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ABSTRACT

Aim: Biogeographic regionalisation reliability depends on how well the data capture true species distributions. We examined
how data incompleteness and disciplinary bias (taxonomic vs. ecological) influence the detection of marine biogeographic re-
gions and transition zones.

Location: Southwestern Atlantic.

Taxon: Marine Annelids (Polychaeta).

Methods: Using occurrence records from NONATODbase (1859-2020), we compared taxonomic, ecological and combined data-
sets across five marine ecoregions. We estimated diversity using Hill numbers and standardised comparisons through a sample
coverage framework. Pairwise null model tests (EcoTest and BiogTest) were applied to assess regional differentiation in compo-
sition and diversity structure.

Results: Sampling was heavily concentrated in Eastern and Southeastern Brazil, while Amazonia and Rio Grande were severely
undersampled. Ecological and taxonomic datasets showed minimal spatial overlap and distinct methodological traditions (e.g.,
preference for grabs vs. manual collection). Coverage-based standardisation revealed that many perceived regional similarities
were artefacts of data scarcity. Amazonia and Rio Grande emerged as distinct units only after accounting for completeness. In
contrast, the Northeastern and Southeastern regions functioned as a transitional system with high species turnover but a similar
diversity structure.

Main Conclusions: Marine regionalisation is highly sensitive to disciplinary bias and sampling completeness. Biogeographic
boundaries inferred from raw data often reflect research effort rather than biological structure. Integrating disparate data sources
and using completeness-standardised metrics are essential for robust biogeographic inference, particularly for understudied ma-
rine invertebrates.

1 | Introduction in identifying biogeographic regions, assessing similarities and

differences among areas, as well as exploring the processes
Understanding how biological diversity is structured across that shape faunal boundaries (Mora et al. 2008; Sousa-Baena
space has long been a central goal of biogeography. Large- et al. 2013; Troia and McManamay 2016). These regional frame-
scale syntheses of species distributions have played a key role  works underpin much of contemporary biogeographic reasoning

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2026 The Author(s). Journal of Biogeography published by John Wiley & Sons Ltd.

Journal of Biogeography, 2026; 53:¢70205 1of9
https://doi.org/10.1111/jbi.70205


https://doi.org/10.1111/jbi.70205
https://doi.org/10.1111/jbi.70205
https://orcid.org/0000-0002-6302-4187
https://orcid.org/0000-0002-7473-9591
https://orcid.org/0000-0001-9150-3786
https://orcid.org/0000-0003-0834-2534
mailto:karolineakaf@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjbi.70205&domain=pdf&date_stamp=2026-03-27

and are widely used in ecological research, conservation plan-
ning and biodiversity management (Abram et al. 2015; O'Hara
et al. 2017). Their reliability, however, depends fundamentally
on the extent to which available data capture the true spatial
distribution of species.

Biodiversity data are often incomplete, unevenly distributed
and shaped by the geography of scientific effort (Hughes
et al. 2021; Thyrring et al. 2024). Limitations in taxonomic
resolution and geographic coverage, commonly described
as the Linnean and Wallacean shortfalls, arise from differ-
ences in accessibility, research infrastructure, funding prior-
ities and methodological approaches (Bini et al. 2006; Hortal
et al. 2015; Oliveira et al. 2016; Menegotto and Rangel 2018).
As a result, apparent patterns of species richness and compo-
sition may reflect where sampling has occurred rather than
underlying biological structure, complicating the interpre-
tation of regional boundaries and faunal turnover (Cardoso
et al. 2024).

In marine systems, these challenges are particularly pro-
nounced. Sampling in these areas is constrained by depth,
logistics and cost, leading to strong concentration of records
in coastal and shallow environments, while vast areas remain
poorly surveyed (Webb et al. 2010; Duffy and Chown 2017).
Recent basin-scale analyses have shown that such biases
have direct consequences for biogeographic inference. In
the Western Atlantic, for example, biodiversity records are
strongly structured by accessibility and research investment,
producing uneven environmental representation and spatial
gaps that influence estimates of species richness, endemism
and regional differentiation (Cardoso et al. 2024). These find-
ings highlight that some perceived biogeographic patterns
may be sensitive to data completeness, raising questions about
the stability of regional boundaries derived from heteroge-
neous datasets (Meineke and Daru 2021).

An additional challenge arises from uneven research attention
among taxonomic groups. Invertebrates, despite their ecolog-
ical dominance, are frequently underrepresented in biodiver-
sity inventories and conservation frameworks, largely due to
limited public visibility and funding priorities (Martin-Lopez
et al. 2009; Cardoso et al. 2011). This imbalance is particularly
relevant for biogeographic regionalisation, as regions and tran-
sition zones defined primarily from well-studied groups may not
accurately reflect patterns present in invertebrate-dominated
assemblages. Consequently, the extent to which recognised ma-
rine regions represent general biogeographic units across taxa
remains uncertain.

Marine annelids provide a suitable system to explore this
problem. As one of the most diverse metazoan phyla, with ap-
proximately 12,000 valid species, annelids dominate benthic
communities across a wide range of marine habitats and play
key roles in sediment dynamics, nutrient cycling and trophic in-
teractions (Pamungkas et al. 2019; Capa and Hutchings 2021).
Despite their ecological importance, knowledge of annelid
spatial distribution remains uneven, particularly in tropical
and Southern Hemisphere regions, reflecting broader patterns
of sampling bias in marine biodiversity research (Capa and
Hutchings 2021).

In the Southwestern Atlantic, annelids are comparatively well
documented relative to many other marine invertebrates, with
approximately 1400 species reported along the Brazilian coast
(Lana et al. 2017). This information has been synthesised in
NONATODase, a database compiling published occurrence re-
cords from the region and distinguishing between taxonomic
and ecological sources (Pagliosa et al. 2014). The availability of
this database offers a rare opportunity to evaluate how data com-
pleteness and disciplinary origin influence perceived patterns of
regional differentiation in a diverse marine invertebrate group.

In this study, we use marine annelids from the Southwestern
Atlantic as a model to examine how data incompleteness and
disciplinary bias affect the detection of biogeographic regions
and potential transition zones. Using occurrence records from
NONATODbase, we compare patterns of species richness and
composition derived from taxonomic, ecological and combined
datasets across marine ecoregions. Specifically, we aim to quan-
tify spatial asymmetries in sampling completeness, evaluate
how standardizstion by sample coverage influences regional
contrasts and examine the role of research effort in shaping in-
ferred biogeographic patterns. By addressing these issues, this
study evaluates the robustness of marine biogeographic region-
alisation under realistic data limitations and contributes to a
broader understanding of how incomplete knowledge shapes
biogeographic inference in marine systems.

2 | Material and Methods
2.1 | Data Source and Study Area

This study was based on occurrence records of marine annelids
along the Brazilian coast, covering the period from 1859 to 2020.
Data were extracted from NONATObase, a database that com-
piles published records of Polychaeta from the Southwestern
Atlantic and adjacent Antarctic regions, spanning from 5° N to
80° S (Pagliosa et al. 2014). NONATObase was selected because,
in addition to integrating a broad temporal and spatial range of
records, it includes metadata classifying each occurrence ac-
cording to the disciplinary origin of the study, distinguishing
between taxonomic and ecological sources. This feature was
essential for evaluating how different research traditions influ-
ence perceived biogeographic patterns.

Taxonomic records originated from surveys, taxonomic and
phylogenetic studies, and museum collections, whereas ecolog-
ical records were derived from studies focused on community
ecology and biology. To explicitly assess disciplinary effects, all
analyses were conducted separately for three datasets: ecologi-
cal data, taxonomic data and a combined dataset including all
records.

The study area was structured according to the marine ecore-
gions proposed by Spalding et al. (2007), which reflect ocean-
ographic and geomorphological features relevant to benthic
assemblages and life history processes of sedentary organisms.
Five ecoregions along the Brazilian coast were considered:
Amazonia, Northeastern Brazil, Eastern Brazil, Southeastern
Brazil and Rio Grande. Oceanic island ecoregions were excluded
because their sparse, non-systematic records would create
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outliers that distort comparisons of diversity and completeness
among mainland regions, rather than clarifying how sampling
bias affects biogeographic inference.

2.2 | Data Processing and Spatial Standardisation

Species records from all datasets were organised into an inci-
dence matrix (no duplicates per species per grid cell) using 0.5°
grid cells (~55km). This spatial resolution was chosen to reduce
spatial bias associated with uneven sampling density while pre-
serving ecologically meaningful regional patterns. Duplicate
records of the same species within a grid cell were removed to
avoid inflating occurrence frequencies. All species names were
taxonomically validated using the World Register of Marine
Species. Records associated with invalid or unavailable names,
including nomen dubium, nomen inquirendum and temporary
identifications, were excluded to ensure taxonomic consistency
across datasets.

2.3 | Diversity Estimation and Sampling
Completeness

Species diversity was estimated using analytical rarefaction and
extrapolation based on Hill numbers, following the framework
proposed by Chao et al. (2014). Diversity was quantified for
three orders of q, where q=0 corresponds to species richness,
q =1 weights species according to their relative frequencies, and
q =2 emphasises the most abundant species. These complemen-
tary measures allowed us to evaluate how regional diversity pat-
terns vary depending on the contribution of rare versus common
species.

To account for differences in sampling effort among ecoregions
and datasets, diversity comparisons were standardised using a
sample coverage framework (Chao and Jost 2012). Sample cover-
age estimates the proportion of the total assemblage represented
in the observed sample and provides a direct measure of com-
pleteness. Incompleteness was calculated as one minus cover-
age and can be interpreted as the probability of encountering a
previously unrecorded species if an additional individual were
sampled. Standardising comparisons by coverage rather than by
sample size allowed more reliable comparisons among assem-
blages with uneven sampling intensity. All rarefaction and ex-
trapolation analyses were conducted using the iNEXT package
inR.

2.4 | Tests of Regional Differentiation

To assess whether assemblages from different ecoregions dif-
fered in composition, richness or abundance structure, we ap-
plied pairwise null model tests following Cayuela et al. (2015).
The EcoTest evaluates whether two assemblages could be drawn
from the same species pool, focusing on compositional differ-
ences, whereas the BiogTest evaluates whether assemblages
share similar richness and abundance distributions regardless of
species identity. Together, these tests allowed us to distinguish
between differences driven by species turnover and differences
related to overall diversity structure.

Both sample-based and coverage-based rarefaction approaches
were applied to assess how standardisation by completeness in-
fluences the detection of regional differences. Randomisation
procedures were implemented using 200 bootstrap replicates
with the R package rareNMtests (Cayuela and Gotelli 2014).

2.5 | Assessment of Methodological Bias

To evaluate whether taxonomic and ecological datasets differed
in sampling practices, we examined the distribution of sampling
devices used in each dataset. Each record in NONATObase in-
cludes information on one or more sampling methods. A con-
tingency table relating dataset type and sampling device was
constructed, and independence between these variables was
tested using Fisher's exact test with Monte Carlo simulation of
one million replicates due to table sparsity. Standardised residu-
als from a chi-square test with simulated p values were used to
identify sampling devices that were over or underrepresented in
each dataset.

3 | Results
3.1 | Dataset Composition and Spatial Distribution

A total of 16,738 records, representing 1033 species and 62
families of marine annelids, distributed across the five ma-
rine ecoregions recognised for the Brazilian coast by Spalding
et al. (2007): Amazonia (AMA), Northeastern Brazil (NEBR),
Eastern Brazil (EBR), Southeastern Brazil (SEBR) and Rio
Grande (RG). Among all records, 11,904 originated from ecolog-
ical studies and 4834 from taxonomic sources. The number of
species and sampling units differed consistently among ecore-
gions, with higher values in SEBR and EBR and lower values in
AMA and RG (Table 1).

Within each ecoregion, between 62% and 92% of species and be-
tween 7% and 86% of samples were unique to one dataset type.
Overall, the proportion of unique species was similar between
ecological and taxonomic datasets (65%). In contrast, the dis-
tribution of unique samples differed: 22% of ecological samples
were exclusive, whereas 58% of taxonomic samples were unique
(Figure 1).

3.2 | Diversity Patterns and Sampling
Completeness

Sampling completeness varied markedly among ecoregions
and between datasets (Figure 2). The ecological dataset
showed comparatively higher and more homogeneous sample
coverage across ecoregions, suggesting relatively well-sampled
assemblages. In contrast, the taxonomic dataset displayed pro-
nounced regional heterogeneity in coverage, with Amazonia
and Rio Grande consistently showing substantially lower
completeness, indicating strong undersampling. When eco-
logical and taxonomic records were combined, coverage in-
creased overall and became more balanced among ecoregions,
although lower completeness in Amazonia persisted. Across
all datasets, differences in coverage were consistent across
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TABLE 1 | Number of species occurrences and samples (grid cells) for three different datasets from all marine ecoregions along the Brazilian

coast.
Species Samples
Marine ecoregions Ecological Taxonomic All data Ecological Taxonomic All data
Amazonia 43 (32) 29 (18) 61 (50) 10 (5) 7(2) 12 (7)
North eastern 192 (144) 202 (154) 346 (298) 21(5) 37 (21) 42 (26)
Eastern 204 (174) 203 (173) 377 (347) 21 (5) 105 (89) 110 (94)
South eastern 479 (338) 369 (228) 707 (566) 70 (5) 92 (27) 97 (32)
Rio Grande 51(33) 112 (94) 145 (127) 30(13) 43 (26) 56 (39)
Total 626 (407) 626 (407) 1033 (814) 152 (33) 284 (165) 317 (198)
Note: Numbers on parenthesis represent unique species and samples.
Ecological Dataset Taxonomic Dataset All Dataset
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FIGURE 1 | Marine annelid species richness across Brazilian marine ecoregions. Maps show species richness derived from (left) ecologi-
cal, (center) taxonomic and (right) combined datasets. AMA =Amazonia; EBR=Eastern Brazil; NEBR =Northeastern Brazil; RG=Rio Grande;

SEBR = Southeastern Brazil.

Hill numbers, indicating that patterns of undersampling af-
fected richness (g =0), common species (q=1) and dominant
species (g =2) in a similar manner.

3.3 | Regional Differentiation and Transition
Patterns

Coverage-based rarefaction revealed clear patterns of regional
differentiation across marine ecoregions, elucidating contrasts
that were often obscured under sample-based standardisation.
Across datasets, regional structure emerged most prominently
when sampling completeness was accounted for, enabling a
sharper distinction between robust biogeographic units and
regions exhibiting transitional characteristics. Sample-based

rarefaction tends to yield higher rates of non-rejection, because
the curves tend to converge at very small sample sizes, masking
real differences (Figure 3). The results of all 30 paired compari-
son tests are fully reported in the Data S1.

In the ecological dataset, Amazonia consistently emerged as a
distinct biogeographic unit whenever comparisons were eval-
uable. Coverage-based analyses rejected both ecological and
biogeographic null hypotheses across all diversity orders, in-
dicating pronounced differentiation in species composition,
richness and abundance structure (Figure 3). These contrasts
were less consistently detected under sample-based standardi-
sation, particularly for Shannon (g=1) and Simpson (q=2) di-
versity, underscoring the role of incomplete standardisation in
inflating apparent similarity. Comparisons between Amazonia
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FIGURE 2 | Coverage-based rarefaction curves for five marine ecoregions along the Brazilian coast among three different datasets based
on the purposes of study, using Hill numbers (0, 1, 2). AMA = Amazonia; EBR =Eastern Brazil; NEBR = Northeastern Brazil; RG=Rio Grande;

SEBR = Southeastern Brazil.

and Rio Grande could not be evaluated due to insufficient
overlap in sampling units. Beyond Amazonia, Rio Grande fre-
quently showed differentiation from other ecoregions, partic-
ularly under coverage-based analyses, revealing divergence in
both composition and diversity structure relative to Eastern,
Northeastern and Southeastern Brazil. In contrast, comparisons
among Eastern, Northeastern and Southeastern regions pre-
dominantly indicated similar richness and abundance profiles,
suggesting faunal continuity across adjacent regions as part of a
broader transitional system rather than sharply delimited bio-
geographic units. No comparison in the ecological dataset under
coverage-based tests showed rejection restricted to a single Hill
number (Figure 3).

Patterns in the taxonomic dataset were more strongly con-
strained by limited sampling, particularly in Amazonia, where
most pairwise comparisons could not be evaluated under either
rarefaction approach (Figure 3). Where coverage-based tests
were feasible, results revealed a mixture of differentiation and
similarity. Eastern and Southeastern regions exhibited patterns
broadly consistent with those observed in the ecological dataset,
whereas contrasts involving Amazonia and Southeastern Brazil

highlight the limitations imposed by sparse taxonomic cover-
age, reducing the power to consistently reject null hypotheses.
Several taxonomic comparisons displayed discordance between
ecological and biogeographic null hypotheses, with some con-
trasts indicating compositional turnover without corresponding
shifts in richness or abundance structure, and others showing
the opposite pattern.

When ecological and taxonomic data were combined, regional
patterns became more coherent and internally consistent
(Figure 3). Coverage-based analyses consistently identified
Amazonia as distinct from all other ecoregions across all
diversity orders, indicating that differences in richness and
abundance structure persist once sampling completeness is
accounted for. Contrasts involving Rio Grande also became
more pronounced. Northeastern and Southeastern Brazil
continued to reinforce their characterisation as a transitional
region marked by species turnover but broadly similar diver-
sity structure. Across datasets, coverage-based results showed
greater consistency across Hill numbers, reflecting the stabi-
lising effect of accounting for sampling completeness on infer-
ences of regional differentiation.
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FIGURE 3 | Results of pairwise ecological (EcoTest) and biogeo-
graphic (BiogTest) null hypothesis tests among marine ecoregions
across diversity orders (q=0, 1, 2), comparing coverage-based and
sample-based rarefaction approaches. Panels are organised by dataset
type (taxonomic, ecological and combined) and standardisation meth-
od. Colours indicate test outcomes: Red denotes significant differences
(rejection of the null hypothesis), green indicates non-significant results
(failure to reject the null hypothesis), and grey represents comparisons
that could not be evaluated due to insufficient data. Comparisons are
shown for all regional pairs included in the analysis. AMA = Amazonia;
EBR =Eastern Brazil; NEBR =Northeastern Brazil; RG=Rio Grande;
SEBR =Southeastern Brazil.

3.4 | Influence of Sampling Methods

Sampling device usage differed markedly between ecological
and taxonomic datasets (Fisher's exact test, x>=7.700, p <0.001).
Ecological studies were positively associated with the use of box
corers, grabs and quadrats, while taxonomic studies were more
frequently associated with core sampling, manual collection and
dredging (Figure 4). These differences were statistically signif-
icant and reflected distinct methodological traditions, with di-
rect implications for spatial coverage and taxonomic resolution.

4 | Discussion

Our results demonstrate that the reliability of marine biogeo-
graphic regionalisation for marine annelids is strongly contingent
on data completeness and disciplinary bias, with direct implica-
tions for the recognition of biogeographic regions and transition
zones. Although ecoregional frameworks such as those proposed
by Spalding et al. (2007) are widely used as proxies for biogeo-
graphic structure, our findings indicate that uneven sampling
and methodological heterogeneity can either obscure or exagger-
ate regional differentiation, particularly for understudied taxa.
Consequently, biogeographic patterns inferred without explicit
consideration of data limitations may reflect artefacts of data
structure rather than underlying biological processes.

N Il Ecological dataset
Other : ,- Taxonomic dataset
Grab -
Net -I :
1
Dredge [
11
uadrat
Q ' —
Trawl —
11
Not informed —
Manual _I :
11
Box corer :
Core : _I
11
-40 0 40

Standardized residuals

FIGURE 4 | Differences in sampling gear use between taxonom-
ic and ecological datasets. Bars represent standardised residuals from
the chi-square test; positive and negative values indicate over- and un-
derrepresentation relative to independence expectations. Dashed lines
mark approximate significance thresholds (+2).

At abasin scale, the Southwestern Atlantic provides a clear illus-
tration of how historical and institutional factors shape the spa-
tial distribution of marine biodiversity data. Records of marine
annelids were heavily concentrated in Eastern and Southeastern
Brazil, regions that host most research institutions and trained
specialists, whereas Amazonia and Rio Grande remained
comparatively underrepresented (Lana et al. 2017; Longo and
Amado Filho 2014). This uneven geographic footprint directly
affects the stability of regional comparisons, as well-sampled
ecoregions consistently yielded evaluable and coherent null
model outcomes, while poorly sampled regions were more prone
to non-evaluable results. These spatial asymmetries are com-
pounded by disciplinary differences in how data are produced,
sustained by the level of research capacity, where accessibility
and research investment strongly structure available data and
influence estimates of species richness and regional differentia-
tion (Cardoso et al. 2024).

As documented by the limited overlap among sampling units
across datasets, most grid cells were exclusive to a single dataset
type, with taxonomic studies contributing disproportionately to
taxonomic resolution and ecological datasets emphasising stan-
dardised replication and abundance structure (Halme et al. 2015).
The strong separation observed between taxonomic and ecological
datasets highlights how differences in research goals, sampling
strategies and historical trajectories shape the composition of
available data (Diaz-Diaz et al. 2017; Lana et al. 2017). Although
combining datasets increased overall spatial coverage, it also im-
plies that regional patterns derived from a single disciplinary per-
spective might be necessarily incomplete, echoing concerns raised
in discussions of the Linnean and Wallacean shortfalls in biodiver-
sity knowledge (Cardoso et al. 2011; Hortal et al. 2015).

Ecological studies prioritise comparability and environmen-
tal inference through standardised sampling designs, whereas
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taxonomic studies rely on specimen-centred strategies aimed
at detecting rarity and novelty. Consequently, the larger spatial
coverage area and the higher proportion of single grid cells in
the taxonomic dataset reveal a fragmented sampling mosaic,
shaped by historical expeditions and institutional trajectories
associated with a small number of specialists and research
hubs (Lana et al. 2017; Nascimento et al. 2024). This structural
mismatch explains why coverage-based rarefaction frequently
failed to stabilise null model tests in the taxonomic dataset,
particularly for Amazonia-related comparisons, where NA out-
comes dominated across Hill numbers.

When these biases are not accounted for, apparent similarities
among regions may be misleading. This effect is particularly pro-
nounced under sample-based rarefaction, which tends to yield
higher rates of non-rejection because rarefaction curves converge
at very small sample sizes, effectively masking real differences
among assemblages (Cayuela et al. 2015). By contrast, coverage-
based standardisation mitigates this artefact by equalising sam-
pling completeness rather than sample size. By standardising
comparisons using sample coverage, we show that several sim-
ilarities among ecoregions arose primarily from uneven sam-
pling rather than true biological homogeneity. This effect was
particularly evident in comparisons involving Amazonia and Rio
Grande, which in several cases shifted from non-significant to
significant once coverage was considered, while in others became
evaluable only under coverage-based standardisation, indicating
that incomplete data masked underlying regional differentiation
(Miloslavich et al. 2011; Costello et al. 2015). Coverage-based ap-
proaches therefore proved essential for distinguishing genuinely
similar assemblages from those that merely appear similar due to
data scarcity, reinforcing recent basin-scale assessments that ad-
vocate completeness-standardised metrics in biogeographic stud-
ies (Cardoso et al. 2024).

Importantly, not all patterns were sensitive to sampling varia-
tion. The persistent differentiation between Eastern Brazil and
Southeastern Brazil across datasets, diversity orders, and null
models suggests a robust biogeographic boundary that is resil-
ient to data limitations (Lana et al. 2017; Miloslavich et al. 2011).
Such consistency indicates that some marine ecoregions repre-
sent stable and biologically meaningful units, even under im-
perfect sampling conditions. These findings support the idea
that well-sampled regions are more likely to yield reliable sig-
nals of regionalisation, whereas poorly sampled areas are prone
to misclassification or omission in regional schemes (Cardoso
et al. 2011; Costello et al. 2015).

Between these extremes, patterns of partial similarity ob-
served among adjacent tropical ecoregions, particularly be-
tween Northeastern Brazil and Southeastern Brazil, point to
the presence of transition zones rather than sharply delimited
biogeographic units. These areas exhibited compositional differ-
ences coupled with gradual faunal turnover or species overlap
(Spalding et al. 2007; Miloslavich et al. 2011). Transition zones
are increasingly recognised as integral components of biogeo-
graphic systems; however, our results show that their detection
is highly sensitive to data completeness and analytical choices
(Cardoso et al. 2011; Hortal et al. 2015), with the risk that sam-
pling biases may either obscure them or artificially exaggerate

continuity between regions. In this context, the persistent non-
significance observed between Rio Grande and Southeastern
ecoregions across different datasets and null models presented
here may support the interpretation that these regions cannot
be statistically distinguished with the available data, potentially
reflecting a single coherent unit at the upper slope (200-1000m),
as suggested by independent deep-sea analyses (Gaurisas and
Bernardino 2023).

Finally, methodological heterogeneity between ecological
and taxonomic datasets further reinforces these conclusions.
Distinct associations between dataset type and sampling
devices reflect long-standing disciplinary traditions that in-
fluence both spatial coverage and taxon detectability (Lana
et al. 2017; Diaz-Diaz et al. 2017). Despite its clear potential
to bias biogeographic inference, such methodological vari-
ation has rarely been incorporated explicitly into marine re-
gionalisation studies. Recognising and accounting for these
differences is therefore critical for improving the robust-
ness and interpretability of regional delineations (Cardoso
et al. 2011, 2024).

Our study demonstrates that marine biogeographic regionalisa-
tion cannot be reliably interpreted without explicit consideration
of data completeness and disciplinary bias. Although focused
on marine annelids, the patterns documented here likely re-
flect broader processes affecting understudied marine inverte-
brate taxa, characterised by high diversity and persistent spatial
asymmetries in data availability. By concentrating on continen-
tal coastal ecoregions, where sampling is more continuous and
shaped by sustained research programs rather than episodic
expeditions typical of oceanic islands, we show that uneven
research effort and methodological heterogeneity strongly in-
fluence the recognition of biogeographic regions and transition
zones in the Southwestern Atlantic. Integrating coverage-based
approaches and complementary data sources therefore provides
a more realistic assessment of regional structure while under-
scoring the need for sustained investment in biodiversity inven-
tories and taxonomic expertise, particularly in underrepresented
regions, to strengthen the empirical foundations of marine bio-
geographic frameworks.
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