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Abstract 11 

Fishes of the genus Muraenolepis are regularly caught in commercial and research fishing in the waters 12 

around South Georgia and the South Sandwich Islands, but for many years there has been uncertainty 13 

about the specific identity of the species being caught.  Here, we used morphological and molecular 14 

data to clarify the identity of specimens of Muraenolepis caught in trawl surveys and longline fisheries 15 

in South Georgia and South Sandwich Island waters.  Type specimens of M. marmorata, M. microps 16 

and M. orangiensis were examined, together with specimens caught in trawl surveys around South 17 

Georgia.  Morphological and molecular (mitochondrial 16S and cox1 sequence) data from specimens 18 

collected throughout the Southern Ocean indicate four clades and confirm the presence of just one 19 

species (M. marmorata) on the South Georgia continental shelf. The data also confirm that M. microps 20 

is a junior synonym of M. marmorata, which has a broad distribution around sub-Antarctic islands in 21 

the Southern Ocean extending as far south as the South Orkneys and the southern South Sandwich 22 

Islands. M. evseenkoi is the main species caught in longline fisheries in the South Sandwich Islands 23 

and, with a more southerly distribution, is not known from around South Georgia.  A third species (M. 24 

kuderskii) is also reported from around South Georgia and one specimen was considered to belong to 25 

this species.  In total, there are eight recognised species of muraenolepidids in two genera, with six 26 

species having an Antarctic distribution. 27 
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Introduction 48 

The gadiform family Muraenolepididae comprises benthopelagic fishes restricted to continental 49 

shelves and slopes in the Southern Hemisphere (Chiu and Markle 1990; Cohen et al. 1990). The family 50 

is characterised by second dorsal, caudal and anal fins that are confluent and also by the presence of a 51 

chin barbel and elongate rays of the pelvic and first dorsal fins.  The family includes two genera: 52 

Muraenolepis Günther, 1880 and Notomuraenobathys Balushkin and Pirodina 2010.  Fishes of the 53 

genus Muraenolepis are common around South Georgia, where they are caught in small numbers in 54 

most demersal trawls on the shelf and upper slope (Kompowski and Rojas 1993, 1996; Gregory et al. 55 

2017) and are also reported in the diet of Patagonian toothfish (Dissostichus eleginoides) (Collins et 56 

al. 2007). 57 

The first species of Muraenolepis was described by Günther (1880) as Muraenolepis marmoratus1 58 

(marbled moray cod) from two specimens caught off Kerguelen Island during the H.M.S. Challenger 59 

(1873-1876) expedition.  Vaillant (1888) added another species, M. orangiensis, from a specimen 60 

captured in Orange Bay, near Cape Horn.  The first South Georgia specimens of Muraenolepis were 61 

collected by the Swedish South Polar Expedition (Lönnberg 1905), which caught three specimens from 62 

100 m depth in Cumberland Bay and a smaller specimen from 20 m depth in Boiler Harbour (now 63 

King Edward Cove).  Lönnberg (1905) noted that these specimens differed somewhat from the type 64 

of M. marmorata (notably in the length of the dorsal filament and pelvic fin ray count) and considered 65 

that they represented a separate sub-species, M. marmoratus microps, to which sub-species he also 66 

attributed a specimen caught off Tierra del Fuego.  Regan (1914) considered that M. microps was 67 

sufficiently distinct from M. marmorata to be considered a species. However, that conclusion was 68 

based on specimens from Captain R.F. Scott’s Terra Nova Expedition (Ross Sea), which Regan 69 

considered identical to a specimen he examined from the South Sandwich Islands, which he suggested 70 

were “doubtless identical with Lönnberg’s M. microps from South Georgia”.  It is not clear if Regan 71 

 
1 Originally described as M. marmoratus, but should be M. marmorata 
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examined Lönnberg’s specimens, but this comparison has led to confusion in species identification 72 

and distribution.  Subsequently Norman (1938) noted that M. microps and M. marmorata may prove 73 

to be identical. 74 

Norman (1937a) described a further species, M. microcephalus, from a specimen caught in deep-water 75 

(~2000 m) near Enderby Land (East Antarctica: 63 S; 54 E) and this species has also been reported to 76 

occur around South Georgia (Chiu and Markle 1990; Cohen et al. 1990).  More recently, five new 77 

Muraenolepis species were described from specimens collected from Soviet and Russian Antarctic 78 

cruises from 1957 to 2007 (Table 1; Balushkin and Prirodina 2005, 2010a, Prirodina and Balushkin 79 

2007), including M. kuderskii from off South Georgia (Balushkin and Prirodina 2007).  Balushkin and 80 

Prirodina (2010a) also proposed that the Muraenolepis genus be divided into two groups and that M. 81 

microcephalus should be placed in a separate genus, Notomuraenobathys (Balushkin and Prirodina, 82 

2010b). This genus consists of a single species, Notomuraenobathys microcephalus (Norman, 1937a).  83 

Although initially described from East Antarctica, Balushkin and Prirodina (2013) also found 84 

specimens of N. microcephalus in collections from the Patagonian Shelf. 85 

There has been considerable confusion in the literature and published keys about the identification and 86 

distribution of the different Muraenolepis species, particularly in respect of specimens caught around 87 

South Georgia (Chiu and Markle 1990; Cohen et al. 1990; Miller 1993; Gregory et al. 2017).  88 

Kompowski and Rojas (1993) examined specimens of Muraenolepis from South Georgia demersal 89 

trawl surveys in 1987/88 and 1988/89 and noted that all had a long lateral line and were likely to be 90 

M. marmorata rather than M. microps. Subsequently Balushkin and Prirodina (2010a) proposed that 91 

M. microps was, in fact, a junior synonym of M. marmorata, but the use of M. microps has persisted 92 

in the literature (e.g. Gregory et al. 2017) and other studies have simply reported Muraenolepis sp. 93 

from South Georgia (e.g. Collins et al. 2007; Collins et al. 2008). 94 
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Here we examine specimens of Muraenolepis from near South Georgia, the South Sandwich Islands 95 

and other parts of the Southern Ocean, and use a combination of morphological and molecular data, 96 

including reference to type material, to clarify the identity of the Muraenolepis species found in the 97 

South Georgia and South Sandwich Islands region.  98 

 99 

Materials and methods 100 

Examination of type and reference material 101 

The type specimens of Muraenolepis marmoratus (lectotype, BMNH 1879.5.14.640 and 102 

paralectotype, BMNH 1890.2.26.138) and N. microcephalus (BMNH 1937.9.21.96) were examined at 103 

the Natural History Museum (NHM), London. The type specimen of M. microps (NRM 11213, 104 

Swedish Museum of Natural History) was loaned to the NHM and examined there.  Photographs and 105 

x-rays of the type specimen of M. orangiensis (MNHN 1884-0819) were obtained from the Muséum 106 

national d’Histoire naturelle, Paris.  The type specimens were X-rayed on a Solus Schall Unit, with 107 

settings of 33 Kvolts/13mAmps to obtain vertebral counts.  The two Terra Nova specimens referred 108 

to by Regan (1914) (BMNH 1913.12.4.204-205) were also examined at the NHM and photographs 109 

and x-rays were taken.  In addition, we also examined a specimen captured near the island of Viskoi 110 

(South Sandwich Islands) that was presented to the museum by Governor Allardyce in 1909 (BMNH 111 

1909.8.19.19), that we assume was the specimen that Regan (1914) mentioned from the South 112 

Sandwich Islands. 113 

Sample collection 114 

Specimens of Muraenolepis have been recorded in South Georgia bottom trawl surveys conducted on 115 

a regular basis since 1990 (see Collins et al. (2007) for details of survey design), however few were 116 

retained and, given the uncertainty over identification, most have been recorded as Muraenolepis sp., 117 

although Gregory et al. (2017) reported M. microps from a deep-water survey in 2003.  During the 118 
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2004 and 2005 surveys, specimens (n = 156) of Muraenolepis were frozen for subsequent analysis in 119 

the laboratory at King Edward Point, South Georgia.  In the laboratory, specimens were thawed, 120 

measured (TL & SL), weighed, sexed and staged (using a 6-point maturity scale).  In addition a range 121 

of morphometric measurements were taken (see below). X-rays were obtained from nine of the 122 

specimens using an Ultrapower 100+ Veterinary X-ray machine set at 50 kV and 28 mA.  Tissue 123 

samples were taken from a sub-set (61) of these fish, using a sterile scalpel and were placed in 124 

individual tubes in 96% ethanol. 125 

Muraenolepis specimens were recorded from longline fisheries in the South Georgia & the South 126 

Sandwich Islands Maritime Zone (CCAMLR sub-areas 48.3 & 48.4) that target Patagonian and 127 

Antarctic toothfish.  These fisheries are limited to depths in excess of 500 m (700 m since 2011).  Data 128 

were collated from catch and effort data reported by commercial vessels on a haul-by-haul basis 129 

(CCAMLR C2 data) for the period 2006-2019. In addition, all vessels have 100% observer coverage 130 

and by-catch is recorded by observers on at least 25 % of all hooks recovered.  Although Muraenolepis 131 

could not be reliably identified to species, fish of the Muraenolepis genus are easy to distinguish from 132 

other species, hence both the vessel reported data (CCAMLR C2) and the observer data are likely to 133 

be reliable. 134 

During the 2007 and 2010 seasons observers were asked to collect tissue samples from Muraenolepis 135 

caught in the South Sandwich Islands longline fishery for molecular analysis.  Tissue samples (approx. 136 

5 mm3 of muscle, liver or fin) were collected using a sterile scalpel and placed in individual tubes of 137 

96% ethanol or frozen at -30°C (and transferred to -80 C freezer at the King Edward Point laboratory).  138 

Whole specimens were then discarded.  One specimen of Muraenolepis was obtained from the mouth 139 

of a Patagonian toothfish caught in the South Georgia fishery by FV Jacqueline (Set 110; 1569-1778 140 

m) in 2010 and was preserved in formalin before any tissue was extracted. Morphological 141 

measurements and an X-ray were obtained from this specimen.  142 
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The samples used for molecular analysis (n = 120; Table 2) included some of the specimens used in 143 

the morphometric analysis (South Georgia 2004 and 2005; n = 61). Further samples were collected, 144 

from commercial fishing vessels in the South Sandwich Islands in 2007 and 2010 (n = 15), from RRS 145 

James Clark Ross cruises 145 and 177 (South Orkneys, South Sandwich Islands, Shag Rocks and 146 

South Georgia; n = 22), from a research cruise south of the Falkland Islands (n = 4), from the POKER 147 

1 trawl survey of the Kerguelen Plateau (n = 5) and from commercial and research fishing in the Ross 148 

Sea (n = 12) and south of New Zealand (n = 1); collected by NIWA in 2005-08.  149 

Morphometric measurements and analysis 150 

Morphometric measurements were taken from all the specimens (n = 156) collected from the South 151 

Georgia surveys in 2004 and 2005 and from the specimen caught by the FV Jacqueline in 2010. 152 

Measurements were also taken from the type specimens of M. marmorata, N. microcephalus and M. 153 

microps and from the specimens (n=2) reported by Regan (1914).  Measurements used in analysis 154 

were standard length (SL); pre-anal fin length (PAL); head length (HL); length of dorsal filament (D1); 155 

eye diameter (ED); length of mental barbel (BL); snout length (SnL); inter-orbit distance (IO) and 156 

body depth (BD).  Comparative data were also extracted from the type series of M. evseenkoi (n=12), 157 

M. kuderskii (n=6) and M. trunovi (n=1) from the species descriptions (Balushkin and Prirodina 2006, 158 

2007, 2010b) and from specimens attributed to N. microcephalus by Balushkin and Prirodina (2013). 159 

Data were transformed using a DM log transformation (Darroch and Mossiman 1985; Jungers et al. 160 

1995) prior to a principal components analysis (PCA).  For some specimens, the barbel was damaged 161 

or not measured, so PCAs were undertaken with and without barbel length.  162 

DNA extraction, amplification and sequencing 163 

Tissue subsamples (n = 120) weighing approximately 25 mg were used for DNA extraction carried out 164 

using a DNeasy tissue kit (Qiagen, UK) according to manufacturer’s instructions. The yields ranged 165 
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from 25 ng/µl to 170 ng/µl as measured with a Nanodrop ND1000 spectrophotometer (Labcare 166 

International, UK). 167 

Two regions of the mitochondrial genome were selected for PCR amplification and Sanger sequencing, 168 

the 16S large ribosomal RNA subunit (16S) and the cytochrome c oxidase subunit I gene (cox1, also 169 

referred to as CO1 and COI), both of which have been frequently used for fish species identifications 170 

(Kochzius et al. 2010). A partial 16S rRNA fragment was amplified using 10nM of each of the 171 

universal primers 16S AR 5’-CGC CTG TTT ATC AAA AAC AT- 3’ and 16S BR 5’-CCG GTC TGA 172 

ACT CAG ATC ACG-3’) (Palumbi et al. 1991) in 50 µl reactions containing Taq PCR Master Mix 173 

(Qiagen) and approximately 50ng of template DNA. Thermocycling was carried out using an MJ 174 

Research Peltier 225 DNA Engine with the following conditions: 94˚C for 4 minutes and then 30 175 

cycles of 94˚C for 30 seconds, 50˚C for 1 minute, 72˚C for 1 minute, followed by a final extension at 176 

72˚C for 10 minutes. Aliquots of PCR products were assessed on GelRed (Biotium) stained 1.5% 177 

agarose gels for successful amplification and then cleaned using Qiaquick (Qiagen, UK) PCR spin 178 

columns. Partial cox1 fragments were amplified and cleaned as described above using the universal 179 

primers LCO 1490 5’- GGT CAA CAA ATC ATA AAG ATA TTG G -3’ and HCO 2198 5’- TAA 180 

ACT TCA GGG TGA CCA AAA AAT CA -3’ (Folmer et al. 1994) with the following thermocycling 181 

conditions: 95˚C for 4 minutes followed by 5 cycles of 95˚C for 1 minute, 45˚C for 90 seconds and 182 

72˚C for 90 seconds, then 35 cycles of 94˚C for 1 minute, 50˚C for 90 seconds and 72˚C for 1 minute, 183 

and finally 72˚C for 5 minutes.  184 

The amplified 16S and cox1 fragments were bi-directionally sequenced using the same primers as used 185 

for amplification. Sequencing was carried out in-house using a Big Dye Terminator Mix (Applied 186 

Biosystems, UK) and MegaBACE 1000 capillary DNA (Amersham Bioscience, GE Healthcare, UK) 187 

according to manufacturer’s instructions, or, by outsourcing to the commercial facilities LGC 188 

Genomics (Berlin, Germany) and Source Bioscience (Cambridge, UK). The software CodonCode 189 

Aligner Version 2.0.6 (CodonCode Corporation, USA) was used to generate consensus reads from 190 
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forward and reverse electropherograms, which were subsequently unambiguously aligned using the 191 

same software. The cox1 DNA alignment was also translated into amino acids using a standard 192 

mitochondrial code to verify that genuine mitochondrial cox1 rather than divergent nuclear 193 

pseudogenes (Numts) had been sequenced (Bensasson et al. 2001). All of the sequences generated 194 

were submitted to the DNA databank of Japan and were assigned the accession numbers LC599089-195 

LC599328. 196 

Genetic Analysis 197 

Two additional DNA sequences (GenBank accessions KX656440 and KX656372) from an outgroup 198 

(Coryphaenoides armatus, isolate CAT008) were added to the 16S and cox1 DNA alignments. This 199 

outgroup was selected on the basis that it had been reliably identified, sequenced for both 16S and 200 

cox1, and was clearly distinct from Muraenolepis and yet still similar enough to allow for unambiguous 201 

DNA alignment. The 16S and cox1 alignments were then concatenated to generate a single DNA 202 

matrix based on the rationale that both 16S and cox1 are genetically linked within the mitochondrial 203 

genome. Descriptive statistics were calculated from the 16S, cox1, and concatenated DNA matrices 204 

using the software PAUP version 4.0b10 (Swofford 2002). Prior to phylogenetic analysis, the 205 

concatenated DNA matrix was reduced to a unique haplotype matrix, as this is more suitable for inter 206 

species inferences (e.g. Pérez-Espona et al. 2018). 207 

Two methods of phylogenetic analysis were employed, Maximum Parsimony and Bayesian Inference. 208 

Classic unweighted maximum parsimony analysis was conducted using PAUP with 50 random 209 

addition replicates, one tree held at each step, a maximum of 10,000 saved trees and default values for 210 

other settings. Phylogeny confidence values were generated by non-parametric bootstrapping 211 

(Felsenstein 1985), with 10,000 replicates for each heuristic tree search. Levels of nucleotide 212 

compositional heterogeneity were assessed before conducting the Bayesian Inference, as such 213 

heterogeneity can be common in mitochondrial DNA datasets and a failure to account for it can 214 
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comprise attempts to model DNA sequence evolution. Match-pair tests for symmetry as implemented 215 

in the software SeqVis V1.3 (Ho et al. 2006) were carried out and the results assessed as described in 216 

Pérez-Espona et al. (2018). These tests uncovered evidence for compositional heterogeneity in the 217 

unique haplotype matrix (0.11% and 0.09% of significant match-pair tests results at P=0.05 and 218 

P=0.01, respectively). Accordingly, AGY and RY data re-coding was assessed as a strategy for 219 

reducing compositional heterogeneity. Subsequent match-pair tests revealed that AGY recoding had 220 

reduced the extent of compositional heterogeneity (0.11% and 0.00% of significant match-pair tests 221 

results at P=0.05 and P=0.01, respectively), while RY recoding removed the signal of heterogeneity 222 

altogether (0 significant match-pair tests results). To infer phylogenies using Bayesian Inference under 223 

AGY and RY modelling strategies the program mcmcphase in the software package PHASE version 224 

3.0 (https://github.com/james-monkeyshines/rna-phase-3) was used following the method described 225 

in Pérez-Espona et al. (2018). Separate analyses were run using either a general time-reversible AGY 226 

or RY model with heterogeneity across sites modelled using a gamma correction, chain lengths of 227 

10,000,000 and sampling every 500 generations. The PHASE program mcmcsummarize was used to 228 

generate summary statistics from the posterior samples of trees, and each analysis was repeated four 229 

additional times to assess for consistency. 230 

Finally, to explore genetic diversity within those samples designated as M. marmorata, a Median 231 

Joining network was generated (Bandelt et al. 1999). For this we used the software PopART V1.7 232 

(Leigh and Bryant 2015) to analyse a subset of the unique haplotype matrix (n = 13 haplotypes) 233 

together with an association trait matrix describing haplotype frequencies within each of six 234 

geographic regions: Burdwood Bank, Kerguelen, South Orkneys, Shag Rocks, South Georgia, South 235 

Sandwich Islands.    236 

  237 
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Results 238 

Examination of type and historical specimens 239 

The type specimens were examined for some of the key morphological characters, including vertebral 240 

counts from X-rays (Tables 3 & 4). The types of M. marmorata and M. microps are in very good 241 

condition (Figure 1), however the condition of the M. orangiensis and N. microcephalus specimens 242 

was poor and made morphological examination difficult.  Both M. orangiensis and N. microcephalus 243 

are clearly more elongate than the types of M. marmorata and M. microps.  Examination of the type 244 

of M. microps indicated that the lateral line extends beyond 50% of the second dorsal fin, which is 245 

contrary to the key in Cohen et al. (1990). 246 

[INSERT FIG 1- Photographs of the type specimens] [INSERT Table 1] 247 

The specimens referred to as M. microps by Regan (1914) were examined. One specimen is in good 248 

condition, however the second appears to have been regurgitated by a predator.  An X-ray of the 249 

specimen in good condition (124 mm SL; 131 mm TL) indicated a vertebral count of 72 (Table 4). 250 

The specimen from the South Sandwich Islands referred to by Regan was a small specimen (53 mm 251 

SL), with BD 9.5 mm. There is no detail on the depth of capture. 252 

Distribution & abundance of Muraenolepis around South Georgia & the South Sandwich Islands 253 

Muraenolepis were caught during all bottom trawl surveys and in 38.7 % of trawls, with total catch 254 

varying from 0.01 to 13.66 kg per 30 min trawl.  Muraenolepis were caught on both the Shag Rocks 255 

and South Georgia shelves (Figure 2).   The surveys generally focussed on depths of 100-350 m, but 256 

surveys in 2003 (see Gregory et al. 2017), 2015 and 2019 included some deeper trawls (max 900 m).   257 

[INSERT FIG 2 - Distribution and abundance of Muraenolepis sp. from (A) South Georgia bottom trawl 258 

surveys from 1987-2019 and (B) catches on commercial longlines in South Georgia and the South Sandwich 259 

Islands fisheries.] 260 
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Data from the commercial longline fishery (since 2005) indicate higher catch rates of Muraenolepis in 261 

the South Sandwich Islands, with 52% of lines in the South Sandwich Islands catching Muraenolepis, 262 

compared to just 0.3 % of lines in South Georgia.  The South Sandwich Islands fishery is on a much 263 

smaller scale than the South Georgia fishery, but average annual catches (2009-2019) of Muraenolepis 264 

were 160 kg (315 individuals) in the South Sandwich Islands, compared to just 3.79 kg (7 individuals) 265 

in the commercial fishery at South Georgia (Figure 3). The size of Muraenolepis caught in the 266 

Groundfish Surveys varied from 6 –47 cm TL (mode 20 cm), whilst those caught on longlines were 267 

larger (18-60 cm TL; mode 40 cm; Figure 3). 268 

[INSERT FIG 3 - Length-frequency of Muraenolepis spp. caught during South Georgia bottom trawl surveys 269 

from 1987-2019 (n = 703) (upper) and from commercial longline fishing (n = 597) (lower).] 270 

Morphological data and morphometric analysis 271 

Detailed morphological data were obtained from samples of Muraenolepis caught in South Georgia 272 

Groundfish Surveys in 2004 (19 fish) and 2005 (137 fish).  Sex was determined for most individuals, 273 

but was not determined for some small individuals with poorly developed gonads.  Of those with sex 274 

determined, 136 (96 %) were female and only six (4 %) were male (Table 3).  Male size ranged from 275 

197-227 mm TL, with females ranging from 170-414 mm TL. There was clear sexual dimorphism in 276 

the length of the 1st dorsal filament, with males having distinctly longer 1st dorsal in relation to TL 277 

(mean = 11.16 % TL; SD = 1.38; Min = 8.63 %; Max = 12.44 %) than females (mean = 6.17 %TL; 278 

SD = 1.33; Min = 2.41 %; Max = 9.23 %).  There was no evidence of gonad development in male or 279 

female fish, with all fish being Stage I (immature) or Stage II (resting).  In all fish the lateral line 280 

reached or extended beyond 50% of the second dorsal fin.  Nine fish (8 female; 1 male) were X-rayed 281 

at King Edward Point, South Georgia and all had vertebral counts in the range 67-70 (Table 3).  282 

A single specimen of Muraenolepis (BMNH 2020.12.10.10) was found intact in the mouth of a 283 

toothfish caught in the South Georgia longline fishery in 2010.  The fish was fixed in formalin shortly 284 
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after capture and no tissue sample was taken. The fish was a 225 mm TL male (SL 211 mm), more 285 

slender than specimens from the groundfish surveys or from longline catches in the South Sandwich 286 

Islands.  This specimen has the lateral line extending beyond the 2nd dorsal fin and an elongate first 287 

dorsal fin ray (14% SL).  It is clearly more elongate than other specimens from South Georgia or the 288 

South Sandwich Islands and is consistent with the description of M. kuderskii.   289 

The principal components analysis (PCA) revealed five clusters (Figure 4).  Male and female M. 290 

marmorata form separate clusters, with the other groups representing M. evseenkoi, M. kuderskii and 291 

N. microcephalus.    The “type” of M. microps falls in the middle of the M. marmorata cluster and the 292 

specimens discussed by Regan (1914) fall in the M. evseenkoi cluster.  The specimen found in the 293 

mouth of a toothfish (BMNH 2020.12.10.10) clustered with the M. kuderskii type series. The holotype 294 

of N. microcephalus is isolated and distinct from the other specimens attributed to this species.  The 295 

type specimen has a narrower inter-orbit than the other specimens, which may account for this.  296 

Although the holotype of M. trunovi clusters with specimens of M. kuderskii, these species can be 297 

separated by characters not included in our analyses.  298 

[INSERT FIG 4: Principal components analysis of morphometric characters of Muraenolepis sp., including 299 

data from this study and published descriptions (Balushkin and Prirodina, 2006, 2007, 2010b).] 300 

Molecular data 301 

The 120 newly sequenced Muraenolepis samples and single Coryphaenoides armatus outgroup 302 

comprised eight unique 16S haplotypes and 19 unique cox1 haplotypes. Of these, the 499 bp alignment 303 

of cox1 haplotypes contained the greatest phylogenetic signal, with 126 variable and 47 parsimony 304 

informative sites. By comparison, the 427 bp 16S alignment contained 75 variable sites of which only 305 

13 were parsimony informative. When concatenated to make the dataset used for phylogenetic 306 

analysis, the combined 16S + cox1 alignment had 21 unique haplotypes with 201 variable and 66 307 

parsimony informative sites. Only two of these haplotypes – from specimens attributed to M. 308 
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orangiensis - were responsible for the signal of nucleotide compositional heterogeneity identified 309 

using the Match-pair tests for symmetry. 310 

Majority-rule Maximum Parsimony and maximum clade credibility Bayesian Inference consensus 311 

phylogenies derived from the analysis of the 16S + cox1 alignment all resolved four distinct ingroup 312 

lineages (Figure 5). These corresponded to a M. marmorata group (13 haplotypes from 90 samples), 313 

M. evseenkoi group (4 haplotypes, 26 samples), M. orangiensis group (2 haplotypes, 3 samples) and a 314 

single N. microcephalus sample. Such a consistent signal from different methods of phylogenetic 315 

analysis suggests that these four lineages are genuine, as does the strong statistical support from the 316 

Maximum Parsimony and Bayesian Inference AGY analyses for the M. marmorata, M. evseenkoi and 317 

M. orangiensis groups (Maximum Parsimony bootstrap >90, Bayesian Inference posterior 318 

probabilities >0.95). The weaker support for these groups in the Bayesian Inference RY analysis likely 319 

reflects the considerably lower signal content extracted by the RY model, rather than the impact of 320 

removing DNA compositional heterogeneity that was confined to the M. orangiensis haplotypes. The 321 

grouping of these M. orangiensis haplotypes is also unlikely to be an artefact of compositional 322 

heterogeneity because, in addition to sharing very similar nucleotide frequencies, the aligned M. 323 

orangiensis haplotypes were 99% identical. Phylogenetic support for relationships between the four 324 

distinct species groups was low to moderate. With 56-72% Maximum Parsimony bootstrap and 0.89-325 

0.92 posterior probability Bayesian Inference AGY support, the grouping of M. orangiensis with N. 326 

microcephalus and grouping of M. marmorata with M. evseenkoi appears to be genuine. However, 327 

based on the current 16S and cox1 dataset, it would be prudent to consider these broader groupings 328 

tentatively relative to the more strongly supported species groups. 329 

[INSERT Fig 5. Maximum clade credibility phylogram generated from the Bayesian Inference AGY analysis 330 

of 21 mitochondrial DNA (16S – cox1) haplotypes.] 331 

A Median Joining 16S + cox1 haplotype network inferred from the 13 haplotypes (n = 90 samples) 332 

designated as M. marmorata clearly illustrated the dominance of a single common haplotype (H1; 333 
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Figure 6); this was found within five of the six geographic regions covered in the present sample set, 334 

the only region not represented being the type location of M. marmorata, Kerguelen (represented by 335 

H2). The general pattern of several low abundance haplotypes radiating from H1, the majority of which 336 

were found around South Georgia and Shag Rocks, suggests that this region may be the centre of M. 337 

marmorata genetic diversity. 338 

[INSERT FIG 6: Median Joining (16S – cox1) haplotype network for samples designated as Muraenolepis 339 

maramorata.] 340 

 341 

Discussion  342 

The taxonomy of the Muraenolepididae has long been in a state of confusion (Chiu and Markle 1990; 343 

Kompowski and Rojas 1993), but recent work (Balushkin and Prirodina, 2006, 2007, 2010a, b) has 344 

added greatly to our understanding.  Although, as evidenced here, the family is locally abundant, it has 345 

received relatively little attention in the scientific literature and any work on the ecology of the group 346 

has been confounded by uncertainty of species identification.  Here, we used a combination of 347 

molecular and morphological data to clarify the taxonomy, although we were unfortunately not able 348 

to apply both methods to all the specimens.  349 

The molecular data showed four distinct clades, which we attribute to M. marmorata, M. evseenkoi, 350 

M. orangiensis and N. microcephalus.   All of the sequenced specimens from the South Georgia and 351 

Shag Rocks shelves were in the M. marmorata clade, which also included specimens from Kerguelen 352 

(the type locality), the southern Patagonian Shelf, the South Orkney Islands and the South Sandwich 353 

Islands.  This result supports the findings of Kompowski and Rojas (1993) and Balushkin and Prirodina 354 

(2010a) and the initial suggestion of Norman (1937a), that there is one species of Muraenolepis (M. 355 

marmorata) on the South Georgia shelf and that M. microps is a junior synonym of M. marmorata.  356 

This conclusion is further supported by the morphological data in this study. 357 
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One of the characters used by some authors to distinguish M. microps from M. marmorata was the 358 

length of the first dorsal filament, however, we have shown here that there is sexual dimorphism in the 359 

length of the filament, with males having a significantly longer filament.  The sex ratio of the samples 360 

from the South Georgia shelf was strongly biased to females (136 females; 6 males), with the males 361 

all relatively smaller in size (197-240 mm TL compared to 170-414 mm TL for females).  Few studies 362 

have examined sufficient specimens to consider the sex ratio, but it is possible that there is sequential 363 

hermaphrodism, or perhaps that males occupy a different habitat to the females. 364 

The molecular sequencing and analysis indicate that M. marmorata is widely distributed in the 365 

Southern Ocean and has a broad bathymetric range (Figure 7).  Whilst the species is abundant at 366 

shallow depths on the South Georgia shelf, specimens were found as deep as 977 m around South 367 

Georgia (JCR 2006), 995 m on the Patagonian Shelf and 1523 m near the South Sandwich Islands. 368 

Specimens were also caught at shallower depths near the South Orkneys.  On the Kerguelen Plateau, 369 

M. marmorata also has a broad bathymetric distribution (Duhamel et al. 2019).  The M. marmorata 370 

specimen from the southern South Sandwich Islands is interesting, particularly as all the other 371 

specimens from the South Sandwich Islands examined here were resolved in the M. evseenkoi clade.  372 

However, it should be noted that all of the specimens sequenced from the longline fishery came from 373 

the northern part of the archipelago. There is evidence that some species found on the shelf and slope 374 

at South Georgia, also occur around the northern South Sandwich Islands, such as Patagonian toothfish 375 

(Collins et al. 2010) and Macrourus caml (Fitzcharles 2010), whilst species in the southern South 376 

Sandwich Islands group usually have greater affinity with the Antarctic continental margin.  377 

A further point of note concerns the type locality of M. marmorata at Kerguelen. The five samples 378 

from this location all shared the same haplotype, which was inferred to occupy a terminal position 379 

within a haplotype network (Figure 6), the overall pattern of which suggests that South Georgia - Shag 380 

Rocks could be the centre of genetic diversity. Accordingly, the type locality of M. marmorata may 381 
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simply represent the product of long-distance dispersal within the broad geographic range of this 382 

species. 383 

The other Muraenolepis species that is recorded from South Georgia is Muraenolepis kuderskii 384 

Balushkin and Prirodina 2007, which was described from six specimens caught at depths of 440-605 385 

m, within the geographic and bathymetric range of M. marmorata. It is unfortunate that we were unable 386 

to sequence the specimen found in the mouth of a toothfish, which we attribute to M. kuderskii.  With 387 

a more slender body shape, smaller head and longer 1st dorsal filament, the specimen meets the 388 

description of M. kuderskii and clustered close to the type series in our PCA (Figure 4) but was 389 

obtained from a greater depth (~1,600 m).  Assuming this is M. kuderskii, it could extend the 390 

bathymetric range somewhat deeper. Gregory et al. (2017) reported Muraenolepis microps from 130-391 

960 m around South Georgia, however these specimens were not examined in detail and whilst the 392 

shallower specimens are likely to be M. marmorata, some of the deeper specimens could be M. 393 

kuderskii.  Unfortunately the specimens were not retained.  394 

All of the South Sandwich Island specimens captured in the longline fishery were in the M. evseenkoi 395 

clade, together with samples from the Ross Sea.  There was no detailed morphometric analysis 396 

undertaken on the South Sandwich Island specimens, but the Ross Sea specimens were examined in 397 

detail and identified as M. evseenkoi (Peter Macmillan, pers. comm.).   Regan (1914) concluded that 398 

two specimens collected from 200 fathoms by Scott’s Terra Nova expedition were identical to a 399 

specimen from the South Sandwich Islands.  Regan mistakenly called these M. microps but, based on 400 

Regan’s illustrations, Balushkin and Prirodina (2010a) assigned them to M. evseenkoi and considered 401 

that Regan’s specimens were the first recorded captures of this species.   Here, we examined the 402 

specimens and concur with Balushkin and Prirodina (2010a) that they are M. evseenkoi. M. evseenkoi 403 

has also been reported from the Weddell Sea (Prirodina and Balushkin 2015), where it was caught by 404 

a toothfish longline vessel from 1417 m. All the South Sandwich specimens in this study were taken 405 

from deep water and there has been very little sampling in shallow water around the South Sandwich 406 
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Islands (which have limited coastal fringes), so it is thus possible that M. marmorata and / or M. 407 

evseenkoi occur in shallow water around the South Sandwich Islands.   408 

Two of the samples from just north of Burdwood Bank (southern Patagonian Shelf) and one from near 409 

New Zealand form a distinct clade that we have attributed to M. orangiensis. There was no 410 

accompanying morphological data, but the molecular data indicates they are the same species. This is 411 

a speculative designation based on the location for the holotype of M. orangiensis which was caught 412 

in Orange Bay, off Cape Horn (Vaillant 1888), and the circumpolar temperate distribution of the 413 

specimens identified in this study.  Balushkin and Prirodina (2006) also attribute specimens from the 414 

Patagonian Shelf to this species.  Norman (1937b) attributed a specimen from NE of the Falklands to 415 

M. orangiensis and one from near Burdwood Bank to M. microps.   The latter specimen, with a broader 416 

body (body depth 1/5 TL) may well be M. marmorata. 417 

The final clade, from the Ross Sea, also lacked associated morphological data. It has been given the 418 

designation of N. microcephalus based on the catch location, depth of 1600-1685 m and the description 419 

of “elongate form”. There were three potential species to consider: N. microcephalus, M. trunovi, and 420 

M. evseenkoi. All three are found in East Antarctic waters but only N. microcephalus has an elongate 421 

body morphology. Again, this designation is tentative and additional specimens with accompanying 422 

morphological data are required for both of these genotypes to confirm the association with the 423 

phenotypes. 424 

Muraenolepididae can be separated into two groups on the basis of the length of, and number of pores 425 

in, the lateral line (Table 5; Chiu and Markle, 1990), which is an easy character to determine.  426 

Balushkin and Prirodina (2010a) argued that a combination of the number of vertebrae and the rays in 427 

the second dorsal and anal fins provided a more natural separation of the family.  The first group, in 428 

which they included M. marmorata, M. trunovi, M. evseenkoi and M. kuderskii have a smaller number 429 

of vertebrae (66-73) and less than 150 rays in the second dorsal fin.  The second group (M. orangiensis, 430 
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M. adriashevi and M. pacifica) have 73-76 vertebrae and more than 160 rays in the second dorsal.  431 

However, neither of these characters are particularly helpful in the field, but other characters can be 432 

used to distinguish the species, including the lateral line and body form (Table 5).  Around South 433 

Georgia and the South Sandwich Islands, there is potential overlap of M. marmorata, M. evseenkoi 434 

and M. kuderskii.  M. evseenkoi can be distinguished from M. marmorata and M. kuderskii by the 435 

number of pores (one) in the upper lateral line compared to 10-18 in M. marmorata and M. kuderskii 436 

(Table 5).  M. mamorata can be distinguished from M. kuderskii by the more slender body form in the 437 

latter (body depth 12.9 – 15.6 % SL) vs 17.2 – 19.9 % SL in M. marmorata (Balushkin and Prirodina 438 

2007). 439 

Larvae of Muraenolepis have been caught in the surface waters around South Georgia (Collins et al. 440 

2008; Belchier and Lawson 2013) in summer and autumn with a peak in the coastal surface waters in 441 

January (Belchier and Lawson 2013).  These larvae could be M. marmorata or M. kuderskii, but it will 442 

require molecular analysis of the specimens to confirm the identity. Collins et al. (2008) found larvae 443 

of 33-55 mm SL to the NW of South Georgia.  Similarly, on the Kerguelen Plateau, Duhamel et al. 444 

(2017) found that M. marmorata are pelagic until they reach 55 mm in length and sometimes form 445 

dense swarms, detectable by echo sounders.  Konstantinidis et al. (2016) also reported three larval 446 

specimens from the Antarctic Peninsula region, but the specific identity is not known. 447 

M. marmorata is clearly abundant on the South Georgia shelf, but its ecological role remains largely 448 

unknown.  A small number of stomachs examined from South Georgia trawl surveys indicate a 449 

generalist benthic diet, including polychaetes, amphipods, mysids, brittle stars and small fish (Collins 450 

unpublished), although fatty acid signatures are similar to krill-eating mackerel icefish (Stowasser et 451 

al. 2012).  Given the scarcity of Muraenolepis as a by-catch in the South Georgia longline fishery, it 452 

is unlikely that M. marmorata or M. kuderskii are scavengers as both species are likely to overlap with 453 

the toothfish fishery (Gregory et al. 2017).  Furthermore Muraenolepis were not seen during any of 28 454 



20 
 

baited camera deployments at South Georgia (Yau et al. 2002).  However, on the Kerguelen Plateau, 455 

M. marmorata are regularly taken as by-catch in the toothfish fishery (Duhamel et al. 2017), which 456 

suggests that the ecology may differ in different parts of the range.  On the other hand, M. evseenkoi 457 

appear to be scavengers, as the species is regularly taken on longlines in the South Sandwich Islands.  458 

All of the M. evseenkoi taken on longlines were large and the only ones sexed were female.   459 

In this study, we have clarified which species of Muraenolepis occur around South Georgia and the 460 

South Sandwich Islands and resolved confusion regarding the identity of M. microps.  More work is 461 

required to fully describe the geographic and bathymetric distribution of this family to add to the recent 462 

studies of Balushkin and Prirodina (op cit).  Muraenolepis marmorata is clearly abundant on the South 463 

Georgia shelf, where its ecological role remains uncertain, whilst M. evseenkoi is a significant by-catch 464 

species in the South Sandwich Islands toothfish fishery. 465 
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Table 1. Muraenolepididae species locations and depth ranges reported from the Southern Ocean. 

Species Type Location Reported Distribution 
Reported 
Depth (m) 

References 

Muraenolepis marmorata 
Günther 1880 

 
Kerguelen 

Sub-Antarctic Indian Ocean Islands  20 - 1600 Günther 1880; Duhamel et al. 2017 

South Georgia, Scotia Sea 10 - 1600 
Chiu and Markle 1990; Miller 1993; 

Kompowski and Rojas 1993, 1996; Cohen et 
al. 1990 

 
Muraenolepis microps 

Lönnberg 1905 (= 
Muraenolepis marmorata 

Günther 1880) 

Cumberland Bay, 
South Georgia 

South Georgia, Drake Passage 20 -125 Lönnberg 1905 

South Sandwich Islands (no details), Balleny Islands 360 Regan 1914 

Burdwood Bank (south of Falklands)  Norman 1937b 

South Georgia 18-351 Norman 1938 

Scotia Sea islands, Victoria Land and the Ross Sea 10 - 1660 Chiu and Markle 1990 

South Georgia & Shag Rocks 130-960 Gregory et al. 2017 

Tierra del Fuego, Burdwood Bank  Cohen et al. 1990; Miller 1993 

Muraenolepis orangiensis 
Vaillant 1888 

Orange Bay, Cape 
Horn 

South Atlantic (Patagonian Shelf, seamounts), Sub-
Antarctic Indian Ocean Islands 

135 - 860 
Vaillant 1888; Norman 1937a; Cohen et al. 
1990; Chiu and Markle 1990; Miller 1993 

Muraenolepis andriashevi 
Balushkin & Prirodina 2005 

Aghulus Bank 35°20ʹ 
S; 18°40ʹ E 

Aghulus Bank and Discovery Seamounts (SE Atlantic) 980-1010 Balushkin and Prirodina 2005 

Muraenolepis trunovi 
Balushkin & Prirodina 2006 Lazarev Sea Lazarev Sea 730-860 Balushkin and Prirodina 2006 

Muraenolepis kuderskii 
Balushkin & Prirodina 2007 

South Georgia: 53°36ʹ 
S; 36°43ʹ W 

South Georgia 440-605 Balushkin and Prirodina 2007 

Muraenolepis pacifica 
Prirodina & Balushkin 2007 

Pacific-Antarctic Rise: 
53°34ʹ S; 140°39ʹ W  

Pacific-Antarctic Rise 200-450 Prirodina and Balushkin 2007 

Muraenolepis evseenkoi 
Balushkin & Prirodina 2010 

 

Commonwealth Sea, 
Kemp Coast, 

66°30ʹ, 59°30ʹ E, 500-
1810 m 

 

Antarctic continental coast 500-2010 Balushkin and Prirodina 2010  

Weddell Sea 1417 Prirodina and Balushkin 2015 

Notomuraenobathys 
microcephalus 
Norman 1937 

63°51′S, 
54°16′E, 2000 m 

Scotia Sea Islands, Northern Antarctic Peninsula, East 
Antarctic coast 

1976 - 3040 
Norman 1937a; Chiu and Markle 1990; Cohen 

et al. 1990, Miller 1993c 

Patagonian-Falkland region 750 - 1000 Balushkin and Prirodina 2010a, 2013 
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Table 2.  Tissue samples of Muraenolepididae obtained for molecular analysis. 

 

 

 

 

 

 

 

 

 

 

  

Location Year Depth Vessel Samples Museum Registration 

Shag Rocks 2003 221 m FV Dorada 1 Not retained 

South Georgia 2004 135-361 m FV Dorada 15 Not retained 
South Georgia & Shag 

Rocks 2005 117-409 m FV Dorada 45 BMNH 2020.12.10.1-9 

South Sandwich 2006 1523-1542 m RRS James Clark Ross (JR145) 1 Not retained 

South Georgia 2006 977-1038 m RRS James Clark Ross (JR145) 13 Not retained 

Shag Rocks 2006 203-212 m RRS James Clark Ross (JR145) 2 Not retained 

South Orkneys 2006 216-235 m RRS James Clark Ross (JR145) 3 Not retained 

Burdwood Bank 2006 992-1001 m FV Dorada 4 Not retained 

Kerguelen Island 2006 124-529 m FV Austral (POKER 1) 5 Not retained 

South Sandwich 2010 1150-1690 m FV San Aspiring 11 Not retained 

SE Chatham Rise 2005 946-1053 m FV San Waitaki 1 Te Papa: P.045213 

Scott Canyon, Ross Sea 2006 1047-1229 m FV Avro Chieftain (c/o NIWA) 3 Te Papa: P.042219-042220 

Pacific Antarctic Ridge 2005 1500-1508 FV Janus (c/o NIWA) 2 Te Papa: P.042227-042228 

South Sandwich 2007 678-1466 FV San Aspiring c/o NIWA 4 Te Papa: P.043969-043972 

Iselin Bank, Ross Sea 2008 1047-1288 FV San Aotea II (c/o NIWA) 1 Te Papa: P.045195 

Mawson Bank, Ross Sea 2008 814 - 818 RV Tangaroa (c/o NIWA) 5 Te Papa: P.43707-43711 

Amundsen Ridges 2006 1307-1355 FV Janus (c/o NIWA) 1 Te Papa: P.042246 

Shag Rocks  2008 0-60 (pelagic 
larvae) RRS James Clark Ross (JR177) 3 Not retained 

Total 120  
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Table 3.   Type specimens and other key specimens examined for this study. 

Species ID Notes TL 
(mm) 

M. marmorata BMNH 
1879.5.14.640 

Lectotype. Good condition; lateral line well 
developed, reaches middle of 2nd dorsal 

235 

M. orangiensis MNHN 1884-
0819 

Holotype. Moderate condition, elongate 63 

“M. microps” NRM 11213 
Holotype. Good condition; lateral line well 

developed, reaches > 50% of 2nd dorsal 
321 

N. microcephalus BMNH 
1937.9.21.96 

Holotype. Moderate condition, elongate body 125 

M. evseenkoi BMNH 
1913.12.4.204 

Ross Sea specimen (one of two) reported by 
Regan (1914) as “M. microps” from Terra 

Nova expedition 
131 

M. evseenkoi BMNH 
1909.8.19.19 

South Sandwich Islands specimens referred to 
by Regan (1914) as “M. microps” 

55 
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Table 4.  Lateral line, body form and indices of body depth (BD), 1st dorsal fin length (1st D), head length (HL) and Inter-orbital (IO) distance from specimens 
of Muraenolepis examined from South Georgia in this study and from the type series of M. kuderskii, M. evseenkoi, M. orangiensis, M. trunovi and N. 
microcephalus.  

 

Species Upper lateral 
line 

Body 
form 

BD/SL (%) 1st D/SL (%) HL/SL (%) IO / SL Vertebrae 
(n) 

Source 

   n Mean 
(range) 

n Mean 
(range) 

n Mean 
(range) 

n Mean 
(range) 

  

M. marmorata  
 

Well developed, 
numerous pores 

Broad 

132 
Female 

20.7 
(16.3-25.4) 

129  6.5  
(2.5-9.9) 

136 18.5  
(16.4-21.1) 

136 5.0  
(3.5-6.4) 

67-68 (8) 
This study 

6 
Male 

18.1 
(16.8-19.6) 

6  11.8  
(9.2-13.2) 

6 15.8  
(14.1-16.9) 

6 4.1  
(3.3-4.9) 

68 (1) 
This study 

M. kuderskii 
 Well developed, 

numerous pores 
Moderate 

1 14.2 1 15.2 1 14.9 1 2.6 68 (1) This study 

M. kuderskii 
(Type series) 

6 
14.4 

(12.9-15.6) 
6 

12.9  
(11.0-14.8) 

6 
16.8  

(15.7-18.4) 
6 

2.7  
(1.9-4.0) 

68-69 (6) 
Balushkin and Prirodina 

(2007) 
M. evseenkoi  
(Type series) 

Reduced, two 
pores 

Broad 12 
16.7 

(14.9-18.5) 
11 

7.5 
(5.8-10.3) 

12 
20.1  

(18.3-25.2) 
12 

3.1 
(1.9-3.8) 

71-73 (5) 
Balushkin and Prirodina 

(2010) 
M. evseenkoi  

 
Reduced, two 

pores 
Broad 2 

17.5 
(17.5) 

2 
4.7  

(3.6-5.9) 
2 

22.3  
(20.7-23.8) 

2 
4.7 

(4.6-4.8) 
72 (1) 

Regan (1914) specimens; 
this study 

M. orangiensis  
(Holotype) Well developed, 

numerous pores 
Slender 

1 11.7 - - 1 17.5 1 3.3 75 
This study from 

photograph 

M. orangiensis  
 3 11.9-15.3 3 15.5-17.8 3 13.7-15 3 2.0-3.4 74-75 

Prirodina and Balushkin 
(2007) 

M. trunovi 
 (Holotype) 

Reduced, two 
pores 

Moderate 1 14.8 1 16.9 1 17.5 1 2.0 73 
Balushkin and Prirodina 

(2006) 

N. microcephalus Reduced, two 
pores 

Slender 4 
9.1 

(8.4-10.9) 
4 

8.0 
(6.4-9.9) 

4 
14.6 

(13.7-15.9) 
4 

2.4 
(1.2-2.8) 

83-85 
Measurements of 

holotype; Balushkin and 
Prirodina (2013) 
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Figure Legends 

Figure 1.  Type specimen of (A) Muraenolepis marmorata (lectotype: BMNH 1879.5.14.640) (B) M. orangiensis (MNHN 1884-0819), (C) M. microps (NRM 

1123) and (D) N. microcephalus (BMNH 1937.9.21.96). Images A, C & D (c) The Trustees of the Natural History Museum, London. Image B courtesy of the 

Muséum National d’Histoire Naturelle, Paris. 

Figure 2.  Distribution and abundance of Muraenolepis sp. from (A) South Georgia bottom trawl surveys from 1987-2019 and (B) catches on commercial 

longlines in South Georgia and the South Sandwich Islands fisheries. 

Figure 3. Length-frequency of Muraenolepis spp. caught during South Georgia bottom trawl surveys from 1987-2019 (n = 703) (upper) and from commercial 

longline fishing (n = 597) (lower).  

Figure 4. Principal components analysis of morphometric characters of Muraenolepididae, including data from this study and published descriptions (Balushkin 

and Prirodina, 2006, 2007, 2010a).  

Figure 5.  Maximum clade credibility phylogram generated from the Bayesian Inference AGY analysis of 21 mitochondrial DNA (16S – cox1) haplotypes. 

Branch support values for the circled nodes are given in the order: Maximum Parsimony (bootstrap), Bayesian Inference AGY analyses (posterior probability), 

Bayesian Inference AGY analyses (posterior probability) with * indicating a posterior probability of <0.5. Haplotypes are named using the assigned species 

designation followed by a haplotype (H) number and n number to describe the number of samples represented by each haplotype. The geographic markers of 

sample locations are coded: Burdwood Bank (BB), Kerguelen (K), Mawson Bank (MB), New Zealand (NZ), Pacific Antarctic Ridge (PR), Ross Sea (RS), 

South Orkneys (SO), Shag Rocks (SR), South Georgia (SG), South Sandwich Islands (SS). 
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Figure 6. Median Joining (16S – cox1) haplotype network for samples designated as Muraenolepis marmorata. Circle sizes are proportional to the number of 

samples and hash marks indicated the number of mutational steps. Geographic markers of sample locations are coded: Burdwood Bank (BB), Kerguelen (K), 

South Orkneys (SO), Shag Rocks (SR), South Georgia (SG), South Sandwich Islands (SS); the unnamed black circle represents a hypothetical connecting 

haplotype. 

Figure 7.  Locations of the type specimens of all species of the family Muraenolepididae (circles), with the locations of the samples used in the study (diamonds). 

The left panel displays the SW Atlantic region, the right panel is focussed on the Scotia Sea. 
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Figure 1. Type specimens of (A) Muraenolepis marmorata (BMNH 1879.5.14.640) (B) M. orangiensis (MNHN 1884-0819), (C) M. microps (NRM 11213) 

and (D) N. microcephalus (BMNH 1937.9.21.96). Images A, C & D (c) The Trustees of the Natural History Museum, London. Image B courtesy of the Muséum 

national d’Histoire naturelle, Paris. 
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Figure 2.  Distribution and abundance of Muraenolepis sp. from (A) South Georgia bottom trawl surveys from 
1987-2019 and (B) catches on commercial longlines in South Georgia and the South Sandwich Islands 
fisheries. 
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Figure 3. Length-frequency of Muraenolepis spp. caught during South Georgia Trawl Surveys from 1987-2019 

(n = 703) (upper) and from commercial longline (n = 597) fishing (lower).  
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Figure 4. Principal components analysis of morphometric characters of Muraenolepididae, including data from 

this study and published descriptions (Balushkin and Prirodina, 2006, 2007, 2010a).  
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Figure 5.  Maximum clade credibility phylogram generated from the Bayesian Inference AGY analysis of 21 

mitochondrial DNA (16S – cox1) haplotypes.  Geographic markers of sample locations are coded: Burdwood 

Bank (BB), Kerguelen (K), South Orkneys (SO), Shag Rocks (SR), South Georgia (SG), South Sandwich 

Islands (SS). 
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Figure 6. Median Joining (16S – cox1) haplotype network for samples designated as Muraenolepis marmorata. 

Circle sizes are proportional to the number of samples and hash marks indicated the number of mutational steps. 

Geographic markers of sample locations are coded: Burdwood Bank (BB), Kerguelen (K), South Orkneys (SO), 

Shag Rocks (SR), South Georgia (SG), South Sandwich Islands (SS); the unnamed black circle represents a 

hypothetical connecting haplotype. 
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Figure 7.  Locations of the type specimens of all species of the family Muraenolepididae (circles), with the locations of the samples used in the study 
(diamonds). The left panel displays the SW Atlantic region, the right panel is focussed on the Scotia Sea. 

 


