
Methods

DNA extraction performed using 96-well glass fibre extraction plates
following the non-automated version of an extraction protocol
developed at the Biodiversity Institute of Ontario (Ivanova et al, 2006).

PCR amplification of 1Kb DNA sequence that begins in a highly
conserved portion of the upstream tRNA gene to avoid pseudogenes.
Internal primers are used in bi-directional sequencing on an ABI3100
automated sequencer.

Distance calculations performed in MEGA3.1 using the K2P. Rates of
barcode divergence were estimated using node dates calculated in a
Bayesian, relaxed-clock framework with multiple fossil calibration
points (Baker AJ et al, 2007).

The Scolopacidae
NJ tree of 372 COI barcodes covering 74 out of 89 extant species of the family
Scolopacidae.
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Results

1. Rates of COI divergence in Shorebird genera

Fig.1. Genetic distance between genera plotted vs. Divergence time.

Common snipe and
Wilson’s snipe are
indistinguishable by
barcodes BUT this is also
seen with other genes
(Baker AJ, unpublished)
and species status has
been assigned due to small
morphological differences
only ( 2002).Banks RC,

Introduction

Order Charadriiformes consists of 355 species of shorebirds in 19
families and > 80 genera (ABBI Species Checklist, 2007). A few
examples include sandpipers, auklets, gulls, terns, plovers, jacana
and snipes.

Many species are widely dispersed with populations on multiple
continents. A good estimate of barcode variance must therefore
include samples from disparate populations.

Here we report on the progress made in
barcoding a large clade of shorebirds ( the
Scolopacidae) at the ROM

To test the effectiveness of DNA barcoding in a large globally distributed clade of
birds we sequenced the standardized fragment of ~650bp from 87 genera, 228
species and 685 individuals in the Order Charadriiformes. To reduce the risk of
amplifying pseudogenes we first amplified a ~1 Kb fragment and used internal
sequencing primers on this template. The great majority of taxa could be reliably
identified by their barcodes. Here we present the barcodes obtained for the family
Scolopacidae since it is the most extensively barcoded of the larger shorebird
families. With just 15 species out of 89 not yet barcoded and those missing
concentrated in just 4 of the 22 genera, this data set provides an excellent
opportunity to test the performance of barcodes in a large group of closely related
taxa. S

Barcoding
confirms multigene evidence that Wilson's Snipe is not a separate species (Gallinago
delicata) as listed in Clements (2005), but instead is better treated as a subspecies of
the Common Snipe (Gallinago g. Delicata).

ubstantial within-species splits were found in Dunlin ( 1.1%
divergence), Black-tailed Godwit (Limosa limosa, 1.5% divergence), Redshank
(Tringa totanus, 0.9%) and Whimbrel ( 3.7%), though in no case
were species clusters ambiguous as a result of intraspecific divergence.

Calidris alpina,

Numenius phaeopus,

2. Shorebird Species

Table 1. Summary of ROM and published barcodes (Kerr et al, 2007;
Hebert et al, 2004) of shorebirds. Families in green are >75%
Complete.

Calidris alba|TZBNA|Saskatchewan-May

Calidris alba|BOTW|Florida

Calidris alba|Netherlands-Aug

Calidris alba|Namibia-Dec

Calidris alba|Nunavut-Jul

Calidris alba|TZBNA|Texas-Mar

Calidris alba|Taymyr-Jul

Calidris minuta|Taymyr-Jul(1)

Calidris minuta|Taymyr-Jun(2)

Calidris minuta|Taymyr-Jun(1)

Calidris minuta|Taymyr-Jul(2)

Calidris minutilla|BOTW|Florida

Calidris minutilla|Brazil-Apr(2)

Calidris minutilla|IlesMadeleine-Aug

Calidris minutilla|TZBNA|IlesMadeleine

Calidris minutilla|Brazil-Apr(1)

Calidris minutilla|Quebec-Aug

Calidris minutilla|TZBNA|Alaska-Jun

Calidris minutilla|Ontario-Aug

Calidris minutilla|Alaska-May

Calidris fuscicollis|BOTW|Guyana

Calidris fuscicollis|Nunavut Keewatin(1)

Calidris fuscicollis|Nunavut Baffin-Jul

Calidris fuscicollis|IlesMadeleine-Aug

Calidris fuscicollis|Nunavut Keewatin(2)

Calidris fuscicollis|TZBNA|Ontario-Aug

Calidris fuscicollis|Tierra del Fuego

Calidris mauri|Florida-Feb

Calidris mauri|Peru-Feb

Calidris mauri|Alaska-May

Calidris mauri|Alaska-Jun

Calidris mauri|Texas-Mar

Calidris mauri|BOTW|Washington-Aug

Calidris mauri|TZBNA|Alaska-Jun

Calidris pusilla|TZBNA|Kansas-May

Calidris pusilla|TZBNA|IlesMadeleine-Aug

Calidris pusilla|BOTW|Florida

Calidris pusilla|IlesMadeleine-Jul

Calidris pusilla|Nunavut-Jul

Calidris pusilla|Alaska-Jun

Calidris pusilla|Ontario-Jul

Calidris pusilla|Brazil-Apr

Calidris bairdii|Tierra del Fuego-Nov

Calidris bairdii|Alaska-Jun

Calidris bairdii|Nunavut-Jul(1)

Calidris bairdii|Nunavut-Jul(2)

Calidris bairdii|Alberta-May

Calidris bairdii|TZBNA|California-Jan

Calidris bairdii|TZBNA|Alberta-May

Tryngites subruficollis|TZBNA|Nebrsk-May

Tryngites subruficollis|Alaska-Jun

Tryngites subruficollis|Nebraska-May

Tryngites subruficollis|Nunavut-Jul

Calidris melanotos|Alaska-Jun(1)

Calidris melanotos|Alaska-May

Calidris melanotos|Alaska-Jun(2)

Calidris melanoto|TZBNA|Texas-Mar

Calidris melanotos|TZBNA|BaffinIs-Jul

Calidris himantopus|CDANS|Missouri-May

Calidris himantopus|Nebraska-May(2)

Calidris himantopus|Alberta-May

Calidris himantopus|Nebraska-May(1)

Calidris himantopus|Nunavut Kitikmeot

Calidris himantopus|CDANS|Ecuador-Jan

Calidris himantopus|TZBNA|Nebraska-May

Calidris acuminata|Victoria Aus-Dec

Calidris acuminata|WAustralia-Mar(1)

Calidris acuminata|WAustralia-Mar(2)

Calidris acuminata|Queensland Aus-Dec

Calidris ferruginea|Taymyr-Jul

Calidris ferruginea|WAustralia-Sep

Calidris ferruginea|SAfrica Saldhana-Nov

Calidris ferruginea|SAfrica Saldhana-Jan

Calidris ferruginea|SAfrica Veldriff-Nov

Calidris ferruginea|VictoriaAus-Dec

Philomachus pugnax|Netherlands-Jan

Philomachus pugnax|Netherlands-Nov

Philomachus pugnax|Belorussia-Dec

Philomachus pugnax|Netherlands-Dec

Philomachus pugnax|Sweden

Philomachus pugnax|CDAM|UK-Dec

Philomachus pugnax|Namibia-Dec

Philomachus pugnax|BOTW|Hawaii

Philomachus pugnax|Nthlnds Friesland-Apr

Philomachus pugnax|Russia-Dec

Limicola falcinellus(sibirica)|WAustr(1)

Limicola falcinellus(falcinellus)|Fin(2)

Limicola falcinellus(sibirica)|WAustr(3)

Limicola falcinellus(falcinellus)|Fin(1)

Limicola falcinellus(sibirica)|WAustr(2)

Calidris subminuta|WAustralia-Mar(2)

Calidris subminuta|WAustralia-Mar(1)

Calidris tenuirostris|WAustralia-Mar(1)

Calidris tenuirostris|Chukchi-Jun

Calidris tenuirostris|WAustralia-Mar(2)

Calidris tenuirostris|WAustralia-Mar(3)

Calidris tenuirostris|QueenslandAus-

Calidris tenuirostris|Chukchi-Jul

Aphriza virgata|TZBNA|Alaska-May(1)

Aphriza virgata|TZBNA|Alaska-May(2)

Aphriza virgata|Alaska-May

Calidris canutus|Taymyr-Jun

Calidris canutus|WAustralia-Mar(2)

Calidris canutus(islandica)|Friesland(2)

Calidris canutus(rogersi)|NewZealand-Dec

Calidris canutus|TZBNA|IlesMadeleine-Jul

Calidris canutus|BOTW|Florida

Calidris canutus(rufa)|Florida-Dec

Calidris canutus|Taymyr-Jul

Calidris canutus(rufa)|Nunavut-Jul

Calidris canutus(islandica)|Friesland(1)

Calidris canutus(rogersi)|Queensland-Dec

Calidris canutus|Nunavut-Jul

Calidris canutus|WAustralia-Mar(1)

Calidris canutus(rufa)|Tierra del Fuego

Calidris ruficollis|Chukchi-Jul

Calidris ruficollis|WAustralia-Mar

Calidris ruficollis|VictoriaAus-Dec

Calidris ruficollis|VictoriaAus-Nov

Eurynorhynchus pygmeus|Chukotka-Jun

Eurynorhynchus pygmeus|Russia-Jan

Calidris temminckii|Chukchi-Jul(2)

Calidris temminckii|Chukchi-Jul(1)

Calidris maritima|Iceland-Jul(2)

Calidris maritima|Iceland-Jul(1)

Calidris maritima|Taymyr-Jul

Calidris maritima|Nunavut Baffin-Jul

Calidris maritima|BOTW|Iceland-Aug

Calidris maritima|Connecticut-Apr

Calidris ptilocnemis|HCBR|Alaska-May

Calidris ptilocnemis|HCBR|Alaska(2)-May

Calidris alpina|YamalNenets-Jul

Calidris alpina|Poland-Jul

Calidris alpina|Nenets-Jul

Calidris alpina|Iceland-Jul(1)

Calidris alpina|Iceland-Jul(2)

Calidris alpina|Norway-Jun

Calidris alpina|Delaware-May(2)

Calidris alpina|Delaware-May(1)

Calidris alpina|BOTW|Florida

Calidris alpina|HCBR|Manitoba-Jun

Calidris alpina|Chukchi-Jul

Calidris alpina|Chukchi-Jun

Calidris alpina|Taymyr-Jul

Calidris alpina|Alaska-Jun(1)

Calidris alpina|Sakhalinskaya-Jul

Calidris alpina|TZBNA|Alaska-Jun

Calidris alpina|Kamchatka-May

Calidris alpina|Alaska-Jun(2)

Calidris alpina|Alaska-May

0.01

Limosa haemastica|Tierra del Fuego-Feb

Limosa haemastica|TZBNA|Ontario-Jul

Limosa haemastica|Tierra del Fuego-Dec

Limosa haemastica|Argentina Chubut-Nov

Limosa haemastica|Magallanes-Feb(1)

Limosa haemastica|Magallanes-Feb(2)

Limosa haemastica|TZBNA|Ontario-Aug

Limosa fedoa |Florida-Mar

Limosa fedoa|TZBNA|Texas-Mar

Limosa fedoa|TZBNA|Alberta-Jun

Limosa fedoa|KKBNA|Alberta-Jun

Limosa fedoa|Saskatchewan-Jun

Limosa fedoa|Georgia-Sep

Limosa limosa|WAustralia-Apr

Limosa limosa|Iceland-Jul

Limosa limosa|Vietnam-Dec

Limosa lapponica|TZBNA|Alaska-Jun(2)

Limosa lapponica|Russia Krasnoyarskiy

Limosa lapponica|Nthlds Waddenzee-Aug

Limosa lapponica|Nthlds Waddenzee-May

Limosa lapponica(baueri)|NewZealand-Dec

Limosa lapponica|TZBNA|Alaska-Jun(1)

Bartramia longicauda|Ontario-Jul

Bartramia longicauda|CDLSU|Louisiana-Sep

Bartramia longicauda|TZBNA|Texas-Mar

Bartramia longicauda|Alaska-Jun

Bartramia longicauda|Alberta-Jun

Bartramia longicauda|TZBNA|Alberta-Jun

Numenius minutus|WAustralia-Nov(2)

Numenius minutus|Aus Northern Terr-Oct

Numenius minutus|WAustralia-Nov(1)

Numenius americanus|TZBNA|Texas-Mar

Numenius americanus|TZBNA|Alberta-Jun

Numenius americanus(parvus)|Texas-Mar

Numenius madagascariensis|WAustralia-Apr

Numenius arquata|Sweden-Jun

Numenius tahitiensis|Alaska(2)

Numenius tahitiensis|BOTW|MarshallIs

Numenius tahitiensis|Alaska(1)

Numenius phaeopus(variegatus)|WAus-Mar

Numenius phaeopus(phaeopus)|GuineaBissau

Numenius phaeopus|KBNA|Ontario

Numenius phaeopus(hudsonicus)|Ont-Aug

Numenius phaeopus(hudsonicus)|Ont-Sep

Arenaria interpres|Nunavut-Jun

Arenaria interpres|NewZealand-Dec

Arenaria interpres|Norway-Jan

Arenaria interpres|Taymyr-Jul

Arenaria interpres|BOTW|Florida

Arenaria interpres|HCBR|Nunavut-Jul

Arenaria interpres|HCBR|WAustralia-Apr

Arenaria melanocephala|Alaska-May

Arenaria melanocephala|Alaska-Jun

Arenaria melanocephala|TZBNA|Alaska-Jun

Calidrine Sandpipers

Actitis macularius|KBNA|Alberta(1)

Actitis macularius|KBNA|Alberta(3)

Actitis macularius|KBNA|Alberta(2)

Actitis macularius|Ontario-Jun

Actitis macularius|Brazil-Apr

Actitis macularius|TZBNA|Ontario-May

Actitis macularius|TZBNA|Alaska-Jun

Actitis macularius|Florida-Mar

Actitis macularius|BOTW|Florida

Actitis hypoleucos|SAfrica WCape-Nov

Actitis hypoleucos|Chukotskiy-Jul(1)

Actitis hypoleucos|Chukotskiy-Jul(2)

Actitis hypoleucos|SAfrica Kwazulu-Dec

Phalaropus lobatus|KKBNA|Alaska-Jun(3)

Phalaropus lobatus|Peru-Jan(1)

Phalaropus lobatus|Peru-Jan(2)

Phalaropus lobatus|Nunavut-Jul

Phalaropus lobatus|Peru-Dec

Phalaropus lobatus|KKBNA|Alaska-Jun(2)

Phalaropus lobatus|KKBNA|Alaska-Jun(1)

Phalaropus lobatus|KKBNA|Sakhalinskaya

Phalaropus lobatus|KKBNA|Chukotskiy-Jul

Phalaropus lobatus|BOTW|Washington-Sep

Phalaropus lobatus|KKBNA|Washington-Feb

Phalaropus fulicarius|TZBNA|Nunavut-Jul

Phalaropus fulicarius|TZBNA|Nunavut(2)

Phalaropus fulicarius|Keewatin-Jul(2)

Phalaropus fulicarius|Keewatin-Jul(1)

Phalaropus fulicarius|Taymyr-Jun(1)

Phalaropus tricolor|TZBNA|Alaska-Jun

Phalaropus tricolor|TZBNA|Alberta-Jun

Phalaropus tricolor|Colorado-Jun

Phalaropus tricolor|Kansas-May

Phalaropus tricolor|Alberta-Jun

Phalaropus tricolor|Ontario-Jan

Phalaropus tricolor|Saskatchewan-Jun

Limnodromus semipalmatus|WAustralia-M...

Limnodromus semipalmatus|WAustralia-M(2)

Lymnocryptes minimus|Germany-Oct

Lymnocryptes minimus|Sweden-Feb

Limnodromus scolopaceus|Kansas-May

Limnodromus scolopaceus|Alaska-Jun

Limnodromus scolopaceus|TZBNA|Alaska(2)

Limnodromus scolopaceus|TZBNA|Alaska-Jun

Limnodromus griseus|Brazil-Apr

Limnodromus griseus|CDUSM|Florida-Apr(1)

Limnodromus griseus|Peru-Feb

Limnodromus griseus|CDUSM|Florida-Apr(2)

Limnodromus griseus|CDUSM|Florida-Apr(3)

Limnodromus griseus|TZBNA|Alaska-Jun

Limnodromus griseus|TZBNA|Nebraska-May

Limnodromus griseus|BOTW|Florida

Limnodromus griseus|NewJersey-May

Limnodromus griseus|Nebraska-May

Limnodromus griseus|Texas-Mar

Coenocorypha aucklandica NZ CampbellI(2)

Coenocorypha aucklandica NZ RoseIs

Coenocorypha aucklandica NZ Antipodes(2)

Coenocorypha aucklandica|NZ-Antipodes

Coenocorypha aucklandica|NZ EnderbyIs(1)

Coenocorypha aucklandica|NZ CampbellIs

Coenocorypha aucklandica|NZ EnderbyIs(2)

Coenocorypha aucklandica|NZ AdamsIs(1)

Coenocorypha aucklandica|NZ AdamsIs(2)

Coenocorypha pusilla|NZ MangereIs(1)

Coenocorypha aucklandica NZ SnaresIs(3)

Coenocorypha aucklandica NZ SnaresIs(2)

Coenocorypha aucklandica|NZ SnaresIs-Apr

Coenocorypha pusilla|NZ RangatiraIs(3)

Coenocorypha pusilla|NZ RangatiraIs(2)

Coenocorypha pusilla|NZ MangereIs(2)

Coenocorypha pusilla|NZ RangatiraIs(1)

Gallinago jamesoni ANSP3971

Gallinago imperialis|Ecuador-Jan

Gallinago stenura|Chukotskiy-Jul

Gallinago stenura|Chukotskiy-Jun

Gallinago megala BKS4094

Gallinago hardwicki BKS1010

Gallinago media|Norway-Jun

Gallinago media|Norway-Jun(2)

Gallinago media CSW5617

Gallinago paraguaiae|Brazil-Apr

Galliango paraguaiae ANSP3269

Gallinago nigripennis|SAfrica-Jan

Gallinago nigripennis GAV495

Gallinago delicata|TZBNA|Alaska-Jun

Gallinago gallinago(faroeensis)Hof

Gallinago delicata|BOTW|Alaska-Sep

Gallinago delicata|KBNA|Ontario-Sept

Gallinago delicata|Texas-Mar

Gallinago delicata|TZBNA|Ontario

Gallinago delicata|BOTW|Alaska

Gallinago delicata|Alaska-Jun

Gallinago delicata|Ontario-Sep

Gallinago gallinago(gallinago)|Finland

Gallinago gallinago(faroeensis)Gardur

Gallinago gallinago(faroeensis)Stokkseyr

Tringa solitaria-2|TZBNA|Ontario-Jun(3)

Tringa solitaria-2|TZBNA|Ontario-Jun(4)

Tringa solitaria-2|TZBNA|Ontario-Jun(2)

Tringa solitaria-2|TZBNA|Ontario-Aug

Tringa solitaria-2|TZBNA|Ontario-Jun(1)

Tringa solitaria-1|TZBNA|Alaska-Jun(1

Tringa solitaria-1|TZBNA|Alaska-Jun(2)

Tringa solitaria-1|TZBNA|Alaska-Jun(3)

Tringa solitaria-1|TZBNA|Alaska-Jun(4)

Tringa solitaria-1|BOTW|Alaska

Tringa ochropus|Denmark-May

Tringa erythropus|Finland-Jun

Tringa erythropus|Vietnam-Dec

Tringa totanus(robusta)|Iceland-Jul(3)

Tringa totanus(robusta)|Iceland-Jul(2)

Tringa totanus(robusta)|Iceland-Jul(4)

Tringa totanus(robusta)|Iceland-Jul(1)

Tringa totanus|Vietnam-Dec(2)

Tringa totanus|Vietnam-Dec(1)

Tringa totanus|WAustralia

Tringa stagnatilis|WAustralia(2)

Tringa stagnatilis|WAustralia(1)

Tringa stagnatilis|SAfrica Nov

Tringa glareola|Namibia-Dec

Tringa glareola|KKBNA|Tyumenskya-Jun

Tringa glareola|KKBNA|Murmanskaya-Jul

Tringa glareola|KKBNA|Tyumenskya-Jun(2)

Tringa glareola|Chukotsky-Jul

Tringa glareola|Finland-Jun

Tringa glareola|KKBNA|Khabarovskiy-Jun

Tringa glareola|SAfrica-Dec

Heteroscelus incanus|Alaska-May(2)

Heteroscelus incanus|Alaska-May(1)

Heteroscelus incanus|BOTW|MarshallIs

Heteroscelus brevipes|WAus Broome-Mar(2)

Heteroscelus brevipes|WAus Broome-Mar(1)

Heteroscelus brevipes|WAus AnnaPlains

Tringa melanoleuca|KBNA|Mexico-Oct

Tringa melanoleuca|Ontario-Jul

Tringa melanoleuca|Nunavut-May

Tringa melanoleuca|Alaska-Jun

Tringa melanoleuca|Texas-Mar

Tringa melanoleuca|TZBNA|Ontario-Aug

Tringa melanoleuca|BOTW|Washington

Tringa nebularia|WAustralia-Mar

Tringa nebularia|Netherlands-Aug

Tringa nebularia|Namibia-Dec(2)

Tringa nebularia|Namibia-Dec(1)

Catoptrophorus semipalmatus Sask-Jun

Catoptrophorus semipalmatus Alberta(2)

Catoptrophorus semipalmatus Alberta-Jun

Catoptrophorus semipalmatus Georgia-Sep

Catoptrophorus semipalmatus Flor-Mar(2)

Catoptrophorus semipalmatus Flor-Mar(3)

Catoptrophorus semipalmatus Flor-Mar(1)

Catoptrophorus semipalmatus|BOTW|Florida

Catoptrophorus semipalmatus NewJersey

Tringa flavipes|Texas Galveston-Mar

Tringa flavipes|Ontario-Aug(1)

Tringa flavipes|Alberta-May(1)

Tringa flavipes|BOTW|Florida

Tringa flavipes|TZBNA|Texas-Mar

Tringa flavipes|Ontario-Aug(2)

Tringa flavipes|Alberta-May(2)

Tringa flavipes|Texas Chambers-Mar(2)

Tringa flavipes|Texas Chambers-Mar(1)

Tringa flavipes|Texas Chambers-Mar(3)

Scolopax rusticola|Vietnam-Dec

Xenus cinereus|Chukotskiy-Jul

Xenus cinereus|SAfrica-Dec

Xenus cinereus| Australia

Scolopax minor|TZBNA|Ontario-Oct

Scolopax minor|KBNA|Ontario-Apr

Scolopax minor|KBNA|Ontario-Apr(2)

Scolopax minor|KBNA|Ontario-Jul

Scolopax minor|BOTW|Maryland-

Scolopax minor|Ont Durham-Jul

Scolopax minor|Ont ParrySound-Oct

Scolopax minor|Ont Toronto-Apr

R1-9A L51905 Jacana jacana 241

0.02

Might be incomplete lineage
sorting or the

misclassification of the
Snares Island subspecies to
Coenocorypha aucklandica

rather than
C. Pusilla

Table 2. Five cases of elevated intraspecific distance in the family Scolopacidae. Other
species had intraspecific distances less than < 0.4.

Note: Divergence
within Tringa
solitaria has been
described before
(Hebert PDN,
2004).
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