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Abstract. — Fiddler crabs (genus Uca) with broad-fronts (BF) belong to a group of small-sized species with 
complex behaviors and have been suggested to be more “advanced” compared to the narrow-fronted species 
groups. Three Indo-West Pacifi c subgenera, Austruca Bott, 1973, Cranuca Beinlich & von Hagen, 2006, and 
Pa  raleptuca Bott, 1973, are reappraised using two mitochondrial (16S rRNA and cytochrome oxidase I) and 
one nuclear (28S rRNA) markers. The phylogenetic analyses show that the three clades agree relatively well 
with the three subgenera as currently defi ned. Our study confi rms that the Indo-West Pacifi c BF species that 
had been placed with the American Celuca sensu Crane, 1975, are genetically unsupported, and should be 
classifi ed in Austruca, together with U. sindensis (Alcock, 1900) (currently in Paraleptuca). Austruca now 
contains 11 species. Cranuca, a subgenus established with only U. inversa (Hoffmann, 1874), is supported 
by its monophyly and its signifi cant distance from other subgenera. In addition, Paraleptuca (= Amphiuca 
Crane, 1975) is restricted for U. chlorophthalmus (H. Milne Edwards, 1837), U. crassipes (White, 1847) 
and U. splendida (Stimpson, 1858). The two American BF subgenera, Minuca Bott, 1954 and Leptuca Bott, 
1973, form a mixed clade and further studies will be needed to clarify their validities.
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INTRODUCTION

Fiddler crabs (genus Uca Leach, 1814) are a common group 
of crabs on most tropical and subtropical coastal areas and 
are one of best-studied brachyuran groups (Crane, 1975; 
von Hagen, 1976; Rosenberg, 2001). Crane (1975) revised 
the genus and divided it into nine subgenera. However, 
most of her subgeneric names have to be replaced by taxa 
briefl y diagnosed by Bott (1973) but have nomenclatural 
priority (von Hagen, 1976; Rosenberg, 2001; Beinlich & 
von Hagen, 2006).

The members of the nine subgenera can be categorised into 
two groups - narrow-fronted (NF) and broad-fronted (BF). 
According to Crane (1975), the BF species (including Uca 
tangeri (Eydoux, 1835)) and American NF species, have 
advanced social behavior with complex waving displays. 
Indo-West Pacifi c (=IWP) NF species, however, only have 

simple displays and were considered as primitive (i.e., 
ancestral) forms.

Five BF subgenera were recognised by Crane (1975), viz. 
Afruca Crane, 1975 (type species Gelasimus tangeri Eydoux, 
1835, eastern Atlantic), Amphiuca (type species Gelasimus 
chlorophthalmus H. Milne Edwards, 1837, IWP), Boboruca 
Crane, 1975 (type species Uca thayeri Rathbun, 1900, 
America), Celuca Crane, 1975 (type species Uca deichmanni 
Rathbun, 1935, IWP and America) and Minuca Bott, 1954 
(type species Gelasimus mordax Smith, 1870, America). 
Afruca is only for U. tangeri, although the subgenus was 
treated as a synonym of the subgenus Uca Leach, 1814 (see 
Rosenberg, 2001; Beinlich & von Hagen, 2006; Ng et al., 
2008). However, Spivak & Cuesta (2009) made a good case 
to keep U. tangeri in its own subgenus Afruca, with which 
we agree. Crane (1975) proposed Amphiuca to include U. 
chlorophthalmus (H. Milne Edwards, 1837), U. crassipes 
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(White, 1847), U. inversa (Hoffmann, 1874) and U. sindensis 
(Alcock, 1900), but her name has to be synonymised with 
Paraleptuca Bott, 1973, which has priority and the same 
type species (von Hagen, 1976; Rosenberg, 2001). Later, U. 
inversa was removed to a new subgenus Cranuca Beinlich 
& von Hagen, 2006. As for Celuca, although many authors 
agreed that it can in fact be separated into two taxa: Leptuca 
Bott, 1973 (type species Gelasimus stenodactylus H. Milne 
Edwards & Lucas, 1843, America) and Austruca Bott, 
1973 (type species Gelasimus annulipes H. Milne Edwards, 
1837, IWP) (see Rosenberg, 2001), Beinlich & von Hagen 
(2006) preferred to refer all the IWP “Celuca” species to 
Paraleptuca instead. Naderloo et al. (2010) disagreed and 
resurrected Austruca as a valid subgenus for members of 
the Uca lactea species-complex based on morphology and a 
genetic study by Shih et al. (2009) that showed that the group 
was monophyletic. Boboruca (= Planuca Bott, 1973, type 
species Uca thayeri Rathbun, 1900) contains only U. thayeri 
Rathbun, 1900, and U. umbratila Crane, 1941, but it is now 
regarded as a junior synonym of Minuca (see Rosenberg, 
2001; Beinlich & von Hagen, 2006; Ng et al., 2008). Minuca 
is superfi cially close to the American Celuca (= Leptuca Bott, 
1973), but Bott (1973) and Crane (1975) separated the two 
taxa on the basis of a suite of adult characters.

As the taxonomic treatments for the IWP BF fi ddler crabs 
have been based on different characters (Crane, 1975; 
Beinlich & von Hagen, 2006; Naderloo et al., 2010; Shih et 
al., 2012), it is clearly necessary to clarify the phylogenetic 
relationships of the species involved using molecular tools. 
In this study, we revise the BF subgenera from IWP by using 
the mitochondrial 16S rRNA and cytochrome oxidase subunit 
I (COI), and the nuclear 28S rRNA.

MATERIAL AND METHODS

Specimens of all known species of the IWP BF Uca (except 
U. cryptica Naderloo, Türkay & Chen, 2010, but including 
an undescribed taxon [U. aff. annulipes] from Madagascar) 
from various localities were collected and preserved in 
75–95% ethanol, or obtained from museums (Table 1). Other 
BF subgenera of Minuca and Leptuca from America, Afruca 
from eastern Atlantic, and IWP NF subgenera of Tubuca, 
Australuca and Gelasimus, were included as comparative taxa 
(Table 1). Based on the results of Levinton et al. (1996) and 
Sturmbauer et al. (1996), we select Afruca as the outgroup. 
While the mitochondrial 16S and COI markers are commonly 
used for brachyuran phylogenetic studies (e.g., Schubart, 
2000; Yeo et al., 2007; Shih et al., 2011a–c), the nuclear 28S 
gene is also useful for phylogenetic studies of species as well 
as genera (e.g., Ragionieri et al., 2009; Shih et al., 2011c). 
In this study, the three markers were used for reconstructing 
the phylogeny of these fi ddler crabs.

Genomic DNA was isolated from the muscle tissue of legs by 
using the GeneMark tissue and cell genomic DNA purifi cation 
kit (Taichung, Taiwan). A region of ~550 basepairs (= bp) of 
the 5’-end of the 16S gene was selected for amplifi cation with 
polymerase chain reaction (PCR) using the primers 1471, 1472 

(Crandall & Fitzpatrick, 1996), 16Sar and 16Sbr (Palumbi 
et al., 1991). A portion of the COI gene was amplifi ed with 
PCR using the primers LCO1490 and HCO2198 (Folmer et 
al., 1994). An internal primer from Roman & Palumbi (2004) 
was also used. The PCR conditions for the above primers were 
denaturation for 50 s at 94°C, annealing for 70 s at 45–47°C, 
and extension for 60 s at 72°C (40 cycles), followed by 
extension for 10 min at 72°C. The primers for 28S were 28L4 
and 28H4 (Ragionieri et al., 2009), and the new designed 
28L4F (5’-TCGTGATGTAGGTCGCCGCGACCCG-3’) 
and 28H4F (5’-GGACAGAGCAGGATCGGAAGGC-3’), 
with the annealing temperature 47–50°C in PCR condition. 
Sequences were obtained by automated sequencing (Applied 
Biosystems 3730) and were aligned with the aid of ClustalW 
(vers. 1.4, Thompson et al., 1994), after verifi cation with the 
complimentary strand. The missing data of the COI haplotype 
of U. umbratila with shorter sequence were designated as a 
‘?’ in the alignment. Sequences of the different haplotypes 
have been deposited in the DNA Data Bank of Japan (DDBJ) 
(accession numbers in Table 1).

Several 28S sequences were found to be ambiguous so their 
PCR products were cloned. The products were purifi ed by 
using the QIAquick Gel Extraction kit (Qiagen) fi rst and were 
cloned using the pGEM-T Easy Vector System (Promega). 
Three colonies from each sample were selected, and used 
for insert verification. Verified colonies were used for 
additional PCR amplifi cation using the original 28S primers. 
All products were visualised under ultraviolet light stained 
with ethidium bromide, with a comigrating 100-bp ladder 
molecular-weight marker to confi rm the correct amplifi cation. 
Amplification products were cycle-sequenced and the 
sequences were obtained by automated sequencing (see 
above). Hillis & Dixon (1991) and Colgan et al. (2000) have 
reported multiple copies in the ribosomal DNA, including 
28S rRNA. In our cloning, the three sequences selected from 
the samples of U. tangeri and U. splendida (Stimpson, 1858) 
(#1) (Table 1) only differ in 0.3% and 1.6%, respectively. 
Therefore we randomly selected one sequence from each 
sample for the analyses.

For a combined analysis of mitochondrial (16S and COI) 
and nuclear (28S) markers, phylogenetic congruence among 
the three dataset partitions was tested under the maximum 
parsimony criterion using the incongruence length-difference 
(ILD) test (Farris et al., 1994) implemented in the PAUP* 
program (vers. 4.0b10, Swofford, 2003) as the partition 
homogeneity test. The parameters included 1000 reiterations 
of a heuristic search with 100 randomly added sequence 
replications, TBR branch-swapping, using Steepest Descent 
and the MULTREES option enabled. The topologies of the 
three data sets were congruent (P = 0.17) and as such, the 
sequences were combined.

For the combined 16S, COI and 28S dataset, the best-
fi tting models for sequence evolution of individual datasets 
were determined by jModelTest (vers. 0.1.1, Posada, 2008; 
Guindon & Gascuel, 2003), selected by the Bayesian 
information criterion (BIC). The obtained best models were 
TrN+I+G, TPM1uf+I+G and TPM2uf+I+G, respectively, 
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and were subsequently applied for the partitioned Bayesian 
inference (BI) analysis. The BI was performed with MrBayes 
(vers. 3.2.1, Ronquist et al., 2012) and the search was run 
with four chains for 10 million generations, with trees 
sampled every 1000 generations. The convergence of chains 
was determined by the effective sample size (ESS) (>200 as 
recommended) in Tracer (vers. 1.5, Rambaut & Drummond, 
2009) and the fi rst 500 trees were discarded as the burn-
in (determined by the average standard deviation of split 
frequency values below the recommended 0.01; Ronquist et 
al., 2005). Maximum likelihood (ML) analysis was conducted 
in RAxML (vers. 7.2.6, Stamatakis, 2006) for the combined 
dataset. The model GTR + G (i.e. GTRGAMMA) was used 
for all subsets with 100 runs, and found the best ML tree 
by comparing the likelihood scores. The robustness of the 
ML tree was evaluated by 1000 bootstrap pseudoreplicates 
under the model GTRGAMMA.

Other analyses, including the nucleotide composition, variable 
and parsimony informative positions, were calculated using 
MEGA (vers. 5.10, Tamura et al., 2011).

RESULTS

Sequence diversity. — For the 20 specimens of IWP BF Uca, 
a 543 bp segment of the 16S was amplifi ed and aligned; of 
which 163 positions were variable and 120 were parsimony 
informative. Among the total number of sequences, 18 
different haplotypes were distinguished (Table 1). The 
studied segment of 16S was AT rich (70.6%) (T: 36.6%, A: 
34.0%, G: 18.7%, C: 10.7%). For COI, a 658 bp segment 
was compared, resulting in 19 different haplotypes. The COI 
segment was AT rich (61.7%) (T: 33.5%, A: 28.2%, G: 17.5%, 
C: 20.8%). In this gene, 221 positions were variable and 194 
were parsimony informative. A 605 bp segment of the 28S 
was compared and 17 different haplotypes were obtained. 
The segment of 28S was GC rich (66.2%) (T: 19.5%, A: 
14.3%, G: 35.1%, C: 31.1%), with 70 positions variable and 
40 were parsimony informative.

Phylogenetic analyses. — The phylogenetic tree, based on 
1815 bp of the combined 16S, COI and 28S, was constructed 
using BI, with the support values from BI and ML analyses 
(Fig. 1). With regard to the IWP BF Uca, there are three clades 
corresponding well to Austruca, Paraleptuca, and Cranuca, 
although some members under Austruca and Paraleptuca 
have to be transferred. The analysis indicates the IWP BF 
and NF subgenera form a major clade (only highly supported 
by BI). However, the Paraleptuca and Cranuca clades, as 
well as the three IWP NF subgenera, are closer.

It is clear that the Austruca clade is highly supported by BI, 
although weakly supported under ML. This clade includes 
three subclades. The fi rst subclade contains three species 
groups – (1) U. annulipes group: U. albimana (Kossmann, 
1877), U. annulipes (H. Milne Edwards, 1837), U. aff. 
annulipes and U. iranica Pretzmann, 1971; (2) U. lactea 
group: U. lactea (De Haan, 1835) and U. perplexa (H. Milne 
Edwards, 1852); and (3) U. mjoebergi Rathbun, 1924. The 

second subclade is the U. triangularis complex with U. 
bengali Crane, 1975, and U. triangularis (A. Milne-Edwards, 
1873). The last subclade only includes U. sindensis.

The Paraleptuca clade is highly supported and includes three 
species (U. chlorophthalmus, U. crassipes, and U. splendida). 
The distinct Cranuca clade contains only the East African 
U. inversa and forms a large clade with the NF Gelasimus. 
Both the NF Tubuca and Australuca are closely related.

For the American BF Uca, three Minuca species and four 
Leptuca species form a highly supported, but mixed, clade 
without a clear division between Minuca and Leptuca.

DISCUSSION

 Based on the classifi cation of Crane (1975), the IWP BF Uca 
species belong to two subgenera, Celuca (= Austruca Bott, 
1973) and Amphiuca (= Paraleptuca Bott, 1973). Beinlich & 
von Hagen (2006) subsequently established Cranuca for U. 
inversa because of some unusual characters (see below). In 
our results, the subgenera Austruca, Paraleptuca and Cranuca 
are strongly supported by two mitochondrial and one nuclear 
markers (Fig. 1), although the subgeneric assignments of 
some species need to be changed.

In Crane’s monograph (1975), Celuca is the largest subgenus, 
with 27 species and subspecies from America and six from 
IWP. As noted by von Hagen (1976), Celuca Crane, 1975, has 
to be synonymised under Leptuca Bott, 1973. Their respective 
type species, U. stenodactylus (H. Milne Edwards & Lucas, 
1843) and Uca deichmanni Rathbun, 1935, are American 
and closely related. Rosenberg (2001) suggested if the IWP 
species of Celuca form a different clade from the American 
one, then they would have to called Austruca Bott, 1973, 
as its type species is the IWP U. annulipes. Beinlich & von 
Hagen (2006), however, regarded the subgenus Paraleptuca 
as including all of Crane’s IWP species of Celuca (except 
U. inversa) and Amphiuca.

The subgenus Austruca (with the type species U. annulipes) 
is supported by its monophyly (Fig. 1), different from the 
American BF clade (including two subgenera, see below). 
Excluding U. inversa, the species in Bott’s (1973) Austruca 
and Crane’s (1975) IWP Celuca are largely retained, although 
U. triangularis was never treated by Bott (1973) and U. 
sindensis was placed in another subgenus (Paraleptuca) by 
Crane (1975). Our revised Austruca includes nine described 
species and one undescribed species. The U. lactea complex, 
with seven species, forms a highly supported clade (Fig. 1), 
with three subclades composed of the U. annulipes, U. lactea 
and U. mjoebergi species groups. These agree well with the 
results in Shih et al. (2009) which used only 16S and COI.

The undescribed species from the East African region has 
been identifi ed as U. annulipes by Crane (1975) and followed 
by subsequent authors (e.g., Tanzania: Skov & Hartnoll, 2001; 
Zanzibar: Ólafsson & Ndaro, 1997; Mozambique: Litulo, 
2005; South Africa: Backwell & Passmore, 1996; Jennions 



645

THE RAFFLES BULLETIN OF ZOOLOGY 2013

Fig. 1. A Bayesian inference (BI) tree of the Indo-West Pacifi c (IWP broad-fronted (BF) fi ddler crabs (subgenera Austruca, Paraleptuca 
and Cranuca) and the comparative taxa (the American Minuca and Leptuca, the eastern Atlantic Afruca, and IWP narrow-fronted Tubuca, 
Australuca and Gelasimus), based on the combined 16S rRNA, cytochrome oxidase subunit I genes (COI) and 28S rRNA. For the details 
of specimens see Table 1. Probability values at the nodes represent support values for BI and maximum likelihood (ML). The doted lined 
block means the Uca lactea complex. For the clade of “Minuca & Leptuca”, the species names with gray block belong to the subgenus 
Minuca, and the remaining species belong to the subgenus Leptuca.

& Backwell, 1996, 1998; Backwell et al., 1999). The identity 
of the East African “U. annulipes” has been questioned by 
Shih et al. (2009: fi g. 1) (as a dotted line, different from the 
solid line of U. annulipes in Asia), because of its disjunct 
distribution and genetic distinctiveness. However, we have 
not been able to discern reliable and consistent morphological 
characters to characterise them. An extensive collection from 
various areas of East Africa and the detailed examination for 
stable distinguishing characters will be necessary to ascertain 
the identity of the East African taxon.

Another species within the U. lactea complex, Uca cryptica 
Naderloo, Türkay & Chen, 2010, was not included in our 
study. Based on morphology, Naderloo et al. (2010) have 
suggested it should be included in the Clade W (including 
U. albimana, U. annulipes and U. iranica) proposed by Shih 
et al. (2009). If so, it should be placed in our U. annulipes 
species group (Fig. 1). Further collections of this species for 
molecular study are necessary to confi rm its phylogenetic 
position.

Crane (1975) treated the small-sized U. triangularis and 
U. bengali as two subspecies due to their morphological 
similarity. However, their genetic distance is relatively large 
according to the branch length (Fig. 1.) Their distribution 
seems to be isolated geographically by Malay Peninsula, i.e., 
U. triangularis is widely distributed in West Pacifi c, whereas 
U. bengali is limited to the eastern Indian Ocean (Andaman 
Sea and Bay of Bengal) (Crane, 1975). Uca sindensis is 
distributed along the northern coastal area of the Arabian 
Sea, including Pakistan, Iran, Iraq and Kuwait (Alcock, 
1900; Crane, 1975; Collins et al., 1984; Naser et al., 2010; 
Mokhlesi et al., 2011). This species is sister to the remaining 
Austruca species (Fig. 1), suggesting it may represent an 
older lineage, and the Arabian Sea may be associated with 
the cladogenesis of this subgenus.

In the context of the present study, 11 species of Austruca are 
now identifi ed - eight from the U. lactea complex, as well as 
U. bengali, U. sindensis and U. triangularis. In addition, some 
cryptic species based on molecular evidence within Austruca 
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are still under study (unpublished data), and initial results 
suggest that this subgenus is even more diverse. Our results 
do not support the redefi nition of Paraleptuca by Beinlich & 
vo n Hagen (2006), who transferred all the IWP BF Uca into 
this subgenus (except U. inversa), although they did highlight 
the possible confusion of the names between Austruca and 
Australuca Crane, 1975 (type species Gelasimus bellator 
White, 1847). Naderloo et al. (2010) proposed that members 
of the U. lactea complex be taken out of Paraleptuca and 
assigned to Austruca instead. Our study adds even more 
species into Austruca.

Some of Crane’s (1975) conclusions, including the relationship 
between Celuca species from IWP and America, have been 
criticized by Salmon & Zucker (1988). They proposed the 
morphological similarity was due to parallel evolution and 
not a shared phylogenetic history (see also Rosenberg, 2001). 
This hypothesis was supported by Levinton et al. (1996) and 
Sturmbauer et al. (1996) based on a single mitochondrial 16S 
marker. Our study corroborates this hypothesis using three 
mitochondrial and nuclear markers (Fig. 1).

Bott (1973) only included U. chlorophthalmus (type species) 
and U. gaimardi (H. Milne Edwards, 1852) (= U. crassipes) 
(Crane, 1975; Shih et al., 2012) in Paraleptuca (= Amphiuca 
Crane, 1975). Although Crane (1975) included U. inversa 
and U. sindensis in her Amphiuca, this is not supported in 
our study. Instead, it indicates that U. inversa should be 
moved to Cranuca as suggested by Beinlich & von Hagen 
(2006), and U. sindensis be transferred to Austruca (Fig. 
1). As U. splendida was recently resurrected from the 
synonymy of U. crassipes (Shih et al., 2012), three species 
can now be included in our redefi ned Paraleptuca. While 
U. chlorophthalmus occurs in the western Indian Ocean, U. 
crassipes is widely distributed from eastern Indian Ocean 
to central and southern Pacifi c Ocean (Crane, 1975). Uca 
splendida, however, is limited to continental East Asia and 
Vietnam (Shih et al., 2010, 2012). Uca crassipes and U. 
splendida are sympatric in Penghu (islands in the middle 
of Taiwan Strait), western Taiwan and Dongsha Island (= 
Pratas Island, in the northeastern South China Sea) (Shih 
et al., 2012).

The subgenus Cranuca was established for U. inversa based 
on some characters, like the absence of a pleonal clasping 
apparatus, presence of a large triangular subdistal tooth on the 
dactylus of the major cheliped, and lacking a tuberculate ridge 
on the inner surface of the manus (Beinlich & von Hagen, 
2006). It is supported by our study as a distinct clade (Fig. 
1). However, because all BF from IWP and America have a 
pleonal clasping apparatus (Beinlich & von Hagen, 2006), 
the absence of this character in U. inversa may suggest a 
close relationship with NF subgenera, which is supported by 
the monophyly between Cranuca and Gelasimus (Fig. 1). 
The mix of BF and NF in the IWP fi ddler crabs has already 
been shown in Levinton et al. (1996) and Sturmbauer et al. 
(1996). Future studies with more taxa of IWP NF subgenera 
will be necessary to clarify their relationships.

Although we can confi rm that there is no close genetic 
relationship between IWP and American Celuca sensu Crane, 
1975, there remains a problem. Crane (1975) recognised 
three BF subgenera as present in America, viz. Celuca (= 
Leptuca Bott, 1973), Minuca and Boboruca (= Planuca Bott, 
1973). Boboruca was established for U. thayeri Rathbun, 
1900, and U. umbratila Crane, 1941, but it has been treated 
as a synonym of Minuca by several authors (Albrecht & 
von Hagen, 1981; Rosenberg, 2001; Beinlich & von Hagen, 
2006). In our study, we do not fi nd any support for the 
separation between the two American subgenera, because 
the clade composed of Leptuca and Minuca is mixed (Fig. 
1). The mixed relationship between the two subgenera was 
reported by Levinton et al. (1996) and Sturmbauer et al. 
(1996) using the 16S marker. In fact, because of the mix 
of characters, it has proven diffi cult to assign some species 
to its subgenus, including U. argillicola Crane, 1941, U. 
panamensis (Stimpson, 1859), U. pygmaea Crane, 1941, and 
U. subcylindrica (Stimpson, 1859) (see Crane, 1975; Barnwell 
& Thurman, 1984; Levinton et al., 1996; Beinlich & von 
Hagen, 2006). To ascertain if the subgenera are monophyletic, 
more American species will need to be included and further 
morphological studies undertaken.

On the basis of the structure at the base of gastric mills, 
Beinlich & von Hagen (2006) proposed the American Minuca 
and Leptuca were derived from the IWP BF U. sindensis 
and U. inversa, perhaps via the ancient Tethys Sea. The 
hypothesis is not supported by the present study (Fig. 1) as 
we could detect no direct phylogenetic relationship between 
the American and IWP BF Uca.

In conclusion, our study supports the hypothesis that the 
IWP BF fi ddler crabs can be separated into three distinct 
and monophyletic subgenera: Austruca, Cranuca and 
Paraleptuca. Cranuca contains only U. inversa; Paraleptuca 
includes U. chlorophthalmus, U. crassipes and U. splendida; 
and all the remaining IWP BF species belong in Austruca. 
There was no observable phylogenetic relationship between 
the BF subgenera from IWP and America, although the 
American BF subgenera do form a mixed clade.
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