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Abstract

This study investigates hydroid species distribution across the western Atlantic coastline,
focusing on biogeographic patterns, comparing them with Caribbean assemblages, and
assess the influence of environmental variables—including salinity, temperature, primary
productivity, ocean currents, and chlorophyll—on biogeographic structure. We analyzed
375 species from to 9259 records (1946–2022), spanning the western Atlantic from the
Caribbean to southern Argentina (28◦ N–53◦ S). Cluster analyses using UPGMA and ordi-
nation via nMDS, based on Sorensen-transformed occurrence data. Taxonomic distinctness
was assessed with Average Taxonomic Distinctness (Delta+) and Lambda+ variation. UP-
GMA clustering revealed two main groups: one in the Caribbean and Brazil, and another
in southern Brazil, Uruguay, and Argentina. The Amazon River mouth acted as a semi-
permeable barrier, with 21.4% species overlap between Caribbean and Brazil. Southeastern
Brazil had the highest species richness, likely due to environmental synergy and biodiver-
sity hotspot. Assemblages followed known biogeographic gradients, with lower diversity
offshore and on islands. The Río de la Plata showed a distinct, salinity-driven composition.
Salinity, chlorophyll, and currents were key distribution drivers.

Keywords: Anthoathecates; Leptothecata; chlorophyll; ocean currents; salinity; species
richness

1. Introduction
The coastline of Brazil, Uruguay, and Argentina spans about 13,000 km and encom-

passes diverse climates and habitats [1]. This Southwestern Atlantic Ocean (SWAO) region
is shaped by the South Equatorial Current (SEC), the Brazil Current (BC), and the Malv-
inas/Falkland Current (FC) [2] regulate nutrient fluxes, heat distribution, and organism
dispersal [3]. The BC transports warm, nutrient-poor waters such as SEC, while the FC
carries cold, nutrient-rich waters northward from the Antarctic Circumpolar Current, and
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their convergence generates gradients and eddies that strongly influence ecosystems [4]. In
addition, major river plumes, such as the Amazon [5,6] and Río de La Plata [1,7,8], modify
coastal conditions.

Despite the environmental complexity, faunal knowledge in the SWAO remains lim-
ited [9], especially in northern and northeastern Brazil, due to historical biases and uneven
sampling [1,10,11]. While frameworks like the Marine Ecoregions of the World [12] and
regional subdivisions based on OBIS (Ocean Biodiversity Information System) data [1],
provide valuable baselines but lack taxonomic and spatial detail. More recent syntheses
emphasize the importance of phylogenetic turnover and beta diversity, while also identify-
ing major data gaps in the Western Atlantic [13,14]. In terms of biogeographic knowledge,
the fauna of various areas of the SWAO remains insufficiently characterized (cf. [9]). In
addition to the lack of knowledge related to inadequate sampling, there is also the historical
focus of marine biogeographic studies on economically important taxa, while many other
groups remain overlooked [1,15]. This knowledge gap is accentuated by the neglect of
studies conducted on the northern and northeastern coasts of Brazil [10,11,16], making it
clear the need to expand basic taxonomic and faunistic studies in these regions.

Several biogeographic classification systems have been proposed for marine environ-
ments, but two are particularly relevant when considering sessile organisms. According to
Spalding et al. [12], the Marine Ecoregions of the World (MEOW) framework integrates geo-
graphical, political boundaries to organize coastal and continental shelf regions worldwide.
This system is structured in three hierarchical levels: (1) realms, which represent unique
habitats with distinct evolutionary histories and high levels of endemism, defined by the
presence of characteristic taxa; (2) provinces, which encompass biomes that share evolution-
ary cohesion and a certain degree of endemism; and (3) ecoregions, which correspond to
smaller spatial units with relatively homogeneous species assemblages. Complementarily,
Miloslavich et al. [1] proposed a regional biogeographic division specifically for the Atlantic
and Pacific coasts of South America. This classification was derived from approximately
300,000 occurrence records of 7000 species, compiled from the OBIS and open-access litera-
ture. Unlike MEOW, this framework emphasizes oceanographic and ecological drivers, and
it identified six major subdivisions: Tropical Eastern Pacific, Humboldt Current System,
Tropical Western Atlantic (Guyanas), Caribbean, Brazilian Shelf, and Patagonian Shelf
(Uruguay–Argentina). These subdivisions were defined based on the interaction of ocean
currents, species distribution patterns, and primary productivity, providing an integrative
perspective on marine biodiversity across the region.

Recent integrative regionalization efforts have refined the understanding of marine
biogeographic boundaries in the Western Atlantic, emphasizing the role of phylogenetic
turnover and beta diversity in delineating assemblages, including hydrozoan taxa [13].
However, spatial and taxonomic biases in sampling—especially pronounced along the
northern and northeastern Brazilian coasts—have been shown to significantly influence
estimates of species richness and endemism [14]. This reinforces the need for systematic
syntheses based on verified records, such as the one presented here.

In recent years, biogeographic research in the SWAO has increasingly adopted hy-
droids as a model group [17–21]. In this study, the term “hydroid” is used in its tradi-
tional, faunistic sense to refer to the benthic, polypoid stage (either solitary or colonial) of
a non-monophyletic assemblage within the class Hydrozoa. This usage predominantly en-
compasses species from the orders “Anthoathecata” (now recognized as non-monophyletic)
and Leptothecata, which constitute the majority of sessile, colony-forming hydrozoans
(e.g., [21,22]). These organisms are recognized as pioneer colonizers of hard-bottom marine
substrates [23], displaying rapid clonal expansion via asexual reproduction and remarkable
phenotypic diversity [24,25]. Their distribution spans from intertidal habitats to abyssal
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depths and extends across virtually all latitudes [9,26–28]. Ecologically, hydroids play a piv-
otal role in the formation of zoobenthic forests [29], often providing structural complexity
and ecological niches for a variety of associated taxa [29]. Their ability to colonize a wide
range of natural and artificial substrates further underscores their potential as bioinvasive
organisms [30]. Despite their ubiquity and ecological relevance, hydroids remain underrep-
resented in large-scale biodiversity syntheses, a gap that has been repeatedly emphasized
in the context of Western Atlantic marine biogeography [13,14]. Consequently, focused
analyses of Hydrozoa are essential for improving taxon-specific resolution in regional-
ization frameworks for the Western Atlantic, directly addressing critical data deficiencies
identified in recent integrative biogeographic efforts [13,14].

The main objective of this study was to analyze the distribution patterns of hy-
droid species, using as a primary source the records along the latitudinal gradient of
the coasts of Brazil, Uruguay, and Argentina and their adjacent areas derived from online
databases, museum collections, and published literature. The distribution patterns of the
species were inferred in relation to the flow rates of the main rivers in the region, and to
five environmental variables (salinity, temperature, primary productivity, currents, and
chlorophyll). Finally, the patterns observed in the SWAO region are compared to hydroid
records from the Caribbean, allowing a comparison between Caribbean and Brazilian
hydroid assemblages.

2. Materials and Methods
2.1. Data Sources

The data used in this study were obtained from three different sources, namely, from
collection materials deposited in different institutions, from online repositories, and from
bibliographic sources.

The collection material derives from samples obtained in different oceanographic
campaigns, namely (i) PIATAM Oceano (Potenciais Impactos Ambientais do Transporte de
Petróleo e Derivados na Zona Costeira Amazônica—2008); (ii) Projeto de Caracterização
da Bacia Potiguar—2011; (iii) Campanha Geomar Norte e Nordeste, executed between
the 1960s–1980s; (iv) Campanha Revizee Score Nordeste, carried out between the end
of the 1990s and the beginning of the 2000s; (v) material from the State of Paraíba; and
(vi) Campanha Oceanográfica Comissão Recife, which also dates from the end of the 1960s.
The specimens studied are deposited in the collections of (i) Museu de Oceanografia Prof.
Petrônio Alves Coelho da Universidade Federal de Pernambuco (MOUFPE); (ii) Museu de
Zoologia da Universidade de São Paulo (MZUSP); (iii) Cnidaria Collection of the Marine
Evolution Laboratory, Instituto de Biociências da Universidade de São Paulo (IBUSP);
(iv) Cnidaria Collection of the Curitiba Campus, Universidade Federal do Paraná (UFPR);
and (v) Cnidaria Collection of the Universidad Nacional de Mar del Plata deposited at
Estación Costera J.J. Nagera, UNMdP.

The online repositories used were (i) Specieslink; (ii) Extant Specimen; (iii) Ocean
Biodiversity Information System (OBIS); (iv) Registros do Sistema de Informação do Pro-
grama Biota/Fapesp (SinBiota); (v) Smithsonian Collections Database; (vi) Cnidaria Collec-
tion of the Museu de Zoologia da Universidade Estadual de Campinas (UNICAMP); and
(vii) Laboratório de Zooplâncton da Universidade Federal do Espírito Santo (LabZoo-UFES).

Finally, the bibliographic sources consisted of those references published between 1946
and 2016 and compiled in the dataset of South American Medusozoa species [31], and of
papers retrieved from the Clarivaret Web of Science platform from 2016 to 2022, using the
terms “Hydroids” + “Brasil”; “Hydroids” + “Brazil”; “Hidroides” + “Brasil”; “Hydroids”
+ “Uruguay”; “Hydroids” + “Argentina”; “Hidrozoos” + “Uruguay”; “Hidrozoos” +
“Argentina.” Records with incomplete or missing geographic coordinates, as well as those
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with dubious material provenance, were excluded. The Worms database [32] was used
exclusively to check and standardize the taxonomic status of the species compiled from the
original literature and collections. It was not used to infer phylogenetic relationships.

With the compiled data, summary maps were developed in R software v. 4.4.0. The in-
formation indexing system of our study focused on the use of geographic coordinates, with
political boundaries disregarded for analyses and distribution pattern testing. Taxonomic
determinations retained at “cf.” (=‘confer’ or ‘conferatur’), or at the family or genus level,
were also excluded. Considering these restrictions, the initial 13,920 records were filtered
to 9259 records considered suitable for analysis, totaling 375 species, of which 72 belong to
“Anthoathecata” and 303 to Leptothecata. In total, 1454 records with real coordinates were
catalogued, sampled between 28◦ N and 53◦ S, of which 898 were concentrated along the
Brazilian coast and 377 between Uruguay and Argentina. Since hydroid records along the
Guyanas are scarce, as also reported for other biological groups [1], we further incorporated
data from 163 points in the Caribbean region (Figure 1) to compare Caribbean and Brazilian
hydroid assemblages.

  
(a) (b) 

Figure 1. (a) Hydroid records (yellow dots) in the Caribbean and on the east coast of South Amer-
ica. Main ocean currents represented on the map as cold (in light blue) and warm (in light red).
(b) Species richness across 47 geographic grid cells, ranging from lowest (light blue) to highest (dark
blue). The grid cells were grouped into four regions: CA, Caribbean (red frame); BR, Northern and
Southeastern Brazil (yellow frame); UR/AR, Uruguay–Argentina, Buenos Aires Province (light blue
frame); and PA, Patagonian regions (dark blue frame). Orange circles indicate the estuarine areas of
the main rivers discussed. The dashed line delimits the edges of the continental shelves.

The five selected variables from Bio-Oracle [33], except currents [2] used for analysis
were chosen for their potential to influence the marine species distribution. Salinity and
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temperature gradients influence latitudinal distribution and horizontal stratification [24,34]
and together act as important osmoregulators in aquatic species. Chlorophyll and primary
production data, as well as current dynamics, are related to water circulation and nutrient
distribution, key factors in determining hydroid species distribution. For each sampling
point, bottom mean values were extracted from the Bio-Oracle raster layers. In grid-based
analyses, environmental averages were calculated by aggregating the mean values of all
sampling points within each grid cell.

2.2. Data Analysis

The analyses were performed using R v. 4.4.0 (R Core Team 2024), Primer v. 7 (Ply-
mouth Routines in Multivariate Ecological Research), and SAM v. 4.0 (Spatial Analysis in
Macroecology) [35]. The 1454 sampled points were plotted on grid cells (5 × 5◦), resulting
in 47 geographic grid cells subdivided into four regions (Figure 1b). For the biogeographic
cluster analysis of hydroids, we used MEOW [12]. This hierarchical framework categorizes
coastal and shelf regions into realms, provinces, and ecoregions based on biodiversity dis-
tribution, endemic species, historical evolutionary processes, and significant oceanographic
phenomena. In the MEOW context, we identified four biogeographic units for studies.
Adhering to this structure and aligning with the biogeographic boundaries established
by [36–38], we categorized our grid cells into four primary regions: Namely (i) Caribbean
Region (CA) between 5◦ N and 30◦ N influenced by the Atlantic Ocean; (ii) the grid cells
comprising the Brazilian Coast (BR) between 5◦ N and 35◦ S; (iii) the region encompassing
the coast of Uruguay–Argentina (Buenos Aires Province, AR), between 35◦S and 45◦S; and
(iv) the grid cells covering the Patagonian regions (PA) between 45◦ S and 60◦ S.

Hierarchical clustering (UPGMA, Unweighted Pair-Group Method using Arithmetic
Averages) was conducted using a Sørensen similarity matrix based on species pres-
ence/absence data. Grid cells with fewer than five species records were excluded to
avoid clustering artifacts resulting from artificial similarity and zero-inflation [39]. Non-
metric multidimensional scaling (nMDS) was also applied to evaluate gradual faunal
changes among assemblages. We used ANOSIM (Analysis of Similarities), with a Sørensen
similarity matrix, to test similarities among the four groups. ANOSIM, a non-parametric
test, was applied to determine whether variation among groups was significantly greater
than variation within groups, thus supporting the adequacy of the regional divisions. This
test was conducted equivalently for all four groups analyzed [40].

Differences in the taxonomic structure of assemblages were assessed using the Average
Taxonomic Distinctness (AVTD) and Variation in Taxonomic Distinctness (VarTD) indices.
The combined use of these indices allows comparisons of species assemblages based on
taxonomic lists. They are not affected by heterogeneous sampling efforts, are independent
of sample size, and can be applied to binary presence/absence data [40–42].

Redundancy analysis (RDA) was adopted to relate variation in species or community
data to environmental variables [43], while distance-based redundancy analysis (dbRDA)
was employed as a distance-based approach to redundancy analysis [44]. Distance-based
multivariate multiple regression (DistLM [45]) was used to calculate correlations between
community composition and environmental factors. Complemented by dbRDA that was
used to visualize the multivariate structure and to examine the correlations between en-
vironmental variables and the major ordination axes, highlighting the environmental
gradients most strongly associated with community variation. Mean values of the en-
vironmental variables (Figure 2) were obtained for each coordinate (Figure 1) through
data interpolation.
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(a) (b) (c) 

  
(d) (e) 

Figure 2. Interpolation of values of environmental variables in South America and the Caribbean for
the period 2000–2014: (a) salinity (ppm), (b) temperature (◦C), (c) chlorophyll (mg·m−3), (d) primary
production (mg·m−3), (e) currents (mg·m−3).

3. Results
3.1. Geographical Distribution

The 375 recorded species are distributed across the 1454 geographic points ana-
lyzed (Figure 1), grouped into 47 grid cells within four regions of the western Atlantic
(Caribbean, Brazil, Uruguay–Argentina, and Patagonia), spanning from 28◦ N to 53◦ S
(Figure 1b, Table 1a). Among the four regions analyzed, Brazil exhibited the highest rich-
ness (909 sites), followed by the Patagonia (195 sites), Uruguay–Argentina (187 sites) and
Caribbean 163 sites (Table 1a). Combined, Brazil and Uruguay–Argentina account for
records of 320 out of the 375 species in the dataset, comprising 61 “Anthoathecata” and
259 Leptothecata.
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Table 1. Summary of taxon and site number by region. (a) Summary of the number of hydroid
families, genera, and species, as well as the number of Leptothecata and “Anthoathecata” species.
(b) Summary percentage of shared species (above the diagonal) and shared number of species (below
the diagonal) between pairs of regions. Study regions: CA, Caribbean region; BR, comprising the
Northern and Southeastern regions of Brazil; UR/AR, Uruguay–Argentina (Buenos Aires Province);
and PA, Patagonian regions of Argentina. Differences in richness may reflect heterogeneous sampling
effort, particularly the intense research activity historically concentrated in Southeastern Brazil. The
“Total” column shows the count of individual species, genera and families, without duplicates.

(a)

CA BR UR/AR PA Total

Hydroid families 26 34 27 25 41
Hydroid genera 59 76 51 44 106
Hydroid species 127 200 123 121 375

Leptothecata
species 106 150 105 108 72

“Anthoathecata”
species 21 50 18 13 303

Sites 163 909 187 195 1454 (in total)
Records 228 648 205 273 1354 (in total)

(b)

CA BR UR/AR PA

CA 21.4% of 327 7.6% of 250 7.6% of 250
BR 70 15.1% of 323 9.3% of 321

UR/AR 19 49 29.5% of 244
PA 12 30 72

In terms of species richness per family, the highest values were observed in Cam-
panulariidae (77), followed by Sertularellidae (56), Sertulariidae (48), Thyroscyphidae (45),
Plumulariidae (39), and Aglaopheniidae (39) (Figure 3a). At the genus level, Sertularella (53),
Symplectoscyphus (29), Halecium (27), Clytia (26), Aglaophenia (17), and Bougainvillia (17)
were the most frequent (Figure 3b; see complete totals in Supplementary Materials). The
greatest species overlap occurred between Uruguay–Argentina and Patagonia (29.5%),
followed by the Brazil and Caribbean (21.4%), the Brazil and Uruguay–Argentina (15.1%),
Brazil and Patagonia (9.3%), Uruguay–Argentina and Caribbean (7.6%), from all species
used in the research (Table 1b), between the total number of species observed for each
combination of regions.

The UPGMA and nMDS analyses consistently revealed two major biogeographic
assemblages along the Western Atlantic: a Caribbean/Brazilian group (CB) and a
Uruguay–Argentina/Patagonian group (UP), including northern and southern Argentina)
(Figure 4a,b). Within the Brazilian grid cells, two groups showed particularly high similar-
ity in the reef area off the Amazon coast, B2 + B5 and B1 + B3. Indeed B2 + B5 exhibited
the highest similarity of the entire analysis, with the grid cells sharing 28 of the 38 species
they have in common (77.8%). This group corresponds to the reef system area influenced
by the Amazon River plume, extending from Maranhão to Amapá [16]. The B4 and B7
branch, in turn, represent the more oceanic portions of the northern region, bordering the
continental shelf edge, along the equatorial current path (Figure 1a,b). The richest assem-
blage was identified in southeastern Brazil including B13–B15, comprising 166 species and
consistently recovered in both analyses.
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(a) (b) 

Figure 3. Absolute representation of the ten families (a) and ten genera (b) with the highest
richness among the four analyzed regions, namely, Caribbean (CA, red), Brazil (BR, yellow),
Uruguay–Argentina (Buenos Aires Province; UA, light blue), and Patagonian regions (PA, dark
blue). Values equal to 1 are shown in the graph, but they currently appear without labels to avoid
overlapping. Bars represent the absolute number of species in each family (a) or genus (b).

  
(a) (b) 

Figure 4. (a) UPGMA clustering based on a Sørensen similarity matrix (cophenetic correlation = 0.89568).
The two clusters formed are highlighted in the figures, namely, Caribbean–Brazilian grid cells
(yellow) and Argentinean–Patagonian (salmon). (b) Non-metric multidimensional scaling (nMDS),
stress = 0.13. The geographic grid cells were divided into four regions, namely, C, Caribbean region
(red); B, comprising the Northern and Southeastern regions of Brazil (yellow); A, Uruguay–Argentina
(light blue); and P, corresponding to the Patagonian regions (dark blue). Yellow and red dashed
lines in the nMDS represent clusters defined by the hierarchical analysis (a) and are shown only as
a visual reference.

The Uruguay–Argentina grid cell A2 was grouped with southernmost Brazilian grid
cells B16 + B17, together they carry more than 20% internal similarity, and correspond to
nearby biogeographic regions. The branch A1 + A4 encompasses the mouth of the La Plata
River and the estuarine region of Bahía Blanca, which are geographically non-contiguous
but share 11.8% of the 17 recorded species. Group P7, P8, P9, together with grid cell P10,
corresponds to the South Georgia and South Sandwich Islands, and is clearly distinct from
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the remaining Patagonian and northern Argentine grid cells. Collectively, branch A1 + A4
shares 5 (20%) of the 25 species. Figure 5b also highlights the high variation in taxonomic
distinctness within (P7, P8, P9), although this variability is concentrated specifically in grid
cell P8.

(a) (b) 

Figure 5. Funnel plots for (a) Average Taxonomic Distinctness (Delta+) (AvTD) and (b) Variation in
Taxonomic Distinctness (Lambda+) (VarTD). Solid black lines indicate the 95% probability interval for
simulated AvTD and VarTD. The geographic grid cells were divided into four regions: CA, Caribbean
region (red); BR, comprising the Northern and Southeastern regions of Brazil (yellow); UR/AR,
Uruguay–Argentina (light blue); and PA, corresponding to the Patagonian regions of Argentina
(dark blue). Grids highlighted in red indicate areas with highest sampling effort. Complete data
available at Table S3.

Pairwise ANOSIM test indicated statistically significant differences in species com-
position (Table 2). The regions BR–PA (R = 0.738, p = 0.01) followed by CA–PA (R = 0.635,
p = 0.01) presented strong dissimilarities, demonstrating a clear separation of Patagonian as-
semblages from both Brazilian and Caribbean regions. Regarding the geographic distances
among these regions, such results were predictable. Uruguayan-Argentinean assemblages
also differed significantly from BR and CA (R = 0.648, p = 0.02; R = 0.593, p = 0.03, respec-
tively), although with slightly lower R values. Overall, the similarity of AR–PA and BR–CA
was not significant (p > 0.05), corroborating our previous findings from the cluster and
nMDS analyses.

Table 2. Pairwise ANOSIM comparisons returned significance levels ranging from 0.01% to 20%
(equivalent to p = 0.0001 to 0.20) among the four predefined regions: CA, Caribbean region; BR,
comprising the Northern and Southeastern regions of Brazil; UR/AR, Uruguay–Argentina; and PA,
corresponding to the Patagonian regions.

Groups R Statistic Level %
(p Value)

Possible
Permutations

Actual
Permutations

Number ≥
Observed

UR/AR, BR 0.648 0.02 100,947 9999 1
UR/AR, CA 0.593 0.03 38,760 9999 2
UR/AR, PA 0.141 9.2 5005 5005 462
UR/AR, AP 0.878 14.3 7 7 1

BR, CA 0.144 0.6 265,182,525 9999 55
BR, PA 0.738 0.01 3,124,550 9999 0
BR, AP 0.832 5.6 18 18 1
CA, PA 0.635 0.01 817,190 9999 0
CA, AP 0.527 6.7 15 15 1
PA, AP 0.219 20 10 10 2
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3.2. Taxonomic Distinctness and Redundancy Analyses

Average Taxonomic Distinctness (AvTD) and Variation in Taxonomic Distinctness
(VarTD) indicated that most of the analyzed grid cells fell within the expected confidence
interval (Figure 5a,b). However, 2% of the grid cells showed AvTD values above the confi-
dence interval, whereas 29.7% were below, suggesting a lower taxonomic complexity in
these regions. For VarTD, 21.2% of the grid cells displayed values above the expected range
and 4.2% below (Figure 5a,b). Notably, grid cells P7 and P9, located near South Georgia
and the South Sandwich Islands, exhibited low AvTD and high VarTD values, indicat-
ing a faunal composition characterized by closely related lineages but with considerable
variation among the species present. Conversely, null VarTD values were observed in the
Caribbean region, such as in cell C8 (Figure 4b), indicating a faunal composition with taxa
that are very closely related or a lack of significant taxonomic diversity.

Interestingly, the branch B13–B15, well delimited in the clustering analyses and evi-
dent in the nMDS (Figure 4b), showed AvTD and VarTD indices consistent with possible
stabilization or saturation of the community. This trend, an increase in species number
accompanied by a decrease in taxonomic variation, suggests that the local community may
be in ecological and taxonomic equilibrium, maintaining diversity even with the addition
of new species.

According to the marginal DistLM results, salinity (13%) and temperature (11%) were
the variables that explained the largest proportion of variation in hydroid assemblage
composition (Table 3). In contrast, the dbRDA ordination, salinity and current velocity
showed the strongest correlations with the first axis, indicating that they structure the
main environmental gradient, whereas productivity and temperature exhibited moder-
ate correlations with this axis. These results are not contradictory, as DistLM quantifies
explanatory power, while dbRDA reflects the correlation of predictors with multivariate
axes [45]. Together, the teo analyses reveal both the variables that significantly influence
community composition and the environmental gradients that structure spatial patterns.
In Argentinean Patagonia, particularly in grid cells associated with the Falkland/Malvinas,
South Georgia, and South Sandwich Islands (PA7 to PA10), salinity, chlorophyll, and ocean
currents stood out as the main environmental drivers associated with faunal composition.

Table 3. Distance-based multivariate multiple regression (DistLM), indicating the proportion of
variation in the distribution and composition of hydroid assemblages explained independently by
each tested variable.

Variable Pseudo-F p Value Proportion of Variation Explained (%)

Salinity 6.763 1 13
Productivity 1.780 14 4

Currents 3.272 1 7
Chlorophyll 4.935 1 9
Temperature 5.573 1 11

The dbRDA ordination (Figure 6) indicates a strong environmental structuring of
hydroid assemblages. The first axis (dbRDA1) separates CA/BR from AR/PA assem-
blages along gradients of salinity and current velocity, the two most significant predictors
identified by DistLM, and accounts for 59.2% of the fitted variation. Secondary gradients
influenced by sea surface temperature and productivity are reflected in the second axis
(dbRDA2), which accounts for 17.5% of the fitted variation. Chlorophyll-a is strongly
associated with AR/PA sites, consistent with the sediment and nutrient discharge from
the Amazon plume. Overall, the dbRDA analysis shows that the transition from oceanic,
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high-salinity waters (CA/BR) to plume-dominated, low-salinity environments (AR/PA)
significantly shapes hydroid communities.

 

Figure 6. Distance-based redundancy analysis (dbRDA) of biological communities across differ-
ent regions in relation to five environmental variables, namely, salinity, productivity, temperature,
chlorophyll, and currents. Regions: CA, Caribbean region (red); BR, comprising the Northern, North-
eastern, and Southeastern regions of Brazil (yellow); UR/AR, Uruguay–Argentina (light blue); and
PA, corresponding to the Patagonian regions (dark blue).

4. Discussion
There are hypotheses in the literature suggesting that the Amazon River plume acts as

a barrier to the interchange of marine organism assemblages between the Caribbean and
Brazilian regions, especially for taxa with reduced dispersal capability [46]. This pattern,
however, was not corroborated in a broader study conducted with hydroids from the
region (cf. [16]). In fact, under a more permissive scenario, this region could function as
an ecological corridor, facilitating species exchange, since the freshwater plume is displaced
by the South Equatorial Current toward the Guyanas and the Caribbean [47]. In our study,
the 21.4% overlap in species between Brazil and the Caribbean (70 of 327 species) reinforces
the hypothesis of faunal exchange [46]. When considering the total species counts within
each region, the proportion of shared species statistically declines to 13.1% for the Caribbean
and Brazilian regions. It is noteworthy that the Uruguay–Argentinean and Patagonian
regions show rates of shared species comparable to those observed between Brazil and
the Caribbean. Applying the same reasoning, distant regions exhibit a significantly lower
overlap in species composition. Such trends are consistent with our hypothesis of faunal
variance across regions and with the biogeographical connection between Caribbean and
Brazilian assemblages. It is also important to note that this comparison is based on the total
richness of each region; if we consider pairwise relationships among individual grid cells,
more localized distribution and similarity are expected, as seen in the UPGMA analysis.

Physically, the depth of the Amazon plume (5 to 25 m throughout the year [6]) is
shallower than the bathymetric records of hydroids in the Amazon reef system (down to
240 m), as well as those in other regions (down to 3888 m [11]). This context would explain
the reduced effect of the plume as an effective barrier, since populations could “bypass” it
through deeper areas. This pattern is in fact consistent with the proposed semi-permeability
of large river mouths, as previously observed for sea anemones in the Amazon-Orinoco and
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La Plata systems [15], for marine invertebrates and other taxa between Amazon-Orinoco
and the Caribbean regions [38,46], and for more mobile reef fishes [48]. Carneiro et al. [49]
also highlight the existence of a corridor of interconnected reef habitats that facilitates
biogeographic connectivity between South American and Caribbean species assemblages.

Despite their presumed limited mobility in the sessile stage, hydroids exhibit a re-
markable dispersal capacity, associated with the passive advection of colonies [50,51] and
the alternation between polyp and medusa stages [51]. On the one hand, their ability to
colonize a wide variety of natural and artificial substrates makes them ecologically prone to
wide passive dispersal, including rafting, via attachment to mobile substrates such as float-
ing algae, ship hulls, marine animals, or even plastic debris. Species with free-swimming
medusae in their life cycles may remain in the water column for weeks, thereby extending
their dispersal range [52–54]. In both contexts, ocean currents play a central role [52], in
shaping the distribution of hydroid species.

In the Southwestern Atlantic Ocean (SWAO), hydroid distribution is directly influ-
enced by the South Equatorial Current, which bifurcates and gives rise to the warm,
oligotrophic Brazil Current flowing southward. The second branch flows north of the
Guyanas, still called the South Equatorial Current, where it meets the mouths of Amazon
and Orinoco rivers. The Brazil Current meets the cold, nutrient-rich Falkland/Malvinas
Current farther south along South America [1]. Beyond this frontal encounter near the
Argentinean coast, some areas along Brazil’s coast also experience Falkland/Malvinas
Current upwelling zones [1]. These seasonal dynamics strongly influence the dispersal and
consequent distribution of species. In winter, the southward Falkland/Malvinas Current
transports waters from the La Plata River estuary northward to southeastern Brazil; in
summer, the Brazil Current predominates, extending its influence farther south of the La
Plata River estuary [55]. Such processes help explain the regional patterns observed in
our analyses. For example, chlorophyll, influenced by the Falkland/Malvinas Current,
emerged as a key variable in Argentinean Patagonia. Salinity and temperature, on the other
hand, stood out on the coasts of Brazil and Uruguay–Argentina, respectively. Finally, the
Caribbean showed high connectivity and potential species accumulation via rafting and
passive transport from northern Brazil.

The richness analysis revealed that southeastern Brazil (grid cells 13–15) is the most
species-rich area, hosting 90 species, 51 of which (45.9%) are shared with other regions.
This peak, equivalent to 45% of the total species recorded in the country, can be attributed
both to sampling effort and specialist presence [14,56], as well as ecological factors such as
high productivity in upwelling areas and the mixed, heterogeneous influence of coastal
currents. The high richness of the Southeastern Brazilian region corroborates several
previous studies that had already identified this area as biologically rich for groups such as
prosobranch mollusks, scleractinian cnidarians, sea anemones, and reef fishes [48,57–59].
Indeed, this is a biogeographic transition zone, where tropical and subtropical elements
coexist [60], favoring greater diversity in line with global patterns of enrichment near the
tropics [61]. Despite this richness, it is important to emphasize that the region is also
under intense anthropogenic pressure, reinforcing its characterization as a true marine
biodiversity hotspot cf. [62,63] for related studies.

Taxonomic distinctness indices (AvTD and VarTD) confirmed that most grid cells
maintain taxonomic diversity proportional to species richness. Even with high richness,
grid cells 13–15 fell within the 95% confidence interval, suggesting taxonomic balance. In
contrast, Patagonian grid cells (P7 and P9) showed low AvTD and high VarTD, indicating
communities composed of few, distantly related groups, as also observed in sub-Antarctic
regions [20]. Meanwhile, oceanic grid cells off northeastern Brazil (B4 and B7) exhibited
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low values for both indices, possibly due to low productivity and reduced connectivity
with the continent [64].

Frameworks such as ecoregions [12] and marine regionalization [1] help synthesize
data and contextualize broader patterns, but constant updates are needed. Regarding
the organization of assemblages, the Brazilian and Uruguay–Argentina regions largely
conform to the biogeographic proposal of Spalding et al. [12], except for the grid cell at
the River de la Plata estuary. Although considered a distinct ecoregion and traditionally
included in the warm temperate SW Atlantic province, the River de la Plata estuary
shows low similarity with the South Brazil ecoregion cf. [12] for additional details. This
variation can be explained by the salinity gradient driven by river discharge, along with
anthropogenic and abiotic pressures typical of highly urbanized estuarine zones, including
metropolitan regions, national capitals, and intense navigation activity. On the other hand,
species distribution aligns more closely with the model proposed by Miloslavich et al.
(2011) [1], particularly in what concerns Argentina and Uruguay. Indeed, it shares 9.3% of
its species with Bahía Blanca, a low-salinity Pleistocene estuary farther south [65]. Despite
environmental differences, these estuaries are under significant anthropogenic pressure and
therefore exhibit faunal convergences, as indicated in our redundancy analyses (dbRDA).

On the other hand, some patterns proposed in previous frameworks are corroborated
by our biogeographical inferences. For example, the SWAO marine regionalization and its
division into Large Marine Ecosystems [1]. It shows congruence with our results, such as
the characterization of the Brazilian Shelf (BR), a region of warm, low-productivity waters;
the Patagonian Shelf (PA), cold and nutrient-rich; and the Caribbean (CA), an area of high
connectivity but apparently highly vulnerable to bioinvasions [66]. The corroboration of
these patterns suggests that variables such as currents, bathymetry, and productivity can
be identified as key factors structuring hydroid communities.

Our study, therefore, provides a comprehensive synthesis of hydroid distribution
in the Southwestern Atlantic Ocean, highlighting clear patterns of both diversity and re-
gionalization. Although the temporal scope of the data hinders the detection of recent
bioinvasion events, the results certainly fill historical gaps for northern and northeastern
Brazil, regions of increasing economic interest, especially for oil and gas exploitation [67,68]
However, the persistent lack of more up-to-date data may compromise estimates of richness
and endemism, limiting conservation efforts. Furthermore, there is a recurrent absence
of precise geographic coordinates and environmental data in publications addressing hy-
droid fauna. This limitation reduces the resolution of spatial and interregional analyses,
particularly in under-sampled areas. Thus, we recommend that future collection and publi-
cation efforts systematically incorporate georeferenced and environmental data, thereby
strengthening the use of such information in biogeography, conservation, and coastal and
marine management.

5. Conclusions
This study offers a comprehensive synthesis of hydroid distribution along a latitudinal

gradient in the Southwest Atlantic. Although the temporal scope of the data does not yet
allow for the detection of recent bioinvasion events, it reveals clear patterns of diversity and
regionalization. It also helps to fill historical knowledge gaps for the North and Northeast of
Brazil, regions of growing economic interest, especially due to oil exploration. However, the
absence of updated data in these regions may compromise richness estimates, endemism
patterns, and conservation efforts. Thus, the need for continuous monitoring and the
incorporation of functional and phylogenetic data in coastal and marine management is
reinforced. In addition to taxonomic and geographic gaps, a recurring problem in the
literature on hydroids stands out: the absence of precise geographic coordinates and



Diversity 2025, 17, 840 14 of 18

contextualized environmental data in publications. Although several studies on hydroids
have contributed significantly to the advancement of taxonomic and faunistic knowledge of
the region, it is observed that the absence or imprecision of precise geographic coordinates
in part of the literature can represent an additional challenge to carrying out spatial analyses
and inter-regional comparisons. The non-existence or imprecision of such data can limit
the resolution of inferences about distribution patterns, diversity, and endemism, especially
in under sampled regions.

It is found that the separation between the species assemblages of the Caribbean and
Brazil is not absolute, evidenced by the 21.4% overlap of species compiled in this study.
This pattern suggests that, in the most restrictive scenario, the Amazon River mouth acts
as a semi-permeable filter for hydroid dispersal. In the more permissive scenario, this
region could function as an ecological corridor, facilitating species exchange, since the
South Atlantic Equatorial Current towards the Guyanas displaces the freshwater plume.
The cells further from the coast showed lower values for the AvTD and VarTD indices,
indicating a reduction in taxonomic diversity. This pattern can be attributed to their location
in areas with narrower continental shelves and low productivity, resulting in lower species
richness. This finding is consistent with previous studies indicating that regions far from
the coast and oceanic islands tend to harbor fewer species (e.g., [64]). The dbRDA analysis
(Figure 6) revealed that marine currents and salinity are the environmental variables
that most influence species distribution in the Argentinean and Patagonian regions. On
the other hand, in the Brazilian and Caribbean regions, salinity stands out as the main
environmental factor associated with the composition of assemblages. Low productivity
and the influence of cold currents characterize the Patagonian region, while the Brazilian
and Caribbean regions are influenced by warm currents and higher productivity. These
findings highlight the complex interplay of oceanographic and environmental factors in
shaping the biogeographic patterns of hydroids in the Southwestern Atlantic.
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