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Abstract

Citizen-science platforms are increasingly used to document biodiversity, but their value for
taxonomically difficult marine invertebrates remains uncertain. Polychaete annelids are diverse,
ecologically important, and often difficult to identify from photographs alone, raising questions about
how community-science records should be interpreted. Here, we evaluated research-grade iNaturalist
observations of Polychaeta across the continental United States. We retrieved 13,775 observations from
iNaturalist, standardized names against a World Register of Marine Species-derived taxonomic
backbone, assigned records to coastal regions using geographic coordinates, and analyzed observation-
based richness, family composition, species overlap, rank-observation structure, and rarefaction
patterns. After filtering, 12,539 observations representing 302 species, 54 families, and 4,027 observers
were retained. Sampling effort was highly uneven, with the West Coast accounting for most
observations, species, families, and observers. Species overlap among coasts was limited, and
dominant families differed regionally, although tubiculous families such as the Serpulidae were
prominent across all three coasts. Rank-observation curves showed that a small number of frequently
documented species dominated each regional record, whereas many taxa were represented by few
observations. Observation-based rarefaction indicated continued species accumulation, especially on
the West Coast. These results show that taxonomically standardized iNaturalist records can reveal broad
patterns in documented polychaete diversity while underscoring the need for expert validation, voucher-
based taxonomy, and careful interpretation of observation-derived biodiversity data.

Introduction

Marine biodiversity is declining rapidly under intensifying anthropogenic pressures, including climate
change, habitat degradation, pollution, and the spread of invasive species (IPBES, 2019; Ward et al.,
2022; Jaureguiberry et al., 2022). Yet this loss is occurring against a backdrop of profound uncertainty: a
substantial proportion of marine life remains undescribed, and the true scale of ocean biodiversity is still
unknown (Mora et al., 2011; Costello & Chaudhary, 2017). Many marine taxa harbor extensive cryptic
diversity — genetically distinct lineages that remain masked under conserved morphologies, with
estimates suggesting that tens of thousands of marine species await formal discovery (Nygren, 2014;
Struck & Cerca, 2019; Cahill et al., 2024). The consequence is a paradoxical situation in which marine
biodiversity is disappearing faster than it can be documented (Hending, 2024).

This crisis is compounded by the taxonomic impediment: the global shortage of appropriately trained
taxonomists and systematists, particularly for species-rich and morphologically challenging groups, that
constrains the discovery, delimitation, and reliable identification of species (Engel et al., 2021). Declines
in funding, shrinking expertise, and the loss of institutional support have disproportionately affected
“problematic” taxa such as annelids, nematodes, and many micro-/meiofaunal lineages (Paknia et al.,
2015). As a result, some authors have proposed alternative approaches to accelerate the description of
diversity, including genetic lineage cataloging, automated delimitation pipelines, and taxonomic
shortcuts that relax evidentiary standards such as type designation (Ranasinghe et al., 2022; Vivien et al.,
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2025; Davinack & Fitzhugh, 2025). While these approaches highlight the urgency of the problem, none
supersede the foundational role of biodiversity surveys — systematic inventories of species occurrences
that underpin biogeography, conservation, and ecological understanding. Rapid assessment methods
such as bioblitzes, coastal biodiversity inventories, and regional monitoring programs continue to be
central to documenting species presence and tracking distributional changes across space and time
(Pederson et al. 2021; Davinack et al., 2024; Fowler et al., 2025).

In recent years, citizen science — the participation of members of the public in the collection,
documentation, or analysis of scientific data — has emerged as a powerful supplement to traditional
biodiversity survey efforts (Dickinson et al., 2012; Theobald et al., 2015; Chandler et al., 2017). Among
digital citizen-science platforms, iNaturalist has become one of the world’s largest repositories of
georeferenced species observations (Mason et al, 2025). Users upload photographs and metadata, and
identifications are refined through a large expert community. When multiple users agree on an
identification and data quality thresholds are met, observations achieve ‘research grade’ status and are
integrated into global biodiversity portals such as GBIF. Recently, iNaturalist data have been incorporated
into studies of species richness (Marsh et al., 2026), invasive species spread and management
(Potgieter et al., 2024, Cull, 2025), range shifts (Wagner et al., 2025), phenology (Dinnage et al., 2025),
plant-pollinator interactions (Marin-Gomez et al., 2022), and assessments of taxon-specific diversity
patterns (Rosa et al., 2022; Herrera et al., 2025). Despite limitations, including uneven sampling effort,
observer bias, geographic accessibility, and variable detectability (Szabolcs et al., 2026) - iNaturalist has
proven to be a valuable source for biodiversity assessments when data are interpreted with appropriate
caution.

Polychaetes represent one of the most ecologically and taxonomically diverse lineages in the marine
realm, with more than 20,000 described species, and many more awaiting discovery (Rouse et al., 2022).
They occupy nearly every marine habitat, from intertidal zones to the deep sea, and include numerous
cryptic species complexes that remain unresolved even in well-studied regions (Nygren, 2014; Rouse et
al., 2022). Their morphological diversity, ecological breadth, and propensity for invasions make them
both biologically and ecologically important but also taxonomically challenging (Nygren, 2014). Yet,
despite their ubiquity, polychaetes remain underrepresented in citizen-science literature, and as far as we
know, no comprehensive assessment of polychaete records in iNaturalist has been conducted thus far.

For polychaetes, the value of community-science records depends not only on the number of
observations but also on the extent to which those records can be reconciled with authoritative
taxonomic frameworks. Integrating iNaturalist observations with curated taxonomic backbones such as
the World Register of Marine Species (WoRMS) provides a way to evaluate documented diversity while
maintaining a clear distinction between observation-derived records and formal taxonomic evidence.

Here, we evaluated the structure and diversity of polychaete observations from iNaturalist across the
three major U.S. coastlines: the East Coast (western Atlantic), Gulf Coast, and West Coast (Pacific).
Specifically, we (1) quantify observed species richness and taxonomic composition across regions, (2)
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assess the structure of observation frequencies using rank-observation distributions, (3) examine
sampling completeness, and (4) evaluate biogeographic overlap via shared-species metrics. By
characterizing patterns of observation-derived diversity in one of the ocean’s most speciose invertebrate
groups, this study provides the first baseline assessment of polychaete diversity as captured through
citizen science and highlights both the potential and the limitations of using iNaturalist for marine
biodiversity monitoring.

Materials and Methods
Data acquisition from iNaturalist

A comprehensive dataset of research-grade (Annelida: Polychaeta) observations from the iNaturalist
platform (www.inaturalist.org), was compiled from 2008—-2025. Observations were retrieved using the
Python package pyinaturalist (v.0.19) by querying the taxon Polychaeta (iNaturalist taxon ID: 47490). Only
records classified as “research grade” — requiring georeferenced photographic evidence, a community-
confirmed taxon ID, and complete metadata — were included to ensure consistent data quality.
Geographic filtering was implemented by retaining only records with coordinates falling within the
bounding box of the continental United States and its coastal margins (latitudes 24-49°N; longitudes -
125 to - 66°W). This ensured that all records included in downstream analyses were drawn from the U.S.
East Coast, Gulf Coast, or West Coast biogeographic regions. For each observation, the following
metadata were extracted: observation ID, observation timestamp, latitude, longitude, place description,
observer username, iNaturalist taxon ID, scientific name, common name (if available), and assigned
taxonomic rank. A total of 13,775 U.S. research-grade polychaete observations were retrieved prior to
taxonomic cleaning and spatial classification.

WoRMS taxonomic standardization

To ensure authoritative and internally consistent taxonomic assignments across all observations, we
standardized every scientific name in the dataset against the World Register of Marine Species
(WoRMS). We used a curated WoRMS taxonomic backbone (obtained from the Flanders Marine
Institute) that included accepted names, synonymies, authorship, AphialDs, and complete higher-level
classifications (see data availability link). Because iNaturalist identifications may include outdated
nomenclature, informal names, or infraspecific epithets, we implemented a multi-step reconciliation
procedure. Scientific names were first matched directly against the ‘ValidName’ field in WoRMS, and
infraspecfic taxa (e.g. Spiochaetopterus costarum pottsi) were reduced to binomial form to improve
alignment. Records identified only to genus were assigned family-level classification using a genus-
family lookup table derived from the WoRMS hierarchy. Subfamilial identifiers, such as Spirorbinae or
Nereidinae, were mapped to their corresponding families to ensure consistency with current taxonomic
usage. A small number of historically problematic or ambiguous names — such as Spirorbis spirorbis,
which has undergone multiple revisions — were reviewed and corrected manually following WoRMS
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taxonomic conventions. After reconciliation, 13,774 of the 13,775 observations (99.99%) were
successfully linked to an authoritative family-level name, with only one record remaining unresolved due
to insufficient taxonomic information.

Data cleaning and preparation

Observations lacking geographic coordinates or containing malformed metadata were removed prior to
analysis. All remaining fields were cleaned and standardized for consistency, including normalization of
scientific name formatting and generation of a canonical binomial name for cross-referencing. The final
dataset retained, for every observation, a complete suite of metadata including observation ID, datetime,
geographic coordinates, observer username, taxon ID, scientific name, matched binomial, and WoRMS-
validated higher-level taxonomy (genus through kingdom).

Spatial classification into U.S. coastal regions

Because iNaturalist place-name metadata are heterogeneous and often inconsistently formatted, spatial
classification was performed using geographic coordinates rather than textual locality fields.
Observations were assigned to one of three U.S. coastal regions — East Coast, Gulf Coast, and West
Coast — based on their latitude and longitude. West Coast observations were defined as those occurring
west of -100° longitude. Gulf Coast records were restricted to observations between - 100° and - 75°
longitude and south of 31°N latitude, capturing the marine shorelines of Texas, Louisiana, Mississippi,
Alabama and the Florida Panhandle. East Coast observations were defined as all records occurring east
of -75° longitude. This coordinate-based approach ensures a reproducible spatial classification that
aligns with major U.S. marine biogeographic boundaries (Fig. 1).

Diversity and community structure analyses

Observed diversity patterns were quantified independently for each coastal region using species-level
observation counts derived from the curated dataset. For every coast, we calculated total species
richness, family richness, and the number of contributing observers to characterize sampling breadth. To
assess patterns of observed diversity, we computed Shannon diversity (H’), Simpson diversity (1-D), and
Pielou’s evenness (J') using species level-abundances. Because iNaturalist observations represent
opportunistic sampling rather than systematic survey effort, these metrics reflect observation-based
diversity rather than true ecological community structure, but they nonetheless provide comparative
insight into how taxonomic representation differs across regions.

The structure of observation frequencies was further examined using rank-observation distributions. For
each coast, species were ranked according to their number of iNaturalist observations, and observation
frequencies were plotted on a logarithmic scale. These curves allowed us to compare how strongly each
regional observation record is shaped by a few highly photographed taxa versus more evenly
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represented communities. Differences in curve steepness between coasts provided a qualitative
measure of taxonomic dominance and sampling heterogeneity.

To evaluate whether observed species-level richness approached saturation within the iNaturalist
observation record, we generated observation-based rarefaction curves for each species. For each
sampling depth, observation records were repeatedly subsampled without replacement from the
species-by-observation dataset, using 100 randomization replicates per depth. Mean expected richness
and standard deviation were then calculated across replicates. Complementary species accumulation
curves were created to illustrate the rate at which additional species were documented as the
cumulative number of observations increased. Together, these analyses distinguished well-sampled
assemblages from those where additional sampling would likely yield substantial numbers of newly
recorded taxa.

Finally, to quantify biogeographic turnover among coastal regions, we compared species lists across
coasts and calculated the number of species shared among all three regions, shared by exactly two
regions or unique to a single coast. These overlap patterns provide a broad-scale assessment of regional
distinctiveness and reveal the extent to which polychaete taxa observed on iNaturalist exhibit restricted
versus widespread distributions across U.S. marine coastlines.

Results

A total of 13,775 research-grade iNaturalist observations of polychaete worms were initially retrieved.
After excluding records lacking geographic coordinates or falling outside the three focal U.S. coastal
regions, 12,539 observations were retained for analysis. These represented 302 species across 54
families, contributed by 4,027 observers. Sampling effort varied considerably among coasts. The West
Coast accounted for the majority of observations (10,906 records, 198 species, 36 families, 3,224
observers), and identification activity in this region was dominated by a single expert identifier (leslieh;
author L.H.), who contributed 810 polychaete identifications. The East Coast contributed 780
observations (61 species, 28 families, 460 observers) while the Gulf Coast contributed 853 observations
(43 species, 18 families, 343 observers).

Species overlap among coasts was limited. Only seven species were recorded on all three coasts. These
were Alitta succinea, Arenicola cristata, Arenicola marina, Ficopomatus enigmaticus, Hydroides elegans
and Myrianida pachycera. When genus-level records were included, Diopatras sp. was also shared among
all three coasts. This represents the strict intersection of East, Gulf and West Coast species lists.
Pairwise comparisons showed greater overlap, with the East and Gulf Coasts sharing more species with
one another than with the west coast. Of these, four taxa were not identified to the species level (Alitta
sp., Diopatra sp., Myxicola sp., and Spirorbinae sp.). Observation frequencies of shared species also
varied substantially among regions, with several taxa showing pronounced coast-specific dominance

(Fig. 2).
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Despite these modest similarities, each coast was characterized by a distinct taxonomic composition.
The most frequently observed families varied among coasts with the West Coast exhibiting the greatest
family-level richness and diversity of dominant families. For the West Coast, the most frequently
observed families included Sabellariidae, Serpulidae, and Sabellidae, for the East Coast they were
Nereididae, Serpulidae, and Arenicolidae, and for the Gulf Coast, they were Amphinomidae, Serpulidae,
and Sabellidae (Fig. 3).

At the species-level, the most frequently observed species were Phragmatopoma californica, Serpula
columbiana and Eudistylia vancouveri for the West Coast, Hermodice carunculata, Spirobranchus
giganteus, and Chloeia euglochis for the Gulf Coast, and Alitta succinea, Spirorbis spirorbis and Arenicola
cristata for the East Coast (Fig. 4).

Rank-observation curves revealed that all three coastal records were dominated by a small number of
frequently documented taxa (Fig. 5). When plotted on a logarithmic scale, the West Coast curve
extended to nearly 200 ranked species, displaying a long tail composed of numerous taxa represented by
few observations, as well as several highly photographed species. The East Coast and Gulf Coast curves
showed steeper declines after the most frequently observed taxa and shorter tails largely composed of
singletons and doubletons, reflecting the smaller number of species recorded in these regions. All three
curves showed consistent ordering of relative abundance within each coast.

Diversity indices also varied among coasts. Species richness was highest on the West Coast (S = 198),
intermediate on the East Coast (S = 61), and lowest on the Gulf Coast (S = 43). Shannon diversity values
were 3.05, 2.70, and 2.59 for the West, East, and Gulf Coasts, respectively. Simpson diversity values were
similar across regions (1-D = 0.883-0.887). Pielou’s evenness differed more strongly with values of 0.58
for the West Coast, 0.66 for the East Coast, and 0.69 for the Gulf Coast.

Finally, rarefaction curves further highlighted differences in species accumulation among coasts (Fig. 6).
The West Coast curve increased steeply and did not approach an asymptote, indicating continued
species accumulation across the sampled range. The East Coast curve rose more gradually and began
to level at higher sampling depths, while the Gulf Coast curve increased modestly and reached an
apparent plateau at approximately 40 species. Confidence intervals varied across sampling depths, with
the narrowest intervals associated with the Gulf Coast curve.

Discussion

The primary goal of this study was to assess whether research-grade iNaturalist observations can be
used to characterize large-scale patterns of polychaete diversity across U.S. coastal regions and to
identify the strengths and limitations of such data for marine biodiversity research. Polychaete annelids
represent one of the most diverse and taxonomically challenging animal groups, with tens of thousands
of described species and substantial cryptic diversity, yet they remain underrepresented in large-scale
biodiversity syntheses. By aggregating and standardizing research-grade iNaturalist records collected
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between 2008 and 2025, this study provides the first continental-scale assessment of polychaete
observations derived from a citizen-science platform.

Biogeographic structure and regional turnover

Across all analyses, strong regional differentiation among the East, Gulf and West Coasts emerged as a
consistent pattern. Species overlap among coasts was limited, with only a small number of taxa
recorded across all three regions. This result aligns with long-standing marine biogeographic
frameworks recognizing the Atlantic, Gulf of Mexico, and Pacific coasts as distinct faunal provinces
shaped by historical barriers, oceanographic regimes, and habitat structure (Spalding et al., 2007). The
limited overlap observed here is therefore biologically plausible and consistent with expectations for
benthic invertebrates with regional endemism and constrained dispersal.

At the same time, the pronounced number of species recorded exclusively on the West Coast reflects not
only genuine Pacific diversity but also the disproportionate sampling intensity and observer engagement
in that region. The Pacific coast supports extensive and readily accessible rocky intertidal habitats,
together with long-standing networks of intertidal monitoring programs, community-science initiatives,
marine naturalists, and specialist taxonomists that may facilitate both the documentation and
identification of coastal biodiversity. In contrast, the East and Gulf coasts are dominated by soft-
sediment environments where many polychaetes are burrowing, fouling or otherwise difficult to detect
photographically, resulting in lower observed richness despite likely substantial undocumented diversity.

Observation dominance and sampling inequality

Rank-observation curves revealed strongly uneven representation within the iNaturalist dataset. Across
all three coasts, a small number of frequently recorded species accounted for a disproportionate share
of observations, whereas most species were represented by relatively few records. Such distributions
are consistent with opportunistically assembled biodiversity datasets, in which recorded frequencies
reflect not only species occurrence but also variation in observer effort, accessibility, detectability,
observer preferences, and identification probability (see Di Cecco et al., 2021). The particularly long tail
observed for the Pacific coast indicates that its substantially larger observation pool included many
species recorded only rarely. This pattern may partly reflect greater sampling intensity, which increases
the likelihood of documenting uncommon or infrequently encountered taxa, although differences in
regional species richness, habitat diversity, and observer behavior may also contribute.

The contrast between Shannon and Simpson diversity indices further illustrates this dynamic. Higher
Shannon diversity on the West Coast reflects the accumulation of rare species through extensive
sampling, whereas similar Simpson diversity values across coasts indicate broadly comparable
dominance structures driven by a few highly observed taxa. Pielou’s evenness revealed the lowest values
on the West Coast, consistent with a strong observation skew toward dominant species accompanied by
a large pool of rare detections. Together, these metrics demonstrate that differences among regions are

Page 8/19



driven primarily by the detection of rare species rather than by fundamentally different dominance
patterns.

Limits of Observed Richness

Rarefaction analyses underscore the importance of effort-standardized approaches when interpreting
citizen-science biodiversity data. Despite more than 10,000 observations, the West Coast rarefaction
curve did not approach an asymptote, indicating that a substantial portion of the regional species pool
remains unsampled even under intense observer activity. In contrast, the apparent saturation of the Gulf
Coast curve reflects limited sampling rather than true completeness, highlighting the risk of
misinterpreting low observed richness as ecological impoverishment. These results reinforce a critical
point for marine biodiversity studies using iNaturalist: raw species counts are insufficient for meaningful
comparison across regions with vastly different sampling intensity. Instead, rarefaction and
complementary analyses are essential for contextualizing observed diversity and avoiding misleading
conclusions.

Comparison with other iNaturalist-based biodiversity
studies

The patterns observed here are consistent with findings from other studies that have leveraged
iNaturalist data to assess biodiversity patterns across taxonomic groups and regions. Previous work
using iNaturalist has successfully documented species richness gradients, range expansions, and
community composition for birds, plants, insects, and select marine taxa (Koch et al., 2021; Roberts et
al., 2022), while simultaneously highlighting biases related to accessibility, observer distribution, and
taxonomic expertise (Di Cecco et al., 2021; Cretois et al., 2021). Similar to those studies, the present
analysis demonstrates that iNaturalist data can recover dominant and conspicuous components of the
observation record and may reveal broad spatial patterns consistent with known biogeographic
structure, but underrepresent cryptic, small-bodied, or sediment-dwelling species.

Importantly, this study extends the application of iNaturalist data to a taxonomically complex marine
invertebrate group that one would assume would be poorly suited for citizen-science approaches. The
ability to recover coherent biogeographic signals and meaningful diversity patterns for polychaetes
suggest that the utility of iNaturalist data for marine biodiversity research may be broader than
previously assumed, particularly when analyses are framed explicitly around observation patterns rather
than true abundance.

A notable feature of the West Coast dataset was the substantial contribution of expert identifiers,
including professional polychaete taxonomists. The concentration of expert identifications in this region
likely enhanced taxonomic resolution and confidence, enabling the inclusion of species that might
otherwise remain unidentified or lumped at higher taxonomic levels. This highlights an often-
underappreciated strength of citizen-science platforms: the integration of professional expertise with
public participation. Although the east coast does have a history of professional marine biodiversity
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monitoring program such as the New England and Mid-Atlantic Rapid Assessment Surveys (Pederson et
al., 2021; Fowler et al., 2025), encouraging expert engagement could substantially improve the
taxonomic breadth observations. Strategic initiatives, including targeted bioblitzes, partnerships with
museums and academic institutions, and outreach to taxonomic specialists, may help reduce regional
disparities in data quality and coverage.

Taxonomic interpretation of iNaturalist records

A central implication of this study is that community-science records for polychaetes require explicit
taxonomic interpretation. Research-grade iNaturalist observations provide georeferenced, community-
vetted records, but they do not substitute for voucher-based determinations, microscopy, molecular data,
or comparison with type and museum material. This distinction is particularly important for polychaetes,
where species boundaries are often complicated by cryptic diversity, incomplete diagnoses, historical
synonymy, and geographically broad species concepts. For example, two of the eight taxa that showed
overlap on all three coasts (F. enigmaticus and A. succinea) are known to contain cryptic lineages that
have yet to be sorted taxonomically (Styan et al., 2017; Ferreira et al., 2024). Consequently, the patterns
reported here are best interpreted as patterns in documented taxonomic labels and observation effort,
rather than as a definitive inventory of U.S. coastal polychaete diversity.

Moving forward: limitations and implications for global
change

Despite its strengths, this study also illustrates the inherent limitations of citizen-science datasets for
marine biodiversity research. Observation-based records are influenced by habitat accessibility,
organism visibility, observer interest, and photographic constraints, all of which bias detection toward
larger, more conspicuous taxa. Soft-sediment communities, nocturnal species, and morphologically
cryptic taxa remain substantially underrepresented. Moreover, observation frequency should not be
interpreted as ecological abundance, and must be framed accordingly. Nevertheless, these limitations
do not negate the value of iNaturalist data. Rather, they emphasize the importance of careful analytical
framing, explicit acknowledgement of bias, and the use of complementary approaches such as
rarefaction and diversity partitioning. When used appropriately, citizen-science data provide an
unparalleled opportunity to document biodiversity patterns at spatial and temporal scales that are
otherwise unattainable through traditional survey methods alone.

In the context of accelerating marine biodiversity loss and a global taxonomic impediment, platforms like
iNaturalist also offer a powerful, if imperfect, tool for biodiversity documentation. While they cannot
replace systematic sampling or formal taxonomic revision, citizen-science observations can serve as
early warning systems for range shifts, invasions, and local extirpations, and can help prioritize regions
and taxa for target research. This study demonstrates that even for a taxonomically challenging group
such as polychaetes, citizen-science data can reveal meaningful biogeographic patterns and highlight
critical gaps in sampling effort. Moving forward, integrating citizen science with traditional biodiversity
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surveys, molecular approaches, and expert taxonomic input will be essential for documenting and
conserving marine biodiversity in an era of rapid environmental change.
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Figure 1

Geographic distribution of research-grade polychaete (Annelida:

Polychaeta) observations from
iNaturalist used in this study.
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Figure 2

Heatmap of pairwise species overlap among polychaete assemblages recorded along the East, Gulf, and
West Coasts of the United States using research-grade iNaturalist observations. Cell values indicate the
number of species shared between each pair of coastal regions, with darker shading corresponding to
greater overlap.
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Figure 3

Top 10 most frequent polychaete families recorded on A) West Coast, B) Gulf Coast and C) East Coast.
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Figure 4

Top 10 most frequent polychaete species recorded on A) West Coast, B) Gulf Coast, and C) East Coast.
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Rank-observation curves for polychaete species observed along the West, Gulf and East Coasts of the
United States based on research-grade iNaturalist records collected between 2008 and 2025. Species
are ranked in descending order of observation frequency within each coastal region, with each point
representing a single species. Observation counts are plotted on a logarithmic scale to illustrate
dominance patterns and the distribution of rare taxa. Differences in curve length reflect variation in
observed species richness among coasts, while differences in slope indicate variation in evenness and
sampling intensity across regimes.
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Figure 6

Individual-based rarefaction (species accumulation) curves for polychaete species observed along the
East, Gulf, and West Coasts of the United States using research-grade iNaturalist records collected
between 2008 and 2025. Curves show the mean expected species richness as a function of the number
of randomly subsampled observations for each coastal region. Shaded areas represent +1 standard
deviation across randomization replicates. Differences among curves reflect variation in observed
richness and sampling intensity rather than standardized estimates of true regional diversity.
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