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Abstract 

Background

Siphonophores are diverse, globally distributed hydrozoans that play 
a central role in marine trophic webs worldwide. However, they still 
constitute an understudied fraction of the open ocean gelatinous 
taxa, mainly due to challenges related to siphonophore sampling and 
identification, which have led to a general knowledge gap about their 
diversity, distribution and abundance.

Methods

Here, we provide a global overview of the oceanic vertical distribution 
of siphonophores using DNA metabarcoding data from 77 bulk 
mesozooplankton samples collected at four different depth ranges (0-
200, 200-500, 500-1000, 1000-3000 m depth) along the Atlantic, Pacific, 
and Indian Oceans during the MALASPINA-2010 circumnavigation 
expedition.

Results

We detected a total of 44 siphonophore species (which represents 
about one quarter of the described siphonophore species) from which 
26 corresponded to Calycophores, 14 to Physonectae and 2 to 
Cystonectae. Our results suggest wider horizontal and vertical 
distributions of siphonophore species than previously described, 
including novel records of some species in certain oceanic basins. 
Also, we provide insights into the intraspecific variation of widely 
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distributed species. Finally, we show a vertical structuring of 
siphonophores along the water column; Calycophores (siphonophores 
without pneumatophores) dominated the epipelagic (from the surface 
to 200 m depth) and upper mesopelagic layers (from 200 to 500 m 
depth), while the proportion Physonectids (siphonophores with 
pneumatophore) notably increased below 500 meters and were 
dominant at bathypelagic depths (>1000 m depth).

Conclusions

Our results support that the siphonophore community composition is 
vertically structured. Also, we provide insights into the potential 
existence of genetic variations within certain species that dominate 
some ocean basins or depth ranges. To our knowledge, this is the first 
time that DNA metabarcoding data is retrieved to study siphonophore 
distribution patterns, and the study provides evidence of the potential 
of molecular techniques to study the distribution of gelatinous 
organisms often destroyed in net sampling.

Plain language summary  
This study gives a worldwide view of where siphonophores live in the 
open ocean. To do so, we used genetic data from samples from 
different depths and ocean basins that were collected during a 
circumnavigation expedition. We identified 42 species, representing 
about a quarter of all known siphonophores. Some species were 
found in places they hadn’t been seen before so they seem to have 
wider distributions than previously thought. The study also looks at 
regional variations within species. Our results show that the 
siphonophore community is dominated by siphonophores without 
pneumatophores (gas-filled structure related with flotability) at 
shallow oceanic layers but dominated by siphonophores with 
pneumatophores in the deep sea. This is the first time that this kind of 
DNA data has been used to study the biogeography of these largely 
unknown creatures, showing it’s a useful method for studying 
organisms that are often damaged when collected with nets.
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Introduction
Siphonophores are marine worldwide distributed hydrozoans  
(Cnidaria) characterized by a complex colonial structure  
(Mapstone, 2014). Although a few species float in the sea 
surface or are attached to the seafloor, most siphonophores  
inhabit the water column, from epipelagic to bathypelagic 
depths (Mapstone, 2014). This is a morphologically diverse 
group classified in three different suborders, mainly differen-
tiated by morphological features: Calycophorae have necto-
phores (swimming bell-like zooids for propulsion), Cystonectae  
have pneumatophores (gas-filled floats used to maintain ori-
entation in the water and flotation) and Physonectae have  
both features (Bidigare & Biggs, 1980).

Knowledge of siphonophore diversity has significantly 
improved recently due to advances in deep-sea explora-
tion and increased scientific interest (Hetherington et al., 
2022); to date, 190 species have been described (WoRMS,  
2023), the latest in 2023 (Bolstad et al., 2023). One of 
the reasons for the growing interest in understanding  
siphonophores is their unmeasured contribution to acoustic  
backscatter, since the pneumatophores of siphonophores and 
the swim bladders of teleost fish are targeted with the same  
frequencies and, thus, might be acoustically undistinguishable 
(Barham, 1963; Barham, 1966; Kloser et al., 2016; Warren et al.,  
2001). Therefore, mesopelagic fish biomass estimates might 
be biased by siphonophores (Proud et al., 2019). Despite these 
efforts, and as for most gelatinous organisms, siphonophores  
still constitute an understudied fraction of the deep-sea  
gelatinous zooplankton and yet they represent up to 25% of the 
total pelagic biomass with and important role in trophic webs  
(Hetherington et al., 2022; Robison, 2004).

As such, most of the research on siphonophores has been 
performed at regional scales, has considered a few of the  
described species, and has not deepen into the vertical distri-
bution of some groups, which could be key to understand the 
different trophic niches they occupy in pelagic ecosystems  
(Hetherington et al., 2022). Knowledge gaps in siphonophore  
diversity, distribution and abundance can be attributed to the 
difficulty in sampling and identifying them. Siphonophores  
are fragile and easily broken when caught with nets, meaning 
that caught individuals are often damaged and almost impos-
sible to classify to species or genus level by visual methods  
(e.g. (Fernández de Puelles et al., 2019)). The use of in situ 
video has contributed to understand distribution and abundance  
but does not provide accurate taxonomy (Robison et al., 1998).

In this context, the combination of oceanographic expeditions 
with molecular taxonomic approaches could be key to study 
siphonophore diversity, abundance and diet (Damian-Serrano 
et al., 2022; Govindarajan et al., 2021). Indeed, oceanographic  
campaigns gather massive sample collections and datasets that 
usually are underutilized. Considering the cost of these sur-
veys, unprocessed data use or cross-disciplinary reanalysis 
is a source of potentially relevant information given different  
research perspectives and promotes outcome maximization, 
as well as the best use of resources (Kennicutt et al., 2016). 
Bulk samples and, in recent years, environmental samples  

(water or sediment) are among the most collected material in 
research vessels. Regardless of the specific purpose for which 
these samples are collected, these samples can be analyzed 
through DNA metabarcoding, a technique that has demon-
strated its utility for siphonophore detection, although most of  
the studies have aimed to characterize the general plank-
tonic community (Bucklin et al., 2010; Di Capua et al., 2021; 
Govindarajan et al., 2021; Parry et al., 2021). To our knowledge, 
a single study has applied this technique to siphonophores, in  
particular, to the study of their diets (Damian-Serrano et al., 
2022). Yet, although little used, this technique has the potential 
to fill knowledge gaps about diversity, distribution and abundance  
of these organisms at a global scale.

Here, we have used siphonophore molecular data from sam-
ples collected during the MALASPINA-2010 circumnaviga-
tion expedition to increase knowledge about siphonophore  
horizontal and vertical distribution patterns along the glo-
bal ocean. For some species, this study provides new records 
and suggests wider horizontal and vertical distributions than  
previously described. Also, we provide insights into the intraspe-
cific variation of widely distributed siphonophores.

Methods
Siphonophore datasets compilation
Data used in the present study was extracted from the molecu-
lar dataset compiled in Canals et al. (2024), where details on 
the sample processing, DNA extraction, library preparation, 
and taxonomic assignment are provided. Canals et al. analyzed  
77 bulk zooplankton samples collected during the Malaspina 
circumnavigation expedition (Duarte, 2015) (Figure 1a, b) 
covering 34 different stations across the Atlantic, Indian, and 
Pacific oceans, from the surface down to 3000 m depth. For 
this study, the mlCOIint (313 bp-long region from the cyto-
chrome oxydase I gene; Leray et al. (2013)) sequences assigned  
to Siphonophorae (Cnidaria, Hydrozoa) were selected. Although 
metabarcoding data for another marker (mac18S from the 18S 
rRNA gene) was also available from (Canals et al., 2024), only 
mlCOIint was considered due to its higher potential to clas-
sify sequences at the species level and to detect intraspecific  
variability (Turon et al., 2020).

Diversity descriptors and statistical analysis
All statistical analyses were performed in R environment 
4.2.2 (www.r-project.org). Alpha-diversity analysis was based 
on the richness (number of taxa detected in each sample)  
and Shannon diversity index (calculated using the diversity  
function, vegan v2.6-4 R package) (Oksanen et al., 2022) on sam-
ples rarefied to 500 reads (rrarefy function, vegan R package)  
to avoid biases due to different sequencing effort. Beta-diversity  
analysis was based on Bray-Curtis dissimilarity between pairs 
of samples (vegdist function, vegan R package). The pro-
portion of dissimilarity attributed to balanced variation in  
species abundances (equivalent to turnover for incidence-based 
indices) and abundance gradient (equivalent to nestedness) 
(Baselga, 2013) was assessed using the beta.pair.abund function 
of the betapart R package (version 1.6; (Baselga & Orme, 2012)).  
Ordination analysis was performed by nonmetric multidimen-
sional scaling (NMDS; metaMDS function, vegan R package) 
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Figure 1. Global overview of siphonophore diversity and distribution. a) Location of the sampling stations and taxonomic depth 
obtained for siphonophores, showing the proportion of reads (outer doughnut) and OTUs (inner doughnut) assigned to class, family, genus, 
and species level. b) Depth ranges from where samples were analyzed in this study. Black dots represent samples with only DNA data and 
grey dot with both DNA and morphological data. c) Global relative read abundance (left) and proportion of OTUs (right) of siphonophore 
suborders by depth ranges. d) Relative read abundance plot representing distribution of siphonophore families by depth ranges. Only 
samples with more than 100 siphonophore reads are represented.
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on log transformed data, and ANOSIM test (anosim func-
tion, vegan R package) was applied to test the significance of  
ordination of communities according to predefined groups.

Results
Overview of siphonophore diversity
Overall, 470,133 siphonophore reads (4,5% of total metazoan  
reads) were retrieved. These reads were clustered into 666 
Operational Taxonomic Units (OTUs) from which 88% were 
taxonomically assigned to species level, 8.5% to genus, 
0.5 to family, and about 3% remained as Siphonophorae  
(Figure 1a). Calycophorae appeared as the most abundant 
and diverse suborder (26 species representing 64% of the  
siphonophore reads), followed by Physonectae (14 species, 35% 
of reads) and Cystonectae (only 2 species and <1% of reads).  
Some species such as Nectadamas diomedeae or Sphaeronectes 
koellikeri had a high number of OTUs assigned (>65 OTUs)  
whereas other species had a single OTU, such as Lensia exeter.

Distribution patterns
Siphonophores were detected at all oceanic basins and depth 
ranges under study. Calycophores, represented by Abylidae and 

Diphydae families, were clearly dominant in epipelagic (from 
surface to 200 m depth) and upper mesopelagic (from 200 to  
500 m depth) layers. Yet, a sharp increase in Physonectae 
reads was detected below 500 m (Figure 1c), including spe-
cies in the Apolemidae and Erennidae families. Cystonectae 
displayed low read abundances along the whole water column,  
mainly located in the Indian Ocean. Although some species 
were found in all the water column, they were mainly present 
in a certain depth range (refer to extended data: Figure S1;  
Claver et al., 2024).

In the horizontal gradient, both proportion of reads and OTUs 
corresponding to Cystonectae were small globally (0.01%  
and 2%, respectively) (Figure 1c). Within Calycophores, 
Prayidae and Sphaeronectidae were the most distributed 
families in all three ocean basins. Among Cystonectae, the  
Physaliidae family was primarily detected in the Indian Ocean  
(Figure 1d). The Atlantic Ocean was the ocean basin with 
the highest number of assigned species and OTUs followed 
by the Pacific and the Indian Ocean (Table 1). About half of 
the species were present in all ocean basins, 12 species were 
shared only by two ocean basins and 10 were exclusively 

Table 1. Taxonomic assignments, represented percentage and number of siphonophore OTUs found in each ocean basin.

SubOrder Family Genus Species
OTUs 
(%)

Pacific 
Ocean

Atlantic 
Ocean

Indian 
Ocean

Calycophorae Abylidae Abylopsis Abylopsis eschscholtzii 4.1 19 6 12

Calycophorae Abylidae Abylopsis Abylopsis tetragona 0.4 2 1 1

Calycophorae Abylidae Bassia Bassia bassensis 0.9 3 3 3

Calycophorae Abylidae Ceratocymba Ceratocymba sagittata 0.4 1 1 1

Calycophorae Clausophyidae Chuniphyes Chuniphyes multidentata 0.9 6 3

Calycophorae Diphyidae Dimophyes Dimophyes arctica 0.1 1

Calycophorae Diphyidae Diphyes Diphyes bojani 8.8 3 57 1

Calycophorae Diphyidae Diphyes Diphyes dispar 6.4 6 38 3

Calycophorae Diphyidae Diphyes unclassified 2.2 14 2

Calycophorae Diphyidae Eudoxoides Eudoxoides mitra 4.1 12 12 13

Calycophorae Diphyidae Eudoxoides Eudoxoides spiralis 1.8 12 3

Calycophorae Diphyidae Lensia Lensia achilles 0.6 3 3 1

Calycophorae Diphyidae Lensia Lensia campanella 6.9 22 26 4

Calycophorae Diphyidae Lensia Lensia conoidea 0.6 2 2 2

Calycophorae Diphyidae Lensia Lensia exeter 0.1 1 1

Calycophorae Diphyidae Lensia Lensia fowleri 1.2 5 4 4

Calycophorae Diphyidae Lensia Lensia hotspur 1.5 4 5 3

Calycophorae Diphyidae Lensia Lensia multicristata 0.6 1 2 1

Calycophorae Diphyidae Lensia unclassified 1.8 6 4 6
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SubOrder Family Genus Species
OTUs 
(%)

Pacific 
Ocean

Atlantic 
Ocean

Indian 
Ocean

Calycophorae Diphyidae Sulculeolaria Sulculeolaria quadrivalvis 0.1 1 1

Calycophorae Diphyidae unclassified unclassified 0.4 3

Calycophorae Hippopodiidae Hippopodius Hippopodius hippopus 0.1 1

Calycophorae Hippopodiidae Vogtia Vogtia spinosa 0.1 1

Calycophorae Prayidae Amphicaryon Amphicaryon acaule 1.2 5 2 2

Calycophorae Prayidae Amphicaryon unclassified 0.4 1 1 2

Calycophorae Prayidae Lilyopsis Lilyopsis medusa 0.3 2

Calycophorae Prayidae Nectadamas Nectadamas diomedeae 18.9 29 66 52

Calycophorae Prayidae Praya Praya reticulata 0.1 1

Calycophorae Prayidae Rosacea Rosacea flaccida 0.1 1 1

Calycophorae Sphaeronectidae Sphaeronectes Sphaeronectes koellikeri 9.6 36 29 31

Physonectae Agalmatidae Agalma Agalma elegans 1.0 6 2

Physonectae Agalmatidae Athorybia Athorybia rosacea 1.9 7 4 4

Physonectae Agalmatidae Frillagalma Frillagalma vityazi 0.3 2

Physonectae Agalmatidae Halistemma Halistemma cupulifera 0.1 1

Physonectae Agalmatidae Halistemma Halistemma rubrum 1.0 7 1

Physonectae Agalmatidae Halistemma unclassified 1.3 1 9 1

Physonectae Agalmatidae Marrus Marrus claudanielis 0.1 1

Physonectae Agalmatidae Marrus unclassified 0.7 1 2 2

Physonectae Agalmatidae Nanomia Nanomia bijuga 1.3 3 4 1

Physonectae Apolemiidae Apolemia Apolemia lanosa 5.7 4 29 2

Physonectae Apolemiidae Apolemia Apolemia rubriversa 0.1 1

Physonectae Apolemiidae Apolemia unclassified 1.8 2 1 4

Physonectae Erennidae Erenna Erenna cornuta 0.3 2

Physonectae Erennidae Erenna Erenna laciniata 1.0 7 1 1

Physonectae Erennidae Erenna unclassified 0.1 1

Physonectae Forskaliidae Forskalia Forskalia asymmetrica 0.3 1 2

Physonectae Forskaliidae Forskalia Forskalia tholoides 1.6 1 7

Physonectae Physophoridae Physophora Physophora hydrostatica 1.0 2 3 2

Cystonectae Physaliidae Physalia Physalia physalis 1.3 1 1 9

Cystonectae Rhizophysidae Rhizophysa Rhizophysa filiformis 0.6 2 2

unclassified unclassified unclassified unclassified 3.4 8 1 1

Total
Species 
OTUs

42 
666

34 
238

36 
358

24 
180
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found in the Atlantic or Pacific Ocean (refer to extended data:  
Figure S2; Claver et al., 2024). Although most of the spe-
cies were shared by the different ocean basins 85% of the 
OTUs were found exclusively in a single ocean basin, being the 
Pacific Ocean the ocean basin with highest number of OTUs not  
classified to species level (36 OTUs), followed by the Atlan-
tic (18 OTUs) and the Indian Ocean (14 OTUs) (Figure 2). For 
some widely distributed species with high intraspecific vari-
ation (>10 OTUs) we identified biogeographical patterns and  
basin-exclusive OTUs (Figure 3).

Alpha- and beta-diversity patterns of siphonophores
Alpha-diversity measurements did not show horizontal pat-
terns across all the three ocean basins because siphonophore 
communities showed similar number of OTUs (Figure 4a;  
refer to extended data: Figure S3a; Claver et al., 2024). How-
ever, a progressive decreasing pattern in siphonophore rich-
ness was observed with depth, with the highest number of OTUs 
occurring in the epipelagic zone (Figure 4b; refer to extended 
data: Figure S3b; Claver et al., 2024). Accordingly, all ocean  
basins showed similar diversity values (Figure 4c; refer to 
extended data: Figure S3c; Claver et al., 2024) whereas epipe-
lagic samples showed the highest diversity among depth ranges  
(Figure 4d; refer to extended data: Figure S3d; Claver et al., 
2024). Beta-diversity patterns were not consistent across oceans 
because samples by ocean basin presented low dissimilarities 
(Figure 4e; refer to extended data: Figure S3e,g; Claver et al., 
2024), whereas a vertical pattern was more evident and epipelagic  
samples showed smallest dissimilarities between them than 
the bathypelagic samples (Figure 4f; refer to extended data: 
Figure S3f,h; Claver et al., 2024). The components of the dis-
similarity were broken down and the proportion of dissimi-
larity attributed to balanced variation in species abundances  
(equivalent to turnover) resulted to be the major component, 
with some minor proportion of abundance gradient (equivalent 

to nestedness) in the epipelagic and upper mesopelagic lay-
ers (refer to extended data: Figure S4; Claver et al., 2024). The 
ordination analysis of the communities weakly supported a hori-
zontal structuring based on ocean basin (Figure 4g), whereas the  
vertical structuring was statistically supported to be the main 
factor determining the siphonophore community (Figure 4h). 
These patterns became more evident when vertical samples 
where split into ocean basin and vice versa (refer to extended  
data: Figure S5; Claver et al., 2024).

Discussion
Filling knowledge gaps in siphonophore ecology
Siphonophores constitute an understudied taxa of the gelati-
nous plankton, and their role in oceanic biogeochemical proc-
esses is barely understood due to lack of global estimates  
of horizontal and vertical distribution patterning (Hetherington  
et al., 2022). The study of siphonophores at community level 
has recently been highlighted to become a priority in view 
of their correlations with hydrographical features (such as  
water temperature and salinity) and the changes that the  
oceans are undergoing (Park et al., 2023).

To our knowledge, this is the most extensive original work 
on siphonophores and one of the studies that describes more 
diversity. Here, we provide insights into global diversity and 
distribution of siphonophores across the water column in  
tropical and subtropical regions. For some species, this study 
provides new records and suggests wider horizontal and verti-
cal distributions than previously described. Also, the occur-
rence of certain siphonophore species in this study surpasses the 
number of records gathered in the last century (see Extended data  
Figure S2; Claver et al., 2024). Our results indicate that the 
siphonophore community composition is vertically structured, 
which is in line with previous knowledge (Mapstone, 2014). 
The decrease of the alpha-diversity with depth is consistent  
with whole mesozooplankton patterns (Canals et al., 2024), 
although its decrease through the mesopelagic zone is mini-
mal and suggests a high diversity in the mesopelagic layers,  
where most of the species are found (Mapstone, 2014). The 
increase of the beta-diversity with depth indicates that the high-
est dissimilarities in siphonophore communities are found in the 
deepest layers, where low connectivity for mesozooplankton  
communities has already been found (Canals et al., 2024).

Although most of the siphonophores are cosmopolitan  
(Mapstone, 2014), preferred latitudinal ranges have been 
described for some species (Mackie et al., 1988) as well as allo-
patric relations within genus (Uribe-Palomino et al., 2019). 
Thus, the sampling area has potentially limited the coverage of 
species diversity because most of the sampling points included  
in this study are in tropical and subtropical regions (35 ºN – 40 
ºS), resulting in a broad but not complete detection of sipho-
nophore diversity. Species that have not been detected in this 
study may be more abundant in other ranges such as temper-
ate zones or polar regions. Also, sampling points in the Indian  
Ocean cover a significantly narrow latitudinal range com-
pared to the other two ocean basins. This could explain the  
lower number of species and OTUs identified in that basin.

Figure 2. Venn diagram representing the siphonophore OTUs 
that are detected in the three ocean basins.
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Future siphonophore research requires methodological 
advances
Molecular approaches have revolutionized marine ecosystem  
monitoring in the last decades by providing a cost-effective  
additional tool (Danovaro et al., 2016; Suter et al., 2021).  
Specially, bulk DNA metabarcoding has identified more  
species than morphological methods and provided higher taxo-
nomical resolution for hydrozoans (Deagle et al., 2018). This 
is the first time that DNA metabarcoding data is retrieved to 
study siphonophore distribution patterns, identifying more than  
20 percent of the siphonophore species described in the world, 
some of which have been found in previously unrecorded  
ocean basins.

Referring to an elusive and understudied taxa such as sipho-
nophores, the application of genetics can also provide  

exclusive valuable information (Schwartz et al., 2007). For 
instance, the choice of a region of the COI gene has allowed to  
determine intraspecific variability within the identified species,  
information not obtainable with morphological analyses.  
We have identified several species with a high number of 
OTUs, such as Nectadamas diomedeae or Sphaeronectes  
koellikeri, among others. Although these species are found in 
all three basins, some of the most abundant OTUs are exclu-
sively found in one ocean, suggesting that they might corre-
spond to regional variations (Turon et al., 2020). Interestingly,  
although the Indian Ocean does not include any species  
unique to that area, more than half of the OTUs in the 
Indian Ocean are unique to that basin (see Figure 3) which  
supports the existence of phylogeographic patterns derived 
from evolutionary adaptations. Moreover, a vertical OTU  
distribution across the water column was identified for some  

Figure 3. Intraspecific variability of four siphonophore species across the Pacific, Atlantic and Indian Oceans. The pie graphs 
represent the relative abundance of different haplotypes in each ocean basin. The grey section of the pies comprises haplotypes representing 
less than 10% of the abundance in that basin.
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siphonophore species such as Eudoxoides mitra and Nectadamas  
diomedeae (see extended data Figure S6; Claver et al., 2024). 
Indeed, intraspecific variability has been shown to have a 
positive effect in the ecology of some marine invertebrates  
(Gamfeldt et al., 2005; Jacobs & Podolsky, 2010), and may 
also be relevant for these taxa. The assignment of multiple 
OTUs to the same species can also be explained by the exist-
ence of hidden diversity (Etter et al., 1999) or due to lack of  

completeness of the genetic reference databases (Claver et al., 
2023). Other authors have identified cryptic diversity among 
some of the siphonophores detected in this study, such as 
Physalia genus (Pontin & Cruickshank, 2012), for which we  
found 9 different OTUs. Finally, some of the very low-abundant  
OTUs might not represent real biological variability. In our 
data, the species with most OTUs assigned are also the ones 
with the highest number of reads. While it is logical to observe  

Figure 4. Alpha- and beta-diversity analyses of Siphonophores. Samples are grouped by ocean basin (left) or by depth (right), indicating 
the number of samples included in each category (n). Boxplots show different measurements: OUT richness (a,b), Shannon diversity (c,d) 
and Bray-Curtis distances (e,f). Non-metric multidimensional scaling (NMDS) analysis of siphonophores based on Bray-Curtis distances, 
colored f) by ocean (ANOSIM R= 0.117, p = 0.0001) and h) depth (ANOSIM R = 0.021, p = 0.45).
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greater variability in larger populations, it could also be the 
case that abundant sequences accumulate more sequencing 
errors and chimeric sequences. Still, biogeographic patterns 
derived from the most abundant OTUs are expected to represent  
biologically meaningful variability.

A benefit from metabarcoding studies is that sequencing data 
can be re-analyzed unlimitedly. Even if the target taxa of the 
original study are different, information about siphonophores  
can be retrieved from broad-range markers as described 
in this study. Initiatives such as the Tara Oceans project  
(Sunagawa et al., 2020), in which molecular data is publicly 
shared and openly accessible, represent a valuable source of 
information that can revolutionize the field of siphonophore 
research in the coming years. In our case, sampling charac-
teristics of the original study were not fit for siphonophores  
but for mesozooplankton in general (see Canals et al., 2024) 
which limits the detection of certain siphonophore species. 
Because sampling was carried out in the water column with 
plankton nets, neustonic and benthic siphonophores are much 
likely underrepresented; indeed, no benthic siphonophore  
species was detected. However, within Cystonectae, which are 
epipelagic or neustonic siphonophores, two species (Physalia 
physalis and Rhizophysa filiformis) were detected in more than 
two ocean basins (Table 1; refer to extended data Figure S2; 
Claver et al., 2024) across the water column. Although adult 
individuals float, early stages develop in deep waters (Munro  
et al., 2019), meaning that it is likely that detections below 
the epipelagic layer correspond to eggs or larvae. Also, a pre-
filtering mesh was used to collect the planktonic samples, 
which might avoid capturing large siphonophores. Still, frag-
ments of big siphonophores can enter the net when breaking the  
colonies. Here, we have identified species such as Apolemia 
lanosa, which lengths 2 meters (WoRMS, 2023). So, considering 
that it is an opportunistic analysis, the effectiveness is quite  
reasonable.

Our results are consistent with previous studies that, for these 
fragile taxa, molecular tools may outperform traditional meth-
odologies (Govindarajan et al., 2021). However, the potential  
of metabarcoding assessment can be limited by the complete-
ness and accuracy of genetic refence databases used for the 
taxonomic assessment (Claver et al., 2023). To date, more 
than half of the described siphonophore species have available  
reference sequences in GenBank (64 out of 110 Calycopho-
rae, 38 out of 75 Physonectae and 4 out of 5 Cystonectae). 
For an understudied group, 56% of completeness is a high  
value, considering that reference databases of other more exten-
sively studied taxa have similar coverages (Weigand et al., 
2019). Overall, Calycophorae had less unclassified reads (5%) 
than Physonectae (26%), which suggest that the reference  
database is most likely incomplete for the latter. Indeed,  
Physonectids are the most abundant siphonophores below the 
mid mesopelagic (>500 m), depths reported to be the most 
unknown by other authors (Canals et al., 2024; Sommer et al.,  
2017). Interestingly, although for some genus all species  
were represented in the database, we detected OTUs assigned 
to the genus, suggesting certain level of hidden diversity. 
This is the case of Amphicaryon genus, for which all the 
described species have reference sequences but 3 OTUs are  

assigned to Amphicaryon sp, being 2 of the OTUs exclu-
sive from one ocean basin. It is worth mentioning that effort 
is being made for improving genetic resources for siphono-
phore research. For instance, reference libraries for taxonomic 
assignments are being completed by barcoding new species  
(Ortman et al., 2010) and metabarcoding markers that amplify 
siphonophores are being developed (Jarman et al., 2013). 
These advances are making it possible to carry out genetic  
studies such as the one described here.

Since metabarcoding does not provide absolute values, com-
positional data only allows to compare variations in siphono-
phore proportion among different depths, which represents 
the importance of a certain group across the water column.  
These limitations in terms of abundance or biomass esti-
mates preclude the direct use to determine how much sipho-
nophores contribute to acoustic uncertainty in fish biomass  
estimations, which is partly attributed to the presence of sipho-
nophores with pneumatophore (gas-filled structure also giving 
acoustic signal) from the suborders Physonectae and Cystonec-
tae (Proud et al., 2019). However, a combination of simple esti-
mates of abundance (image analysis) or biomass (wet weight)  
with metabarcoding approaches could result in an effective 
way to study the distribution of different taxonomic groups  
at global scales.

Data and software availability
Source data
Raw sequence data and associated metadata are available on  
the NCBI SRA (BioProject PRJNA1033987). https://www.ncbi.
nlm.nih.gov/bioproject/PRJNA1033987 (Canals et al., 2024)

Extended data
Additional material is publicly available in Zenodo under the 
repository entitled: Data from: Global distribution of sipho-
nophores across horizontal and vertical oceanic gradients  
https://doi.org/10.5281/zenodo.12720803 (Claver et al., 2024)

This repository contains the following supplementary data:

•    �Figure S1. Vertical distribution of siphonophore  
species identified in this study.

•    �Figure S2. Global distribution of siphonophore  
species identified in this study.

•    �Figure S3. Alpha-diversity and beta-diversity meas-
urements of Siphonophorae by ocean basin and by  
depth.

•    �Figure S4. Breakdown of beta-diversity by depth.

•    �Figure S5. Breakdown of ordination analysis by ocean  
basin for epipelagic, upper mesopelagic, low mesopelagic 
and bathypelagic samples.

•    �Figure S6. Horizontal and vertical interspecific  
variability found in two siphonophore species.

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).
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