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Fundamental to ecosystem research and effective biodiversity man-

agement is the knowledge of which species are present in that eco-

system (Mace, Norris, & Fitter, 2012). Therefore, rapid assessment 

and monitoring of biodiversity are imperative, but the time and 

resources required to generate the necessary data are major con-

straints in ecology and conservation. Most recent estimates suggest 

that there are millions of marine eukaryotic species with the vast ma-

jority being small (<1 mm), cryptic, and currently unknown to science 
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on the ability to detect and monitor species distributions and abundances. Currently, 

�|�_�;���†�v�;���o�=���;�m�ˆ�b�u�o�m�l�;�m�|�-�t���	�������P�;�	�����Q���l�;�|�-�0�-�u�1�o�7�b�m�]���b�v���b�m�1�u�;�-�v�b�m�]�t�‹���0�;�b�m�]���-�r�r�t�b�;�7��

�=�o�u���|�_�;���u�-�r�b�7���-�v�v�;�v�v�l�;�m�|���-�m�7���l�o�m�b�|�o�u�b�m�]���o�=���-�t�†�-�|�b�1���v�r�;�1�b�;�v�:�����o�v�|���;�	�������l�;�|�-�0�-�u�1�o�7-

ing studies have either focussed on the simultaneous identification of a few specific 
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metabarcoding to compare beta diversity patterns of complex pelagic marine com-

munities in tropical coastal shelf habitats spanning the whole Caribbean Sea. We 
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tected highly diverse communities, which varied significantly among locations, and 
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to a variety of planktonic “protists,” with over 50% of taxa unassigned at the phy-

lum level, suggesting that the sampled communities host an astonishing amount of 
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ods and brings us closer to a full inventory of extant marine biodiversity.
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a pressing need to measure marine biodiversity and to quantify the 

rate at which it is changing, particularly under adverse conditions 
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methods are revolutionizing the analysis of biodiversity, as they 

offer advantages over traditional, visual, and morphological survey 
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coding approaches have been successfully employed to characterize 

specific marine plankton communities in natural seawater samples, 

such as zooplankton, mesozooplankton, and full eukaryotic plank-
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There are many potential benefits that whole-community me -
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single-assay approaches, could bring to biodiversity assessment 

and monitoring, such as using direct measurements of biodiver-
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be used for the detection of “hidden diversity,” without a priori 

knowledge of the composition of species assemblages in a partic-
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tool in the early detection of alien species (Zaiko, Samuiloviene, 

���u�7�†�u�-�7�� �_�� ���-�u�1�b�-�J�(�-�Œ�t�†�;�Œ�7�� �‘�•�•�”�Q�� �-�m�7�� �o�=�� �1�o�l�l�†�m�b�|�‹�� �1�_�-�m�]�;�v�� �b�m��

response to environmental disturbances or regime shifts (Bik, 
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ness, reproducibility, comprehensiveness, and the potential for 

multiple trophic levels to be evaluated simultaneously also make 
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trends (Bourlat et al., 2013).

Studies targeting marine eukaryotic community diversity have, 
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their relatively conserved sequences, it is often impossible to dis-

tinguish taxa at the species, genus, or even family level (Tang et al., 

2012), which represents a significant limitation to the evaluation 
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mechanisms responsible for these changes (Mackas & Beaugrand, 

2010).

Few recent studies have employed the mitochondrial cyto-
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“barcode” region (Hebert, Ratnasingham, & deWaard, 2003) is one of 
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diversity among marine animals (Bucklin, Steinke, & Blanco-Bercial, 
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icized, arguing that the high rates of sequence variability impair the 

design of truly universal primers and hamper the bioinformatic anal-

�‹�v�b�v���P�	�;�-�]�t�;���;�|���-�t�:�7���‘�•�•�“�Q�7���|�_�;���_�b�]�_���l�†�|�-�|�b�o�m���u�-�|�;���o�=�����������l�-�‹���;�m�v�†�u�;��

unequivocal identification at the species level across a vast majority 

of taxa. Moreover, no other genetic region is currently represented 
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primer set has been identified for highly variable markers such as 
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al., 2011), it has been shown that the taxonomic coverage and res-
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one or more degenerate positions incorporated in either one or both 

of the forward and reverse primers), indeed make them valuable 

metabarcoding markers for biodiversity assessment (Clarke, Beard, 
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sitions, including five deoxyinosine nucleotides (a nucleotide that 

complements any of the four natural bases) in the fully degenerated 

sites of the sequence, enhancing universality in the amplification of 
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ers, these primers have been shown to reveal greater biodiversity at 

the species level when applied to the same samples (Wangensteen, 
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Even so, a number of questions remain unanswered: (a) What 

portions and segments of the total eukaryotic biodiversity present 
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marker powerful enough to distinguish between geographic re-
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proach to an applied, operational biomonitoring context? Here, 

in an attempt to answer these questions, we aimed to assess the 

potential for describing marine eukaryotic biodiversity from five 
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evaluate the potential and scope of this primer set for the charac-

terization of eukaryotic community structure, profiling of biodiver -

sity, and for the assessment of spatial patterns between locations 

and habitats.
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Within each of five Caribbean sampling locations (Figure 1), samples 

were collected from different types of habitats in order to deter -

mine whether it would be possible to detect community differences 
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Mesoamerican Barrier Reef. The sampling sites can be distinguished 
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were collected around the islands of Bimini, from two distinct habi -

tat types, mangroves and reef. Twelve samples were collected in 

Jamaica, where two specific sampling areas can be distinguished: 

Montego Bay and Discovery Bay. Montego Bay is a relatively large 

city, home to an airport and a cruise terminal, whereas Discovery 
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near-shore reef and shallow shore sites. See Table S1 for full sam-

pling specifics of all sites.

During February and March of 2015 (Jamaica, Belize, Turks 
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for practical reasons, directly with a disposable plastic collection 

bottle from sampling sites that were accessed by land, from the 

beach.
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stored in the dark and on ice until further processing. Vacuum fil-

tration was carried out within 2 hr of collection. The sterile mixed 
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0.45 µm pore size) containing sample filtrates were stored in 2-ml 

screw-cap tubes containing silica beads. The silica beads func-
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filter preservation, the prevention of leakages and the complica-
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The sample filters were subsequently stored, for approximately 
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Fisher Scientific).
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Contamination of samples may occur anywhere from preparing 

sampling equipment and collecting the samples in the field (target 

�	������ �0�;�b�m�]�� �1�-�u�u�b�;�7�� �†�m�b�m�|�;�m�|�b�o�m�-�t�t�‹�� �=�u�o�l�� �o�m�;�� �t�o�1�-�t�b�|�‹�� �|�o�� �-�m�o�|�_�;�u�Q�7��

to every subsequent step of sample preparation, extraction, and 

analysis in the laboratory. Hence, strict adherence to contami-

nation control was followed at all field and laboratory stages in 

order to prevent the occurrence of contamination, including the 

use of disposable gloves and single-use sterile collection bottles 
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and filtration equipment, and the bleaching (50% bleach) of sam-
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Salford, with separate rooms designated for the physical sepa-
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procedures, was used for all laboratory work. Moreover, to iden-

tify potential contamination, negative field samples (filtration of 

�7�u�b�m�h�b�m�]���‰�-�|�;�u���r�†�u�1�_�-�v�;�7���-�|���t�o�1�-�t���v�†�r�;�u�l�-�u�h�;�|�v�Q�7���	�������;�Š�|�u�-�1�|�b�o�m��

blanks (elution buffer from extraction kit), and PCR blanks (labora-

tory grade water) were included.
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We used a highly degenerated primer set, amplifying a 313-bp seg-
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Meyer, Parker, & Hawk, 2013), and a modified forward primer 
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variability of the amplicon sequences, a variable number (2, 3, or 4) 

of fully degenerate positions (Ns) were added at the beginning of 
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tags, and leading Ns. For PCR amplification, a one-step protocol was 
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amplification. The mix recipe for this PCR included 10 ��t�� ���l�r�t�b�$�-�t��

���o�t�7���	�������r�o�t�‹�l�;�u�-�v�;�7���•��� l of each 5 � M forward and reverse prim-

ers, 0.16 � �t���0�o�ˆ�b�m�;���v�;�u�†�l���-�t�0�†�l�b�m���P���"���Q�7���”�:�v�“��� l sterile water, and a 
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in a total volume of 20 � l per sample. The PCR profile included an 
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phoresis, running the products through a 1.5% agarose gel stained 
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negative controls, were pooled into one multiplexed sample and pu-
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libraries were built on separate occasions, one containing the sam-

ples from the Bahamas, Belize, Jamaica, and Turks and Caicos, and 

�o�m�;���=�o�u���|�_�;���v�-�l�r�t�;�v���=�o�u���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v�7���-�v���|�_�;�v�;���v�-�l�r�t�;�v��

were collected on a separate expedition. The library containing the 

���u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���v�-�l�r�t�;�v���‰�-�v���u�†�m���-�t�o�m�]�v�b�7�;���|�‰�o���o�|�_�;�u���t�b�0�u�-�u�b�;�v��

(from an unrelated project), equalizing the sequencing depth across 

all samples by pooling an equal number of samples for each run. The 

libraries were built using the NextFlex PCR-free library preparation 

�h�b�|���P�����������"�1�b�;�m�|�b�=�b�1�Q�7���t�†�-�m�|�b�=�b�;�7���†�v�b�m�]���|�_�;�����������;�Š�|���t�����!���t�†�-�m�|�b�=�b�1�--
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ies, with a final molarity of 10 pM, were subsequently sequenced 
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paired-ends).
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�$�_�;���0�b�o�b�m�=�o�u�l�-�|�b�1���-�m�-�t�‹�v�b�v���‰�-�v���0�-�v�;�7���o�m���|�_�;���������$�o�o�t�v���l�;�|�-�0�-�u�1�o�7-

ing software suite (Boyer et al., 2016). The pipeline used for data 

analysis is summarized in Table S2. Paired-end reads were aligned 

using illuminapairedend, retaining alignments with a quality score 

>30. The aligned dataset was demultiplexed, and primer sequences 

�‰�;�u�;�� �u�;�l�o�ˆ�;�7�� �‰�b�|�_�� �m�]�v�=�b�t�|�;�u�:�� ���� �t�;�m�]�|�_�� �=�b�t�|�;�u�� �P�o�0�b�]�u�;�r�Q�� �‰�-�v�� �-�r�r�t�b�;�7��

to the assigned reads in order to select only the fragments with the 

correct target size (300–320 bp). Reads containing ambiguous bases 

were also removed. The reads were subsequently dereplicated using 

obiuniq, grouping all the identical sequences, while keeping track of 

�|�_�;�b�u���-�0�†�m�7�-�m�1�;�v�:�������1�_�b�l�;�u�-���u�;�l�o�ˆ�-�t���v�|�;�r���‰�-�v���r�;�u�=�o�u�l�;�7���†�v�b�m�]���|�_�;��
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& Mahé, 2016). Sequences were then clustered into Molecular 
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using the step-by-step aggregation clustering algorithm implemented 
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with a d-value of 13, which has been proven to be the optimal d-value 
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of the taxonomic tree, which is particularly pertinent with highly 

biodiverse samples such as those analyzed in this study. Taxonomic 
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performed using the ecotag algorithm (Boyer et al., 2016), which uses 

a custom reference database and a phylogenetic approach for assign-

ing unmatched sequences to the last common ancestor of the most 

closely related sequences in the reference database. Ecotag infers a 

reference set of sequences including the best match, and other se-

quences present in the reference database, which are equally or more 

similar to the best match than the query sequence. Then, the query 

is assigned to the lowest rank taxon including all sequences in the 
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different taxonomic ranks with different levels of uncertainty for dif -

ferent branches of the tree of life, depending on the density of the 

reference database for each branch. Thus, with each detected taxon, 
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as a measure of accuracy of the taxonomic identification. The custom 
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http://github.com/metabarpark/Reference-databases
http://github.com/metabarpark/Reference-databases
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with <2 reads were discarded.
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(function isoMDS) with Bray–Curtis dissimilarities, using the package 

�����"�"���P�(�;�m�-�0�t�;�v���_���!�b�r�t�;�‹�7���‘�•�•�•�Q�:���&�v�b�m�]���|�_�;���-�7�o�m�b�v���=�†�m�1�|�b�o�m���b�m���(�;�]�-�m��

�P�ˆ���‘�:�”�J�•�8�����h�v�-�m�;�m���;�|�� �-�t�:�7���‘�•�•�u�Q�7���]�u�o�†�r���7�b�v�|�-�m�1�;�v���0�;�|�‰�;�;�m���-�m�7���‰�b�|�_�b�m��

�t�o�1�-�|�b�o�m�v���‰�;�u�;���=�o�u�l�-�t�t�‹���|�;�v�|�;�7���‰�b�|�_�������!���������(���7���†�v�b�m�]���=�o�†�u�|�_�J�u�o�o�|��

�|�u�-�m�v�=�o�u�l�;�7�� �u�;�t�-�|�b�ˆ�;�� �-�0�†�m�7�-�m�1�;�v�:�� �"���������!�� �-�m�-�t�‹�v�;�v�� �‰�;�u�;�� �-�t�v�o�� �r�;�u-

�=�o�u�l�;�7���‰�b�|�_���|�_�;���r�-�1�h�-�]�;���(�;�]�-�m�7���|�o���b�7�;�m�|�b�=�‹���|�_�;�������$�&�v���|�_�-�|���1�o�m�|�u�b�0-

ute most to the differentiation between the sampling locations.

� ’ �J |�J � ! � � � " �& � ��$ � "

�’�:�•�J|�J�"�;�t�†�;�m�1�;���u�;�-�7���-�0�†�m�7�-�m�1�;���-�m�7�������$�&���u�b�1�_�m�;�v�v

���� �|�o�|�-�t�� �m�†�l�0�;�u�� �o�=�� �•�v�7�•�“�”�7�’�‘�u�� �u�;�-�7�v�� �‰�;�u�;�� �o�0�|�-�b�m�;�7�� �=�u�o�l�� �|�_�;�� �=�b�ˆ�;��

�v�-�l�r�t�b�m�]���t�o�1�-�|�b�o�m�v�:�����=�|�;�u���v�-�l�r�t�;���-�v�v�b�]�m�l�;�m�|�7���t�†�-�t�b�|�‹���-�m�7���v�;�t�†�;�m�1�;�J

�t�;�m�]�|�_�� �=�b�t�|�;�u�b�m�]�7�� �u�;�l�o�ˆ�-�t�� �o�=�� �v�b�m�]�t�;�|�o�m�v�7�� �-�m�7�� �u�;�l�o�ˆ�-�t�� �o�=�� �����$�&�v�� �-�v-

�v�b�]�m�;�7���|�o���0�-�1�|�;�u�b�-���o�u���|�o���|�_�;���u�o�o�|���o�=���|�_�;���|�u�;�;���o�=���t�b�=�;�7���‘�7�’�–�•�7�•�”�•���u�;�-�7�v��

�‰�;�u�;�� �t�;�=�|�� �=�u�o�l�� �u�v�� �v�-�l�r�t�;�v�:�� ���;�|�‰�;�;�m�� �•�“�7�v�v�“�� �-�m�7�� �”�”�7�u�•�v�� �=�b�t�|�;�u�;�7��

reads were generated per sample. Differences in the number of 

reads obtained per sampling site, among locations, were tested using 

�������(���� �P F = 3.36, df = 4, p���·� � �:�•� ‘�Q���-�m�7���r�-�b�u�J�‰�b�v�;�� �$�†�h�;�‹�]�v��� ��"�	�:� � � ��-�b�u�J

wise comparisons showed that the mean number of reads varied sig-

nificantly only between Jamaica and the Bahamas (diff = 10,390.55, 

p.adj = .03). Taxonomic assignment resulted in a total of 14,665 non-

�v�b�m�]�t�;�|�o�m�� �;�†�h�-�u�‹�o�|�b�1�� �����$�&�v�7�� �o�=�� �‰�_�b�1�_�� �u�7�’�”�•�� �P�“�’�:�’�w�Q�� �1�o�†�t�7�� �0�;�� �-�v-

�v�b�]�m�;�7���|�o���r�_�‹�t�†�l���t�;�ˆ�;�t���o�u���t�o�‰�;�u���-�m�7���v�7�’�•�v�������$�&�v���P�”�u�:�•�w�Q���u�;�l�-�b�m�;�7��

unassigned.

��†�u�|�_�;�u�l�o�u�;�7�����&���&���7�;�|�;�1�|�;�7���-���|�o�|�-�t���o�=���•�7�v�–�u�������$�&�v���r�†�|�-�|�b�ˆ�;�t�‹��

�o�u�b�]�b�m�-�|�b�m�]�� �=�u�o�l�� �r�v�;�†�7�o�]�;�m�;�v�7�� �o�†�|�� �o�=�� �|�_�;�� �|�o�|�-�t�� �o�=�� �•�“�7�u�u�”�� �����$�&�v�:��

�$�_�†�v�7���|�_�;���m�†�l�0�;�u���o�=���1�o�u�u�;�1�|�;�7�������$�&�v���b�m���|�_�;���=�b�m�-�t���7�-�|�-�v�;�|���b�v���•�‘�7�•�u�–��

�P�“�•�:�v�w�� �-�v�v�b�]�m�;�7�� �|�o�� �r�_�‹�t�†�l�� �t�;�ˆ�;�t�� �o�u�� �t�o�‰�;�u�� �-�m�7�� �”�v�:�‘�w�� �u�;�l�-�b�m�;�7�� �†�m-

assigned). Rarefaction plots for individual samples from the five dif-

ferent areas (Figure S1) show that saturation in the total number of 

�����$�&�v�� �b�v�� �m�o�|�� �-�1�_�b�;�ˆ�;�7�� �‰�b�|�_�� �|�_�b�v�� �v�;�t�†�;�m�1�b�m�]�� �7�;�r�|�_�� �=�o�u�� �l�o�v�|�� �v�-�l-

�r�t�;�v�7���b�m�7�b�1�-�|�b�m�]���|�_�-�|���|�_�;���|�u�†�;���;�Š�|�;�m�|���o�=���|�_�;�������$�&���u�b�1�_�m�;�v�v���-�v�v�;�v�v�;�7��

using this method may be higher than the values obtained in this 

study.

The negative controls contained a negligible number of reads, all 

�o�=���‰�_�b�1�_���‰�;�u�;���1�t�-�v�v�b�=�b�;�7���-�v���_�†�l�-�m���	�����7���-�m�7���_�;�m�1�;���‰�;�u�;���;�Š�1�t�†�7�;�7��

from further analyses. Table 1 displays a summary of read statistics 

per location.

�$�_�;�������$�&�v���-�v�v�b�]�m�;�7���|�o���l�-�f�o�u���;�†�h�-�u�‹�o�|�b�1���]�u�o�†�r�v�7���=�o�u���-�t�t���|�_�;���v�-�l-

ples in each location, are presented in Figure 2a. The broad rela-

�|�b�ˆ�;�������$�&���u�b�1�_�m�;�v�v���r�-�|�|�;�u�m�v���-�1�u�o�v�v���-�t�t���=�b�ˆ�;�����-�u�b�0�0�;�-�m���t�o�1�-�|�b�o�m�v���-�u�;��

strikingly similar. The “unassigned Eukarya” group represents by far 

�|�_�;�� �t�-�u�]�;�v�|�� �u�;�t�-�|�b�ˆ�;�� �����$�&�� �u�b�1�_�m�;�v�v�� �b�m�� �;�ˆ�;�u�‹�� �v�-�l�r�t�;�7�� �b�m�7�b�1�-�|�b�m�]�� �|�_�;��

presence of a significant amount of eukaryotic biodiversity, which 

�b�v���;�b�|�_�;�u���‹�;�|���†�m�7�;�v�1�u�b�0�;�7���o�u���m�o�|���r�u�;�v�;�m�|���b�m�����������u�;�=�;�u�;�m�1�;���7�-�|�-�0�-�v�;�v�:��

Sequences assigned to protists make up the second most diverse �$
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group. Bacillariophyta (diatoms) and Dinoflagellata show relatively 

high relative diversity across all samples, as do the phyla grouped in 

the “other protists” category (orange bars at the bottom of Figure 2a), 

�‰�_�b�1�_���b�m�1�t�†�7�;�����r�†�v�o�Œ�o�-�7�����r�b�1�o�l�r�t�;�Š�-�7�����Š�1�-�ˆ�-�|�-�7�����-�1�u�o�0�b�-�7���!�_�b�Œ�-�u�b�-�7��

�-�v�� �‰�;�t�t�� �-�v�� �|�_�;�� ���t�ˆ�;�o�t�-�|�-�7�� �"�|�u�-�l�;�m�o�r�b�t�;�v�7�� �-�m�7�� ���r�b�v�|�_�o�h�o�m�|�-�� �|�_�-�|��

could not be assigned to specific phyla. Macroscopic metazoans, 

�v�†�1�_�� �-�v�� ���u�|�_�u�o�r�o�7�-�� �-�m�7�� ���m�m�;�t�b�7�-�7�� �-�7�7�b�|�b�o�m�-�t�t�‹�� �1�o�m�|�-�b�m�� �-�� �u�;�t�-�|�b�ˆ�;�t�‹��

�_�b�]�_�� �����$�&�� �u�b�1�_�m�;�v�v�:�� �"�;�t�†�;�m�1�;�v�� �=�u�o�l�� ���_�o�u�7�-�|�-�� �-�u�;�� �7�;�|�;�1�|�;�7�� �b�m��

most samples in four out of the five locations (with the exception of 

Jamaica, where only three samples contain chordate reads), but the 

�m�†�l�0�;�u���o�=�������$�&�v���-�v�v�b�]�m�;�7���|�o���|�_�b�v���r�_�‹�t�†�l���b�v���u�;�t�-�|�b�ˆ�;�t�‹���v�l�-�t�t�:

The relative abundances of reads assigned to the different 

phyla in each sample are shown in Figure 2b. While the “unassigned 

Eukarya” remain the dominant component, read abundances show 

greater differentiation among samples and locations compared to 

�|�_�;���r�-�|�|�;�u�m�v���o�=���u�;�t�-�|�b�ˆ�;�������$�&���u�b�1�_�m�;�v�v���b�m����b�]�†�u�;���‘�-�:

���‹�� �1�o�l�r�-�u�b�m�]�� �u�;�t�-�|�b�ˆ�;�� �����$�&�� �u�b�1�_�m�;�v�v�� �-�m�7�� �u�;�t�-�|�b�ˆ�;�� �u�;�-�7�� �-�0�†�m-

dances from different phyla, it is apparent that, for example, 

Bacillariophyta (diatoms) have a relatively high diversity in most of 

�|�_�;���v�-�l�r�t�;�v�7���0�†�|���u�;�-�7�v���-�v�v�b�]�m�;�7���|�o���|�_�b�v���r�_�‹�t�†�l���-�u�;���t�;�v�v���-�0�†�m�7�-�m�|�:�����m��

�;�Š�1�;�r�|�b�o�m���b�v���|�_�;���v�-�l�r�t�;�v���=�u�o�l���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���P���(���Q�7���-�m�7���|�o��

some extent Jamaica, where Bacillariophyta reads are rather abundant 

(over 10% of all reads), mainly due to the preponderant abundance 

of Rhizosolenia���P�m�;�-�u�t�‹���•�w���o�=���-�t�t���u�;�-�7�v�Q�7���-���|�-�Š�o�m���|�_�-�|���b�v���7�;�|�;�1�|�;�7���o�m�t�‹��

�ˆ�;�u�‹���v�r�-�u�v�;�t�‹���b�m���|�_�;���o�|�_�;�u���=�o�†�u���t�o�1�-�|�b�o�m�v���P�v�;�;���_�|�|�r�v���9�F�F�7�o�b�:�o�u�]�F�•�•�:�”�•�u�•�F

�7�u�‹�-�7�:�_�t�0�Œ�h���_�•�0�f���=�o�u���-�t�t���|�_�;���u�;�-�7�v���r�;�u�������$�&�7���r�;�u���v�-�l�r�t�;�Q�:

�����$�&�� �u�b�1�_�m�;�v�v�� �-�m�7�� �u�;�-�7�� �-�0�†�m�7�-�m�1�;�v�� �=�o�u�� ���o�l�‹�1�;�|�;�v�7�� �1�o�l�l�o�m��

�r�-�u�-�v�b�|�;�v���o�m���l�-�u�b�m�;���-�t�]�-�;���P���b�7���,�_�-�m�]�7���$�-�m�]�7���_���)�-�m�]�7���‘�•�•�•�Q�7���=�o�t�t�o�‰���-��

�v�b�l�b�t�-�u���r�-�|�|�;�u�m�:�����t�|�_�o�†�]�_���-���t�-�u�]�;���r�-�u�|���o�=���|�_�;�����o�l�‹�1�;�|�;�v���u�;�-�7�v���b�v���-�v-

�v�b�]�m�;�7���|�o�������$�&�v���|�_�-�|���o�m�t�‹���o�1�1�†�u���b�m���|�_�;�����(�����v�-�l�r�t�;�v�7���|�_�;�v�;���1�o�†�t�7���m�o�|���0�;��

�|�-�Š�o�m�o�l�b�1�-�t�t�‹���-�v�v�b�]�m�;�7���|�o���-�m�‹���v�r�;�1�b�;�v�7���]�;�m�†�v�7���o�u���=�-�l�b�t�‹�:�����7�7�b�|�b�o�m�-�t�t�‹�7��

the bulk of unidentified brown algae reads (Phaeophyceae) has been 

�7�;�|�;�1�|�;�7���b�m���|�_�b�v���t�o�1�-�|�b�o�m�:�����|�_�;�u���r�u�o�|�b�v�|�������$�&�v���|�_�-�|���1�_�-�u�-�1�|�;�u�b�Œ�;���|�_�;��

���(�����v�-�l�r�t�;�v���-�u�;���|�_�;���1�;�u�1�o�Œ�o�-�m��Bigelowiella natans���P�–�v�w���	�Q���-�m�7���=�o�†�u��

marine centric diatoms: Thalassiosira pseudonana���P�•�•�•�w���	�Q�7��Ditylum 

�P�v�–�w���	�Q�7��Grammonema���P�v�•�w���	�Q�7���-�m�7��Skeletonema menzellii���P�•�•�•�w���	�Q�:

���u�;�;�m�� �-�t�]�-�;�� �P�(�b�u�b�7�b�r�t�-�m�|�-�;�Q�� �]�;�m�;�u�-�t�t�‹�� �;�Š�_�b�0�b�|�� �t�o�‰�;�u�� �7�b�ˆ�;�u�v�b�|�‹��

�1�o�l�r�-�u�;�7���|�o���o�|�_�;�u���r�u�o�|�b�v�|���]�u�o�†�r�v�:�����o�‰�;�̂ �;�u�7���|�_�b�v���]�u�o�†�r�]�v���u�;�-�7���-�0�†�m-

dances are particularly high in most of the samples from Jamaica 

�-�m�7���|�_�;�����-�_�-�l�-�v�7���-�m�7���|�o���-���t�;�v�v�;�u���;�Š�|�;�m�|���b�m���|�_�;�����(���7���‰�b�|�_���P�b�m���-�t�t���|�_�u�;�;��

locations) most of the reads being assigned to either Micromonas 

commoda�� �P�–�–�w���	�Q�� �o�u��M. pusilla� � �P� •� v�w� �� 	�Q� :� � � ��m�o� |� _� ;� u� � � v�b� ]�m�b�=�b�1� -�m� |� � � r� o�u-

tion of the green algae reads are assigned to Mantoniella squamata 

�P�–�’�w���	�Q�� �-�m�7�F�o�u��Dolichomastix tenuilepis�� �P�–�‘�w���	�Q�:�� �(�b�u�b�7�b�r�t�-�m�|�-�;��

reads are absent from most of the Turks and Caicos samples, 

�‰�_�;�u�;���	�b�m�o�=�t�-�]�;�t�t�-�|�-���u�;�-�7�v���-�u�;���l�o�u�;���7�o�l�b�m�-�m�|�:�����ˆ�;�u�-�t�t�7���|�_�;�u�;���-�r-

pears to be a general pattern, both location-wide, and per sample, 

whereby high abundance of Dinoflagellata generally corresponds 

�  � � � � � & � ! � � � � � ‘ � J �P�-�Q���!�;�t�-�|�b�ˆ�;�������$�&���u�b�1�_�m�;�v�v�8���|�_�;���u�;�t�-�|�b�ˆ�;���m�†�l�0�;�u���o�=�������$�&�v���-�v�v�b�]�m�;�7���|�o���|�_�;���7�b�=�=�;�u�;�m�|���r�_�‹�t�-���r�;�u���v�-�l�r�t�;�7���r�;�u���t�o�1�-�|�b�o�m�7���-�m�7���P�0�Q��
relative number of reads of each of the different phyla, per sample, per location
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to a low abundance of either green algae or diatoms, and vice 

versa. Most of the dinoflagellate reads could not be assigned be-

yond the class Dinophyceae. But reads assigned to Gymnodinium 

catenatum�� �P�–�v�w� �� 	�Q� � �‰�;�u� ;� � �7� ;� |� ;�1� |� ;�7� � �b�m� � � -� t� t� � �0�†� |� � �v�b�Š� � �v� -� l� r� t� ;�v� :� � � ��m� � � l� -�m�‹� �

of the samples, reads from the dinoflagellate genus Symbiodinium 

�P�•�•�•�w���	�Q�7�� �‰�_�b�1�_�� �;�m�1�o�l�r�-�v�v�;�v�� �|�_�;�� �t�-�u�]�;�v�|�� �-�m�7�� �l�o�v�|�� �r�u�;�ˆ�-�t�;�m�|��

group of (coral-associated) endosymbiotic dinoflagellates (zooxan-

�|�_�;�t�t�-�;�Q�7�� �-�u�;�� �-�t�v�o�� �r�u�;�v�;�m�|�:�� �$�_�;�� ���(���� �b�v�� �|�_�;�� �o�m�t�‹�� �t�o�1�-�|�b�o�m�� �|�_�-�|�� �_�-�v�� �-��

�u�;�t�-�|�b�ˆ�;�t�‹���t�-�u�]�;���m�†�l�0�;�u���o�=���u�;�-�7�v���-�v�v�b�]�m�;�7���|�o�����1�_�u�o�r�_�‹�|�-�7���‰�b�|�_���|�_�;��

bulk of the reads originating from brown algae (Phaeophyceae), 

some of which could be assigned to species level, such as the ses-

sile reef associated Canistrocarpus cervicornis���P�•�•�•�w���	�Q���-�m�7���r�t�-�m�h-

tonic Chattonella subsalsa���P�–�–�w���	�Q�:

���l�o�m�]�� �|�_�;�� ���;�|�-�Œ�o�-�7�� ���m�m�;�t�b�7�-�7�� �-�m�7�� ���u�|�_�u�o�r�o�7�-�� �-�u�;�� �|�_�;�� �r�_�‹�t�-��

�‰�b�|�_�� �|�_�;�� �]�u�;�-�|�;�v�|�� �u�;�t�-�|�b�ˆ�;�� �����$�&�� �u�b�1�_�m�;�v�v�� �-�1�u�o�v�v�� �l�o�v�|�� �t�o�1�-�|�b�o�m�v��

(except for Belize, Figure 2a), and also tend to be the most abun-

�7�-�m�|�� �b�m�� �|�;�u�l�v�� �o�=�� �u�;�-�7�v�� �P�v�;�;�� �]�u�;�;�m�� �-�m�7�� �u�;�7�� �v�;�]�l�;�m�|�v�� �b�m�� �|�_�;�� ���u�o�m�-��

plots in Figure S2), with Molluscs (i.e., T&C), Chordates (e.g., Belize), 

Echinoderms (i.e., Jamaica), and Cnidarians (abundant everywhere 

except from the Bahamas), also representing a significant component 

(Figure S2). The most abundant molluscan species (all sequences re-

covered from T&C) were the aglajid sea slug, Chelidonura hirundinina 

�P�–�v�w���	�Q�7���-�m�7���|�_�;���l�-�m�]�u�o�ˆ�;���r�;�u�b�‰�b�m�h�t�;�7��Littoraria angulifera���P�•�•�•�w���	�Q�:��

�$�_�;�� �l�-�f�o�u�b�|�‹�� �o�=�� ���m�b�7�-�u�b�-�m�� �u�;�-�7�v�� �b�m�� �|�_�;�� �‰�-�|�;�u�� �1�o�t�†�l�m�� �P�v�-�l�r�t�;�� �•�� �b�m��

Turks and Caicos) is not from coral-building species, but made up 

of reads from the Hydrozoan Cunina fowleri���P�v�•�w���	�Q�7���-�t�|�_�o�†�]�_���v�o�l�;��

Scleractinean coral species, such as Siderastrea radians�� �P�•�•�•�w���	�Q�7��

Porites astreoides�� �P�•�•�•�w���	�Q�7�� �-�m�7��Stephanocoenia michelinii�� �P�–�–�w���	�Q�7��

were also detected. The Echinoderm reads in sample 19 from Turks 

and Caicos are all assigned to the brittle star Ophiocoma echinata 

�P�•�•�•�w���	�Q�:�� ���1�_�b�m�o�7�;�u�l�-�|�-�� �u�;�-�7�v�� �b�m�� �|�_�;�� ���-�l�-�b�1�-�m�� �v�-�l�r�t�;�v�� �-�u�;�7�� �b�m��

addition to Ophiocoma echinata, assigned to Lytechinus variegatus 

�P�•�•�•�w���	�8�� �]�u�;�;�m�� �v�;�-�� �†�u�1�_�b�m�Q�7��Holothuria impatiens�� �P�•�•�•�w���	�8�� �0�o�|�|�t�;-

neck sea cucumber), and Actinopyga agassizi�� �P�•�•�•�w���	�8�� �=�b�ˆ�;�J�|�o�o�|�_�;�7��

sea cucumber).

Most of the annelid reads could only be assigned to unidentified 

���o�t�‹�1�_�-�;�|�;���‰�o�u�l�v�:�����-�v�|�t�‹�7���l�o�v�|���o�=���|�_�;���u�;�-�7�v���-�v�v�b�]�m�;�7���|�o�����_�o�u�7�-�|�-���-�u�;��

derived from ascidian tunicates. Some of which could be assigned to 

species level, such as Botrylloides nigrum���P�•�•�•�w���	�Q�:���$�_�;���t�-�u�]�;���m�†�l�0�;�u��

�o�=���1�_�o�u�7�-�|�;���u�;�-�7�v���b�m�����;�t�b�Œ�;���v�-�l�r�t�;�v���’���-�m�7���•���-�m�7���$�†�u�h�v���-�m�7�����-�b�1�o�v���“��

and 9 is entirely made up of unidentified species from the tunicate 

order Enterogona. Most of the remainder of the chordate reads were 

�-�v�v�b�]�m�;�7�� �|�o�� ���1�|�b�m�o�r�|�;�u�‹�]�b�b�� �P�•�v�•�� �u�;�-�7�v�Q�� �-�m�7�� ���_�o�m�7�u�b�1�_�|�_�‹�;�v�� �P�‘�–�“��

reads), most of which could be taxonomically assigned to species 

�t�;�ˆ�;�t�8���”�“���|�;�t�;�o�v�|���-�m�7���u���;�t�-�v�l�o�0�u�-�m�1�_���v�r�;�1�b�;�v���‰�;�u�;���7�;�|�;�1�|�;�7���P�_�|�|�r�v���9�F�F

�7�o�b�:�o�u�]�F�•�•�:�”�•�u�•�F�7�u�‹�-�7�:�_�t�0�Œ�h���_�•�0�f�Q�:

�’�:�‘�J|�J���o�l�l�†�m�b�|�‹���v�|�u�†�1�|�†�u�;

The ordination of the sampling locations is visualized by a non-

metric multidimensional scaling (nMDS) plot (Figure 3). Pair-wise 

�  � � � � � & � ! � � � � � ’ � J Non-metric 
multidimensional scaling (nMDS) plot 
�P���u�-�‹�K���†�u�|�b�v�7���0�-�v�;�7���o�m���u�;�t�-�|�b�ˆ�;�������$�&��
read abundances) showing the ordination 
pattern for the five sampling locations. 
Pair-wise comparisons indicate significant 
�7�b�=�=�;�u�;�m�1�;�v���b�m�������$�&���7�b�ˆ�;�u�v�b�|�‹���0�;�|�‰�;�;�m���-�t�t��
the locations (F���·���•�:�•�v�7��df = 4, p < .001)
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�1�o�l�r�-�u�b�v�o�m�v���b�m�7�b�1�-�|�;���|�_�-�|���v�b�]�m�b�=�b�1�-�m�|���7�b�=�=�;�u�;�m�1�;�v���b�m�������$�&���7�b�ˆ�;�u�v�b�|�‹��

exist among the five locations (F���·���•�:�•�v�7��df = 4, p < .001). Turks and 

Caicos appears partially overlapped only with Bahamas; Belize and 

Jamaica exhibit a narrower range of variation and do not overlap 

with each other, but both partially overlap with some of the sam -

�r�t�;�v���=�u�o�l�����-�_�-�l�-�v�:���$�_�;���v�-�l�r�t�;�v���=�u�o�l���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���-�u�;��

�1�o�l�r�t�;�|�;�t�‹�� �v�;�r�-�u�-�|�;�7�� �=�u�o�l�� �|�_�;�� �o�|�_�;�u�� �=�o�†�u�� �t�o�1�-�|�b�o�m�v�:�� �"���������!�� �P�v�b�l�b-

larity percentage) analysis was applied to identify the discriminating 

�|�-�Š�-���0�;�|�‰�;�;�m���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���-�m�7���|�_�;���o�|�_�;�u���=�o�†�u���t�o�1�-�|�b�o�m�v�:��

�$�_�;�������$�&���1�o�m�|�u�b�0�†�|�b�m�]���l�o�v�|���|�o���|�_�b�v���7�b�=�=�;�u�;�m�|�b�-�|�b�o�m���b�v���-�v�v�b�]�m�;�7���|�o���-�m��

�†�m�b�7�;�m�|�b�=�b�;�7�����†�h�-�u�‹�o�|�b�1���|�-�Š�o�m���P�����$�&���m�†�l�0�;�u���•�•�’�8���u�;�v�r�o�m�v�b�0�t�;���=�o�u��

�•�v�:�u�w���o�=���|�_�;���7�b�=�=�;�u�;�m�|�b�-�|�b�o�m�Q���|�_�-�|���b�v���-�0�†�m�7�-�m�|���b�m���|�_�;���=�o�†�u���o�ˆ�;�u�t�-�r�r�b�m�]��

�t�o�1�-�|�b�o�m�v���0�†�|���b�v���ˆ�;�u�‹���u�-�u�;���b�m���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v�:���"���������!���-�m�-�t�‹-

sis results, consisting of a list of the 30 most discriminating phyla 

�0�;�|�‰�;�;�m���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���-�m�7���|�_�;���o�|�_�;�u���=�o�†�u���t�o�1�-�|�b�o�m�v�7���1�-�m��

be found in Table 2.

���m���o�u�7�;�u���|�o���|�;�v�|���‰�_�;�|�_�;�u���|�_�;�������$�&���7�b�ˆ�;�u�v�b�|�‹���b�m���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m��

���v�t�-�m�7�v���‰�o�†�t�7���u�;�l�-�b�m���v�b�]�m�b�=�b�1�-�m�|�t�‹���7�b�=�=�;�u�;�m�|���=�u�o�l���|�_�;���o�|�_�;�u���t�o�1�-�|�b�o�m�v��

�‰�b�|�_�o�†�|�� �|�_�;���-�0�†�m�7�-�m�|�����†�h�-�u�‹�o�|�b�1�������$�&���•�•�’�7���‰�;���ˆ�;�u�b�=�b�;�7���|�_�-�|�� �$�_�;��

���u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���;�t�t�b�r�v�;���u�;�l�-�b�m�;�7���=�†�t�t�‹���v�;�r�-�u�-�|�;�7���=�u�o�l���|�_�;���o�|�_�;�u��

locations in the MDS (not shown) and pair-wise comparisons re-

mained significant between all locations (F���·���•�:�•�‘�7��df = 4, p < .001).

For each of the five sampling locations, individual nMDS plots are 

displayed in Figure 4, showing the ordination patterns within areas. 

���m���|�_�;�����-�_�-�l�-�v���P��b�]�†�u�;���“�-�Q�7���|�_�;���|�‰�o���v�-�l�r�t�;�v���‰�b�|�_���|�_�;���t�-�u�]�;�v�|���m�†�l�0�;�u��

of dinoflagellate reads (see also Figure 2b) are clearly separated from 

the rest (F = 5.22, df = 1, p < .01). These are samples number 01 

and 09, which were collected from mangrove areas, while the other 

�|�‰�;�t�ˆ�;�� �v�-�l�r�t�;�v�� �o�u�b�]�b�m�-�|�;�7�� �=�u�o�l�� �u�;�;�=�� �v�b�|�;�v�:�� �"���������!�� �-�m�-�t�‹�v�b�v�� �o�=�� �|�_�;��

Bahamian sampling site sequences (Data S1), indeed indicates that 

�-�m�� �†�m�b�7�;�m�|�b�=�b�;�7�� �7�b�m�o�=�t�-�]�;�t�t�-�|�;�� �����$�&�� �b�v�� �-�� �l�-�f�o�u�� �1�o�m�|�u�b�0�†�|�o�u�� �|�o�� �|�_�;��

differentiation between the mangrove and reef samples, while the 

�o�|�_�;�u���|�‰�o���l�o�v�|���7�b�=�=�;�u�;�m�|�b�-�|�b�m�]�������$�&�v���-�u�;���-�m���†�m�b�7�;�m�|�b�=�b�;�7���;�†�h�-�u�‹-

�o�|�;�������$�&���-�m�7���-�t�v�o���|�_�;���v�-�l�;���;�†�h�-�u�‹�o�|�b�1�������$�&���•�•�’���|�_�-�|���b�v���t�-�u�]�;�t�‹��

�u�;�v�r�o�m�v�b�0�t�;���=�o�u���|�_�;���v�;�r�-�u�-�|�b�o�m���0�;�|�‰�;�;�m���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���-�m�7��

the other locations. Together with the green algae Micromonas com-

moda�� �P�–�–�w���	�Q�7�� �‰�_�b�1�_�� �b�v�� �l�o�u�;�� �-�0�†�m�7�-�m�|�� �b�m�� �|�_�;�� �u�;�;�=�� �v�-�l�r�t�;�v�7�� �|�_�;�v�;��

�=�o�†�u�������$�&�v���-�1�1�o�†�m�|���=�o�u���-�t�l�o�v�|���’�•�w���o�=���|�_�;���7�b�=�=�;�u�;�m�|�b�-�|�b�o�m���0�;�|�‰�;�;�m��

samples originating from reef sites and those from mangrove sites.

���m�����;�t�b�Œ�;�7���v�-�l�r�t�;�v���‰�;�u�;���1�o�t�t�;�1�|�;�7���=�u�o�l���0�o�|�_���0�-�1�h�J���-�m�7���=�o�u�;�J�u�;�;�=��

sites, which is reflected in its ordination plot (Figure 4b). Here, the 

samples are converged into separate fore- and back-reef ellipses 

(F = 3.54, df = 1, p < .05). The back-reef samples are characterized 

by higher numbers of dinoflagellate, Bacillariophyta, Viridiplantae, 

and chordate (tunicate) reads, while the samples from the fore reef 

�1�o�m�|�-�b�m���l�o�u�;���>�†�m�-�v�v�b�]�m�;�7�����†�h�-�u�‹�-�7�?�����o�l�‹�1�;�|�;�v���-�m�7�����m�b�7�-�u�b�-���u�;�-�7�v��

�P��b�]�†�u�;�� �‘�0�Q�:�� �"���������!�� �-�m�-�t�‹�v�b�v�� �P�	�-�|�-�� �"�•�Q�� �b�m�7�b�1�-�|�;�v�� �|�_�-�|�� �|�_�;�� �†�m�h�m�o�‰�m��

�;�†�h�-�u�‹�o�|�;�� �����$�&�� �•�•�’�� �b�v�� �u�;�v�r�o�m�v�b�0�t�;�� �=�o�u�� �-�t�l�o�v�|�� �‘�’�w�� �o�=�� �|�_�;�� �7�b�=�=�;�u-

entiation between the back- and fore-reef samples, being more 

�-�0�†�m�7�-�m�|���b�m���|�_�;���=�o�u�;�J�u�;�;�=���v�b�|�;�v�:�����7�7�b�|�b�o�m�-�t�t�‹�7���|�_�;���v�-�l�;���†�m�h�m�o�‰�m���7�b-

noflagellate sequences (sequence number 152) as in the Bahamas 

�-�u�;�� �|�_�;�� �v�;�1�o�m�7���l�o�v�|�� �b�l�r�o�u�|�-�m�|�� �����$�&�7���o�1�1�†�u�u�b�m�]���l�o�u�;�� �-�0�†�m�7�-�m�|�t�‹��

in the back-reef samples. The additional differentiation within the 

back-reef ellipse can be explained by the fact that these samples 

were collected from two different back-reef sites (Table S1).

�$�_�;�� �v�-�l�r�t�b�m�]�� �v�b�|�;�v�� �b�m�� �|�_�;�� ���(���� �-�u�;�� �v�;�r�-�u�-�|�;�7�� �b�m�|�o�� �=�o�†�u�� �7�b�=�=�;�u�;�m�|��

groups (Figure 4c). The samples that were collected directly from the 

shore (without the use of a boat, n = 4) are most different from the 

samples that were collected from reef sites (F = 1.56, df = 3, p < .01). 

�"���������!�� �-�m�-�t�‹�v�b�v�� �b�m�7�b�1�-�|�;�v�� �|�_�-�|�� �0�o�|�_�� �|�_�;�� �†�m�h�m�o�‰�m�� �;�†�h�-�u�‹�o�|�;�� �•�•�’��

�-�m�7�� �7�b�m�o�=�t�-�]�;�t�t�-�|�;�� �����$�&�v�� �1�o�m�|�u�b�0�†�|�;�� �l�o�v�|�� �|�o�� �|�_�;�� �7�b�v�v�b�l�b�t�-�u�b�|�‹�� �b�m��

�����$�&���7�b�ˆ�;�u�v�b�|�‹���0�;�|�‰�;�;�m���|�_�;���v�_�o�u�;���-�m�7���|�_�;���u�;�;�=���v�b�|�;�v�:���$�o�]�;�|�_�;�u���‰�b�|�_��

�-�m���†�m�b�7�;�m�|�b�=�b�;�7���l�o�t�t�†�v�1�������$�&�7���|�_�;�‹���1�o�m�|�u�b�0�†�|�;���|�o���-�t�l�o�v�|���’�“�w���o�=���|�_�;��

total dissimilarity (Data S1).

���m�� ���-�l�-�b�1�-�7�� �v�-�l�r�t�;�v�� �‰�;�u�;�� �1�o�t�t�;�1�|�;�7�� �=�u�o�l�� �|�‰�o�� �7�b�v�|�b�m�1�|�� �v�b�|�;�v�7��

Discovery Bay and Montego Bay, which are grouped separately in 

��b�]�†�u�;�� �“�7�:�� �$�_�;�� �†�m�-�v�v�b�]�m�;�7�� �;�†�h�-�u�‹�o�|�;�� �����$�&�� �•�•�’�� �P�l�o�u�;�� �-�0�†�m�7�-�m�|��

in Montego Bay), together with Micromonas commoda�� �P�–�–�w���	�Q�� �-�m�7��

�-�m���-�7�7�b�|�b�o�m�-�t�� �†�m�-�v�v�b�]�m�;�7���;�†�h�-�u�‹�o�|�;�� �����$�&�7���1�o�m�|�u�b�0�†�|�;�� �-�t�l�o�v�|�� �‘�‘�w��

of the dissimilarity (F = 2.26, df = 1, p < .005) between the two sites.

���m���|�_�;���$�†�u�h�v���-�m�7�����-�b�1�o�v���v�-�l�r�t�;�v�7���|�_�;���|�‰�o���v�-�l�r�t�b�m�]���;�m�ˆ�b�u�o�m�l�;�m�|�v��

(mangroves and reef) can be distinguished in the nMDS (Figure 4e). 

Similar to those from the Bahamas, the samples collected from man-

grove areas are grouped separately from the samples collected from 

reef sites (F���·���“�:�•�–�7��df = 2, p���º���:�•�•�•�Q�:���$�_�;���†�m�-�v�v�b�]�m�;�7���;�†�h�-�u�‹�o�|�;���•�•�’��

�b�v���|�_�;���l�o�v�|���7�o�l�b�m�-�m�|�������$�&���b�m���|�_�;���u�;�;�=���v�-�l�r�t�;�v���-�m�7���b�v���u�;�v�r�o�m�v�b�0�t�;��

�=�o�u�� �-�t�l�o�v�|�� �‘�v�w�� �o�=�� �|�_�;�� �7�b�v�v�b�l�b�t�-�u�b�|�‹�� �0�;�|�‰�;�;�m�� �|�_�;�� �v�-�l�r�t�;�v�� �=�u�o�l�� �|�_�;��

two environment types (Data S1). The unassigned dinoflagellate, 

being more abundant in the mangrove sites, represents the second 

�l�o�v�|�� �b�l�r�o�u�|�-�m�|�� �����$�&�:�� ���o�u�;�o�ˆ�;�u�7�� ��b�]�†�u�;�� �’�� �u�;�ˆ�;�-�t�v�� �|�_�-�|�� �|�_�;�� �|�‰�o��

mangrove samples from the Bahamas (samples 01 and 09), which 

are divergent from the Bahamian sample ellipse, tend to converge 

with the mangrove samples (02, 05, and 06) from Turks and Caicos. 

Within location, pair-wise comparison results remain significant for 

�-�t�t�� �=�b�ˆ�;�� �t�o�1�-�|�b�o�m�v�� �-�=�|�;�u�� �u�;�l�o�ˆ�b�m�]�� �����$�&�� �•�•�’�7�� ���-�_�-�l�-�v�� �PF = 5.15, 

df = 1, p < .01), Belize (F = 3.56, df = 1, p���º���:�•�”�Q�7�����(�����PF = 1.56, df = 3, 

p < .01), Jamaica (F = 2.25, df = 1, p < .005), and T&C (F���·���“�:�•�’�7��df = 2, 

p < .001).

� “ �J |�J � 	 � � � " � � �&�" � " � � � � � �

This study represents an exploration of the potential and scope of 

using a single universal primer assay for basin-wide eukaryotic com-

�l�†�m�b�|�‹���;�	�������v�1�u�;�;�m�b�m�]���o�=���|�u�o�r�b�1�-�t���1�o�-�v�|�-�t���‰�-�|�;�u�v�:�����ˆ�;�m���|�_�o�†�]�_���o�m�t�‹��

~11.200 species of marine eukaryotic plankton have so far been for-

�l�-�t�t�‹���7�;�v�1�u�b�0�;�7���P�7�;���(�-�u�]�-�v���;�|���-�t�:�7���‘�•�•�”�Q�:�����†�u���l�;�|�-�0�-�u�1�o�7�b�m�]���u�;�v�†�t�|�v��

from just across the Caribbean Sea show a high level of eukaryotic 

�����$�&�� �u�b�1�_�m�;�v�v�� �P�•�‘�7�•�u�–�� �����$�&�v�Q�7�� �‰�_�b�1�_�� �b�v�� �l�b�u�u�o�u�;�7�� �b�m�� �u�;�1�;�m�|�� �=�b�m�7-

ings from similar locations, using similar tools (Nguyen et al., 2019). 

���7�7�b�|�b�o�m�-�t�t�‹�7���‰�;���=�o�†�m�7���|�_�-�|���-���7�b�v�r�u�o�r�o�u�|�b�o�m�-�t�t�‹���t�-�u�]�;���-�l�o�†�m�|���o�=���|�_�;��

�u�;�-�7�v���P�”�v�:�‘�w�Q���1�o�†�t�7���m�o�|���0�;���-�v�v�b�]�m�;�7���|�o���-�m�‹���=�†�u�|�_�;�u���|�-�Š�o�m�o�l�b�1���t�;�ˆ�;�t��

beyond Eukaryota.

���t�|�_�o�†�]�_���|�_�b�v���l�-�‹���b�m���r�-�u�|���0�;���7�†�;���|�o���|�_�;���b�m�1�o�l�r�t�;�|�;�m�;�v�v���o�=���	�������u�;�=-

�;�u�;�m�1�;���7�-�|�-�0�-�v�;�v���=�o�u���������7���b�|���v�†�]�]�;�v�|�v���|�_�-�|���|�_�;���v�-�l�r�t�;�7���1�o�l�l�†�m�b�|�b�;�v��

may host a staggering amount of yet undescribed micro-eukaryotic 
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�•�“�’�”�•�J��|�J �J�M BAKKER ET AL.

�7�b�ˆ�;�u�v�b�|�‹�:���$�_�;�v�;���u�;�v�†�t�|�v���-�u�;���b�m���t�b�m�;���‰�b�|�_���-���u�;�1�;�m�|���v�|�†�7�‹���‰�_�;�u�;���•�v�"���u�b-

�0�o�v�o�l�-�t���	�������‰�-�v���†�v�;�7���|�o���-�v�v�;�v�v���;�†�h�-�u�‹�o�|�b�1���7�b�ˆ�;�u�v�b�|�‹���b�m���r�_�o�|�b�1�J�Œ�o�m�;��

�r�t�-�m�h�|�o�m���1�o�l�l�†�m�b�|�b�;�v���‰�o�u�t�7�‰�b�7�;�:�����|���‰�-�v���;�v�|�b�l�-�|�;�7���|�_�-�|���;�†�h�-�u�‹�o�|�b�1��

ribosomal diversity saturated at ~150,000 operational taxonomic 

units, of which one-third could not be assigned to known eukaryotic 

�]�u�o�†�r�v���P�7�;���(�-�u�]�-�v���;�|���-�t�:�7���‘�•�•�”�Q�:�����v���0�o�|�_���|�_�;���v�-�l�r�t�;���v�b�Œ�;���-�m�7���v�;�t�†�;�m�1-

ing depth from de Vargas et al. (2015) are much larger compared 

to the present study, the spectrum of species diversity detected is 

�-�t�v�o�� �l�†�1�_�� �]�u�;�-�|�;�u�� �P�-�0�o�†�|�� �•�•�� �|�b�l�;�v�Q�:�� ���7�7�b�|�b�o�m�-�t�t�‹�7�� �b�m�v�|�;�-�7�� �o�=�� �‰�-�|�;�u��

samples, plankton nets were used to concentrate plankton density 

in each sample in order to recover complete local eukaryotic biodi-

�ˆ�;�u�v�b�|�‹�� �P�7�;�� �(�-�u�]�-�v�� �;�|�� �-�t�:�7�� �‘�•�•�”�Q�:�� ���o�‰�;�ˆ�;�u�7�� �|�_�;�� �•�v�"�� �u�	������ �]�;�m�;�� �_�-�v��

�t�b�l�b�|�;�7�� �|�-�Š�o�m�o�l�b�1�� �u�;�v�o�t�†�|�b�o�m�� �r�o�‰�;�u�� �1�o�l�r�-�u�;�7�� �|�o�� �������� �†�v�;�7�� �b�m�� �|�_�b�v��

study (albeit with a smaller sample size). Therefore, it is very likely 

that for both studies, the level of species richness is still highly con-

servative, and could see a significant increase when a combination of 

high-resolution primers and large sample size will be used.

Compared to more targeted metabarcoding applications, the 

marker used in this study allows coverage of the largest taxonomic 

breadth and the most powerful taxon delineation for any one marker. 

This results in the paradox of uncovering a substantial amount of 

�7�b�ˆ�;�u�v�b�|�‹�7�� �l�†�1�_�� �o�=�� �‰�_�b�1�_�� �u�;�l�-�b�m�v�� �_�b�7�7�;�m�:�� ���u�u�;�v�r�;�1�|�b�ˆ�;�� �o�=�� �|�_�;�� �t�;�ˆ�;�t��

of identification, abundant, putatively ecologically important se -

quences are included in the overall biodiversity analysis, and the 

effect of these important taxa on � diversity may still be evaluated, 

even when these sequences cannot currently be taxonomically as-

signed to a known morphological group or species. Much of this 

diversity would remain undetectable if taxonomic assignment was 

solely based on a high percentage identity match. This is abundantly 

�_�b�]�_�t�b�]�_�|�;�7���0�‹���|�_�;���=�-�1�|���|�_�-�|���"���������!���-�m�-�t�‹�v�;�v���P�	�-�|�-���"�•�Q���v�†�]�]�;�v�|���|�_�-�|��

�1�†�u�u�;�m�|�t�‹���†�m�b�7�;�m�|�b�=�b�-�0�t�;�������$�&�v���l�-�‹���-�1�|�†�-�t�t�‹���0�;���t�-�u�]�;�t�‹���u�;�v�r�o�m�v�b�0�t�;��

�=�o�u���|�_�;���7�b�=�=�;�u�;�m�|�b�-�|�b�o�m���o�=���1�;�u�|�-�b�m���1�o�l�l�†�m�b�|�b�;�v�:�����=���|�_�o�v�;���-�m�-�t�‹�Œ�;�7���b�m��

this project, 50% of the differentiation between the different loca -

�|�b�o�m�v�F�1�o�l�l�†�m�b�|�b�;�v���b�v���1�-�†�v�;�7���0�‹���t�;�v�v���|�_�-�m���’�•�������$�&�v�7���o�=���‰�_�b�1�_���l�o�v�|��

�_�-�ˆ�;�� �-�� �0�;�v�|�� ���	�� �o�=�� �º�–�•�w�� �‰�b�|�_�� �-�� �u�;�=�;�u�;�m�1�;�� �v�;�t�†�;�m�1�;�� �r�u�;�v�;�m�|�� �b�m�� �|�_�;��

�������� �7�-�|�-�0�-�v�;�:�� �$�_�;�v�;�� �7�o�l�b�m�-�m�|�� �����$�&�v�� �‰�o�†�t�7�� �_�-�ˆ�;�� �0�;�;�m�� �t�;�=�|�� �o�†�|��

of any taxonomic assignment based on a high level of similarity and 

would likely have gone wholly undetected using traditional morpho -

�t�o�]�b�1�-�t�� �-�r�r�u�o�-�1�_�;�v�:�� ���†�u�� �7�-�|�-�� �b�m�7�b�1�-�|�;�� �|�_�-�|�� �|�_�o�v�;�� �|�-�Š�-�7�� �‰�_�b�1�_�� �-�u�;�� �-��

component of the currently unidentified diversity, are in fact most 

important both for differences in read abundances, and � -diversity 

between locations and additionally, also between sites within these 

�t�o�1�-�|�b�o�m�v�:�������r�u�b�l�;���;�Š�-�l�r�t�;���b�v���|�_�;���†�m�-�v�v�b�]�m�;�7���;�†�h�-�u�‹�o�|�;�������$�&���•�•�’�7��

a taxon that contributes notably to the differentiation between the 

sampled communities. While its removal from the analyses does not 

have a significant effect on the ordination patterns of neither the 

locations nor the sites within each location, this taxon is for example 

�u�;�v�r�o�m�v�b�0�t�;���=�o�u���‘�•�:�”�w���o�=���|�_�;���ˆ�-�u�b�-�0�b�t�b�|�‹���0�;�|�‰�;�;�m���|�_�;���l�-�m�]�u�o�ˆ�;���-�m�7��

reef samples from Turks and Caicos, and it explains almost 23% of 

the variability between the fore- and back-reef sites in Belize. The 

�  � � � � � & � ! � � � � � “ � J Non-metric multidimensional scaling (nMDS) plots showing the ordination patterns within each of the five sampling locations



�J�M �J |���J�•�“�’�”�•BAKKER ET AL.

�u�;�r�u�;�v�;�m�|�-�|�b�ˆ�;���v�;�t�†�;�m�1�;���o�=���|�_�b�v�������$�&���b�v���v�;�t�†�;�m�1�;���m�†�l�0�;�u���•�•�’���|�o��

�-�r�r�;�-�u���b�m���|�_�;�������$�&���7�-�|�-�0�-�v�;�7���‰�_�b�1�_���b�m�7�b�1�-�|�;�v���|�_�-�|���b�|���b�v���_�b�]�_�t�‹���-�0�†�m-

�7�-�m�|�� �P�u�•�v�:�–�“�•�� �u�;�-�7�v�Q�� �-�m�7�� �b�v�� �|�_�†�v�� �t�b�h�;�t�‹�� �|�o�� �0�;�� �-�� �u�;�t�-�|�b�ˆ�;�t�‹�� �b�l�r�o�u�|�-�m�|��

component of the sampled communities. This novel sequence may 

either belong to a yet completely undescribed species, or to a spe-

�1�b�;�v���|�_�-�|���_�-�v���-�t�u�;�-�7�‹���0�;�;�m���7�;�v�1�u�b�0�;�7���l�o�u�r�_�o�t�o�]�b�1�-�t�t�‹���-�m�7�F�o�u���]�;�m�;�|�b-

�1�-�t�t�‹���b�7�;�m�|�b�=�b�;�7���‰�b�|�_���o�|�_�;�u���l�-�u�h�;�u�v�7���0�†�|���=�o�u���‰�_�b�1�_���|�_�;�����������l�-�u�h�;�u���_�-�v��

yet to be sequenced. The ecological importance of this, and other 

�†�m�7�;�v�1�u�b�0�;�7�������$�&�v�7���|�o���|�_�;�v�;�� �-�u�;�-�v���b�v���†�m�h�m�o�‰�m���0�†�|�� �v�_�o�†�t�7���m�o�|�� �0�;��

overlooked.

�����h�;�‹���]�u�o�†�r���b�m���o�†�u���7�-�|�-�v�;�|���|�_�-�|���b�v���7�;�=�b�m�;�7���0�‹���l�-�m�‹���†�m�b�7�;�m�|�b�=�b�;�7��

�����$�&�v�� �b�v�� �|�_�;�� �>���|�_�;�u�� ���u�o�|�b�v�|�v�7�?�� �-�� �|�‹�r�b�1�-�t�t�‹�� �7�b�ˆ�;�u�v�;�� �-�m�7�� �_�;�-�ˆ�b�t�‹�� �†�m-

�7�;�u�v�-�l�r�t�;�7���]�u�o�†�r���P�7�;���(�-�u�]�-�v���;�|���-�t�:�7���‘�•�•�”�8����o�b�v�v�m�;�u�7���‘�•�•�v�Q�7���|�_�-�|���l�-�‹��

display a wide range of trophic modes (Vaulot, Romari, & Not, 2002) 

and includes a high diversity of parasites and photosymbiotic taxa 

�P�7�;�� �(�-�u�]�-�v�� �;�|�� �-�t�:�7�� �‘�•�•�”�Q�:�� ���†�u�� �7�-�|�-�v�;�|�� �-�t�v�o�� �1�o�m�|�-�b�m�v�� �-�� �u�;�t�-�|�b�ˆ�;�t�‹�� �_�b�]�_��

diversity of undescribed animal sequences, indicated by the extent 

�o�=�� �����$�&�� �u�b�1�_�m�;�v�v�� �b�m�� �|�_�;�� �>�&�m�-�v�v�b�]�m�;�7�� ���;�|�-�Œ�o�-�?�� �]�u�o�†�r�� �P��b�]�†�u�;�� �‘�-�Q�:��

���|���_�-�v���r�u�;�ˆ�b�o�†�v�t�‹���0�;�;�m���v�†�]�]�;�v�|�;�7���|�_�-�|���l�-�m�‹���-�m�b�l�-�t���t�b�m�;�-�]�;�v���u�;�l�-�b�m��

�†�m�v�-�l�r�t�;�7�� �-�m�7�F�o�u�� �†�m�v�;�t�†�;�m�1�;�7�7�� �r�o�|�;�m�|�b�-�t�t�‹�� �;�ˆ�;�m�� �_�-�u�0�o�u�b�m�]�� �m�o�ˆ�;�t��

�r�_�‹�t�-���P��	U�r�;�Œ�J�;�v�1�-�u�7	U���;�|���-�t�:�7���‘�•�•�v�8�����]�†�‹�;�m���;�|���-�t�:�7���‘�•�•�–�Q�:

�$�_�;�� ���u�b�|�b�v�_�� �(�b�u�]�b�m�� ���v�t�-�m�7�v�� �‰�;�u�;�� �v�-�l�r�t�;�7�� �|�‰�o�� �‹�;�-�u�v�� �-�=�|�;�u�� �|�_�;��

other locations, which could potentially have played a role in the 

pronounced separation of this location compared to the other 

four. However, the samples were collected during the same season 

�P��;�0�u�†�-�u�‹���-�m�7�����-�u�1�_�Q�:�����o�u�;�o�ˆ�;�u�7���|�_�;�������$�&���;�Š�r�t�-�b�m�b�m�]���•�v�:�u�w���o�=���|�_�;��

�ˆ�-�u�b�-�0�b�t�b�|�‹���0�;�|�‰�;�;�m���|�_�;�����u�b�|�b�v�_���(�b�u�]�b�m�����v�t�-�m�7�v���-�m�7���|�_�;���o�|�_�;�u���t�o�1�-�|�b�o�m�v��

�b�v���|�_�;���†�m�h�m�o�‰�m���;�†�h�-�u�‹�o�|�b�1�������$�&���•�•�’�7���‰�_�b�1�_���b�v���l�†�1�_���t�;�v�v���-�0�†�m�7�-�m�|��

�_�;�u�;�� �0�†�|�� �‰�-�v�� �r�u�;�7�o�l�b�m�-�m�|�� �;�t�v�;�‰�_�;�u�;�:�� ���7�7�b�|�b�o�m�-�t�t�‹�7�� �;�Š�1�;�r�|�� �=�o�u�� �|�_�;��

���-�1�b�t�t�-�u�b�o�r�_�‹�|�-�� �!�_�b�Œ�o�v�o�t�;�m�b�-�� �P�v�•�w���	�Q�7�� �l�o�v�|�� �o�=�� �|�_�;�� �o�|�_�;�u�� �b�l�r�o�u�|�-�m�|��

�����$�&�v�� �b�m�� �|�_�;�� ���u�b�|�b�v�_�� �(�b�u�]�b�m�� ���v�t�-�m�7�v�� �v�-�l�r�t�;�v�� �‰�;�u�;�� �-�t�v�o�� �7�;�|�;�1�|�;�7�� �b�m��

the other four locations. There is the possibility that inter-annual 

fluctuations in the relative proportions of the most abundant taxa 

can cause substantial basin-scale changes in microplankton commu-

nities, but the difference between and within areas should be robust 

to such changes, as shown by the significant distinction among sam-

ples from the same year. The biological relevance of the differences 

�o�0�v�;�u�ˆ�;�7�� �0�;�|�‰�;�;�m�� �|�_�;�� ���(���� �-�m�7�� �|�_�;�� �o�|�_�;�u�� �t�o�1�-�|�b�o�m�v�� �u�;�l�-�b�m�v�� �|�o�� �0�;��

evaluated; an explicit temporal dimension should be formally con-

�v�b�7�;�u�;�7���b�m���l�-�u�b�m�;���;�	�������v�|�†�7�b�;�v���-�b�l�;�7���-�|���†�m�7�;�u�v�|�-�m�7�b�m�]���1�o�l�l�†�m�b�|�‹��

�;�1�o�t�o�]�‹���P���-�1�o�†�u�v�b�Ï�u�;�J�!�o�†�v�v�;�t���;�|���-�t�:�7���‘�•�•�v�Q�:

���t�t���v�-�l�r�t�b�m�]���l�;�|�_�o�7�v���-�u�;���v�†�0�f�;�1�|���|�o���l�;�|�_�o�7�o�t�o�]�b�1�-�t���t�b�l�b�|�-�|�b�o�m�v�7��

and different sampling methods will capture different subsets of 

�0�b�o�7�b�ˆ�;�u�v�b�|�‹���P���;�t�t�‹���;�|���-�t�:�7���‘�•�•�•�8���"�_�;�t�|�o�m���;�|���-�t�:�7���‘�•�•�u�Q�:�����b�h�;���l�o�u�;���|�u�--

�7�b�|�b�o�m�-�t�� �v�†�u�ˆ�;�‹�� �l�;�|�_�o�7�v�7�� �;�	������ �l�;�|�-�0�-�u�1�o�7�b�m�]�� �_�-�v�� �-�� �1�;�u�|�-�b�m�� �t�;�ˆ�;�t��

of taxonomic selectivity, which may be the result of primer bias. 

�$�_�;�� �†�v�;�� �o�=�� �������� �-�v�� �-�� �l�;�|�-�0�-�u�1�o�7�b�m�]�� �l�-�u�h�;�u�� �_�-�v�� �0�;�;�m�� �1�u�b�|�b�1�b�Œ�;�7�� �b�m��

the past (Deagle et al., 2014) owing to its high sequence variability, 

which may impair the design of truly universal primers and com-

plicate bioinformatics analysis. However, the use of primers with 

high degeneration rates and including deoxyinosines has contrib-

uted to mitigate these universality issues (Wangensteen, Palacín, 

�;�|���-�t�:�7���‘�•�•�v�Q�:

���7�7�b�|�b�o�m�-�t�t�‹�7�� �‰�_�;�m�� �†�v�b�m�]�� �������� �-�v�� �-�� �l�;�|�-�0�-�u�1�o�7�b�m�]�� �l�-�u�h�;�u�7�� �r�-�u-

ticularly when applied to samples containing highly complex sig-

nals, false-negative detection errors are likely to occur. Conversely, 

�|�_�;�� �m�†�l�0�;�u�� �o�=���v�r�;�1�b�;�v�� �P�����$�&�v�Q���‰�b�t�t�� �o�=�|�;�m���0�;�� �o�ˆ�;�u�;�v�|�b�l�-�|�;�7�� �7�†�;�� �|�o��

the detection of pseudogenes, such as “numts,” nuclear sequences 

of mitochondrial origin (Bensasson, Zhang, Hartl, & Hewitt, 2001; 
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haplogroups), or intra-individual variability. Conversely, it can also be 
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markers. First, the steadily growing international effort, headed by 
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ables identification at the species level, whereas the highly conserved 
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distinguish at the species or genus levels. Moreover, the combination 

of different metabarcoding markers within the same study, with dif -

ferent levels of taxonomic resolution and completeness of reference 

databases, may produce datasets displaying dissimilar community 

structure and prevent the use of relative read abundances as a quan-

titative measure of ecological importance. Consequently, if for this 

study we had chosen to use a primer set targeting a different marker, 
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been identified to a lower taxonomic level, while other taxa that were 
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studies have been adapting their strategy concerning the detection 

of community structure with single-assay studies, and instead opt to 

include multiple assays to improve detection probability, in order to 

provide an improved approximation of eukaryotic community diver -
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overcome the occurrence of false negatives due to primer bias, at the 

expense of the potential for quantitative inference, so that only pres -
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The vast majority of marine life is physically small and dom-
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ganisms far outnumbers that of any vertebrate species, rendering the 
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needle in the proverbial haystack (Collins et al., 2019). Even more 
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originated from entire individuals, as opposed to exclusively extra-
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primer set was capable of detecting 54 teleost and 6 elasmobranch 

species. The use of a combination of multiple metabarcoding markers 

is essential to guarantee sufficient sequencing depth for capturing 

all the main components of eukaryotic diversity, including the better 

known metazoans groups upon which most conservation initiatives 
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sented here, will always inevitably emphasize the micro-eukaryotic 

component.

While biodiversity loss has been exhaustively documented for 

macro and mega fauna (which only represent a small fraction of total 

marine biodiversity), to our knowledge, no research has addressed 

specifically this issue pertaining to microscopic eukaryotic plankton 

communities, which is most likely due to the difficulties in character-

izing and quantifying the diversity of these communities (Bouchet, 
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and other elements into biological matter, which subsequently enters 

the food web (de Vargas et al., 2015; Field, Behrenfeld, Randerson, 
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plankton plays essential roles in the structure and function of marine 
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munities are often used as indicators of ecosystem change due to 
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the understanding of the composition, dynamics and position in food 

webs of planktonic communities across space and time, essential.
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only tens of those were enough to distinguish samples at both re-

gional and local scales, which suggests that in spite of the current 
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ated water samples can be useful for describing coarse biodiversity 
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just a few “pelagic indicator” taxa, although such applications would 

require the formal description of such indicator species. Species-level 

analysis of pelagic biodiversity is critical for understanding impacts of 

climate change, detecting invasive species, and the design of manage-
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the unraveling of the composition of hidden eukaryotic diversity and 

its subsequent description remain essential tasks, as comprehensive 

reference databases are critically needed for the taxonomic designa-
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coding is rendering the huge task of uncovering this hidden diversity 

using a “reverse taxonomy” approach (Markmann & Tautz, 2005), 
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plying either single or multi-assay approaches), less insurmountable. 

Simultaneously, studies aimed at identifying areas harboring high 

numbers of potentially important micro-eukaryotes could serve to di -

rect targeted sampling to examine the most abundant microplankton, 

using powerful microscopy, in order to verify the identity of these 

taxa, which potentially hold great ecological importance.
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tion of marine eukaryotic community diversity, it by no means 
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pose. However, it does clearly display the future possibilities and 

benefits of the method, underlining the importance of multiple 

assays as opposed to one single “universal” metabarcoding assay 

for the description of whole eukaryotic community assessment. 

Moreover, it particularly highlights the effect and significance of 

currently unidentified micro-eukaryotic diversity on marine com -

munity structure and advocates for its inclusion in biodiversity 

assessments.

� � � � � � � � � � � ) � � � � � 	 � � � � � � � � �$ � "

�)�;�� �|�_�-�m�h�� �-�t�t�� �v�|�-�=�=�7�� �v�|�†�7�;�m�|�v�7�� �-�m�7�� �ˆ�o�t�†�m�|�;�;�u�v�� �=�u�o�l�� ���t�o�ˆ�;�u�]�v�� �!�;�;�=��

�!�;�v�;�-�u�1�_���"�|�-�|�b�o�m�7���	�b�v�1�o�̂ �;�u�‹�����-�‹�����-�u�b�m�;�����-�0�o�u�-�|�o�u�‹���-�m�7����b�;�t�7���"�|�-�|�b�o�m�7��

Montego Bay Marine Park, Bimini Biological Field Station (Sharklab), 

the School for Field Studies, Center for Marine Resource Studies, and 
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