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The use of molecular markers in taxonomic classifications of the cold-water corals of West 

Greenland, and their role in detecting a genetic fingerprint of fishing impact!

!

Abstract!

!

Demersal trawling, carried out by the West Greenland shrimp fisheries, currently threatens the 

deep-sea octocorals of the Nephtheidae family, in the region. Given that classification of nephtheids 

is challenging based on morphology alone, the genetic markers ITS1, ITS2 and MutS were used in 

a molecular study to test their utility in taxonomy. Results showed clear divergence between 

Gersemia and Duva genus’, but Capnella were polyphyletic throughout. Initial misidentification and 

convergent morphologies can explain this, to an extent. Mapping of phylogenetic clusters suggests 

little evidence for restricted gene flow and isolation of colonies, as a result of trawling. Lack of 

overlap in successful samples for all three regions show more informative and congruent markers 

are required before analysis into nephtheid diversity and response to fishing pressures can be 

furthered.   !

!

Introduction!

!

Marine ecosystems are under protected and overexploited. Intensive fishing methods have highly 

detrimental effects on benthic habitats and communities (eg. Smith et al., 2000; Stone, 2006; 

Hiddink et al., 2006). Greenland relies heavily upon its oceanic resources, and the West Greenland 

shrimp fishery provides a valuable source of income (Hamilton et al., 2003). However, employment 

of demersal trawling has brought to light questions about long-term impacts on the ecosystems 

found along the continental shelf and upper slope (Roberts et al., 2000), where shrimp fishing is 

predominantly carried out. Understanding these impacts is crucial in developing more sustainable 

and less damaging fishing practices. Such insights are difficult to gain, given the lack of baseline 

taxonomic information. With the evolution of molecular ecology, DNA barcoding holds promise for 

moving forward in these murky waters.!

The collapse of cod stocks, alongside redfish and wolfish stocks, coincides with climatic changes 

(Buch et al., 2004). Changes in the North Atlantic oscillation (NAO) resulted in reduction in larval 

inflow of benthic fish species from Icelandic spawning grounds to the west coast of Greenland 

(Hamilton et al, 2003). Shrimp larvae however, are more resistant to climatic fluctuations and thrive 

in colder waters. Furthermore, the decreasing abundance of predatory fish facilitated the increase in 
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shrimp, and other crustaceans, thus it has become the most profitable commercial fish species in 

the region (Buch et al., 2004). !

The fishing of shrimp involves the extensive use of otter trawls. These are made up of two beams, 

approximately 50m apart. They are attached to the towing warps of the gear, maintaining an open 

net throughout the trawl. These are pulled along the sea-bed, with constant contact on the benthic 

habitat, maximising catch per unit effort (Jennings & Kaiser, 1995). Trawl tracks and scars have 

shown to persist for seven years after impact, following trawling with an 8m plough, which 

penetrated the sediment by 15cm (Bluhm, 2001). !

Trawling has been compared to mass deforestation of terrestrial environments (Watling & Norse, 

1998). Clear evidence for of destruction of the seabed habitat has been observed in a comparison 

of the benthos inside and outside trawl lanes (Smith et al., 2000). Evidence suggests such 

disturbance can lead to the destruction of up to 37.2% of the sea-bed habitat (Stone, 2006). Large 

scale assessments combining field observations and theoretical modelling indicate bottom trawling 

leads to a reduction in species-richness, production and biomass (Hiddink et al., 2006). !

Many studies explore the impact of trawling on biodiversity and species richness (eg.Collie et al., 

2000; Edinger et al., 2007; Appeltans et al., 2012). It has been suggested that certain cnidarians, 

notably corals and sponges, can act as indicator species when assessing the effect of intensive 

fishing on benthic environments (Freiwald et al., 2004). The importance of these groups as bio-

engineers, alongside their characteristically long life-span and slow growth rates, comply with traits 

required in indicator species (Rice et al., 2012). Evidence suggests ecosystems dominated by 

corals and sponges are those most vulnerable to demersal fishing, with coral abundance being up 

to 57% lower following one trawling event, in comparison to unfished reference sites (Curtis et al., 

2013). Additionally, studies show a decrease in species diversity and fish abundance in regions of 

decreased coral cover, resulting from disturbance events (Fosså et al., 2002). !

Few studies look directly into the recovery times of corals following disturbance, however, models 

suggest it could be decades (Rooper et al., 2011). The slow growth rate of corals, 6mm per year, 

coupled with persistent trawling, has the potential for permanent destruction of the coral beds, with 

little chance of recovery (Jones, 1992). Such extensive time periods stress the importance of 

prevention of damage through good management, as opposed to mitigation or cure. !

Developing an effective surveying technique for benthic habitats remains an ongoing challenge for 

marine biologists and fisheries scientists. For many broad biodiversity surveys, photographs of the 

seabed are taken using ROVs (remotely operated vehicles) and analysed (eg Piepenburg & 

Schmid, 1996; MacDonald et al., 2010; Sejr & Rysgaard, 2000). However, problems have been 

identified (Carlsson & Kanneworff, 1994) and, in recent years, molecular methods have been 

developed and are increasingly employed to better understand the evolution and distributions of 
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benthic taxa, alongside the impacts of intensive fishing (eg Herrera et al., 2012; Henry et al., 2003; 

Miller et al., 2010). !

The benthic habitat of West Greenland is characterised by cold-water coral ecosystems. Cold-water 

corals are found depths greater than 50m, and thus do not form shallow-reef systems (Freiwald et 

al., 2004). There are groups of deep-reef building corals (Roberts et al., 2009), whilst families such 

as the Gorgonians, have been shown to form ‘gardens’ or ‘forests’ (Stone, 2006). These corals have 

access to little or no light and rely on the constant in-flow of particulate organic matter with water 

currents for survival (Freiwald et al., 2004). The west coast of Greenland encompasses the body of 

water where the cold Polar currents of the Arctic meet the temperate waters of the Atlantic. The role 

of this North Atlantic circulation system provides a prime habitat for the growth of cold-water corals 

(Buch et al., 2004). !

The lack of a symbiotic relationship with calcareous coralline algae means cold-water corals are 

deficient in the additional structural consolidation seen in shallow-water reefs (Chisholm, 2000). 

Furthermore, evidence suggests shallow-water reefs are better adapted to withstand disturbance 

events due to constant exposure to wave action, something which is not present in deep water 

habitats, increasing susceptibility to activities such as trawling (Hall-Spencer et al, 2002). !

Many of the corals found in the study area are members of the subclass Octocorallia. These are 

characterised by their polyps, which possess eight feathered tentacles (Freiwald et al., 2004). Their 

axial skeleton, not present in all suborders, consists of a calcareous and/or scleraproteinaceous 

axis alongside calcium carbonate spicules. With the exception of only one species, the octocorals 

are colonial (Berntson et al., 2001). Given the limited morphological traits upon which octocorals 

can be identified, it remains a challenge to identify samples, without the aid of taxonomic experts 

(Mortensen et al., 2008). !

Traditional classification splits the octocorals into seven orders; Helioporacea, Protoalcyonaria, 

Stolonifera, Testacea, Alcyonacea, Gorgonacea and Pennatulacea, based on Hickson’s 1930 

classifications. This was later revised to only three orders, with six sub-orders nested within the 

Alcyonacea (Bayer, 1981). However, morphological traits such as colonial organisation and skeletal 

form, show a gradient of features, as opposed to distinct differences, making it difficult to distinguish 

between species (Figueroa & Baco, 2014). Revisions of the original classifications, using molecular 

methods, has led to the identification of three clades, as opposed to distinct orders (Berntson, 2001; 

McFadden et al., 2006). Relationships within these clades still remains unstable and debated. !

Neptheidae colonies are widely distributed along the shelf and upper slope of West Greenland 

(Jørgensen et al., 2013). Members of the Alcyoniina, these soft corals exhibit  similarities in their 

structure and polyp mass, which is contained within a fleshy body of coenenchyme. These 

homogenous characteristics in Nephtheidae species make it difficult to identify specimens to finer 
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taxonomic levels (McFadden at al., 2006). Even expert taxonomists describe Nephtheidae as ‘the 

soft corals…that cannot readily be discerned’ (Kenchington et al., 2009). In recent years, molecular 

techniques have been developed to gain a greater insight into the phylogenetic relationships and 

taxonomic classification of these organisms (eg McFadden & Hutchinson, 2004). !

Mitochondrial DNA is often favoured as a molecular barcode, a result of its uniparental inheritance 

and neutral evolution (Avise et al., 1987). In many organisms, the mitochondrial marker cytochrome 

oxidase I (COI) is favoured, due to its high copy number and rate of uncorrected pairwise sequence 

divergence, indicating species diversification (Herbert et al., 2003).  However, studies have shown 

this marker is ineffective in the study of deep-sea octocorals (France & Hoover, 2002; Hellberg, 

2006). This has been attributed to low rates of evolution in the mtDNA of cnidarians, in comparison 

to the higher rates seen in most other animals, resulting in low interspecific variation (McFadden et 

al., 2006; Huang et al., 2008). !

Despite this, an alternative mtDNA region has found, which yields more successful results; the MutS 

region, also referred to as msh1 (Pont-Kingdon, 1995). It has been used alongside other nuclear 

and mitochondrial gene regions, to gain a greater insight into the unclear phylogenetic relationships 

of the octocorals (eg Brugler & France, 2008). The MutS region has been shown to display up to 

twice as much interspecific variation in comparison to COI, thus making it a popular choice for a 

genetic marker (McFadden et al., 2011). Sampling of this region across a range of octocoral genera 

has led to questioning of traditional classifications, although making finer inferences at the species 

level still presents challenge (McFadden et al., 2006). The phylogenetic relationships of the 

Caribbean octorals have been studied in depth, with the aid of the MutS region. Studies yielded 

well-supported node values, which contradict the accepted phylogenies of these shallow-water 

octocorals (Sánchez et al., 2003). Similar contradictions in accepted phylogenies have been seen in 

the sea pens, with use of MutS (Dolan et al., 2013). !

Furthermore, this gene has been used to understand population and colony structures, with regards 

to species endemicity and connectivity. Surveys of seamounts have advanced knowledge about the 

distribution of octocorals, and highlighted the lack of taxonomic surveys in such studies (Thoma et 

al., 2009). The resulting knowledge about octocoral dispersal and resilience can be used to 

understand the threats to colonies in regions under heavy fishing pressures (Curtis et al., 2013). !

Whilst its discovery has advanced knowledge of octocoral phlylogenies, many studies do not yield 

such results through studying the MutS region alone (Ofwegen & Groenenberg, 2007). No region of 

anthozoan mitochondrial genome alone demonstrates enough variation to distinguish between 

populations of conspecifics, or even to define congeneric species (McFadden et al., 2011). In many 

studies, it is used alongside a second or third gene region. This can be nuclear or mitochondrial. !
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The ITS region is a multilocus nuclear ribosomal DNA marker, commonly used in phylogenetic 

studies (Yao et al., 2010). ITS sequences diverge via concerted evolution. It is widely accepted this 

homogenises sequences within species, whilst exhibiting enough interspecific variation for species 

delimitation (Hillis & Dixon, 1991). The ITS region has yielded insight into the reproductive traits and 

morphology of the Alcyonium (McFadden et al., 2001). Furthermore, it has shed light on 

relationships between morphologically similar species within the corallimorphs (Chen & Miller, 

1996), and aided understanding of hybridisation in the evolution of corals (McFadden & Hutchinson, 

2004). Specific primers have been designed for the ITS region of nephtheids, aiding identification of 

Indo-Pacific specimens (Ofwegen & Groenenberg, 2007).!

The ITS region proves useful in such studies, as it is a non-coding region, inherited bi-parentally, 

and flanked by highly conserved, coding regions. Constraints on selection are reduced, and the 

region exhibits high variability, not only in corals (Ofwegen & Groenenberg, 2007) but also plants 

and fungi (Kress et al., 2005; Schoch et al., 2012). The flanking regions however, make it a viable 

target for analyses. In detailed taxonomic surveys of Saudi Arabian Alcyonacea, the ITS region was 

studied alongside the nuclear ATPSα region and compared with results from MutS and COI 

mitochondrial loci (Haverkort-Yeh et al., 2013). The results highlight the potential differences in 

resolution seen between mtDNA and nDNA, stressing the importance of considering both, where 

there is no universal marker. !

The nephtheids of West Greenland suffer varying degrees of trawling pressure. Little is known about 

this family of octocorals, and classifications based on morphology remain challenging. This study 

aims to asses the utility of the molecular markers MutS, ITS1 and ITS2 in identifying samples of 

bycatch. With such knowledge, a greater understanding of species distributions can be gained. 

Furthermore, inferences about gene flow and diversity of colonies can be made. This information is 

crucial to understanding the level of threat posed to Nephtheidae populations, and implementing 

effective conservation measures. !

!

Methods and data collection!

!

Study area and sample collection !

This study uses samples collected from the west coast of Greenland, part of the West Greenland 

shrimp fishery (fig.1). Researchers at GINR (Greenland Institute for Natural Resources) have been 

collecting coral samples, a result of bycatch from stock assessment trawls, since 2009. The trawl 

routes follow a regular pattern of stations, which encompass a gradient of fishing pressure and 

habitat type. Collection trawls last 15 minutes, at a speed of 2.5kn. The location of each station was 
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recorded using the ship’s GPS and acoustic sensors measured depth. The start location of each 

trawl was recorded. Specimens were photographed on-board and tissue samples were stored in 

100% ethanol or RNAlater for DNA extraction. It total, 181 samples were used in the analysis, 

collected between 2009 and 2013 (Appendix 1).!

!

!

Classification and taxonomy !

Tissue samples were photographed under a Leica IC80 HD microscope camera. Provisional 

classifications were made, to the species level where possible, based on the Northwest Altantic 

Fisheries Organisation’s (NAFO) identification key (Kenchington et al., 2009). Three genus’ were 

represented in the study; Gersemia (Marenzeller, 1877), Duva (Koren & Danielssen, 1883) and 

Capnella (Gray, 1869). Duva are ‘soft, branching, broccoli-like’ (fig.2a) ‘with polyps in loose clusters, 

stem slightly rough to touch’ (fig.2b). Gersemia are ‘soft but firm, branching, cauliflower-like to 

round’ (fig.2c) ‘with polyps in tight clusters’ (fig.2d). Capnella are not described in the identification 
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Fig.1 Shows the location of samples collected and used in the study. The map was 
constructed in QGIS v.2.0, using the OpenLayers Plugin.



key, only ‘Other Nephtheidae’ are addressed. These are ‘soft or firmer…stem smooth to touch’ (fig.

2e) and ‘branching with polyps variable but may resemble clusters of grapes’ (fig.2f). !

!

!

!
!
!

!

!
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Fig. 2: Whole specimen and polyp photos of Duva (a & b), Gersemia (c & d) and 
Capnella (e & f) (b, d, f x1.5) 

a b

c

f

d

e



!

!

DNA extraction and amplification!

DNA was extracted from the samples using Isolate II; Genomic DNA Kit (Bioline), alongside the 

prescribed protocol for extraction of animal tissue (Appendix 2). DNA concentrations were 

measured using a NanoDrop spectrophotometer and varied from low, unusable concentrations to 

approximately 500ng/μl. High concentrations were diluted to the regions of 90ng/μl, using elution 

buffer. !

The mitochondrial marker MutS was then amplified, using the forward primer ND4L2475F 5’- 

TAGTTTTACTGGCCTCTAC – 3’ (Brugler & France, 2008) and reverse primer MutS3458R 5’-

TSGAGCAAAAGCCACTCC-3’ (Sánchez, 2003). Initial PCR protocol followed that of Thoma et al., 

2009; 15 min at 95ºC for initial denaturation, followed by 35 cycles of 1 min at 94ºC, 1 min at 52ºC, 2 

min at 72ºC and a final extension step of 30 min at 60ºC. However, preliminary tests of this protocol 

produced poor results and the protocol was revised to 3 min at 94ºC for initial denaturation, followed 

by 35 cycles of 1 min at 94ºC, 1 min at 50ºC, 1 min at 72ºC and a final extension step of 10 min at 

72ºC (Ofwegen & Groenenberg, 2007). !

The nuclear region 18S-ITS1-5.8S-ITS2-28S was amplified, using primers 1w-F 5’-

TACCGATTGAATGGTTTAGTGAGG-3’ (McFadden and Hutchinson, 2004) and 2w 5’-

ATTGCCACGTACGGGGTTGTC-3’ (McFadden et al., 2001). Thermocycling conditions followed 

those describe by Ofwegen and Groenenberg, 2007; 3 min at 94ºC for initial denaturation followed 

by 40 cycles of 15 sec at 94ºC, 1.5 min at 52ºC, 1.5 min at 72ºC and a final extension step of 5 min 

at 72ºC. Internal primers, targeting the variable ITS regions, were then used, next to 1w – F and 2w. 

LVO 5.8s Fwd1 5’-TTAACGGTGGATCT CTTGGCTC-3’ and LVO 5.8s Rev 2 5’-TCACAC- 

TACTTATCGCAGCTGG-3’ (Ofwegen & Groenenberg, 2007). !

In cases where PCR was unsuccessful using only the external primers, a second PCR was carried 

out using the internal primers LVO 5.8s Rev 2 and LVO 5.8s Fwd1. This produced separate ITS1 

and ITS2 gene amplifications, and maximised the number of viable sequences for analysis.  !

All PCR products were tested for sufficient DNA presence on agarose gel. The final PCR products 

were sent for purification and sequencing, using the Ez-Seq purification service (Macrogen). Plates 

were prepared with 5μl of PCR product, with concentration of 50ng/μl or more. 5μl of  10pmole/μl 

forward or reverse primer was added, to generate 3’ and 5’ sequences. !

!

!
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Data analysis!

Forward and reverse contigs were checked and assembled manually. Final representative 

sequences were produced for each sample, using SeqTrace 0.9.0 (Stucky, 2012). Multiple 

sequence alignment for each region was carried out using BioEdit 7.2.5 (Hall, 1999). Initial 

alignments were conducted using ClustalW (Larkin et al., 2007), then adjusted manually.  

Alignments were exported as FASTA files and translated into NEXUS matrices using the Readseq 

tool (http://www.ebi.ac.uk).!

One Nephthea sp. (Ofwegen & Groenenberg, 2007; GenBank accession number EF215845), and 

two Alcyonium spp (McFadden et al., 2001; AF262446; AF262344) were used as references for the 

ITS1 region. Ideally, the same reference species would have been used for ITS1 and ITS2 however, 

poor alignment of the ITS1 region with other sequences made this problematic. A BLAST (Basic 

Local Alignment Search Tool) test was run to find the best matching sequences and these were 

chosen (Benson et al., 2006; http://www.ncbi.nlm.nih.gov/). !

For ITS2, seven Nepthea spp. sequences were used for the outgroup (van Ofenwegen & 

Groenenberg, 2007; EF215850; EF215849; EF215846; EF215845; EF215844; EF215843; 

EF215840). These sequences were the first produced using the primers designed specifically for 

neptheids, and which were used in this analysis. !

A Nephthea spp. (McFadden et al., 2006; DQ302822) was used for MutS reference, alongside 

Gersemia sp. (McFadden et al., 2006; DQ302819), Nephthea acuticonica (McFadden et al., 2011; 

GU356023), Nephthea elatensis (Parrin et al., 2012; GQ342508), Gersemia rubiformis (Parrin et al.,

2012; GQ342474) and Gersemia antarctica (Parrin et al., 2012; GQ342473). These were all the 

MutS sequences for nephthiedae species, registered within GenBank.!

A concatenated tree of shared samples was also constructed. One Nephthea sp. reference 

sequence was selected from each region, EF215845 (Ofwegen & Groenenberg, 2007) for ITS and 

DQ302822 (McFadden et al., 2006) for MutS and merged to create a reference sequence. The 21 

shared sequences were merged, in the order ITS1, ITS2 and MutS.!

Best-fit models of nucleotide substitution were selected for based on Akaike Information Criteria, as 

implemented in jModelTest 2.1.5 (Darriba et al., 2012). The Hasegawa-Kishino-Yano model with 

gamma distributed rate variation across sites (HKY+G) was selected for ITS1, MutS, and the 

concatenated tree. The Kimura 2-parameter model with gamma distributed rate variation across 

sites (K80+G) was selected for ITS2. !

Phylogenetic reconstruction's were performed using MrBayes 3.2.2 (Huelsenbeck & Ronquist, 

2001), using Bayesian-likelihood analysis. Each model was run for 10,000,000 generations and 3 

chains, with a sample frequency of 1000 and 2 runs. The standard deviations of split frequencies 
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were examined for stationarity. The first 5,000,000 generations were discarded to produce a 

consensus trees. !

The consensus trees produced were then annotated in FigTree v1.4.2 (Rambaut, 2012; http://

tree.bio.ed.ac.uk/software/figtree).!

!

Mapping phylogenies!

Successfully sequenced samples for each marker were mapped, using QGIS 2.0.1 (http://

qgis.osgeo.org). These were colour-coded based on clusters, identified by eye, within the 

phylogenies. !

A scales was created to measure fishing impact at across different locations, based on the number 

of visits by vessels and time spent trawling (Yesson, unpub.). This scale was log-transformed, and 

compared against resultant phylogenies. !

!

Results!

!

In total, 121 samples were successfully sequenced for ITS1, 69 for ITS2 and 47 for MutS. Only 21 

samples had successful sequences for all three regions (Appendix 1).!

Sequence difference count matrices were used to calculate an average of variation within and 

between clades. This measured the number of base differences between sequences. Clusters in the 

phylogeny were identified by eye. !

!

ITS1 region!

Fragment sizes ranged from 208 to 328bp. Gaps in sequences were treated as missing data. The 

large difference in sequence length was due to poor sequence quality of one sample with many 

gaps, Gr 60. Total alignment length was 376bp. The sequence consisted of 88bp of the conserved 

18s region at the 3’ end of the sequence, and 26bp of the 5.8s region at the 5’ end of the sequence. 

ITS1 was found from position 89 to 350 in the alignment. !

The resulting phylogeny (fig.4) diverges into two major clades, with high support values. Duva 

florida specimens are present in clade I, whilst Gersemia are found in clade II, with one exception, 

Gr87. Capnella spp. and indent. Nephtheidae are polyphyletic and split between the two clades. 
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Posterior probabilities for internal groupings show weaker support. A third, small clade is present, 

consisting of two Duva florida samples; Gr 92 and Gr96. !

Base variation within clade I was 11%, whilst 14.5% differ within clade II. The variation between the 

two clades is estimated to be 40%. Variation within the species-specific cluster  F was also 

calculated, and found to be 1.57%. !

!

ITS2 region!

Fragment sizes ranged from 221-281bp. Total alignment length was 324bp. The region used 

consisted of 27bp of the conserved 5.8s region at the 3’ end of the sequence, and 35bp of the 28s 

region at the 5’ end. The ITS2 region is found from positions 28 to 289 in the alignment. !

The ITS2 phylogeny (fig.4) shows two major clades. Duva florida are present in clade I, whilst clade 

II contains Gersemia samples. As with ITS1, Capnella spp. and indent. Nephtheidae are 

polyphyletic. These are supported by high node probabilities on the major branches. The Gersemia 

sample, 49.01, is the exception to the grouping and is found amongst Duva florida in clade I. There 

is a third clade of only two Duva florida, Gr92 and Gr96, as was seen in ITS1. Variation within clade 

I was 9%, and was 8% in clade II. Base variation between clades was 37.7%. Variation within the 

species-specific cluster G was calculated to be 4.6%.!

!

MutS region!

Fragments ranged from 505-573bp. The total alignment length was 582bp. MutS could be found 

from alignment position 13 to 432. !

The MutS phylogeny (fig.5) shows two major clades, grouping the Gersemia together in one. The 

second major clade is comprised mostly of Capnella and indent. Nephtheidae, alongside the two of 

the three Duva florida. The third Duva florida, Gr174, is highly variant, and forms its own outgroup. 

Support for the two major clades is low. Support for the finer relationships is higher, seen in the 

posterior probabilities. Variation of bases within clade I is estimated to be 3.9%, and 4.9% in clade 

II. Between-clade variation is 10%.!

!

!

!

!
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Fig. 3 Phylogeny of the West Greenland Nephtheidae, based on the Bayesian consensus 
phylogeny of ITS1 region. Specimens underlined are present on all three phylogenies. Branch 
values indicate posterior probabilities of the nearest node. 



!

!

!

!
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Fig. 4 Phylogeny of the West Greenland Nephtheidae, based on the Bayesian consensus 
phylogeny of ITS2 region. Specimens underlined are present on all three phylogenies. Branch 
values indicate posterior probabilities of the nearest node. 



!

!

!

!

!

!

!

!
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Fig.5 Phylogeny of the West Greenland Nephtheidae, based on the Bayesian consensus 
phylogeny of MutS region. Specimens underlined are present on all three phylogenies. Branch 
values indicate posterior probabilities of the nearest node. 



Concatenated tree!

The sequences for the merged regions ranged from 1060-1179bp and had an alignment length of 

1228bp. !

The phylogeny (fig.6) shows divergence of sequences into two major clades, with all Gersemia 

samples present in one clade, and Capnella in the second. Support for the groupings low at the 

major divergences. Variation within clade I was calculated to be 6.8%, and in clade II it was 10.7%. 

Overall variation between the two clades was 13.5%. !
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Fig.6 Phylogeny of concatenated sequences for ITS1, ITS2 and MutS, based on the 
Bayesian consensus phylogeny. Branch values indicate posterior probabilities of the nearest 
node.



Cluster mapping and fishing intensity !

Phylogenetic cluster location are shown in fig.7.!

There appeared to be no correlation between fishing intensity and topology, based on observation. 

Fishing intensity scores were varied within all clades and clusters of phylogenies. !

!

!
!

!
!
!
!
!

!
!
!
!
!
!
!
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Fig.7. a). Sample locations based on 
clustering seen in ITS1 phylogeny b). Sample 
locations based on clustering seen in ITS2 
phylogeny c). Sample locations based on 
clustering seen in MutS phylogeny

a

b
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b

a

MutS_cluster_loc

Legend



Discussion!

!
!
Phylogenetic inferences !

!
Molecular analysis of nephtheids show clear divergence between ITS and MutS into two major 

clades, as seen in their phylogenies. Clade I contains most Gersemia, whilst Duva florida occur in 

clade II, for the three separate phylogenies (figs.3, 4 & 5). This is supported by the high posterior 

probabilities of the ITS phylogenies, seen at the divergence of the major clades. Variation between 

the two clades was particularly high in ITS1 (40%) and ITS2 (37.7%), compared to the that of MutS 

(10%). These values indicate levels of intergeneric diversity, and reflect the variable nature of ITS, 

compared to mtDNA regions. The MutS phylogeny however, is less well-supported at major 

divergences. This result illustrates the potential to determine Nephtheidae genus’ with the aid of 

ITS, something which has proved challenging when using nDNA in other deep-sea coral families 

(McFadden et al., 2006).!

The concatenated phylogeny (fig.6) shows divergence between Gersemia and Capnella, which 

appears encouraging. However, levels of variation are high, both within clades (10.7% and 6.8%) 

and between clades (13.5%). Such high levels of variation are likely to be a result of the diverse ITS 

regions swamping the signals of MutS. Futhermore, support values for this phylogeny are low at 

major divergences. Additionally, it is difficult to draw conclusions with the lack of Duva, which would 

provide a reference point for all phylogenies. This, combined with low sample size, raises questions 

about how confidently inferences can be made using this tree.!

Low support values may be a result of incongruence between phylogenies of ITS and MutS. 

Contrasts can be seen with many of the Capnella and indet. Nephtheidae samples. Only Gr161 and 

Gr171 of the shared sequences are present in the Duva clade of both ITS phylogenies, whereas a 

further twelve are seen in the equivalent clade of MutS. !

This is likely to be an artefact of the contrasting mode of inheritance between nDNA and mtDNA. 

The uniparental nature of mtDNA, combined with the potential for octocorals to hybridise 

(McFadden & Hutchinson, 2004), can result in conflicting phylogenies when comparing mtDNA with 

bi-parental nDNA(Schmidt-Roach et al., 2012). Given the current lack of literature addressing 

octocoral reproduction, and nephtheids in particular, it is possible hybridisation between Capnella 

species has occurred, leading to contrasting topologies. Conducting an incongruence length 

difference test between the ITS and MutS trees would shed more light on this as an explanation. !

The correlation between morphology and phylogeny of Gersemia and Duva florida samples 

illustrates these specimens were identified with a high degree of confidence. Gersemia samples 
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exhibited the characteristic ‘numerous almost retracted polyps’ (fig.2c) ‘placed mostly around the 

rounded tip of branches’ (fig.2d) (Utinomi, 1961), while Duva florida specimens were visually 

‘broccoli-like’ (Kenchington et al., 2009) (fig.2 a & b). The topology for these genus’ therefore, can 

be interpreted with relative confidence, with regard to the genetic variation between Duva and 

Gersemia. !

!
Other Nephtheidae!

!
Specimens identified as Capnella, alongside indet. Nephtheidae, were polyphyletic in all three 

phylogenies. This is likely to be a reflection of the lack of morphological information about other 

Nephtheidae genus’. Capnella were particularly challenging to identify, based on  vague and brief 

descriptions, such as ‘coenenchyme with abundant leaf clubs’ (Gray, 1869). This, combined with the 

convergent morphologies commonly seen in octocorals (Carlo et al., 2011), is likely to have resulted 

in misidentification. It is unlikely that this true for all samples however, as the genus has been 

observed along Western Greenland in previous studies (Jørgensen et al., 2013).!

Use of ITS as a molecular marker is based on the assumption that concerted evolution occurs at a 

rate matching, or faster than, that of speciation. Problems then occur when rates of concerted 

evolution are slower than that of speciation, leading to a lack of homogenisation of sequences. 

Vollmer & Palumbi (2004) highlighted this problem, identifying intraspecific variation as high as 

13.2% in the ITS1 region of the shallow water coral Acropora cervicornis.  Polyphyletic phylogenies 

then occur, as seen in Capnella. This can be scaled up and used to explain the high levels of 

intrageneric variation seen in ITS1 and ITS2 respectively, in Duva (11% and 9%) and Gersemia 

(14.5% and 8%). !

!

Species-level resolution !

Making inferences at the species-level is challenging with the resulting phylogenies, demonstrating 

difficulties in resolving finer relationships in corals (Sánchez et al., 2003). This is supported by the 

lack of species-specific clusters i.e. where the majority of samples of one species, or morphology, 

occur in a single clade. Only two were identified, one Duva cluster, F, in Clade I of the ITS1 

phylogeny and one Gersemia cluster, G, in Clade II of the ITS2 phylogeny. Whilst variation was 

somewhat lower in the Duva cluster (1.57%), it was still notably high within Gersemia (4.6%). This is 

supported by a wealth of literature addressing the use of nDNA to better understand octocoral 

phylogenies, where genus and species-level relationships remain unresolved due to highly variable 

sequences (eg McFadden, 2005; Vollmer & Palumbi, 2004). !
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The MutS phylogeny shows lower variation with clades I (3.9%) and II (4.9%). However, there 

remains a lack of resolution at the species level, shown in the lack of clustering within clades. This 

reflects the invariant nature of mtDNA  in cnidarians and associated problems with taxonomic 

resolution (Hellberg, 2006). Similar results for have been experienced in studies of nephtheids, 

declaring the region was ‘hardly informative’ (Ofwegen & Groenenberg, 2007). Furthermore, only 

three specimens identified as Duva florida were successfully sequenced for MutS. It is therefore, 

difficult to make inferences about this gene region’s utility. Two of the three appear in the second 

major clade, a promising result that supports that of ITS. The third, Gr174, is a clear outlier and 

likely to be a result of poor sequence quality. !

!
Location and fishing impact !

!
There appeared to be a lack of correlation between phylogenetic clusters and fishing intensity at 

sample location, suggesting that the genetic diversity of nephtheids is presently unaffected by 

trawling pressures. Studies indicate trawling has little impact on habitat structures (Simpson & 

Watling, 2006) and recovery rates following damage can be high (Roberts et al., 2006). This has 

been tested specifically in Gersemia rubiformis, where mechanical damage was simulated in lab 

colonies. Results suggest these corals are able to temporarily retract, reducing the extent of 

damage caused by trawling (Henry et al., 2003). In contrast, Gersemia spp. show a decline in 

abundance, following trawling on the Grand Banks of New Foundland (Kenchington et al., 2001). 

Long-lasting impacts on deep-sea corals has further been identified in deep-water corals in 

response to trawling of seamounts (Althaus et al., 2009). However, these studies consider physical 

damage, as opposed to population genetics in response to trawling. Long-term studies of recovery 

rates are lacking, thus it is difficult to make inferences about levels of damage and resilience, 

especially in relation to genetic diversity.!

!
Mapping of clusters identified in the phylogenies indicates there is no correlation between  and 

location (fig.7). Clusters, in all phylogenies, are seen across the whole sample area. This suggests 

a lack of genetic isolation as a result of disturbance across the sample region. Genetic analyses of 

deep-sea corals support this, showing connectivity between populations is maintained from tens to 

thousands of kilometres, across seamounts and slopes in Australia and New Zealand (Miller et al., 

2010). Additionally, dispersal distance of larvae is linked to current and position in the water column 

(Harii & Kayanne, 2003). The powerful nature of the North Atlantic Current, is likely to aid coral 

populations of West Greenland in maintaining gene flow.!

 !

However, other environmental factors such as depth should be considered. Deep-water corals have 

greater species diversity on the continental slope, 200-2000m, than the upper continental shelf, 
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0-200m (Hernández-Ávila, 2014). Furthermore, soft-corals are more abundant on bedrock or gravel 

substrates (Murillo et al., 2011). This indicates the importance of considering eco-regions, taking 

into account the heterogenous habitat of the benthos. This study samples corals at a range of 

depths, from 72-900m (Appendix 1), thus considering genetic diversity alongside depth may be 

more informative.!

!
!
Limitations!

!
Difficulties of identifying octocorals by morphology alone was a key limitation. Confidently classifying 

Capnella was particular challenging and, in turn, so was making taxonomic inferences based on 

molecular barcoding. Alongside this, there is a large number of unidentifiable samples, which further 

confound results. Lack of reference material for West Greenland is largely due to the depths at 

which deep-sea corals are found, making it difficult to study them in situ. Identification is done 

primarily by photos and videos (Kenchington et al., 2009). The spectrum of morphological traits 

make this a challenging task, and one which is riddled with uncertainty. Knowledge and literature on 

their identification is expanding, bearing promise for the future study and conservation of the 

octocorals of Greenland (Edinger & Wareham, 2007). !

The number of overlapping sequences for all three regions was only 21. Whilst ITS1 sequencing 

was relatively successful, fewer ITS2 and MutS sequences were obtained, which contributing to this 

small sample size. This indicates poor targeting and binding to the region in nephtheids, by the 

primers used in this study.  There are a variety of MutS primers that can be used for cnidarians (eg. 

France & Hoover, 2002; Sánchez et al., 2003; Brugler & France, 2008) and these should be 

considered for future studies.  !

The final stages of sequencing proved particularly problematic, and were a major hindrance in 

furthering analysis. The waiting time to receive the chromatogram files of many sequences led to a 

delay in the data processing and building of trees. This was due to problems with the external 

agency used for sequencing. Therefore, the effect of factors such as geography and fishing impact 

was not explored as deeply as initially planned.!

!
Study expansion !

!

It is evident from this study, and many others, there is not yet a consensus for a universal gene for 

the molecular barcoding of corals. The ones used in this study are by no means the only candidates 

and there are a suite of other such regions to which thought should be given. McFadden et al., 
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2011, found amplification of a larger ~1.1kB region, encompassing COI and an adjacent intergenic 

region, alongside MutS, yielded highly informative results, successfully identifying 70% of species 

within the Alcyonium genus. !

The nuclear signal recognition particle, SRP54, has been employed for studying the 

phylogeography and unearthing a cryptic species in Carijoa genus (Concepcion et al., 2007). ATP 

Synthetase Subunit alpha, ATPSα, has been used in conjunction with ITS nDNA to survey Saudi 

Arabian octocorals of the Red Sea (Haverkort-Yeh et al., 2013). Another favourable candidate is 

NADH-dehydrogenase subunit 2, ND2. This has been used in several octocoral studies (Sánchez, 

2003; McFadden et al., 2005)  and, despite preliminary work in this study rendering poor results with 

its use, should be explored further for suitable primers. These illustrate the potential for further 

exploration of the nephtheids, through consideration of alternative, or additional, gene regions. !

Markers yielding a greater quality and quantity of sequences in nephtheids will be beneficial for 

making better-supported inferences about fishing impact and colony diversity. This studied was 

hindered by the delays incurred, but combining increased samples with more time, considering the 

links between fishing effort, location and genetic diversity is a viable extension of the analysis. This 

is crucial in understanding the threats to and aiding the conservation of nephtheid corals.!

!
Conclusion !

!
Specific knowledge about the nephtheids of West Greenland is severely lacking and, as such, this 

study contributes to the foundation upon which a greater understanding can be built. Identifying 

morphologically convergent species continues to be a challenge, but the results illustrate the 

potential role of molecular markers. Further, and more detailed, analysis is required, before any firm 

conclusions about genetic barcoding can be made for the nephtheids. In a group threatened by the 

pressures of trawling, it is crucial that any information gleaned is put to use effectively, in order to 

protect not only the corals of West Greenland, but the biodiversity and benthic habitats they support. 

However, it is only once the deep waters of barcoding in Nephtheidae have been further trawled 

themselves, that confident conclusions can be drawn about the impacts of intensive fishing.!

!
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Appendix 1

IOZid Year Long Lat Depth ITS1 ITS2 MutS Morphological 

classification 

Gr16 2011 -31.14112 65.44628 541 - - - Capnella 

groenlandica

Gr17 2011 -29.71245 65.61493 358 - - - Capnella 

groenlandica

Gr23 2011 -33.15118 65.32718 668 Y - - Capnella 

groenlandica

Gr24 2011 -33.15118 65.32718 668 Y - - Capnella glomerata

Gr26 2011 -29.66123 65.53380 636 - - - Capnella 

groenlandica

Gr27 2011 -33.15118 65.32718 668 - - - Duva florida

Gr28 2011 -32.34307 65.50063 502 Y Y - Duva florida

Gr29 2011 -29.06910 66.32043 274 - - - Duva florida

Gr30 2011 -33.55612 65.14970 908 Y Y - Duva florida

Gr34 2009 -56.62347 72.00173 230 - - - Gersemia rubiformis

Gr35 2009 -60.11863 71.92487 727 - Y Duva florida

Gr36 2009 -57.57410 71.78098 251 - - - Capnella sp.

Gr37 2009 -57.15220 72.03987 286 - Y - Capnella sp.

Gr38 2009 -57.57410 71.78098 251 Y - - Duva florida

Gr39 2009 -49.39452 60.85077 212 - - - Gersemia rubiformis

Gr43 2011 -29.71245 65.61493 358 - - - Indet. Nephtheidae

Gr44 2009 -46.20028 60.06947 126 Y - - Capnella glomerata

Gr45 2009 -48.20120 60.32400 434 - Y - Capnella glomerata

Gr46 2009 -49.95833 61.67167 - Y - Gersemia rubiformis

Gr47 2009 -49.62500 61.17167 Y - Y Gersemia rubiformis

Gr48 2009 -56.64242 71.52985 185 Y Y Y Capnella glomerata

Gr49 2009 -57.24505 72.26392 349 - Y - Indet. Nephtheidae

Gr50 2009 -56.62347 72.00173 230 Y - - Capnella glomerata

Gr51 2009 -57.24505 72.26392 349 Y - - Duva florida

Gr52 2009 -60.65625 72.35338 586 Y - - Duva florida

Gr54 2009 -58.88538 72.44883 288 Y - - Capnella glomerata

Gr55 2009 -59.13068 69.73115 729 Y - - Duva florida

Gr56 2009 -57.15220 72.03987 286 - Y - Gersemia rubiformis

Gr57 2009 -56.64242 71.52985 185 Y - - Capnella glomerata

Gr58 2009 -56.64242 71.52985 185 Y - - Duva florida

Gr60 2009 -49.53243 61.03255 177 Y Y - Indet. Nephtheidae

Gr61 2009 -52.48040 63.28885 181 Y - Y Indet. Nephtheidae

Gr62 2009 -44.96872 59.57462 169 Y Y - Capnella glomerata

Gr63 2009 -44.96872 59.57462 169 Y - - Capnella glomerata

Gr65 2009 -44.65978 59.55430 160 - - - Capnella glomerata

Gr66 2009 -44.65978 59.55430 160 - - - Indet. Nephtheidae

Gr67 2009 -44.65978 59.55430 160 - - - Indet. Nephtheidae

Gr68 2010 -53.82583 64.32982 177 Y - - Gersemia rubiformis

Gr69 2010 -53.15098 63.86282 166 Y - - Gersemia rubiformis

Gr70 2010 -53.64172 64.35983 88 Y - Y Gersemia rubiformis

Gr71 2010 -52.66208 63.31838 327 Y - - Capnella 

groenlandica

Gr72 2010 -53.54332 64.05840 267 Y Y - Indet. Nephtheidae

Gr76 2009 -48.05093 60.37002 133 - - - Capnella sp.

Gr77 2009 -46.24167 60.33393 131 Y - Y Gersemia rubiformis

Gr78 2009 -46.35817 60.20595 115 Y - Y Gersemia rubiformis

Gr79 2009 -48.20120 60.32400 434 Y Y - Capnella sp.

Gr80 2009 -48.65247 60.53898 335 Y Y - Gersemia rubiformis

Gr81 2009 -45.31388 59.75378 126 Y - - Capnella 

groenlandica

Gr83 2009 -46.13092 60.38180 327 Y Y Y Gersemia rubiformis

Gr84 2009 -46.49040 60.10323 160 Y Y - Capnella sp.

Gr85 2009 -46.15255 60.28517 83 - Y Y Indet. Nephtheidae

Gr86 2009 -49.12500 61.11000 0 Y - - Indet. Nephtheidae

Gr87 2009 -46.89288 60.14983 355 Y Y - Duva florida

Gr88 2009 -48.20120 60.32400 434 Y Y - Gersemia rubiformis

Gr89 2009 -46.89288 60.14983 355 Y - - Capnella sp.

Gr90 2012 -51.95418 62.86765 290 - - - Capnella sp.

Gr92 2010 -58.19585 69.29458 275 Y Y - Duva florida

Gr93 2010 -58.67467 69.22870 487 Y Y - Duva florida

Gr95 2010 -56.37577 71.50348 277 Y Y - Duva florida

Gr96 2010 -58.03513 68.73258 293 Y Y - Duva florida

Gr97 2010 -55.79305 69.45080 237 Y Y Y Indet. Nephtheidae

Gr98 2010 -55.79305 69.45080 237 Y Y Y Indet. Nephtheidae

Gr99 2010 -55.79305 69.45080 237 Y Y - Indet. Nephtheidae

Gr100 2010 -55.79305 69.45080 237 Y Y Y Gersemia sp

Gr101 2010 -55.56483 69.36027 218 Y Y - Indet. Nephtheidae

Gr102 2010 -35.91407 64.87347 183 Y - - Indet. Nephtheidae

Gr103 2010 -36.51387 64.95817 425 Y Y - Indet. Nephtheidae

Gr104 2010 -33.71192 65.46290 181 Y - - Indet. Nephtheidae

Gr105 2010 -57.02800 72.47810 238 - - - Capnella sp.

Gr106 2010 -57.02800 72.47810 238 Y - - Gersemia rubiformis

Gr107 2010 -57.02800 72.47810 238 Y Y - Capnella sp.

Gr108 2010 -57.02800 72.47810 238 Y Y - Capnella sp.

Gr109 2010 -57.02800 72.47810 238 Y Y - Gersemia rubiformis

Gr110 2010 -57.02800 72.47810 238 Y Y Y Capnella sp.

Gr111 2010 -56.53478 71.37888 224 Y Y - Indet. Nephtheidae

Gr112 2010 -56.53478 71.37888 224 Y Y - Gersemia rubiformis

Gr113 2010 -56.53478 71.37888 224 Y Y - Capnella sp.

Gr114 2010 -56.53478 71.37888 224 Y Y - Capnella sp.

Gr115 2010 -56.53478 71.37888 224 Y - - Capnella sp.

Gr116 2010 -56.53478 71.37888 224 Y Y - Capnella sp.

Gr117 2010 -56.53478 71.37888 224 Y Y - Capnella sp.

Gr118 2010 -56.53478 71.37888 224 Y Y Y Gersemia rubiformis

Gr119 2010 -56.80848 71.81735 183 Y Y - Capnella sp.

Gr120 2010 -56.80848 71.81735 183 - - - Gersemia rubiformis

Gr121 2010 -56.54687 70.01333 157 Y Y - Indet. Nephtheidae

Gr122 2010 -57.78220 69.07582 289 - - - Indet. Nephtheidae

Gr123 2010 -56.48375 69.76800 158 Y Y Y Gersemia sp

Gr124 2009 -41.75923 60.86378 239 - - - Indet. Nephtheidae

Gr125 2009 -42.21555 60.17225 189 - - - Indet. Nephtheidae

Gr126 2009 -41.94387 60.25382 312 Y - - Capnella 

groenlandica

Gr127 2009 -41.94387 60.25382 312 Y - - Capnella sp.

Gr128 2010 -57.18277 72.32817 283 Y Y Y Capnella sp.

Gr129 2010 -57.18277 72.32817 283 Y Y Y Capnella sp.

Gr130 2010 -57.18277 72.32817 283 Y - - Capnella sp.

Gr131 2010 -56.41352 71.67378 158 Y - - Gersemia sp

Gr132 2010 -57.88567 72.12140 282 Y - - Indet. Nephtheidae

Gr133 2010 -60.09783 71.92280 709 Y - Y Indet. Nephtheidae

Gr134 2010 -56.53183 72.28758 239 - - - Indet. Nephtheidae

Gr135 2010 -58.47088 72.19800 319 Y Y Y Indet. Nephtheidae

Gr136 2010 -57.64283 72.42917 228 Y Y Y Indet. Nephtheidae

Gr137 2010 -56.63587 72.01570 262 Y - - Indet. Nephtheidae

Gr138 2010 -57.46848 71.78210 244 Y Y Y Indet. Nephtheidae

Gr139 2009 -48.87985 60.80798 116 - - - Capnella 

groenlandica

Gr144 2009 -48.87985 60.80798 116 - Y - Duva florida

Gr145 2012 -50.96157 62.45940 72 Y Y Y Gersemia rubiformis

Gr146 2012 -50.96157 62.45940 72 Y Y - Capnella sp.

Gr147 2012 -50.96157 62.45940 72 Y Y - Capnella sp.

Gr149 2011 -33.90807 65.95237 264 Y - - Gersemia sp

Gr151 2011 -33.75907 65.45837 183 Y - - Indet. Nephtheidae

Gr153 2011 -41.83383 60.87335 191 Y - - Indet. Nephtheidae

Gr156 2011 -57.53520 71.78945 249 - - Y Indet. Nephtheidae

Gr157 2011 -55.05793 70.28818 177 - Y Y Indet. Nephtheidae

Gr159 2012 -48.24065 60.40865 140 Y - - Capnella 

groenlandica

Gr160 2012 Y Y Y Capnella sp.

Gr161 2012 -29.71967 65.61647 Y Y - Capnella glomerata

Gr162 2012 -29.75365 65.66185 328 - - - Capnella sp.

Gr163 2012 -29.71967 65.61647 Y - - Capnella 

groenlandica

Gr165 2012 Y Y Y Capnella glomerata

Gr166 2012 -40.43758 62.42835 439 Y - - Capnella 

groenlandica

Gr167 2012 -29.71967 65.61647 Y Y - Capnella 

groenlandica

Gr170 2012 -36.06205 64.90307 182 Y - - Duva florida

Gr171 2012 -35.94077 64.88103 184 Y Y - Capnella 

groenlandica

Gr172 2012 -30.16977 65.42887 670 - - - Capnella 

groenlandica

Gr173 2012 -40.43758 62.42835 439 Y - - Capnella sp.

Gr174 2012 -44.64300 59.61667 146 Y - - Duva florida

Gr175 2012 Y - - Capnella sp.

Gr176 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr177 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr178 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr179 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr180 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr181 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr182 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr183 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr184 2011 -29.71245 65.61493 358 Y - - Capnella sp.

Gr186 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr187 2011 -29.71245 65.61493 358 Y Y - Capnella sp.

Gr188 2011 -29.71245 65.61493 358 Y Y - Capnella sp.

Gr192 2011 -29.71245 65.61493 358 Y - - Capnella sp.

Gr193 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr194 2011 -29.71245 65.61493 358 Y - - Capnella sp.

Gr196 2011 -29.71245 65.61493 358 - - - Capnella sp.

Gr199 2011 -29.71245 65.61493 358 Y - - Capnella sp.

4.01 2013 -54.16773 64.28665 251 - - - Indet. Nephtheidae

6.05 2013 -54.16638 64.45218 159 Y - Y Indet. Nephtheidae

6.07 2013 -54.16638 64.45218 159 Y - Y Indet. Nephtheidae

7.08 2013 -55.10023 64.54900 422 Y - - Indet. Nephtheidae

7.07 2013 -55.10023 64.54900 422 Y - - Indet. Nephtheidae

7.1 2013 -55.10023 64.54900 422 Y Y - Indet. Nephtheidae

7.11 2013 -55.10023 64.54900 422 Y Y - Indet. Nephtheidae

7.14 2013 -55.10023 64.54900 422 Y - Y Indet. Nephtheidae

8.18 2013 -54.51762 64.63718 271 Y - - Indet. Nephtheidae

10.23 2013 -54.81835 64.86972 317 Y - - Indet. Nephtheidae

10.24 2013 -54.81835 64.86972 317 Y Y - Indet. Nephtheidae

11.25 2013 -54.12745 64.88562 134 Y - - Indet. Nephtheidae

11.26 2013 -54.12745 64.88562 134 Y Y - Indet. Nephtheidae

12.29 2013 -53.55123 64.63690 162 Y - - Indet. Nephtheidae

13.33 2013 -53.15925 64.61333 269 - - - Indet. Nephtheidae

14.35 2013 -52.85277 64.51007 449 - - - Indet. Nephtheidae

16.36 2013 -53.08213 64.94352 330 - - - Indet. Nephtheidae

18.38 2013 -53.62005 65.15860 75 Y Y Y Indet. Nephtheidae

21.42 2013 -56.46797 66.01458 576 - Y Y Indet. Nephtheidae

34.55 2013 -56.37055 67.61258 133 - - - Indet. Nephtheidae

42.6 2013 -57.78742 67.85757 292 Y - - Indet. Nephtheidae

64.78 2013 -55.45585 69.11098 156 - - Y Indet. Nephtheidae

66.8 2013 -54.80725 69.30393 170 - Y Y Indet. Nephtheidae

66.81 2013 -54.80725 69.30393 170 Y - Y Indet. Nephtheidae

22.01 2013 -58.90327 72.45288 290 Y - Y Indet. Nephtheidae

27.01 2013 -56.83083 71.97638 180 Y Y - Capnella sp.

27.02 2013 -56.83083 71.97638 180 - - - Capnella 

groenlandica

27.03 2013 -56.83083 71.97638 180 - - - Gersemia rubiformis

49.01 2013 -56.47125 69.79038 159 - Y Y Gersemia rubiformis

51.01 2013 -55.03875 69.52473 138 Y Y Y Capnella 

groenlandica

51.02 2013 -55.03875 69.52473 138 - - - Capnella glomerata

51.03 2013 -55.03875 69.52473 138 - Y Y Capnella 

groenlandica

51.04 2013 -55.03875 69.52473 138 Y Y Y Capnella 

groenlandica

51.05 2013 -55.03875 69.52473 138 Y - Y Capnella 

groenlandica

52.04 2013 -56.31003 69.52268 226 - - - Capnella sp.

52.05 2013 -56.31003 69.52268 226 Y Y Y Capnella sp.

Gr201 2012 -55.01735 64.51943 359 - - - Capnella glomerata



Appendix 2!

DNA extraction method !

1. Pre-add 180μl lysis buffer, GL, to eppendorf tube!

2. Add sample, 25mg!

3. Add 25 μl proteinase K buffer!

4. Incubate overnight, 57ºC, with tilt on!

5. Remove from incubator and vortex samples, 5-10 seconds!

6. Add 200μl G3 lysis buffer to each sample!

7. Vortex, 10 seconds !

8. Incubate for 10mins, 70ºC. Remove and vortex, 5-10 seconds!

9. Add 210μl ethanol (100%). Vortex, 15 seconds !

10. Use mini-centrifuge for spin, 5 seconds  !

11. Pipette all into spin-column!

12. Spin in centrifuge, 11,000 rcf for 1 minute !

13. Discard waste product from collection tube and add 500μl wash buffer GW1 to spin-column !

14. Centrifuge, 11,000 rcf, 1 minute !

15. Discard waste. Add 600μl wash buffer GW2!

16. Centrifuge, 11,000 rcf, 1 minute !

17. Discard waste. Centrifuge, 11,000 rcf, 1 minute !

18. Put spin-column into eppendorf tube. Add 50μl elution buffer, directly to membrane !

19. Incubate, 70ºC, 5 minutes !

20. Centrifuge, 11,000 rcf, 1 minute !

21. Add 50μl elution buffer, directly to membrane !

22. Incubate, 70ºC, 5 minutes!

23. Centrifuge, 11,000 rcf, 1 minute and remove spin-column. Extraction complete. !
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