
• Specimens were collected from across 
North America.  This effort is ongoing.  

• Total genomic DNA was extracted from 
small pieces (≤1 mm long) of leg using 
the NucleoSpin® 96 Tissue kit 
(Macherey-Nagel Duren, Germany), 
following manufacturer’s protocols, or 
slica-based Pall plates (3). 

• Extracts were re-suspended in 30 μl of 
dH2O, and a 658-base pair (bp) region 
near the 5’ terminus of the CO1 gene 
was amplified following standard protocol 
for capturing CO1 barcodes (for more 
detail see 4).

• When a species showed deep genetic 
divergences, more specimens were 
sequenced to provide a better 
understanding of the distribution of this 
variation and its relationship to 
morphology, geography and natural 
history.

• In the cases where CO1 barcode 
divergences were slight but there was 
evident morphological differentiation, 
ecological specialization, restricted 
sample size, we amplify the internal 
transcribed spacer region (ITS1) of the 
ribosomal RNA, and/or, the D2 
expansion segment of the ribosomal 
large subunit (28S).  
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• Ant species can often be distinguished only 
on minor morphological details. It now 
seems that some widespread species may 
actually represent multiple species. 

• Barcoding these difficult to identify 
specimens will be a great help in both 
reducing synonomy and identifying cryptic 
species.

• Ant keys are most frequently based on the 
worker caste.  CO1 barcoding has been 
helpful in linking the less frequently 
discovered sexuals with their worker.

• While we do not present data here 
regarding 28S or ITS1 divergences, these 
independent nuclear markers have been 
very useful in evaluating surprising (and 
shallow) or expected (and missing) 
intraspecific CO1 barcode divergences. 

• However, due to length variation and 
complexities of alignment we do not 
consider these nuclear markers as a 
replacement for the CO1 barcode – but 
rather as a complementary tool. 

• Many of the species complexes most 
commonly found in Canada (e.g. Formica, 
Myrmica and Leptothorax) are in 
acknowledged need of taxonomic revision.  
DNA barcoding should be able to assist 
substantially in this effort.  Our efforts with 
conventional taxonomic and DNA based 
species identification continue.

• Donations of specimens or tissue samples 
representing geographic range extensions 
are welcome. 

• Ants (Hymenoptera: Formicidae) are 
important components of global 
ecosystems.  In the tropics they can 
comprise up to 15% of the total animal 
biomass of an area. Temperate species 
richness is lower – but impact in 
ecosystems remains high (1).

• North American ant taxonomy is well 
developed and there is a strong 
contingent of ant taxonomists. Since the 
publication of the comprehensive “Ants of 
North America” by Creighton (2), many 
genera or species groups have been 
subsequently revised. But many 
taxonomic problems remain. Sibling 
species complexes are common, where 
subtle morphological differences between 
species are masked by complex patterns 
of intraspecific variation in morphological, 
ecological and behavioural characters.

• CO1 barcoding provides a rapid method 
for testing taxonomic hypotheses 
proposed in taxonomic revisions. At the 
same time, North American ant taxonomy 
is sufficiently mature to offer robust tests 
of the efficacy of barcoding for (i) 
identifying ant species and (ii) contributing 
to resolving taxonomic knots.

• The approximately 1000 recognized ant 
species in North America (north of 
Mexico) are classified into 73 genera and 
10 subgenera.

• About 200 ant species reside in Canada. 
Some of the most common Canadian ants 
belong to taxonomically difficult genera 
(e.g., Formica, Myrmica).

• Most taxonomic keys to ants are restricted  
to the worker caste.  Identification of less 
frequently encountered males and queens 
is often difficult even for specialists. 

• As part of an on-going project to barcode 
the ants of North America using the 
cytochrome c oxidase subunit I (CO1), we 
present data on the identification of ant 
species from a subset of specimens 
collected throughout North America.

• We have CO1 DNA barcoded nearly 2000 
ants from more than 300 ant species and 
present preliminary data here, for 180 
species, regarding the efficacy of 
identification, variation within the CO1 
barcode region and ease of amplification. 

THE ANTS OF NORTH AMERICA: 
A Flagship Taxon for CO1 DNA Barcoding
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METHODS

Figure 2: 
ABOVE – Examples of four North American ant species 
barcoded here.  Location on the NJ tree is indicated with a 
yellow circle.  From the top: 
Nesomyrmex wilda
Trachymyrmex septentrionalis
Cephalotes texanus
Atta texana
Images courtesy of ANTWEB (www.antweb.org) 

• Standard primers, developed for 
Lepidoptera, amplify the vast majority of 
the ant fauna.  In cases where we suspect 
DNA degradation due to specimen 
preservation or age, internal primers can 
be used to generate overlapping shorter 
sequences. 

BARCODE VARIATION
• Inter-specific variation in the CO1 DNA 

barcode range from exceedingly low (e.g. 
within the Formica species complexes) to a 
maximum of 28% (Average – 16.35 % SE 
= 0.173).  

• Intra-specific variation is generally less 
than 2%.  As with any taxon where alpha-
taxonomy is difficult, or incomplete, this 
calculation must be taken as provisional.

• There is evident (and expected) inter-
specific hybridisation within some species 
(see Lasius (Acanthomyops)).

• Sub-families are not monophyletic with 
CO1.  This is likely due to substitution 
saturation.  

RESULTS

Hypoponera opacior|091004-28
Pachycondyla harpax|MAS303-06

Leptogenys elongata|280606-6
Pachycondyla villosa|MAS150-06

Odontomachus brunneus|060706-2
Odontomachus clarus|MAS175-06

Ponera pennsylvanica|180706-5A
Dolichoderus taschenbergi|MAS066-06

Dolichoderus mariae|091106-11
Tapinoma sessile|MAS018-06

Tapinoma melanocephalum|050706-1X
Linepithema humile|GJU-04-018

Forelius pruinosus|131006-5
Dorymyrmex bicolor|151006-11

Dorymyrmex flavus|250606-1
Lasius nearcticus|GJU-03-003A

Acanthomyops interjectus|GJU_03-080
Acanthomyops subglaber|GJU-05-061

Acanthomyops latipes|GJU-05-066
Acanthomyops claviger|GJU-05-065

Acanthomyops murphyi|GJU-05-027
Lasius pallitarsus|141006-19

Lasius minutus|GJU-05-023
Lasius neoniger|GJU_03-052
Lasius alienus|CASENT0006996-D01

Myrmecocystus navajo|181006-9
Myrmecocystus depilis|121006-6

Myrmecocystus undet|CASENT0065015-D01
Formica obscuripes|GJU_03-072
Formica rufa|AB006
Formica integroides|CASENT0505303

Formica oreas|110606-7
Formica subnuda|MAS 400-06
Formica transmontanis|CASENT0505350

Formica lepida|CASENT0007000-D01
Formica rufa group|MAS346-05
Formica fusca complex|INV0033a
Formica neorufibarbis|CASENT0006993-D01

Formica ulkei|MAS332-05
Myrmecocystus mimicus|181006-5

Formica moki|181006-24
Formica undet|CASENT0066105-D01

Formica pallidefulva group|MAS411-05
Formica schaufussi|GJU-06-015
Formica neogagates group|AB003

Formica perpilosa|151006-15
Prenolepis imparis|MAS291-05

Paratrechina undet|CASENT0066116-D01
Paratrechina faisonensis|130806-7A

Paratrechina terricola|250606-12
Paratrechina bourbonica|260806-6

Brachymyrmex depilis|GJU-05-074
Cephalotes texanus|MAS262-06

Pogonomyrmex apache|141006-4
Pogonomyrmex barbatus|151006-26
Pogonomyrmex rugosus|161006-1A

Pogonomyrmex maricopa|121006-13
Pogonomyrmex californicus|120606-7

Temnothorax longispinosus|GJU-03-007A
Temnothorax longispinosus|GJU-05-071

Temnothorax ambiguus|GJU-03-013A
Protomognathus americanus|GJU-05-018

Temnothorax nevadensis|CASENT0505313
Temnothorax oxynodis|CASENT0505308
Temnothorax andrei|CASENT0009695-D01

Temnothorax bradleyi|050406-2
Temnothorax subditivus|MAS341-06

Crematogaster lineolata|GJU-03-032A
Crematogaster emeryana|121006-16

Crematogaster coarctata|CASENT0505369
Crematogaster opuntiae|131006-1

Crematogaster undet|CASENT0065009-D01
Crematogaster torosa|260606-16

Crematogaster steinheili|300304-9
Crematogaster obscurata|270806-10
Crematogaster rifelna|MAS345-06

Tetramorium caespitum|MAS214-05
Leptothorax muscorum complex|MAS_047-04

Formicoxenus hirticornis|GJU_03-070
Solenopsis richteri|GJU-04-169

Solenopsis geminata|091106-1
Solenopsis aurea|121006-4
Solenopsis xyloni|121006-24

Solenopsis undet|CASENT0065003-D01
Pheidole adrianoi|010506-10

Pheidole bicarinata|181006-18
Pheidole metallescens|230606-9
Pheidole constipata|270606-36A
Pheidole micula|151006-29

Pheidole creightoni|CASENT0009450-D01
Pheidole californica|CASENT0009429-D01

Pheidole rugulosa|151006-4
Pheidole ceres|141006-24

Pheidole tepicana|260606-22
Pheidole xerophila|151006-14

Pheidole moerens|280606-11
Pheidole megacephala|260806-1

Pheidole artemisia|171006-10
Pheidole pelor|230606-14

Pheidole dentigula|130806-4B
Pheidole casta|240102-4

Pheidole sitiens|070205-10-D02
Pheidole obtusospinosa|121006-12
Pheidole desertorum|141006-10

Pheidole hyatti|141006-8
Pheidole tetra|250606-11

Pheidole cockerelli|171006-36
Pheidole diversipilosa|121006-20

Pheidole dentata|230606-24
Pheidole obscurithorax|MAS343-06
Solenopsis krockowi|151006-34
Pheidole floridana|250606-24

Myrmica punctiventris|MAS088-06
Myrmica alaskensis|MAS 405-06

Myrmica magniceps|141006-25
Myrmica fracticornis|180706-1
Myrmica wheeleri|141006-22

Cyphomyrmex flavidus|131006-10
Cyphomyrmex rimosus|250606-7

Trachymyrmex desertorum|131006-9
Trachymyrmex arizonensis|131006-7

Trachymyrmex septentrionalis|MAS322-06
Atta texana|MAS128-06

Camponotus modoc|GJU-04-333
Camponotus pennsylvanicus|AB-ANT05
Camponotus noveboracensis|MAS427-06
Camponotus herculeanus|INV0305a

Camponotus castaneus|GJU-06-058
Camponotus socius|010506-2

Camponotus sansabeanus|121006-5
Camponotus vicinus|CASENT0006994-D01

Camponotus ocreatus|101004-21
Camponotus semitestaceus|110606-4

Camponotus hyatti|121006-17
Camponotus sayi|220606-19

Camponotus nearcticus|GJU-05-019
Camponotus pudorosus|141006-15

Camponotus planatus|GJU-06-039
Camponotus ulcerosus|191006-5

Camponotus abdominalis|GJU-06-036
Camponotus mississippiensis|GJU-04-175

Camponotus etiolatus|230606-15
Pyramica rostrata|GJU-04-202

Pyramica dietrichi|280606-22
Pyramica arizonica|CASENT0066103-D01

Strumigenys louisianae|280606-23A
Pyramica eggersi|130806-1E

Acropyga epedana|141006-11
Aphaenogaster rudis-texana|GJU-03-005B

Aphaenogaster ashmeadi|GJU-04-241
Aphaenogaster treatae|GJU_03-044

Aphaenogaster rudis|180706-4
Aphaenogaster carolinensis|GJU-06-059
Aphaenogaster texana|GJU-06-208
Aphaenogaster huachucana|181006-23

Aphaenogaster occidentalis|CASENT0006997-D01
Aphaenogaster tennesseensis|GJU-06-040
Aphaenogaster lamellidens|GJU-06-003

Stenamma diecki|CASENT0505373
Aphaenogaster cockerelli|151006-3
Aphaenogaster albisetosa|191006-6

Temnothorax undet|CASENT0066118-D01
Monomorium ergatogyna|CASENT0505310
Monomorium minimum|MAS250-06
Monomorium trageri|060706-3

Monomorium floricola|260806-15
Hypoponera undet|CASENT0066122-D02

Eurhopalothrix floridana|130806-4A
Messor andrei|CASENT0505354

Messor pergandei|CASENT0006953-D01
Tetramorium bicarinatum|070205-4
Nesomyrmex wilda|MAS293-06

Amblyopone pallipes|CASENT0007010-D01
Pseudomyrmex gracilis|GJU-06-033

Pseudomyrmex pallidus|MAS314-06
Neivamyrmex agilis|151006-20

Neivamyrmex nigrescens|181006-2
Neivamyrmex carolinensis|130806-5B

Neivamyrmex undet|CASENT0065017-D01
Labidus coecus|MAS273-06

2 %

Figure 1: 
LEFT – Neighbour-joining tree of 180 specimens of 

North American ants representing nearly 20 % of the 
North American ant fauna. Tree was built using a single 
specimen per species where the CO1 barcode is greater 

than 600 bp long.   

Figure 3: 
BELOW – Map indicating collection locations for each 

of the 180 specimens detailed in Figure 1.    
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