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Background
• Autonomous Reef Monitoring Structures (ARMS) are passive monitoring systems

• ARMS-MBON is a network of ARMS placed in the vicinity of marine stations, 
ports, marinas, and LTER sites

• The aim is to assess the status of, and changes in biodiversity, using genetic 
methods supplemented with image analysis and visual inspection methods



4.4. ImageV 
 
FURP HDFK ARMS \RX VKRXOG WDNH KLJK-UHVROXWLRQ LPDJHV  (VHH FLJ. 6 IRU H[DPSOHV) RI 

● WKH SODWHV (PDQGDWRU\) 
● VSHFLPHQV IURP WKH SODWHV (RSWLRQDO) 
● WKH KDELWDW DQG VXUURXQGLQJ HQYLURQPHQW (RSWLRQDO) 
● WKH VDPSOLQJ HYHQW (RSWLRQDO) 

 
IW LV LPSRUWDQW WR QRWH WKH IROORZLQJ maQdaWRU\ HOHPHQWV 

● WKH LPDJHV UHTXLUH VSHFLILF IDV, LGHDOO\ WKHVH EHLQJ DOVR WKH ILOHQDPHV ZKHQ \RX XSORDG WKH               
LPDJHV WR POXWRF 

● D VSUHDGVKHHW SURYLGLQJ LQIRUPDWLRQ DERXW WKH LPDJHV PXVW EH SURYLGHG DQG XSORDGHG WR             
POXWRF DORQJ ZLWK \RXU LPDJHV 

 
IPDJH-IDV : POHDVH QDPH WKH image fileV Rf Whe eQWiUe SlaWeV  DV IROORZV: 
 

 
7KH GDWH LV <<MMDD, WKH ILQDO QXPEHU LV RSWLRQDO DQG VKRXOG EH SURYLGHG LI \RX KDYH PRUH WKDQ RQH                   
LPDJH. IQ IDFW, WKH DFWXDO QXPEHU XVHG LV LUUHOHYDQW, DV ORQJ DV LW LV XQLTXH. PODWH-ID LV WR LQGLFDWH WKH                    
SODWH QXPEHU EHLQJ SKRWRJUDSKHG: >#@>7_B@ (IRU WRS RU ERWWRP, FRXQWLQJ XSZDUGV IURP WKH EDVHSODWH). 
 
HDELWDW/6SHFLPHQ/EYHQW IPDJH-IDV : POHDVH ODEHO imageV Rf habiWaWV, VSecimeQV, VamSliQg eYeQWV          
(L.H. QRQ-SODWH LPDJHV) DV IROORZV 
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)LJ �. 6FKHPDWLF LOOXVWUDWLRQ RI VDPSOH SURFHVVLQJ LQ A5M6-MB2N. FRU GHWDLOV VHH WKH             
SURWRFROV HVWDEOLVKHG E\ WKH 6PLWKVRQLDQ IQVWLWXWLRQ (KWWSV://ZZZ.RFHDQDUPV.RUJ/).  
 

ARMSB<OEVHUYDWRU\-ID>B<ARMS-ID>B<DDWHIQ-DDWHOXW>BIMGB<PODWH-ID>B<###>.WLI_MSJ_SQJ 
FRU H[DPSOH: ARMSBKRVWHUB9H2B180418±180906BIMGB5BB010.MSJ 

ARMSB<OEVHUYDWRU\-ID>B<ARMS-ID>B<DDWHIQ-DDWHOXW>BIMGBFLHOGB<###>.WLI_MSJ_SQJ 
FRU H[DPSOH: ARMSBKRVWHUB9H2B180418±180906BIMGBFLHOGB003.MSJ 

Sample processing



Image analysis
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Data management

Species observation data 
derived from images

Species observation data 
derived from sequences

Species observation data derived from field observations



Images are really valuable data

Obst et al. Genetic Monitoring of Hard-Bottom Communities

FIGURE 2 | Bar chart showing the relative abundances of the main taxa based on the COI gene and image analysis, at the phylum level, across the different fractions

of two ARMS (Greece ARMS: Crete_1HERP_180928-190128, Sweden ARMS: Koster_VH2_180418-180906).

FIGURE 3 | Overview over variance and overlaps in composition of communities obtained from different fractions, preservations, as well as from plate images of two

ARMS (Greece ARMS: Crete_1HERP_180928-190128, Sweden ARMS: Koster_VH2_180418-180906). (A) Non-metric Multi-dimensional Scaling (NMDS) plot at

class level deducted from COI sequence and image analysis. (B) Venn diagram showing the overlap in the species identified from genetic data and images.
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One ARMS in a Marina on Crete 
returned 15 non-indigenous species

Obst et al. Genetic Monitoring of Hard-Bottom Communities

TABLE 1 | List of identified non-indigenous species (NIS) resulting from matching the complete species lists from two samples (Greece ARMS:

Crete_1HERP_180928-190128, Sweden ARMS: Koster_VH2_180418-180906) against EASIN and AquaNIS databases.

Species NIS status Taxon Source Sequence reads Confidence ARMS

Clytia linearis (as C. hemisphaerica) AL Hydrozoa ERR13:415770.613156 1 1.00 Greece

Cephalothrix simula CR Nemertea ERR6:336120.637271 380 1.00 Greece

Bugula neritina CR Bryozoa ERR3:1130880.648428 17 1.00 Greece

Bugulina stolonifera (as Bugula stolonifera) CR Bryozoa ERR4:1011990.601062 30 1.00 Greece

Amphibalanus amphitrite CR Crustacea ERR3:111700.649742 321 1.00 Greece

Balanus trigonus AL Crustacea ERR9:501910.609480 32 1.00 Greece

Monocorophium acherusicum CR Crustacea ERR5:433720.605205 96 1.00 Greece

Ostraea angasi (as Ostrea angasi) AL Mollusca ERR15:100740.616292 110 0.59 Sweden

Anteaeolidiella lurana CR Mollusca ERR3:1097540.663621 56 1.00 Greece

Pinctada imbricata radiata (as Pinctada radiata) AL Mollusca Image NA NA Greece

Botryllus schlosseri CR Tunicata ERR3:1093300.604240 97 1.00 Greece

Ascidiella aspersa AL Tunicata Image NA NA Greece

ERR16:281940.641233 6 1.00

Ciona robusta AL Tunicata Image NA NA Greece

Clavelina lepadiformis CR Tunicata Image NA NA Greece

Herdmania momus AL Tunicata ERR3:387270.604124 15 1.00 Greece

Phallusia nigra AL Tunicata Image NA NA Greece

AL, alien species; CR, cryptogenic species; NA, Non-applicable. Non-accepted names in the PEMA output were replaced with accepted synonyms.

(RI) for accessing and studying marine biodiversity, and with a
functional lifespan of at least 20 years, EMBRC can offer a solid
base for the long-term support of the ARMS-MBON for eligible
partners in Europe.

EMBRC is currently developing an “Omics Observation
network” to be deployed across its 9 member states, which is
expected to cover pelagic and benthic sampling. Through the
network of RIs in Europe, EMBRC will also work to develop
new bioinformatics tools and analysis pipelines with its partners,
such as ELIXIR and LifeWatch. The ambition is to ensure
integration of ARMS-MBON (the European pilot described in
this paper) into global efforts, such as the Global ARMS Program
(www.oceanarms.org), Genomic Observatories Network (Davies
et al., 2014), Global Omics Observatory Network GLOMICON
(Buttigieg et al., 2019), as well as regional infrastructure networks
in other regions, such as those under the umbrella of the World
Association of Marine Stations (IOC) or the Partnership for
Observation of the Global Ocean (POGO) to expand the ARMS-
MBON further in the future.

The EMBRC “Omics Observatory” aims to ensure long-term,
sustainable observation of marine biodiversity, integrated in a
global setting. As such, the European research infrastructure
can support the ARMS-MBON by providing increased visibility
of the initiative to researchers and stakeholders in Europe and
beyond. It will provide a platform for training and maintaining
standards in the network, as well as expanding the coverage
by integrating new sites from EMBRC. Furthermore, it is likely
that the coordination and sequencing costs of the ARMS-MBON
sites in EMBRC can be covered by its “Omics Observatory,”
ensuring data collection from these sites for the foreseeable
future. Such an initiative provides an important demonstration

and prototype for mainstreaming biodiversity observations at
the molecular level into biodiversity monitoring programs and
supports efforts led by a merger of the Genomic Observatories
Network and GLOMICON (https://glomicon.org/) to establish
an “Omics BON” (Buttigieg et al., 2019).
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Observation of the Global Ocean (POGO) to expand the ARMS-
MBON further in the future.

The EMBRC “Omics Observatory” aims to ensure long-term,
sustainable observation of marine biodiversity, integrated in a
global setting. As such, the European research infrastructure
can support the ARMS-MBON by providing increased visibility
of the initiative to researchers and stakeholders in Europe and
beyond. It will provide a platform for training and maintaining
standards in the network, as well as expanding the coverage
by integrating new sites from EMBRC. Furthermore, it is likely
that the coordination and sequencing costs of the ARMS-MBON
sites in EMBRC can be covered by its “Omics Observatory,”
ensuring data collection from these sites for the foreseeable
future. Such an initiative provides an important demonstration

and prototype for mainstreaming biodiversity observations at
the molecular level into biodiversity monitoring programs and
supports efforts led by a merger of the Genomic Observatories
Network and GLOMICON (https://glomicon.org/) to establish
an “Omics BON” (Buttigieg et al., 2019).
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sequence derived from eDNA and identified as A. lura-
na was also submitted to ENA with the accession num-
ber LR760212 (available at https://www.ebi.ac.uk/ena/
browser/view/LR760212). The similarity percentages 
with the COI sequences of the voucher A. lurana spec-
LPHQV�ZHUH����������������7KH�VLPLODULW\�SHUFHQWDJHV�
ZLWK�RWKHU�VSHFLHV�ZHUH��������IRU�A. saldanhensis and 
������� IRU�Lymnaea stagnalis and Galba mweruensis. 
Only three of the eleven accepted Anteaeolidiella species 
(A. indica, A. ireneae, and A. orientalis) do not have se-
quence data associated with them; therefore, the degree 
of certainty for the identification based on the eDNA is 
high. The second record of A. lurana was based on pho-
tographic documentation of the ARMS plates from the 
second deployment period (Fig. 11) and was specifically 
found on the second plate below the top one (top surface 
of plate No. 8). The photographed specimen was approx-
imately 7 mm long, had an elongate and slender body, 
and bore the typical dorsal colour patterns of A. lurana as 
described by Carmona et al. (2014). It had a translucent 
white background colour. A bracket-shaped orange mark 
extended from the rhinophores to the base of the oral ten-
tacles. Just behind the rhinophores appeared an opaque 
white area surrounded by orange pigment in the shape 
of an elongate diamond, followed by an orange diamond 
outlining the pericardium and filled with white pigmenta-
tion. The cerata extended from the rear of the rhinophores 
to the tail and were characterized by an orange pigment.

The alien status of this nudibranch species in the Med-
iterranean Sea remains data deficient but its finding in 
ports points to shipping transport as a possible vector of 
introduction and range expansion in the basin (Carmona 
et al., 2014 and references therein; Lipej et al., 2017). 

4.2 First record of two alien fishes from Saronikos 
Gulf: Chaetodipterus faber (Broussonet, 1782) and 
Acanthurus cfr gahhm (Forsskål, 1775)

Paraskevi K. KARACHLE, Elissavet GAVRIIL, and Mi-
chail DRITSAS

Aquatic invasions are a well-known threat to biodi-
versity and in the Mediterranean four major pathways of 
introduction have been identified (Zenetos et al., 2012). 
Among these pathways, an increasing rate of introduc-
tions attributed to aquarium releases has been document-
ed in the Mediterranean (Zenetos et al., 2016). In Greece, 
three aquarium released fishes have been recorded to 
date, with two of them just recently, in 2018 (Zenetos et 
al., 2018). 

Citizen science networks, such as the Ellenic Network 
for Aquatic Invasive Species (ELNAIS; www.elnais.gr), 
have proven a powerful tool in recording alien species 
(Giovos et al., 2019) and through the ELNAIS activi-
ties and network, photos and specimens of alien species 
are availalble to the experts of the network. Such being 
the case, on 24 August 2019 a specimen was caught and 
photographed by a professional small-scale fisher in the 
area of Agios Georgios, Salamina Island (37.960282° 
N, 23.539949° E) using trammel nets set over a muddy 
bottom at a depth of approximately 11 m. Based on the 
photo, the species was identified as Chaetodipterus faber 
(Broussonet, 1782) (Fig. 12a). Consequently, on 26 Octo-
ber 2019, two individuals of the same species (Fig. 12b) 
were spear-gunned in Salamina Island (approximately, 
37.962627° N, 23.547720° E), at a depth of 1.5-2 m over 
a sandy bottom, close to a shipwreck located in the area. 
The fish were frozen and transferred to the laboratory of 
the Institute of Marine Biological Resources and Inland 
Waters of the Hellenic Centre for Marine Research for 
identification and further examination. Both individ-
uals were also identified as C. faber, one being male 
and the other female, each having a total length of 263 
mm. In addition, on 7 October, a different fish species 
was caught by the same fisher, in the same general area 

Fig. 11: Anteaeolidiella lurana on an ARMS plate. The specimen was ca. 7 mm long.
The highly toxic and cryptogenic clinging
jellyfish Gonionemus sp. (Hydrozoa,
Limnomedusae) on the Swedish west coast
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ABSTRACT
The clinging jellyfish Gonionemus sp. is a small hydromedusa species known
historically from the Swedish west coast but not reported in recent times. This
species is thought to be native to the northwest Pacific where it is notorious
for causing severe stings in humans and is considered invasive or cryptogenic
elsewhere. This year, unlike in the past, severe stings in swimmers making contact
with Gonionemus sp. medusae occurred in Swedish waters from a sheltered eelgrass
bed in the inner Skagerrak archipelago. To the best of our knowledge, this is
only the second sting record of Gonionemus sp. from the Northeast Atlantic—with
the first record occurring off the Belgian coast in the 1970s. Stinging Gonionemus
sp. medusae have also been recently reported from the northwestern Atlantic
coast, where, like on the Swedish coast, stings were not reported in the past.
We analyzed sea surface temperature data from the past 30 years and show that
2018 had an exceptionally cold spring followed by an exceptionally hot summer.
It is suggested that the 2018 temperature anomalies contributed to the Swedish
outbreak. An analysis of mitochondrial COI sequences showed that Swedish
medusae belong to the same clade as those from toxic populations in the Sea of
Japan and northwest Atlantic. Gonionemus sp. is particularly prone to human-
mediated dispersal and we suggest that it is possible that this year’s outbreak is the
result of anthropogenic factors either through a climate-driven northward
range shift or an introduction via shipping activity. We examined medusa growth
rates and details of medusa morphology including nematocysts. Two types of
penetrating nematocysts: euryteles and b-mastigophores were observed, suggesting
that Gonionemus sp. medusae are able to feed on hard-bodied organisms like
copepods and cladocerans. Given the now-regular occurrence and regional spread
of Gonionemus sp. in the northwest Atlantic, it seems likely that outbreaks in
Sweden will continue. More information on its life cycle, dispersal mechanisms,
and ecology are thus desirable.
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Govindarajan et al., 2017) were constructed using PAUP! 4 (Swofford, 2003) accessed
through Geneious.

RESULTS
Sample collection and field observations
Medusae were collected at two occasions from the Skåpesund location (Fig. 1) and
identified morphologically as Gonionemus sp. (Fig. 2). Medusae possessed adhesive pads
characteristic of the genus Gonionemus located toward the distal ends of their tentacles

Figure 2 Gonionemus sp. Macromorphology of medusae and tentacles. Medusae in apical dorsal
(A–C), lateral (D and E), and oral ventral view (F and G), showing gonads, radial canals, ring-canal, bell-rim
flaps/lappets, statocysts, manubrium, tentacles with nematocyst batteries and adhesive pads, tentacle base
tentacle with tentacle-canal and yellow streak, and velum. Abbreviations: arrows, point at adhesive pads;
brf, bell-rim flap/lappet; gmd, developing male gonad; gf, female gonad; m, manubrium; rac, radial canal;
ric, ring-canal; s, statocyst; sto, stomach; stoa, stomach attachment; tb, tentacle base; tc, tentacle-canal;
v, velum; ys, yellow streak. Photo credits: Carina Östman (A–F), Ulf Jondelius (G).

Full-size DOI: 10.7717/peerj.6883/fig-2

Govindarajan et al. (2019), PeerJ, DOI 10.7717/peerj.6883 6/18

129Medit. Mar. Sci., 21/1, 2020, 129-145

Mediterranean Marine Science
Indexed in WoS (Web of Science, ISI Thomson) and SCOPUS

The journal is available on line at http://www.medit-mar-sc.net

DOI: http://dx.doi.org/21987

Collective Article
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Abstract

The current article presents 18 new records from seven Mediterranean countries. These records include one rhodophyte, four 

nudibranchs, two crustaceans, one stingray and 10 bony fishes. They are grouped by country as follows: Lebanon - first record of 

the Striped bass Morone saxatilis, the stingray Himantura leoparda, the Areolate grouper Epinephelus areolatus and the Spot-fin 

porcupinefish Diodon hystrix from various parts of the country; Turkey -  first record of the invasive red alga Grateloupia turuturu 

IURP�WKH�VHD�RI�0DUPDUD��UHJLRQ�RI�%DQGÕUPD���WKH�VHD�VOXJ�Goniobranchus obsoletus and the crab Arcania brevifrons from the 

Gulf of Antalya and the cladoceran Pleopis schmackeri from several locations along the Aegean Sea; Cyprus - first record of the 

alien sea slug Berthellina citrina from the region of Cape Greco and an observation of a butterflyfish Heniochus sp. from the north-

eastern side of the island; Greece - first record of the alien sea slug Anteaeolidiella lurana from the region of Heraklion in Crete 

and the record of the Atlantic spadefish Chaetodipterus faber and the Black surgeonfish Acanthurus cfr gahhm from Salamina 

Island; Slovenia - first record of the alien sea slug Thecacera pennigera from Izola; Italy - first record of the hybrid Striped bass 

(Morone saxatilis × Morone chrysops) from the northern Tyrrhenian Sea and a first record of the goldfish Carassius auratus from 

the region of Apulia; Libya - first record of the Red Sea goatfish Parupeneus forsskali and the African surgeonfish Acanthurus 
monroviae, respectively from the eastern (Al-Tamimi area) and the western shore (Al-Khums area).

From sequences to visual observations 

Anteaeolidiella lurana

Gonionemus sp. 
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From metabarcoding to metaphylogeography: separating the wheat
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Abstract. Metabarcoding is by now a well-established method for biodiversity assessment
in terrestrial, freshwater, and marine environments. Metabarcoding data sets are usually used
for a- and b-diversity estimates, that is, interspecies (or inter-MOTU [molecular operational
taxonomic unit]) patterns. However, the use of hypervariable metabarcoding markers may pro-
vide an enormous amount of intraspecies (intra-MOTU) information—mostly untapped so
far. The use of cytochrome oxidase (COI) amplicons is gaining momentum in metabarcoding
studies targeting eukaryote richness. COI has been for a long time the marker of choice in pop-
ulation genetics and phylogeographic studies. Therefore, COI metabarcoding data sets may be
used to study intraspecies patterns and phylogeographic features for hundreds of species simul-
taneously, opening a new field that we suggest to name metaphylogeography. The main chal-
lenge for the implementation of this approach is the separation of erroneous sequences from
true intra-MOTU variation. Here, we develop a cleaning protocol based on changes in entropy
of the different codon positions of the COI sequence, together with co-occurrence patterns of
sequences. Using a data set of community DNA from several benthic littoral communities in
the Mediterranean and Atlantic seas, we first tested by simulation on a subset of sequences a
two-step cleaning approach consisting of a denoising step followed by a minimal abundance
filtering. The procedure was then applied to the whole data set. We obtained a total of 563
MOTUs that were usable for phylogeographic inference. We used semiquantitative rank data
instead of read abundances to perform AMOVAs and haplotype networks. Genetic variability
was mainly concentrated within samples, but with an important between seas component as
well. There were intergroup differences in the amount of variability between and within com-
munities in each sea. For two species, the results could be compared with traditional Sanger
sequence data available for the same zones, giving similar patterns. Our study shows that
metabarcoding data can be used to infer intra- and interpopulation genetic variability of many
species at a time, providing a new method with great potential for basic biogeography, connec-
tivity and dispersal studies, and for the more applied fields of conservation genetics, invasion
genetics, and design of protected areas.

Key words: AMOVA; cytochrome oxidase; connectivity; eukaryotes; haplotype networks; Illumina;
metabarcoding; phylogeography; sequencing errors.

INTRODUCTION

Metabarcoding, whereby information on species pre-
sent in a variety of communities can be obtained from
so-called environmental DNA (eDNA), or from bulk or
community DNA (Creer et al. 2016, Macher et al.
2018), is by now established as a robust method for bio-
diversity assessment (Baird and Hajibabaei 2012, Deiner
et al. 2017, Taberlet et al. 2018, Adamowicz et al. 2019).

Metabarcoding provides a fast and accurate method for
measuring biodiversity, allowing identification of many
more taxa (Molecular Operational Taxonomic Units or
MOTUs) than morphological methods (Dafforn et al.
2014, Cowart et al. 2015, Elbrecht et al. 2017), as small
and cryptic organisms, early life stages, and fragments or
trace DNA left in the environment can be targeted. Fur-
ther, metabarcoding is largely independent of taxonomic
expertise, which is dwindling worldwide (Wheeler et al.
2004), albeit it is highly dependent on the completeness
of reference databases to reliably assign taxonomic
names to MOTUs (Cowart et al. 2015, Briski et al.
2016). Taxonomic expertise, of course, will always be
necessary to construct and expand accurate reference
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Connectivity studies for 
common and abundant 
species

Connectivity studies for endangered species, alien 
species, and rare species

Hypotheses testing
• Natural and human-mediated connectivity on a continental scale
• Evenness in benthic habitats in time and space
• Stepping-stone hypotheses for Marine Protected Areas (MPAs)
• Effectiveness of preventive measures (e.g. Ballast Water Mgmt Convention)
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