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AArgentina harbours more than 1,200 species of butter-
flies, most of them found in two biodiversity hotspots 
and priority areas for conservation: the Atlantic For-

est and the Andean forests1.

Despite their current isolation (Figure 1), these two ar-
eas have been cyclically and transiently connected in the 
past, promoting the interchange of flora and fauna, and re-
sulting in a pattern of disjunctly co-distributed taxa. While 
the historical relationship between these allopatric forests 
and its evolutionary effects on shared fauna has been the 
subject of recent (and ongoing) research, studies have 
been concentrated mostly on vertebrates.

This study explores the butterflies of the Atlantic Forest 
and the Andean forests providing new insights into both 

the diversification patterns in southern South America and 
the impact of increasing the geographic and taxonomic 
scale of sampling on DNA barcoding performance in the 
region.

In 2017, we assembled and analyzed a DNA barcode 
reference library for 417 species from northeastern Argen-
tina (NEA)2, focusing on the Atlantic Forest and covering 
around one-third of the butterfly fauna of the country. To 
expand the geographic and taxonomic distribution of this 
library, we generated DNA barcodes for 213 butterfly spe-
cies from northwestern Argentina (NWA) with a focus on 
the Andean forests.

We then used these libraries to examine three themes, 
outlined below.
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1. THE EFFECTIVENESS OF DNA BARCODES FOR SPECIES DIS-
CRIMINATION AND IDENTIFICATION

The mean intraspecific distance for the butterflies of NWA 
was 0.29%, while mean interspecific distance among conge-
neric species  was 7.24% (Figure 2). More importantly, mean 
distance to the nearest neighbour (7.56%) was nearly 13 
times larger than the mean distance to the furthest conspe-
cific (0.60%), resulting in a distinct barcode gap for all but 
two species represented by two or more individuals (Figure 
2).

Consistently, sequence-based specimen identification 
simulations showed that this library is extremely effective in 
the identification of the butterflies of NWA, exceeding a 98% 
success rate regardless of the identification criteria imple-
mented.

We then used different clustering algorithms to assess 
the presence of cryptic species. Overall, these methods 
generated between 1.4–9.9% more Molecular Operational 
Taxonomic Units (MOTUs) than the number of reference 
species, suggesting that the butterfly diversity of NWA might 
be higher than currently recognized.

Merging the NWA and NEA databases resulted in a DNA 
barcode reference library for nearly 500 butterfly species, 
covering ~40% of the butterfly fauna of Argentina (Figure 3) 
and representing 549 barcode clusters (BINs) on BOLD (170 
of which are new to the platform).

2. THE IMPACT OF INCREASING THE SPATIAL AND TAXONOMIC 
COVERAGE ON DNA BARCODING PERFORMANCE

When we compared the two reference libraries, we found 
that the barcode gap was significantly narrower in the NEA 
than in the NWA library (Figure 4). This is most likely asso-
ciated with the higher geographic and taxonomic coverage 
of the former, since expanding the spatial scale of sampling 
is expected to not only increase intraspecific variation as a 
result of isolation by distance but also reduce interspecific 
divergences as more closely related species appear.

a t l a n t i c  f o r e s t  i n  n o r t h e a s t e r n  a r g e n t i n a
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f i g u r e  1 :  s a m p l i n g  l o c a l i t i e s  i n  n o r t h w e s t e r n  a r g e n t i n a  ( n w a ,  b l a c k 
s q u a r e s )  a n d  n o r t h e a s t e r n  a r g e n t i n a  ( n e a ,  w h i t e  t r i a n g l e s ) 2 
T h e  A t l a n t i c  F o r e s t  ( d a r k  b l u e )  e x t e n d s  a l o n g  t h e  B r a z i l i a n  c o a s t  a n d  r e a c h e s  i t s 

s o u t h e r nmo s t  p o r t i o n  i n  N E A ,  w h i l e  t h e  C e n t r a l  A n d e a n  f o r e s t s  ( r e d )  d e s c e n d 

f r om  s o u t h e r n  P e r u  a n d  r e a c h  NWA .  T h e  d i s t r i b u t i o n  o f  e i g h t  o t h e r  e c o r e g i o n s 

i n d i c a t e d .



When we tried to identify specimens from NWA by using 
the reference library of NEA, a considerably high proportion 
of individuals representing shared species between these 
regions could not be identified or resulted in an ambiguous 
identification, even when we allowed a maximum intraspe-
cific distance of as high as 2% in the identification proce-
dure. This was due to the existence of deep intraspecific 
divergences between conspecifics from northeastern and 
northwestern Argentina, two regions separated on average 
by more than 1,000 km.

At the same time, however, we observed that the effect 
of increasing the geographic (and taxonomic) scale was 
more profound on the minimum interspecific distances 
than on the maximum intraspecific distances. Therefore, it 
is possible that butterfly species in NEA are also naturally 
more variable than in NWA based on our current sampling. 
While specimens from NWA came almost exclusively from 
the montane forest on the east slope of the Andes, the sam-
pling in NEA covered not only larger geographic distances 
but also a more heterogeneous landscape, characterized by 
the existence of different ecoregions (Figure 1) and physi-
cal barriers such as rivers, specifically the Paraná-Paraguay 
River axis. Regardless, our results show that both large geo-
graphic distances and increased taxonomic coverage can 
affect DNA barcoding identification performance, especially 
when using a local library to identify the fauna from another 
distant region.

As expected, the maximum intraspecific distance was 
significantly higher and minimum interspecific distance 
was significantly lower in the complete database (NEA + 
NWA) than within the NWA and NEA libraries alone (Figure 
4). However, the logical and anticipated reduction in the 
barcode gap did not have, in this case, a significant impact 
on the identification performance of DNA barcodes, which 
were able to correctly identify ~99% of the individuals. This 
identification success was almost identical to those de-

f i g u r e  2 :  f r e q u e n c y  h i s t o g r a m  o f  c o i 
s e q u e n c e  d i s t a n c e s  w i t h i n  s p e c i e s  ( o r a n g e ) 
a n d  a m o n g  c o n g e n e r i c  s p e c i e s  ( b l u e )  o f 
b u t t e r f l i e s  i n  n w a 
T h e  i n s e t  g r a p h  s h ow s  t h e  b a r c o d e  g a p  a n a l y s i s  f o r 

s p e c i e s  r e p r e s e n t e d  b y  t w o  o r  m o r e  CO I  s e q u e n c e s , 

w h e r e  e a c h  d o t  r e p r e s e n t s  a  s p e c im e n .  R e d  d o t s 

c o r r e s p o n d  t o  i n d i v i d u a l s  w i t h  a  m a x imum  i n t r a s p e c i f i c 

d i s t a n c e  h i g h e r  t h a n  t h e  d i s t a n c e  t o  t h e  n e a r e s t 

h e t e r o s p e c i f i c .  T h e  v e r t i c a l  d a s h e d  l i n e  s h ow s  t h e  9 5 t h 

p e r c e n t i l e  o f  a l l  i n t r a s p e c i f i c  d i s t a n c e s  ( 2 . 0 2%) ,  w h i l e 

t h e  h o r i z o n t a l  l i n e  c o r r e s p o n d s  t o  t h e  l ow e r  5%  o f  a l l 

c o n g e n e r i c  d i s t a n c e s  ( 3 . 3 6 ) .
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f i g u r e  3 :  t a x o n o m i c  c o v e r a g e  o f  t h e  c o m p l e t e  d n a  b a r c o d e 
r e f e r e n c e  l i b r a r y  f o r  t h e  b u t t e r f l i e s  o f  a r g e n t i n a 
D a r k  s h a d i n g  i n d i c a t e s  t h e  p r o p o r t i o n  o f  s p e c i e s  c o v e r e d  w i t h i n  e a c h  f am i l y 

b a s e d  o n  t h e  t o t a l  k n ow n  f o r  t h e  c o u n t r y .

f i g u r e  4 :  m a x i m u m  i n t r a s p e c i f i c  d i s t a n c e  ( b l u e )  a n d  m i n i m u m 
i n t e r s p e c i f i c  d i s t a n c e  ( r e d )  f o r  t h e  t h r e e  d a t a s e t s 
N o t e  t h e  d i f f e r e n t  s c a l e s .



rived from the regional databases independently, and re-
markably better than those obtained when we identified 
specimens from NWA using reference sequences from the 
distant NEA. This reflects the importance of increasing the 
spatial and taxonomic coverage of DNA barcode libraries to 
improve identification success, and of considering the use 
of a local database to identify regional fauna when a more 
comprehensive COI database is not available.

3. GEOGRAPHIC PATTERNS OF INTRASPECIFIC VARIATION 
ACROSS ARGENTINA

A total of 135 butterfly species are shared between the 
databases of NEA and NWA. Mean intraspecific distance 
for these species was significantly higher between regions 
(1.02%) than within them (NEA, mean 0.35%; NWA, mean 
0.33%), especially for a subset of 43 species that showed 
particularly deeper distance (mean 2.43%) between NEA 
and NWA.

We then focused only on the 85 species that are present 
in both the Atlantic Forest and the Andean forests (Figure 5), 
27 of which have a disjunct distribution between forests, be-
ing absent from intermediate ecoregions, while the remain-
ing 57 have a continuous range across northern Argentina.

We found that mean intraspecific distance between for-
est populations was significantly higher for the disjunctly 
distributed species (1.65%) than for species with continu-

ous ranges (0.78%), showing that spatial distribution pat-
terns have an influence on the level of intraspecific varia-
tion. Moreover, the proportion of species showing the deep 
divergence between populations from the Atlantic Forest 
and the Andean forests was notably higher among species 
with fragmented distributions (nearly 50%) than for species 
with continuous ranges (less than 30%) (Figure 5).

f i g u r e  5 :  p r o p o r t i o n  o f  s h a r e d  s p e c i e s  b e t w e e n  n e a  a n d  n w a  t h a t 
o c c u r  i n  b o t h  f o r e s t s 
T h e  s p a t i a l  d i s t r i b u t i o n  p a t t e r n  (d i s j u n c t  v s  c o n t i n u o u s )  a n d  t h e  p e r c e n t a g e 

o f  s p e c i e s  w i t h  a  d e e p  i n t r a s p e c i f i c  d i v e r g e n c e  b e t w e e n  f o r e s t  p o p u l a t i o n s 

i n d i c a t e d .
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Lastly, based on standard molecular rates and COI se-
quence divergence, all diversification events between for-
est populations were dated to the last two million years, a 
time period when the currently isolated Atlantic Forest and 
Andean forests experienced multiple transient connections 
across the open vegetation corridor, a diagonal of more 
open and drier savanna-like environments (Caatinga, Cerra-
do and Chaco) that isolates the Atlantic Forest from the An-
dean forests (and the adjacent Amazonia) (Figure 1). These 
past connections were promoted mainly by Pleistocene cli-
matic changes and habitat shifts.

CONCLUSIONS

Our study has not only expanded the DNA barcode refer-
ence library for the butterflies of Argentina, but it also consti-
tutes, to our knowledge, the first multi-species assessment 
of the historical relationship between the currently isolated 
Atlantic Forest and Andean forests using butterfly species as 
model organisms.

Importantly, our research supports the fact that, even in 
the era of genomic data, large-scale analyses of mitochon-
drial DNA variation are still extremely useful for evolutionary 
studies, as they unveil spatial diversification patterns and 
highlight cases that deserve further investigation.
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