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INTRODUCTION

METHODS

CONCLUSIONS

To date tissue from 2251 specimens have been collected with voucher 
specimens for 1578 of these, representing 284* species groups.  (*to be 
confirmed by examination of DNA barcodes and phenotype if voucher 
available).   Of these 193 species are represented by more than one 
individual.  

Where sufficient individuals from a particular species are available, the 
DNA barcodes indicated that further examination is required within a 
number of families including (1) Agonidae (Alligatorfishes and 
poachers), Aspidophoroides monopterygius and Leptagonus decagonus
(2) Ammodytidae (Sandlances), Ammodytes dubius, Ammodytes
americanus (3) Cottidae (Sculpins), Icelus spatula, Icelus bicornis, 
Myoxocephalus octodecemspinosus, Myoxocephalus aenaeus, 
Myoxocephalus scorpius (5) Lotidae (Rocklings), Gaidropsarus
argentatus,  Gaidropsarus ensis (6) Macrouridae (Grenadiers), 
Macrourus berglax, Nezumia bairdii, Nezumia sp. (7) 
Chlorophthalmidae (Greeneyes), Parasudis truculenta, 
Chlorophthalmus agassizi (8) Paralepididae (Barracudinas), Paralepis
elongata, Paralepis coregonides, Arctozenus risso (9) Rajidae (Skates),
Amblyraja hyperborea, Ambyraja jenseni, Leucoraja ocellata, 
Leucoraja erinacea (10) Scombridae (Tunas), Thunnus obesus, Tunnus
albacares, (11) Liparidae (Snailfishes), Careproctus reinhardti, Liparis
gibbus, Liparis fabricii, Liparis inquilinus. Six of these families are 
illustrated in Figure 2.

122 unidentified specimens from DFO groundfish surveys (1996-2006) 
were obtained and 78 yielded DNA barcodes.  When compared to 
sequences in the BOLD database, 44 could be assigned to species level, 
21 to genus,  3 to family and 10 did not correspond to DNA barcodes 
thus far generated. 

DNA barcodes were successfully used to identify the species of juvenile 
skates caught in the western Atlantic (Figure 3.).  The data used will 
help to develop a key for on-board identifications.  

DNA EXTRACTION AND AMPLIFICATION

DNA was extracted using a glass milk protocol (Elphinstone et al. 
2003) on a Perkin Elmer MultiPROBE II PLUS Robot.  PCR products 
were amplified using the published Fish Universal Cytochrome
Oxidase I (CO1) primers (Ward et al., 2005) or modified M13 tailed 
primers (Ivanova et al. 2006).  PCR products were cleaned and 
sequenced using standard protocols.  

Figure 1.  AREA OF THE NW ATLANTIC ILLUSTRATING NAFO (NORTH ATLANTIC FISHERIES 
ORGANIZATION) ZONES WHERE MARINE FISH ARE BEING TARGETED.  MOST SAMPLES ARE 
CAUGHT WITH THE HELP OF DFO IN CANADA AND NOAA IN THE UNITED STATES.

ARCHIVING

The archiving of associated voucher specimens is carried out in 
collaboration with The Atlantic Reference Centre (ARC) of the 
Huntsman Marine Science Centre, in St. Andrews, New Brunswick.  
Once tissue is obtained for DNA analysis, the voucher thawed, 
photographed, fixed (in 10% formaldehyde and subsequently 
preserved in isopropanol), catalogued and an authoritative ID is 
obtained before final archiving in the museum collection.   (Most of 
the specimens are tentatively IDed prior to arrival at the ARC and this 
original ID is what the DNA barcodes are initially compared to.)

RESULTSRESULTS

SAMPLE COLLECTION

Specimens from the NW Atlantic (Figure 1) were targeted.   Fish were 
collected through collaboration with a number of organizations but 
predominantly Fisheries and Oceans Canada (DFO - Maritimes, Gulf of 
Saint Lawrence, Quebec, Newfoundland and Labrador and Arctic) and 
NOAA (Gulf of Maine, Cape Hatteras).  Fish were caught in groundfish
surveys, coastal tagging surveys, inshore species diversity surveys, 
educational programs with schoolchildren and from various individuals 
working on specific species (sharks, skates, tunas etc.) as well as 
interested fishermen. 

Figure 2.  (A) NEIGHBOR-JOINING PHYLOGRAM  FOR 1040 ATLANTIC CANADIAN MARINE FISH SPECIMENS.   
(B) SPECIES IDENTITY PROBLEMS WITHIN FIVE FAMILIES (COTTIDAE, LIPARIDAE, MACROURIDAE, 
MYCTOPHIDAE AND SCOMBRIDAE) AND ONE ORDER (AULOPIFORMES) ARE SHOWN IN MORE DETAIL.  
WHERE TWO OR MORE INDIVIDUALS EXHIBIT <1% SEQUENCE DIVERGENCE. THEY ARE  GROUPED  WITHIN 
COLOURED RECTANGLES.   

The correct identification of species is a crucial component to any research on 
fish biology or fisheries. The identification of fish species can be difficult 
because of the large number of species, and because the body forms of most 
fishes change dramatically during development.  Molecular-based approaches, 
such as DNA barcodes, have the potential to transform the task of identification 
by providing rapid diagnosis of species identity across all life stages including 
eggs and larvae as well as from fish fragments.  This ability will yield more 
precise data on recruitment, ecology and geographic ranges of fisheries 
resources, and improved knowledge of nursery areas and spawning grounds, 
thereby impacting fisheries management and conservation.  In addition, it will 
enable identification of prey in stomach contents, and assist in the detection of 
cryptic species.  Forensic applications may extend from monitoring of fish 
quotas and by-catch to inspection of fisheries markets and fisheries products. 
The progress and applications of the Consortium for the Barcode of Life 
Initiative for the global identification of all marine fish using DNA barcodes are 
presented in relation to the marine fishes of Atlantic Canada. 
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Figure 3.  SKATE IDENTIFICATION.  108 JUVENILE SKATES WERE OBTAINED AND 
DNA  BARCODES GENERATED.  THE BARCODES WERE COMAPARED TO THOSE 
FROM VOUCHERED SPECIMENS AND  USED TO DIFFERENTIATE IMMATURE 
SPECIMENS.  PHENOTYPIC CHARACTERS FROM THESE SPECIMENS WILL BE USED 
BY RESEARCHERS TO DEVELOP AN ON-BOARD KEY FOR SPECIES DISCRIMINATION. 

DNA barcoding discriminates most Atlantic marine fish species.  In 
those cases where individuals from ‘nominal’ species do not cluster, 
species misidentification is the most parsimonious explanation and 
these specimens are being re-examined to confirm this.  The 
availability of specimens for re-examination underscores the need for 
expertly taxonomically identified voucher specimens in the DNA 
barcoding process.  The information from misidentifications can be 
used to develop better methods for on-board identifications and correct 
errors in current survey data, which is a primary source of information 
for marine fish

A concerted effort is needed to obtain specimens from the rarer and/or 
deep water species in the NW Atlantic as most of the common species 
have been collected. 
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05076Maeglefin13
05391Maegel060
05595Maegel103
05008Maeglefin00
05960Maeglefinus
05079Maeglefin14
05392Maegel068
05582Maeglefin12
05959Maeglefinus
06188Maeglefinus
06777Maeglefinus
05961Maeglefinus
06182Maeglefinus

05586Maegel097
06387Maeglefinus1

05592Gmorhua
06095Gmorhua

05038Gmorhua014
05309Gmorhua152
05313Gmorhua019
05346Gmorhua022
05390Gmorhua050
05574Gmorhua194
05494CODPOLLOCK
05314Gmorhua027
06950unidenti
05585Gmorhua091
05751Gadusoga
05754Gadusoga
05816Gadusoga
05818Gadusoga

061027Aglacilis
05713Bsaida
06805BOREOGADUSSAIDA
061032Bsaida
05791Bsaida

06805COIF1Tadspe
05578Pvirens096
05584Pvirens141
05593Pvirens092
05404Pvirens095
06206Pvirens

05495Pvirens
06097PvirensRC
06105PvirensRC
06205Pvirens
05829TRIGLOPSMURRAYI

05508Pvirens267
06680Mtomcod
07004coiRCMtomcod

06394F1Mpoutassou
06394 393MICROMESISTIUSPOUTASS

05719Mbilinearis
05963Mbilinearis
05964Mbilinearis
05939Mbilinearis
05965Mbilinearis
05374Mbilinearis
05334Mbilinearis
06339F1Mbilinearis
05302Mbilinearis
05351Mbilinearis
05375Mbilinearis
06217Mbilinearis
05033Mbilinearis

06663Mbilinearis
05854Unidentified
06218Mbilinearis

05936Malbidus
06204Malbidus
06700Malbidus
06603Malbidus
06211Mbilinearis

05506Bbrosme
06638BbrosmeM13F
06746Bbrosme

06960Brosme
06111Bbrosme
06836Brosme RC
06124BbrosmeRC
06735Nbrosme
06749Bbrosme
06640Bbrosme
07013coiBbrosme
07014coiBbrosme
07021coiBbrosme
07024coiBbrosme
06499ARTEDIELLUSUNCINATUS
07023coiBbrosme
06748Bbrosme

06202BbrosmeRC
07046 RC Lprofundorum
07011coiBbrosme
06203Bbrosme

06637Bbrosme
06870Bbrosmecoi
06436Mdyptery

05767Urophyciste
06166UtenuisRC

06757UtenuisRC
06758Utenuis
05717UROPHYCISTENUIS
06138Uchuss
06150Utenuis
06143Uchuss
05968F1Uchuss
05967Uchuss
06666Uchuss

06254Uchuss
05943Uregi

07031 RC Uregia
06945UregiaRC

06367F1Pchesteri
06235Pchesteri

06588F1Pchestri
05930Pchesteri
06715Uchesteri

06529F1Pchesteri
05722Ecimbrius

06346chordata
06052Ecimbrius37

06255Ecimbrius44
06721Ecimbrius
05779Ecimbrius
05931Ecimbrius
05712ENCHELYOPUSCIMBRIUS
06256Ecimbrius45
06804Ecimbrius
07053 RC Usubbifurcata
07053ULVARIASUBBIFURCATA
06003Ecimbrius
06018Gensis

06001Ecimbrius
06002Ecimbrius
06019Gensis
06020Gensis
06769Gargentatus
061044GAIDROPSARUSARGENTATUS

06055Arostrat
06056Arostrat
06570Arostrata
06571Arostrata

06344unidentif
05937Gimberbis

05765Nbardii
06276Nbardii
06024Nbairdii
06064NezumiaBairdii
06277Nbairdii
06597Mberglax
06675Nbairdii
06531Nbairdii
05797Nbairdiiort

06005Mberglax
06599Mberglas
061070Mbergla

05944Ccaelorhinc
06410Nbairdii

06009Crupestris
06010Crupestris

06015Nezumi
06076Nezumi

06248Sympurus
06455Spteryo

05638Chippurus
05642Chippurru

05643Chipurus
05043Mvillosus19
05022Mvillosus01
06040Mvillosus
05059Mvillosus12
05795Mvillosus
06039Mvillosus
06563Mvillotus
06802Mvillotus
06562Mvillotus
061071MvillosusNew

06694Omordax
06884F2Omordax

05002Astriata163
06686Asilus
06225AstriataRC
06712Asilus
06522Asilus
06224AstriataRC
06595AsilusM13F

06014Beuryops
06606Beurops
061029Beuryops

061039CmicrodonCHECK
06947Unidentified

06067Alepisaurus
06525Pcoregon
06520PelongataM1
06521Pelongata
06702Arisso
061074Arisso
061073Arisso
05785Arctozenusr
06275Arissoi

06918Arisso
06526Pcoregon

05712Ecimbrius
06524Matlantica

05953Cagassizi
06386Cagassizi

06257Ptruculata4
06336UNIDENTIFED
06241Ptruculata

06027F1Scopalrus
06617unidentified
06398Ptruculenta

06731Ptruculenta
06033Sbo
061081Sboa
06821UNIDENTIFED

06068Stomias
06609Sboa
06707Sboa

06025Unknown
05955Aaculeatus
06021Atittmanni

06523Aristostomi
06022Atittmanni
06421Aristostomi

06505F1CstriataRC
06505CENTROPRISTISSTRIATA

06616Unidentifie
06200Saquosus
06208Saquosus
06177Saquosus
05745Saquosus

05580Saquosus106
06888SPmaericanus

05393Ssetapinnis
06717Ssetapinnis

07003coiRCTlathami
06456F1Ccrysos
06453PLEURONECTIDAE

05632Xgladius
05633Xgladius
05631Xgladius

05626XgaldiusM13
05624Xgladius

05629Xgladius
05634Xgladius
05625Xgladius
05627XgladiusX
05630Xgaldius
06408F1Sdumerili

05635Mnigrican
05310Hplates062

05001Hplates004
05001HPLATE

05377Hplates075
06911HplateRC
06807Hplatessoid
05581Hplates112
061048Hplatess
05949Hplatessoid

06159COICOIR2 RC CHECK
05376Hplates066
05023Hplates012
06181Hplatessoid

05320Lferrug080
06491Liparis
05381Lferrug041
05382Lferrug049
05588Lferrug107
05728Lferrug
06187Lferrug
05319Lferrug071
06556Lferrug
05583Pamericanus
06258Pamericanus
05489Pamericanus
06172Pamericanus
06174Pamericanus
06935Pleuronec

05384Gcynogloss0
05590Gcynoglos18
05941Gcynogloss
05573Gcynoglos11
05764Gcynogloss
06572Pleuronect
06167GcynoglossuRC
05400Gcynoglos18

05776Gcynogloss
05933Gcynogloss
06573Pleuronect
05589Gcynogloss
06775Pleuronecti

05504Hhippogloss
06786Hhipploglossu

05406Hhippogloss
06724Hhippogloss

06739Hhippogloss
06889HhippoglossRC
05399Hhippogloss
06706ARGYOPELECUS

05579Rhippo101
06085Rhippogloss
06084Rhippogloss
06714Rhippogloss
05701Rhippogloss
06007Rhippogloss

05956F1Hoblongata
06508F1Hoblongata
06130Hoblongata
06317unidentif
06733Hoblongata

06117Pdenatus
06137AspadissimaCHECK
06099Pdenatatus
07045 RC Pdentatus

05009Adubius006
05357Adubius039
06195AdubiusRC
06191Adubius

05306Adubius026
05356Adubius031
05790Adubius
06236Adubius
07049 RC Ammodutes
05388Adubius033
06140Aamericdubi
05387Adubius025
06237Adubius
05010Adubius007
05305Adubius018
06566Americanus
06827UNIDENTIFED

05289Mmenidia093
05288Mmenidia088
05292Mmenidia109
05293Mmenidia139
07007coiRCmmenidia
06934MENIDIAMENIDIA

06094TadspersusRC
05799Tadspersus
05805Tadspersus
06160TadspersusRC
05311Tadspersus0
05363Tadspersus0
05808Tadspersus
05312Tadspersus0

06412Bothidae
06449Bothidae
05946Msessilli

06192Carctifrons
06198Carctifrons
06156CarctifronsRC

07032 RC Emicrostomis
06400Myctophidae
06401Myctophidae
06691Lampanyctus
06692Lampanyctus
06826unidentified
061031Bglaciale

061052Lmacdonaldi
06567Lampanyctus

06243Lmacdonaldi
06282Myctophid

96011NANNOBRACHIUMATRUM
06785Myctophid
05942Bgobioides

05070Chuntsmani1
05682Sfontinalis

06161F1Lprofondurm
06426F1Lprofondurm

05004Sebastessp
05934Hdactyloper
05935Hdactyloper
06189Hdactyloper

06728Hdactyloper
06688Hdactyloper

05005Sebastessp
05718Sebastes

05951Sfasciatus
06290Sebastes
06727Sebastessp
06332unidentid
05952Sfasciatus

05006Sebastes164
06381EpandionusM
06382F1Epandonis

06324unidentif
06350unidentif

06377Hsherboni
06378F1Hsherboni

06378HOWELLASHERBONI
06598Caggassizzi
06380Hsherboni

06406Polyprion
06413Beryciforme

06417PaltaM13F
06329Bvetula

06411Gbrachius
06703Nscolopous
06719Pminiatum
06957Pminiatum
06502PERISTEDIONMINIATUM

06958Pminiatum
06949Unidentified

07029 RC Ochrysoptera
06422Plowei

05932Datlanticus
06955Datlantic

06587DIBRANCHUSATLANTICUS
05003Lameric196
05492Lamericanus
06458LOPHIUSAMERICANUS
06100Lamericanus

06685Lamericanus
05721Lamericanus
06932Lamericanus
06765NEMICHTHYSSCOLOPACEUS

05047Lameric143
96005UNIDENTIFIED

07025coiRCMamericana
07026coiRCMamericana

07027coiRCMdolomieu
06036Cniger
06037Cniger
06071Cniger
06611Gulper

06070Cniger
06610Epelecanoides
06082Cniger

05331Ptriac037
06157Ptriacanthu

05401Ptriac195
05359Ptriac056
05360Peprilustri
05747Peprilustra
06096Ptriacanthu
06179Ptriacanthu
06178Ptriacanthu
06297PEPRILUSTRAICANTHUS

07034 RC Ptriacanthus
07033 RC Ptriacanthus

06298PEPRILUSTRAICANTHUS
06438Psalatrix
06439Psalatrix
06503Psalatrix

96012Ggroenland
05648Tobesus
05646Tobesus
05652Tobesus

05651Tobesus
05649TobesusM13F
05653Tobesus

05662Talbacares
05663Talbacares

05656Talbacares
05644Tobesus002
05645Tobesus
05650Talbacare
05654Talbacares0
05659Talbacare
05658Tabacares
05655Tabacares
05661Talbacares
06742Tthynnus
06743Tthynnus
06744Tthynnus
06745Tthynnus
06625Tthynnus
06627Tthynnus
06630Tthynnus
06622Tthynnus

05660Talbacares
05667Talalunga
05669Talalunga

05668TalalungaM1
05666Talalung

05664Scavalla
05665Scavalla

06418 405STROMATEIDAE
06424GEMPYLIDAE

06135SscombrusRC
06220Sscombrus
06221Sscombrus
06295Sscombrus
06890Sscombrus
06146Sscombrus

06345unidentif
06309unidentif
06352Belongatus

06954Bbrama
06466Cholboelli
06956netdevil

96002CRYPTOPSARASCOUESI
06419F1Pcarolinus

07005 RC Maenus
06393ARTEDIELLUSSP.
05013Moctodec008

06936Cottidae
05344Moctodec082
05378Moctodec086
05379Moctodec024
06184Moctodece
06190Moctodece
xxxxxxxxxxxx

06109MoctodeceRC
06761Moctodec
05688Gcynogloss
05750Maenaeus
06173Moctodece
06676Moctodec

06185Moctodece
05777Moctodece

05367Mscorpius57
05811Mscorpius

05708Mscorpius
06763Mcorpius
06269MYOXOCEPHALUSSCORPIUS
06789MYOXOCEPHALUSAENAEUS
06555Mscorpius

05365Tnybelini04
05386Tnybelini08
05385Tnybelini07
05738Triglopsnyb
06128Tnybelini
05329Tnybelini02

06559Tnybelini
06673Tnybelini
06252Tnybelini433RC
06561Tnybelini
06251Tnybelini

061082Tnybelini
061083TRIGLOPSPINGELII

05706Ispatula
061051Icelus

05714Ispatul
061050Ispatula
06263Ispatul
06548ICELUSSPATULA

06171Ispatul
06176Ispatul

061049xIbicornis
05730Gtricuspis
05789Gtricuspis

05778Llampretaef
05742Aatlanticus
06770Auncinatus
06239Aatlanticus
05819Auncinatus

06240COICOIR2 RC Check
061028Atalanticus

05723ARTEDIELLUSUNCINATUS
06725Aatlanticus
06050Auncinatus

05370Amonoptery0
05397Amonoptery1
06129Amonoptery
06250Amonoptery
06249Amonoptery

06550Uolrikii
06798Uolrikii
05794Ulcinaolrik
06551uolkrii

05703Ldecagonus
05772Ldecagonus
06045Ldecagonus
06583Ldecagonus
06584Ldecagonus
06792Agonidae
05756Ldecagonus
061054decagonus
06278Ldecagonus
06779Ldecagonus
06046Ldecagonus
061053Ldecagonus

061036CmicropsNEW
061037CmicropsNEW
06874CMicrops

06078Cthompsoni
06528F1Cmicrops

05323Hamericanus
05707Hamericanus

06223HamericanusRC
05324Hamericanus
05752Hamericanus
06104Hamericanus
06110Hamericanus
06264Hamericanus
06552Hamericanus
05354Hamericanus
05396Hamericanus

06112Hamericanus
06337unidentif
06501Hamericanus
06265Hamericanus

06222Hamericanus
05366Espinosus04
05755EspinosusM1

06286Espinosus
05716Espinosus
06281Espinosus

061042EUMICROTREMUSSPINOSUS
061040EderjuginiNEW
061038CYCLOPTEROPSISMCALPINI
061041Ederjugini

05800Clumpus
06940Clumpus
06121ClumpusRC
05810Clumpus
06762Clumpus

05724Creinhardti
05781Creinhardti
07001 RC Creinhardtii
061034CreinhardtiNew

06305LiparDssp
061075Pbathybius

06338Lfabricii
061080RreginaCheck T

06772Pcopei
06060Creinhardti

05803Linquiline
06448Liparidae
06308UNIDENTIFED
06446LIPARIDAE
05753Lgibbus

06303unidentif
06448Aliparidae
05831HELICOLENUSDACTYLOPTERUS
06448Liparidae44
06564PARALIPARISSP.
06447LIPARIDAE

061058Lgibbus
061056Lfabricii
061057Lfabricii

06038Paraliparis
06164LIPARISINQUILINUS
06285F2Paraliparis
06315UNIDENTIFED
06374Liparidae

06119LgibbusM13F
06122PARALIPARIS

06328Paraliparis
06349Lgibbus
06716Latlanticus
06601LIPARISGIBBUS

06152Latlanticus
05773Llampretaef
05704Llampretaef
05021Lmaculatus0
06201LlampretaefRC
06698Llampretaef
05020Lmaculatus0
05715Amedius
05741Anisarchusm
05771Amedius

06043Lmaculatus
06773Lmaculatus
05788Lmaculatus
06233Lmaculatus

06044Lmaculatus
06927Lmaculatu

05802Cmaculatusx
06782Cmaculatus
05813Cmaculatus
05814Spunctatus
05817Cmaculatus
05821Nbairdiiort

06302unidentif
06797Spunctatus

05760Epraecis
06048Epraecisus
06047Epraecisus3
06796Epraecis
06582Epraecius
06670Usubbific
06897Epraecis

07059COICOIR2XX RC Usubbifurca
06662Pgunnel

05694Alupus
06127Alupus

06210Alupus
05024Alupus175
05037Alupus165
05587Alupus102
06209Alupus
06635Alupus

061047F1Gymnelus
061047GYMNELUSSP.

061046GYMNELUSRETRODORSALIS
06795Gviridis
06454 441ZOARCIDAE

05735GYMNELUSVIRIDIS
05062Lverillii015
06682Lverilli

06062Lverillii015
05709Zamericanus
06342UNIDENTIFED
06767LverilliRC
06771Lverilli

06545Lpaxillus
06343UNIDENTIFED
06538ARTEDIELLUSATLANTICUS
06803Lpaxillus
061069Lmirabilis
061059Lkolthofi
061066LreticulatusNew
061067LreticulatusNew
061068Lseminudus
06922Llavalei RC
06409Lycodes
05705Lvahlii
06053Lvahlii
06054Lvahli
06245unidentified
06790Lvahli
061065Lpallidus

05786Matlanticum
06701Matlanticum
06723Matlanticum
06766Matlanticum

06307unidentif
05045Zamericanus

05792Gviridins
05793GYMNELUSVIRIDIS

06113Mzamericanu
06126ZOARCESAMERICANUS
06443Zamericanus
06441UROPHYCISREGIA

05277Gwheatlandi
05279Gwheat108
05286Aquad140
05287Aquad130

05710Gaculeatus
05768GaculeatusM
05801Gaculeatus
05278Gacult104
05280Gacult117

05290Gwheatlandi
05294Gwheatlandi
05295Gwheatlandi

05673Ppungitius
06942Ppunigitius

05674Ppungitius
96008Unidentified
06035Chauliodus
96010Unidentified
06615Chauliodus

96003Unidentified
06614Chauliodus
06034Chauliodus

07052 RC PIPEFISH
06478Msaxtilis

06059Acornu
06291Apseudo

06669Apseudo
05806Apseudo

06937Apseudoharengus
05807Apseudo
06674Aaestivalis

06292AspeudoM13F
06679Aspadissima
06294AspadissM13

06435Btryannus
06435BREVOORTIATYRANNUS

06293Aspaidissima
07065Btryannus
07065BREVOORTIATYRANNUS

06041Charengus
06901Charengus
061035CLUPEAHARENGUSHARENGUS
06042Charengus
06665Charengus
06756Charengus

06592GelongatumM
06720Gelongatum

06706Agropelecus
06065Xcoepi

06389Alepocephal
06722UNIDENTIFIED

06373Xcopei
06072Aleocephalu

06073Aleocephalu
06057Melamphaeid
06058Melamphae

06016Prissoanus
06569F1Nchemitzi
06081Polyacanth

06602Nchemitzi
061086NOTACANTHUSCHEMNITZII

061072COIF1NchemiCheck
06093Lerinace
ID011
06605Lerinacea
06475WINTER

ID063
ID037
ID006

ID024
ID090
ID034
ID067

ID085
06713Lerineaca
07037 RC Lerinacea
ID060
ID023
ID013
ID040
ID012
ID053
ID009
ID047
ID059

ID030
ID046
ID082
ID045
ID057

ID032
ID041

ID043R2
ID007
ID038

ID020
ID064

ID071
ID036
ID044

06101RC
ID052BAD
ID068
07038 RC Lerincea
ID042
06226Lerinacea
06227Lerinacea
ID049

ID058
ID005
ID062
ID054
ID010
ID051
ID048

ID039
ID061

ID072BAD
ID081BAD

ID014
ID055

ID056
ID092BAD
ID050

05827Locellata
ID029
06212Locellata
ID008
ID025
ID027
ID033

07041 RC Locellata
ID003
06684Lerineaca
ID021
ID018
06474WINTER
ID035BAD

07042 RC Locellata
ID080BAD
ID084

ID001
ID002
ID004
ID094
ID022

ID095BAD
ID031

06320unidentif
ID026

06321RoundLittle
06106LocellataRC

ID083BAD
ID019
ID091
ID028

06213Locellata
06875Locellata
ID093BAD

05824Aradiata
ID073
ID075
06699Aradiata
06907Aradiata
ID015
05822Aradiata
06116AradiataRC
ID078

ID069
ID070
ID076
ID088
05823Aradiata
ID077
061023Aradiata
061078Aradiata
ID079
ID087

06165AradiataRC
ID074
ID086
ID089

ID065
ID066

061079Aradiata
061024Aradiata
061025Aradiata
061014Ajenseni
061016Ajenseni

061077Ahyperborea
061015Ajenseni
061076Ahyperborea
061017Ajenseni

061087AhyperboreaRC
061004Rbathyphila

061009COIF2RajDIP
061003Rbathyphila
06960Rfyllae
06963Rfyllae
06965Rfyllae
06966Rfyllae
06442 429RAJIDAE

06125Dlaevis
ID017
06495Dlaevis
ID016

05826COIR2Msenta
06576Msenta
06678Maenta
05825Msenta
06962Mspinacidermis

07040Leglantaria
061002Bspinicauda
06759Aradiata
06978Bspinicauda
06981Bspinicauda
06980Bspinicauda
06982Bspinicauda
06979Bspinicauda

05101Smicrocepha
061088Smicrocephalus
05165Smicrocepha
05102Smicrocepha
05103Smicrocepha
05104Smicrocepha
05111Smicrocepha
05109Smicrocepha
05112Smicrocepha
05116Smicrocepha
05117Smicrocepha
05118Smicrocepha
05168Smicrocepha
05105Smicrocepha
05107Smicrocepha
05108Smicrocepha
05113Smicrocepha
05121Smicrocepha
05122Smicrocepha
05106Smicrocepha
05120Smicrocepha
05123Spacificus
05124Spacificus
05132Spacificus
05134Spacificus
05131Spacificus

06162Sacanthias2
06163Sacanthias

06687Sacanthias
06738Sacanthias
06133Sacanthias2RC

05602Cfabricii
06883Cfabricii
06819ELASMOBRANCHII

05603Cfabricii
06079Cfabricii

06780Cfabricii
06696Cfabricii

06951Tnobilian
06959PHOLIDAE

05607Pglauca
05612Pglauca
05613Pglauca
06618Pglauca
05609Pglauca
05605Pglauca001
05617Pglauca

07043 RC Mcanis
07044 RC Mcanis

06486Sretifer
05620Ioxyrinchus

06123Pmarinus
06147Pmarinus
06196Pmarinus

05086Fdiasp174
05087Fdiasp185

06938Fheterocl
07009 RC Fheteroclitus

06425Unknown
06440Zconcifera
06506Zconcifera

06420ZconciferaBAd
06677Ssaurus

06768Ssaurus
06012Nemichtys

06011Nemichtys
96007F1unidentified
06075Nscolopaceus

06939ANGUILLIDAE
06590Saffinis
06693Saffinis

06340SafinisM13F
06817Skaupii

06818COIF1Chord
06732Sparasitica

06318unidentif
06319Anguillidae
06450Gbathytopos
06316CongridaeNew

05093Ccommersoni
05608Pglauca190
06457Ccommers

05092Ncrysoleuca
06322Fagassizzi
06697Fagazzi
06428Fagassizzi
06433Arcfagassiz

06405F1Apharoe
06405ANOTOPTERUSPHARAO

07030 RC Pscitlulus
07054 RC Triglidae

06219Mglutinosa
06913F1Mglutinosa
06781Mglutinosa

0.005 substitutions/site

NJ

06005Macrourus berglax
06599Macrourus berglax
061070Macrourus berglax

05944Caelorinchus caelorhincus
06410Nezumia bairdii
06009Coryphaenoides rupestris
06010Coryphaenoides rupestris

06015Nezumia sp.
06076Nezumia sp.
05797Nezumia bairdii
06024Nezumia bairdii
06064Nezumia bairdii
06277Nezumia bairdii
06597Macrourus berglax
06675Nezumia bairdii
05765Nezumia bairdii
06276Nezumia bairdii
06531Nezumia bairdii

061031Benthosema glaciale
06826Unidentified
06692Lampanyctus sp.
06691Lampanyctus sp.
06400Myctophidae f. 
06401Myctophidae f.
06243Lampanyctus macdonaldi
06282Myctophidae f. 

96011Nannobranchium atrum
06785Myctophidae f. 
061052Lampanyctus macdonaldi
06567Lampanyctus sp. 

05667Thunnus alalunga
05669Thunnus alalunga

05668Thunnus alalunga
05666Thunnus alalung

06742Thunnus thynnus
06743Thunnus thynnus
06744Thunnus thynnus
06745Thunnus thynnus
06625Thunnus thynnus
06627Thunnus thynnus
06630Thunnus thynnus

06622Thunnus thynnus
05655Thunnus abacares
05661Thunnus albacares
05653Thunnus obesus

05648Thunnus obesus
05646Thunnus obesus
05652Thunnus obesus

05651Thunnus obesus
05649Thunnus obesus

05663Thunnus albacares
05656Thunnus albacares

05662Thunnus albacares
05660Thunnus albacares

05659Thunnus albacares
05644Thunnus obesus
05650Thunnus albacares
05654Thunnus albacares
05645Thunnus obesus
05658Thunnus abacares
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05706Icelus spatula
061051Icelus spatula

06263Icelus spatula
061050Icelus spatula
05714Icelus spatula

06171Icelus spatula
06176Icelus spatula

061049Icelus bicornis
06269Myoxocephalus scorpius
06763Myoxocephalus scorpius
05708Myoxocephalus scorpius
05367Myoxocephalus scorpius
06789Myoxocephalus aenaeus

05013Myoxocephalus octodecemospinosus
06936Cottidae f.
07005Myoxocephalus aenaeus
06185Myoxocephalus octodecemospinosus
06190Myoxocephalus octodecemospinosus
06173Myoxocephalus octodecemospinosus
06761Myoxocephalus octodecemospinosus
05750Myoxocephalus aenaeus

05742Artediellus atlanticus
06239Artediellus atlanticus
06770Artediellus uncinatus
05819Artediellus uncinatus
061028Artediellus atlanticus
06050Artediellus uncinatus
06725Artediellus atlanticus

05803Liparis inquilinis
06303Unidentified
06448Liparidae f.
05753Liparis gibbus

061058Liparis gibbus
06448Liparidae f.
06448Liparidae f.

061056Liparis fabricii
06038Paraliparis sp. 

061057Liparis fabricii
06349Liparis gibbus
06716Liparis atlanticus
06152Liparis atlanticus
06285Paraliparis sp.
06374Liparidae f.
06328Paraliparis sp. 
06119Liparis gibbus

061075Paraliparis bathybius
06338Liparis gibbus
06772Paraliparis copei

061080Rhodichthys regina
06060Careproctus reinhardti
05724Careproctus reinhardti
05781Careproctus reinhardti
07001Careproctus reinhardti
061034Careproctus reinhardti

06305Liparis sp.
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06524Magnisudis atlantica
06386Chlorophthalmus agassizi
06241Parasudis truculata

05953Chlorophthalmus agassizi
06257Parasudis truculata
06918Arctozenus risso
061073Arctozenus risso
06275Arctozenus risso
05785Arctozenus risso

06521Paralepis elongata
06067Alepisaurus sp. 
06520Paralepis elongata
06526Paralepis coregonides

06525Paralepis coregonides
06702Arctozenus risso
061074Arctozenus risso
06398Parasudis truculata
06731Parasudis truculata

06027Scopelosaurus sp. 
06617unidentified
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Images of winter and little skate courtesy of Jordan & Evermann, drawing by H. L. Todd and Bigelow & Schroeder, 

drawing by E. N. Fischer, respectively.


