seabirds, and nine 
marine mammals (ICMBio, 2025). Understanding 
spatiotemporal patterns of mortality is essential to 
assess the impacts on these species’ populations 
(IJsseldijk et al., 2020), and is recognized as key 
information for the “Planos de Ação Nacionais” 
(PANs; acronym in Portuguese for National Action 
Plans for the Conservation of Threatened Species) 
in Brazil (Rosário et  al., 2022). In this context, 
PMPs can provide crucial data on threatened 
species, such as Pontoporia blainvillei and Sotalia 
guianensis, classified as Critically Endangered and 
Vulnerable nationally, respectively (ICMBio, 2025). 
These species are consistently reported among 
the most frequently stranded species (Martinelli 
et  al., 2024; Pontalti et  al., 2023; Prado et  al., 
2023; Tavares et  al., 2021; Vianna et  al., 2016). 
In addition, PMPs can also generate valuable 
information on poorly studied species, for which 
limited knowledge hampers accurate extinction 
risk assessments (Tiongson et  al., 2021). Thus, 
the data from PMPs can help fill these gaps, 

enhancing our ability to assess population status 
and threats, and contributing directly to national 
conservation efforts (e.g., ICMBio, 2018).

In this study, we carried out a literature 
review to find scientific articles published in peer-
reviewed journals that used data from the PMPs. 
Our objectives were to quantify and classify these 
studies according to the monitoring programs from 
which the data originated, the taxonomic group 
studied, and subject area. In addition, we analyze 
whether the number of publications is associated 
with the species’ category on the Red List of the 
International Union for Conservation of Nature 
(hereafter IUCN) and the Official National List of 
Endangered Fauna from the Brazilian Ministry of 
Environment (ICMBio, 2025; hereafter ICMBio). 
Given that species ranked higher in these lists are 
prioritized to get more incentive to be studied (e.g., 
Betts et al., 2020; Collar, 1996), we hypothesized 
that the higher the threat category, the greater their 
contribution to the number of published articles. 
We also evaluated the participation of executing 
and non-executing institutions in the published 
articles. Although involvement from executing 
institutions is expected—particularly because 
most of them undertake research activities—, the 
SIMBA database is openly accessible and was 
designed to promote its broader use. Thus, we 
anticipate that there will be publications without 
the participation of institutions directly involved in 
the PMPs. Assessing institutional participation is 
important to understand whether the accessibility 
of SIMBA is effectively supporting wider scientific 
engagement beyond the executing institutions. 
Moreover, we discuss trends in data usage and 
emphasize the potential of PMPs to generate 
additional information beyond their initial purpose 
of assessing the impacts of the oil and gas 
industry. We hope that the results presented here 
can provide insights into the contributions of PMPs 
to the scientific knowledge and conservation of 
stranded marine tetrapods in Brazil.

METHODS
Study area

The PMPs are designed to fulfill environmental 
licensing processes related to the oil and gas 

https://simba.petrobras.com.br/simba/web/
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industry and thus are designed to cover different 
sedimentary basins. Although the name “PMP” 
is universal to the program, there are four distinct 
programs along the Brazilian coast, each associated 
with a specific sedimentary basin: Sergipe/Alagoas 
Basin (SEAL), initiated in February 2010, covering 
259 km of monitored beaches; Campos/Espírito 
Santo Basin (BCES), initiated in October 2010, 
covering 707 km; Potiguar Basin (BP), initiated 
in May 2013, covering 330 km; and Santos Basin 
(BS), initiated in August 2015, covering 2015 km 
(Petrobras, 2019, 2021a, 2021b, 2023) (Figure 
1). Hereafter, these four monitoring programs are 
separately referred to as SEAL, BCES, BP and, 
BS or collectively as PMPs. Institutions such as 
non-governmental organizations (NGOs), public 
foundations, private companies, and universities 
are responsible for monitoring specific beach 
stretches (Petrobras, 2023).

Figure 1. Distribution of the survey area from the Projetos 
de Monitoramento de Praias (PMPs), which cover different 
sedimentary basins (see main text for details) and their 
executing institutions. South to north: BS = Santos Basin, 
BCES = Campos/Espírito Santo Basin, SEAL = Sergipe/
Alagoas Basin, and BP = Potiguar Basin.

Search strategies
The review followed the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis 

(PRISMA) framework (Figure 2; Page et  al., 
2021). The bibliographic search was carried out 
on Google Scholar, Scopus, and Web of Science 
databases (between 14-20 January 2025). The 
search string “Beach Monitoring Project” OR 
“Projeto de Monitoramento de Praias” was applied 
in each database to identify scientific articles 
containing these strings in any part of the text. It 
was assumed that all scientific articles using data 
from the PMPs had appropriately mentioned the 
source of the data, and therefore, the use of these 
strings should be representative of peer-reviewed 
publications.

Figure 2. Summary of the process of identification, screening, 
and inclusion of scientific articles conducted systematically 
according to the PRISMA framework.

Inclusion criteria and data summarization
this review included studies that used data 

collected by at least one of the PMPs (BS, BCES, 
SEAL, and/or BP), after the implementation of the 
monitoring program (from 1 February 2010 to 31 
December 2023). Moreover, only peer-reviewed 
journal articles written in English or Portuguese 
were included. Gray literature (such as Honors, 
Master’s or Doctoral theses, books or book 
chapters, and abstracts published in conference 
proceedings) were not considered.

The retained scientific articles were categorized 
based on the monitoring program (BS, BCES, 
SEAL, and/or BP), the taxonomic group studied (sea 
turtles, seabirds, marine mammals, or “tetrapods” 
when the article focused on two or more groups), 
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and subject area (“Biochemistry and Genetics,” 
“Ecology, Conservation and Management,” 
“Human Interactions,” and “Pathology and Health”). 
Scientific articles that used data from more than 
one monitoring program were categorized multiple 
times, as a record for each corresponding program. 
The categorization into subjects was based on 
the main topic addressed in the objectives and 
results of the scientific article. The “Biochemistry 
and Genetics” subject included research on 
enzyme activity, genetic diversity, biochemical 
parameters, and antimicrobial resistance. “Ecology, 
Conservation and Management” encompassed 
studies on spatiotemporal patterns of diversity and 
distribution, the influence of environmental variables 
on these patterns, trophic ecology, and extinction 
risk assessment. “Human Interactions” covered 
topics such as ingestion of anthropogenic solid 
waste, contamination and ecotoxicology, pollution, 
bycatch, and impacts of oil spills. “Pathology and 
Health” included studies reporting on diseases, 
diagnostic techniques and imaging, treatments 
and alternative therapies, and general pathological 
findings.

Data analysis
Data analyses were conducted in R (R Core 

Team, 2022), mainly using the dplyr (Wickham 
et  al., 2023) and tidyr (Wickham et  al., 2024) 
packages for data wrangling, base R’s stats 
package for analysis, and ggplot2 (Wickham, 
2016) for data visualization. All analyses were 
performed using a significance level of 0.05. Data, 
code, and Supplementary Material can be found at 
https://doi.org/10.5281/zenodo.17437776.

To compare the proportions of scientific 
articles across categories (PMPs, taxonomic 
groups, and subject areas), a chi-squared test 
was performed using the ‘chisq.test’ function to 
evaluate if there were significant differences in the 
observed frequencies. Following this, a pairwise 
proportion comparison test was conducted using 
the ‘pairwise.prop.test’ function. The test was 
performed considering the observed quantities 
for each group, with p-values adjusted using the 
Bonferroni method (Quinn and Keough, 2002).

To assess the participation of executing and 
non-executing institutions on the scientific articles, 

the affiliation of all authors was considered, 
identifying their institution, country, and, in the 
case of Brazilian institutions, their Federal State 
was additionally recorded. Each scientific article 
was summarized according to their coauthors’ 
institutions and descriptive statistics were 
extracted to explore coauthorship patterns.

To test whether the IUCN and ICMBio categories 
influence the number of publications, each studied 
species (i.e., those for which a formal statistical 
analysis was provided; n = 61; see Results) was 
first classified according to their category based on 
the IUCN and ICMBio criteria. Under the criteria of 
both IUCN and ICMBio, species were categorized 
as critically endangered (CR), endangered 
(EN), vulnerable (VU), near threatened (NT), 
least concern (LC), data deficient (DD), or not 
evaluated (NE)—the latter corresponding to “not 
applicable” in the ICMBio criteria. Although DD 
and NE are not strictly conservation categories, for 
simplicity, all categories are collectively referred as 
“conservation category” from hereon. Considering 
that the conservation category of species may 
have changed over the years included in this 
study, the species were assigned to the category 
that was valid at the time (year) each article was 
published. A chi-squared test of independence 
was then performed, using the ‘chisq.test’ function, 
to investigate the relationship between categories 
and the number of scientific articles. While the chi-
squared test is expected to indicate differences 
between categories (i.e., a statistically significant 
result), one could expect the contribution of higher-
ranked classes (categories) to be overrepresented 
and lower-ranked to be underrepresented. To 
verify this, a residual analysis was conducted to 
identify which category contributed to the observed 
relationships. For that, the standardized residuals 
were extracted using the ‘stdres’ component of the 
object returned by ‘chisq.test’, and those values 
were then plotted by category. Categories with 
positive residuals indicated overrepresentation, 
while categories with negative residuals indicated 
underrepresentation in the number of publications 
(Haberman, 1973).

Due to the high number of scientific articles 
studying Chelonia mydas (see Results), this species 
could bias the results of this analysis. Therefore, 

https://doi.org/10.5281/zenodo.17437776
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the procedure explained above (chi-squared test 
followed by residual analysis) was conducted 
separately for both including and excluding C. 
mydas from the analysis. Also, the entire procedure 
was repeated considering only the most frequently 
studied species (n = 11; see Results), defined as 
being studied in at least 10 scientific articles. Thus, 
this analytical framework was performed eight times 
(with/without C. mydas x IUCN/ICMBio categories x 
all species/most frequently studied species).

RESULTS
We identified 139 scientific articles published 

between 2013 and 2023 (Figure 3, Table S1). 
No scientific articles were published between 
2010 and 2012. The yearly average number of 
scientific articles was 12.6±13.3, which was highly 
influenced by the number of publications in recent 
years. The highest number of publications was 
observed in 2021 (n = 41).

Figure 3. Number of scientific articles published per year according to each Projetos de 
Monitoramento de Praias (PMPs). South to north: BS = Santos Basin, BCES = Campos/Espírito 
Santo Basin, SEAL = Sergipe/Alagoas Basin, BP = Potiguar Basin. No scientific articles were 
published between 2010 and 2012.

The chi-squared test and pairwise proportion 
comparisons revealed significant differences in the 
proportions of scientific articles for all categories 
tested (PMPs: χ² = 134.66, p < 0.01; Taxonomic 
groups: χ² = 31.27, p < 0.01; Subject areas: χ² = 
45.43, p < 0.01) (Table 1). The monitoring program 
with the highest number of publications was BS 
(64.6%; n = 95), followed by BCES (21.1%; n = 
31), BP (12.9%; n = 19) and SEAL (1.3%; n = 
2) (Figure 4a). Studies encompassing data from 
more than one monitoring program represented 
5% (n = 7). Scientific articles published on sea 
turtles (38.1%; n = 53), seabirds (28.8%; n = 
40), and marine mammals (27.3%; n = 38) had 
similar proportions (Figure 4b). Scientific articles 
analyzing more than one group (“Tetrapods”) were 
less represented (Figure 4b), which influenced 
the overall chi-squared test result. Almost half of 

the studies were published on the “Pathology and 
Health” subject area (46%; n = 64), while “Ecology, 
Conservation and Management” and “Human 
Interactions” were similar in numbers (25.2%; n 
= 35 and 23%; n = 32, respectively), and only a 
few studies were published on “Biochemistry and 
Genetics” (5.8%; n = 8) (Figure 4c). Furthermore, 
“Pathology and Health” was the only subject area 
with at least one scientific article published in every 
year since 2013, while “Ecology, Conservation 
and Management” had its first study published in 
2016, and “Human Interactions” and “Biochemistry 
and Genetics,” in 2019 (Figure 5). Notably, only 
one article focused directly on the impacts of oil 
and gas activities on marine tetrapods (Oliveira 
et al., 2021). Regardless of the subject area, it is 
noteworthy that the number of publications started 
to increase since 2018.

https://doi.org/10.5281/zenodo.17437776
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Table 1. Results of chi-squared tests and Bonferroni-adjusted pairwise comparisons of the proportions of selected scientific 
articles using PMP data from 2010 to 2023, considering monitoring program, taxonomic groups, and subject areas. The acronyms 
correspond to: BS = Santos Basin, BCES = Campos/Espírito Santo Basin, BP = Potiguar Basin, SEAL = Sergipe/Alagoas Basin.

Chi-squared test Significant Pairwise Comparisons 
(Bonferroni-adjusted p-values)

Categories X2 p-value Pairs p-value

Monitoring program 134.66 < 0.001 BS vs BCES < 0.001

BS vs BP < 0.001

BS vs SEAL < 0.001

BCES vs SEAL < 0.001

BCES vs BP > 0.05

BP vs SEAL < 0.05

Taxonomic groups 31.273 < 0.001 Sea turtles vs Marine mammals 1.00

Sea turtles vs Seabirds 0.76

Sea turtles vs Tetrapods < 0.001

Seabirds vs Marine mammals 0.44

Seabirds vs Tetrapods < 0.001

Marine mammals vs Tetrapods < 0.001

Subject areas 45.432 < 0.001 Pathology vs Human Interactions < 0.001

Pathology vs Ecology, Conservation and 
Management

0.002

Pathology vs Biochemistry < 0.001

Ecology, Conservation and Management vs 
Biochemistry

< 0.001

Ecology, Conservation and Management vs 
Human Interactions

1.00

Human Interactions vs Biochemistry < 0.001
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Figure 4. Proportion of scientific articles identified considering every monitoring program (a), taxonomic group studied 
(b), and subject area (c). In (a): BS = Santos Basin, BCES = Campos/Espírito Santo Basin, BP = Potiguar Basin, 
SEAL = Sergipe/Alagoas Basin. In (c): PH = Pathology and Health, ECM = Ecology, Conservation  and Management, 
HI = Human Interactions, BG = Biochemistry and Genetics. Different letters represent significant differences between 
proportions based on the chi-squared test and pairwise comparisons.

Figure 5. Number of scientific articles published per year according to each subject area. No scientific articles were 
published between 2010 and 2012.
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Authors from the scientific articles were 
affiliated to 166 institutions from 20 countries 
(Argentina, Australia, Brazil, Chile, Cuba, France, 
Gabon, Germany, Italy, Lithuania, New Zealand, 
Norway, Poland, Portugal, South Africa, Spain, 
Switzerland, United Kingdom, United States 
of America, Uruguay) (Table S2); 119 (71.7%) 
institutions were from Brazil. The majority of 
the Brazilian institutions are from the South and 
Southeast regions (Table S3). From the 139 
scientific articles, nine (6.5%) were authored only 
by researchers affiliated with PMPs executing 
institutions and 43 (30.9%) only by authors 
affiliated with non-executing institutions. From 

1097 authors (non-exclusive; i.e., the same author 
in different publications counted multiple times), 
687 were from non-executing institutions, 302 were 
from executing institutions, and 108 had mixed 
affiliation with both executing and non-executing 
institutions (Table S2). On average, there were 
7.9±4.6 authors per article, where 2.2±2.6 authors 
were affiliated with executing institutions and 
4.9±4.1 with non-executing institutions. Overall, 
most studies included at least one author affiliated 
with a monitoring executing institution, with the 
highest proportion in SEAL (100%), followed by 
BP (89.47%), BS (82.11%), and BCES (58.07%) 
(Table 2).

Table 2. Frequency of authorship of scientific articles published using PMP data for each monitoring program, considering the 
presence (i.e., “yes/no”) of authors from executing institutions or only non-executing institutions. BS = Santos Basin, BCES = 
Campos/Espírito Santo Basin, SEAL = Sergipe/Alagoas Basin, BP = Potiguar Basin.

PMP source 
data

Number of scientific 
articles

Executing institutions (%) Only non-executing institutions 
(%)BP SEAL BCES BS

BP 19 78.95 5.26 0.00 5.26 10.53
SEAL 2 0.00 50.00 0.00 50.00 0.00
BCES 31 3.23 0.00 41.94 12.90 41.94
BS 95 0.00 2.11 10.53 69.47 17.89

Two scientific articles did not directly investigate 
biological aspects of the species (Dias et al., 2021; 
Rosário et al., 2022). From the other 137 scientific 
articles, we identified 61 species that were subject 
of study. In total, five species of sea turtles, 30 of 
seabirds, and 26 of marine mammals were studied 
(Table S4). From these 61 species, 17 (27.8%) were 
classified as threatened according to either IUCN 
or ICMBio criteria (Table S4). The LC category was 
the most frequently observed, under both IUCN 
and ICMBio criteria (IUCN: 42, 67%; ICMBio: 29 
species, 42%; Table S5). Chelonia mydas was 
the most frequently studied species, appearing 
in 45 articles (32.8%), followed by Caretta caretta 
(n = 19; 13.8%), Lepidochelys olivacea (n = 18; 
13.1%), Spheniscus magellanicus (n = 17; 12.4%), 
Sotalia guianensis (n = 15; 10.9%), Eretmochelys 
imbricata (n = 14; 10.1%), Pontoporia blainvillei 
(n = 12; 8.7%), Puffinus pfffinus (n = 12; 8.7%), 
Larus dominicanus (n = 11; 8%), Dermochelys 
coriacea (n = 10; 7.2%), and Tursiops truncatus 
(n = 10; 7.2%). Among these 11 most frequently 
studied species, seven (63.6%) are classified as 

threatened according to IUCN or ICMBio criteria 
(Table S4).

The chi-squared test revealed a significant 
association between conservation category and 
the number of studies for both the 61 species 
(including C. mydas: IUCN: χ² = 142.67, df = 6, 
p < 0.05; ICMBio: χ² = 79.848, df = 6, p < 0.05; 
excluding C. mydas: IUCN: χ² = 157.83, df = 6, 
p < 0.05; ICMBio: χ² = 46.079, df = 6, p < 0.05) 
and the 11 most frequently studied species 
(including C. mydas: IUCN: χ² = 24.681, df = 4, 
p < 0.05; ICMBio: χ² = 37.879, df = 4, p < 0.05; 
excluding C. mydas: IUCN: χ² = 44.081, df = 4, 
p < 0.05; ICMBio: χ² = 13.569, df = 4, p < 0.05). 
In both cases, residual analyses did not show an 
increasing representation towards higher-ranked 
categories. For all 61 species, residual analysis 
revealed a similar pattern whether C. mydas was 
included or not, with the LC and VU categories 
as overrepresented in both the IUCN and ICMBio 
classifications, while the NE, DD, and CR were 
underrepresented (Figure 6). The inclusion of 
C. mydas resulted in overrepresentation for 

https://doi.org/10.5281/zenodo.17437776
https://doi.org/10.5281/zenodo.17437776
https://doi.org/10.5281/zenodo.17437776
https://doi.org/10.5281/zenodo.17437776
https://doi.org/10.5281/zenodo.17437776
https://doi.org/10.5281/zenodo.17437776
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EN (IUCN) and NT (ICMBio), which became 
underrepresented when C. mydas was excluded. 
For the 11 most-studied species, with or without 
the inclusion of C. mydas, the NT category was 

underrepresented, while VU was overrepresented 
(Figure 7). The inclusion of C. mydas resulted 
in overrepresentation for EN (IUCN) and 
underrepresentation for LC and CR (ICMBio).

Figure 6. Residual analysis from the chi-squared test indicating the association between the conservation categories of 61 
species that were subject of study and the number of scientific articles. The left panel shows species conservation categories 
based on the international Red List (IUCN) criteria, whereas the right panel shows conservation categories based on the Brazilian 
ICMBio criteria. CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; LC = Least Concern; 
DD = Data Deficient; and NE = Not Evaluated. The dark bars represent the residuals (observed minus expected values) for 
each conservation category when the analysis included the Chelonia mydas, and the light bars show the residuals when C. 
mydas was not included; positive values indicate overrepresentation and negative indicate underrepresentation.

Figure 7. Residual analysis from the chi-squared test indicating the association between the conservation categories of the 
11 most frequently studied species and the number of scientific articles. The left panel shows species conservation categories 
based on the international Red List (IUCN) criteria, whereas the right panel shows conservation categories based on the Brazilian 
ICMBio criteria. CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; LC = Least Concern; 
DD = Data Deficient; and NE = Not Evaluated. The dark bars represent the residuals (observed minus expected values) for 
each conservation category when the analysis included the Chelonia mydas, and the light bars show the residuals when C. 
mydas was not included; positive values indicate overrepresentation and negative indicate underrepresentation.
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DISCUSSION
Data from PMPs have been continuously 

and increasingly used over the last 14 years. 
The PMPs contributed to extensive academic 
production, covering a range of taxa and various 
subject areas, representing an important source of 
data for research on marine tetrapods, including 
several threatened species. The accumulation of 
information is fundamental to supporting temporal 
trend investigations and representative analyses, 
which resulted in the increased number of 
publications on all subjects over the past decade. 
Approximately a third of the scientific articles 
were produced by authors from non-executing 
institutions, highlighting the research potential that 
SIMBA can foster.

The public availability and ease of access to 
records by the PMP database (SIMBA) seems 
to be a key feature that may have contributed 
to scientific production. The extensive dataset, 
including photographs, geographic locations, 
and necropsy information, enables analyses 
and approaches such as diagnosing marine 
debris ingestion (Baes et  al., 2024), quantifying 
carrion biomass (Tavares et  al., 2021), and 
identifying patterns and trends that are essential 
for understanding the causes and consequences 
of strandings (Prado et al., 2023). In a systematic 
review on the use of stranding databases globally, 
Chan et  al. (2017) reported difficulties regarding 
access to raw data in databases that restricts public 
access, limiting the autonomy of researchers. In 
another review on marine mammal stranding in 
Mexico, Gómez-Hernández et al. (2020) found 95 
documents over a 24-year period, most of which 
were derived from gray literature, with only 12% 
being peer-reviewed scientific articles. Despite the 
existence of the Mexican Stranding Network and 
a relatively high number of research institutions in 
the region, these authors reported a delay in the 
compilation of stranding data. Response groups 
were formed in the 1990s in Mexico, but the 
compilation of information by the Mexican National 
Stranding Network did not occur until 2012 
(Gómez-Hernández et  al., 2020). In contrast, in 
our review, approximately 12 times more scientific 
articles were identified in a time span less than 

half of that analyzed by Gómez-Hernández et al. 
(2020). Additionally, it is important to highlight 
that the PMPs operate over a large spatial scale 
with daily systematic beach surveys, generating 
a substantial volume of data. Large-scale and 
long-term sampling allows stranding data to more 
accurately reflect communities of adjacent waters 
(Pyenson, 2010). Thus, the scale and consistency 
of the PMPs are crucial in producing high-quality 
data in a relatively short time frame, offering 
insights that might otherwise remain inaccessible 
or take much longer to obtain by more occasional 
or non-systematic efforts. Nonetheless, there 
are few studies investigating the reliability of the 
database. Prado et al. (2023) showed that species 
identification has an overall high percentage of 
reliability, likely due to the historical expertise of 
the institutions involved, but other information 
provided on SIMBA still need to be audited.

The high number of scientific articles using data 
from BS, the most recently implemented program, 
is likely due to many factors. As our results showed, 
there is a higher number of research institutions 
involved on publications from this region compared 
to others. The South and Southeast regions of 
Brazil host a larger number of research and higher 
education institutions compared to other regions of 
the country (Marega-Imamura et al., 2020). Given 
that the higher the number of research institutions, 
the higher the expected scholarly output (Marega-
Imamura et al., 2020), our results align with this 
rationale. Furthermore, in regional assessments, 
the larger the area covered by the surveys and 
the more intense the effort is, the more strandings 
would be expected to be recorded (Authier 
et  al., 2014; Prado et  al., 2023). BS has by far 
the largest extent in the monitoring area, which 
also contributes to detecting a higher number of 
strandings. The Southeast and South regions are 
also known as hotspots for marine megafauna 
(Daudt, 2019; Di Tullio et al., 2016; Tittensor et al., 
2010), which may influence in higher stranding 
rates due to natural mortalities and debilitated 
individuals (Monteiro et  al., 2016; Prado et  al., 
2023). In addition, because the northern region 
is less populated than the southern region, there 
might be less anthropogenic pressure on marine 
tetrapods and, consequently, lower mortality 
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rates. Therefore, considering all these factors, it 
is expected that the highest number of articles will 
come from data of the BS monitoring program.

Although the primary aim of the PMPs is to 
assess the impacts of the oil and gas industry 
on marine tetrapods, only one study was directly 
associated with this theme: Oliveira et al. (2021) 
documented the rehabilitation of a sea turtle 
affected by an oil spill in Rio Grande do Norte in 
2019. Thus, there seems to be a shortage of articles 
focusing on cases directly related to the main goal 
of the PMP program. Nevertheless, the variety 
of additional data collected for each specimen 
enables research in several other subject areas. 
The “Pathology and Health” subject was identified 
as the most prevalent in the reviewed studies. 
For example, Costa-Silva et al. (2023) and Groch 
et al. (2020) investigated the presence of cetacean 
morbillivirus; Silva-Júnior et al. (2019), Rossi et al. 
(2021), and Vanstreels et  al. (2023b) studied 
fibropapillomatosis in sea turtles; and Ewbank 
et al. (2021) and Sato et al. (2022) reported cases 
of parasitic diseases in seabirds. These studies 
support the idea of how suitable data provided 
by stranded animals is useful for investigating the 
health of wildlife (Norman et al., 2004; Vanstreels 
et  al., 2023a, 2023b) and, consequently, of the 
oceans (Chou et  al., 2024; Hazen et  al., 2019). 
Moreover, detailed examinations undertaken by 
veterinarians allow the identification of impacts 
and remediation of threats associated with other 
human activities (under the subject “Human 
Interactions”), such as bycatch (e.g., Tagliolatto 
et  al., 2019), ingestion of solid debris (e.g., 
Gallo Neto et al., 2021), and contaminants (e.g., 
Montone et al., 2023). In addition, data generated 
by PMPs enable research on the ecology and 
conservation of various marine tetrapods species, 
providing insights to develop effective conservation 
strategies and management actions. For instance, 
Meirelles et  al. (2022) assessed the extinction 
risk of manatees, Pontalti et  al. (2023) identified 
causes of death in cetaceans, and Guimarães et al. 
(2021) evaluated factors contributing to sea turtle 
mortality. Altogether, these studies demonstrate 
that stranding records can provide data to a broad 
range of research areas, way beyond their initial 
purpose.

The wide range of subjects studied using 
data from PMPs seems to contribute to the high 
number of institutions recorded. Most studies 
included at least one author affiliated with a 
monitoring executing institution. However, when 
examining author affiliations, we found that 
the majority were affiliated with non-executing 
institutions. This indicates that, despite the strong 
participation of external authors, there is still a 
certain degree of dependence on contributors 
affiliated with executing institutions. Although the 
SIMBA database provides a solid interface to get 
stranding records, detailed information to address 
several research questions are not quantitative on 
the platform. For instance, data on pathological 
findings, stomach content, and human interactions 
are mostly qualitative on SIMBA. Thus, it may 
be mandatory to contact executing institutions 
to request the raw data or specific details. 
Consequently, researchers from executing 
institutions are more likely to coauthor a paper 
as data providers. Nonetheless, the openness 
of SIMBA allows public access to a variety of 
information that, even though qualitative, can help 
understand the big picture of several topics (e.g., 
seabird plastic ingestion; Baes et al., 2024).

Although the conservation category of species 
was significantly associated with the number 
of identified studies, the overall results did not 
support our hypothesis that higher-ranked threat 
levels would have a larger number of published 
articles. On the contrary, the results suggest that 
certain categories, especially those including 
more species with higher stranding numbers, 
concentrate most of the scientific attention. When 
considering all studied species, the number 
of studies focused on species classified as 
LC was disproportionately high (this category 
encompassed 68% of the studied species), 
indicating that factors such as wide geographic 
distribution and relative number of stranding 
records may influence research decisions more 
strongly than its conservation category. In 
parallel, the high number of representatives of LC 
included in the analysis may be by itself biasing 
the results. Thus, it appears that both sample 
size and conservation category are playing a 
role in the selection of the studied species. The 
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overrepresentation of C. mydas was probably a 
coupled effect of these two factors: approximately 
90% of sea turtle strandings recorded by PMPs 
corresponds to this species (Cantor et al., 2020; 
Prado et al., 2023) and its category is EN on the 
IUCN (IUCN, 2024), despite being nationally re-
classified from VU to NT recently (ICMBio, 2025). 
Even when analyzing only the 11 most frequently 
studied species, of which 63.6% are threatened, 
the CR category remained underrepresented. The 
underrepresentation of species in the DD, NE, and 
CR categories may simply occur because of the 
challenges in obtaining data from those species. 
The difficulties associated with gathering data 
likely reflect their lower natural abundance (and 
therefore lower number of strandings) for species 
listed as CR, or their oceanic habits for species 
listed as DD or NE. Species in these categories 
typically exhibit lower stranding rates and limited 
information on their distribution and abundance 
(ICMBio, 2018; Prado et  al., 2023). Filling 
knowledge gaps for species classified as DD, 
for instance, is particularly important to enable 
better and more robust conservation assessments 
(Tiongson et  al., 2021). Therefore, continuing 
these survey programs is essential to increase 
the sample size of species with limited information 
available either because of their natural rarity or 
higher threat category.

At the regional and national level, data from 
PMPs can support the development of PANs 
(ICMBio, 2018). In Brazil, PANs are public 
policy and management tools developed by 
a participatory process aimed at organizing 
and prioritizing actions for the conservation of 
biodiversity and its natural habitats (Brasil, 2018). 
More than one-quarter of all analyzed species are 
in some threat category under at least one of the 
assessment criteria (national and/or international). 
Previous studies have indicated the importance 
of PMPs in generating useful information for 
conservation (Attademo et  al., 2021; Bomfim 
et  al., 2021; Cutrim and Araújo, 2021; Pontalti 
et al., 2023; Tagliolatto et al., 2019). For example, 
the analysis of strandings of S. guianensis and P. 
blainvillei, threatened species frequently studied, 
provides information into spatiotemporal stranding 
patterns and anthropogenic impacts such as 

pollution and bycatch that affect these species 
(Miranda et al., 2021; Prado et al., 2023). PMPs 
have also proven to be a source of new information 
on the occurrence of Thalassarche chlororhynchos 
and Procellaria aequinoctialis, generating spatially 
and temporally extensive distribution datasets that 
are relevant in the context of the PAN Albatrosses 
and Petrels (ICMBio, 2018). Due to its large 
scale and systematic effort, thus, PMPs can be 
instrumental in identifying threats and monitoring 
the effects of management decisions by analyzing 
trends in strandings (Prado et al., 2023), which is 
particularly helpful for threatened species.

PMPs have provided data for a significant number 
of publications and have played a key role in helping 
the Brazilian scientific community understand the 
distribution of various biological and ecological 
patterns and health-related issues (Oliveira et al., 
2020). Chou et  al. (2024) demonstrated that the 
Cetacean Stranding Network establishment in 
Taiwan since 1996 provides robust data to support 
effective regulations and conservation measures in 
the country, and facilitated a shift in the perception 
of cetaceans from fishing targets to conservation 
priorities. Likewise, PMPs can be a key component 
in stakeholder engagement, such as supporting 
management decisions by informing conservation 
agencies alongside advancing scientific knowledge. 
Ensuring access to results and the appropriation of 
knowledge by society and decision-makers should 
be a primary goal of monitoring projects (Cordeiro 
et  al., 2022; Nichols and Williams, 2006). Data 
from PMPs have been feeding valuable information 
into PANs and other conservation tools such as 
Protected Areas (Dias et al., 2021; ICMBio, 2018). 
Nonetheless, the data generated could arguably be 
even better translated into policy-making (Oliveira 
et  al., 2024), although this analysis is out of the 
scope of our study.

CONCLUSION
This study revealed that data from PMPs 

are frequently used beyond their primary 
purpose (i.e., oil and gas impact assessments), 
providing biological information in several areas 
of knowledge. PMP data have generated a high 
number of scientific articles compared to other 
stranding programs. The extent and systematicity 
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of PMPs, as well as the high number of stranding 
records, may be important factors contributing to 
the number of publications. In addition, the open-
access storage of their datasets on the SIMBA 
platform is essential to ensure accessibility to these 
records, also allowing external researchers from 
non-executing institutions to leverage the datasets 
to advance scientific findings. As a consequence 
of its design, PMPs have supported data to study 
a wide range of taxa (61 species), including 
several threatened species. Both conservation 
category and sample size appear to play a role 
in deciding which species is mostly studied. In 
particular, for threatened species, PMPs are 
providing information for the national PANs and 
Protected Areas. Therefore, the continuity of 
the program would be beneficial to increase the 
sample size of rare or critically endangered taxa, 
scholarly outputs, support management and foster 
collaboration between research institutions and, 
consequently, contribute to conservation efforts 
of marine tetrapods in Brazil. We also encourage 
periodic literature reviews every five to ten years 
to guide, identify, and discuss how PMP data are 
being used, their potential contributions to policy, 
and paths for improvement in the monitoring 
program and its scholarly outputs.
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