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Abstract 
We examined the reliability of 3 previously identified molecular sexing primer sets for the identification of gender in the 
Spotted Barbtail (Premnoplex brunnescens). Primers developed by Griffiths et al. (1998) P2/P8, Kahn et al. (1998) 
1237L/1272H, and Fridolfsson & Ellegren (1999) 2550F/2718R were compared using blood samples taken from 30 adult 
individuals captured near Cosanga, Napo Prov., Ecuador. Comparison of genetic sexing results suggests that for the 
Spotted Barbtail, the Fridolfsson and Ellegren (1999) 2550F/2718R and Griffiths et al. (1998) P2/P8 primers provided the 
most reliable results, although for most individuals, all three provided fragments suitable for sexing. 
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Resumen 
Evaluamos la eficacia de tres tipos de iniciadores moleculares previamente identificados para determinar el sexo en el 
Subepalo Moteado (Premnoplex brunnescens). Los iniciadores desarrollados por Griffiths et al. (1998) P2 y P8, Kahn et 
al. (1998) 1237L/1272H, y Fridolfsson & Ellegren (1999) 2550F/2718R fueron comparados a partir de muestras de sangre 
tomadas de 30 individuos adultos capturados cerca de Cosanga, Prov. de Napo, Ecuador. Los iniciadores desarrollados 
por Fridolfsson & Ellegren (1999) y Griffiths et al. (1998) fueron mas eficientes y confiables para sexar individuos de P. 
brunnescens. Aun así, los tres tipos de iniciadores son en general eficientes para el sexado molecular de esta especie. 
 
Palabras clave: bosque nublado, Furnariidae, Premnoplex brunnescens, sexage molecular de aves, Subepalo Moteado. 
 
Introduction 
 

o properly address many questions in avian ecology, 
it is necessary to correctly identify the gender of the 

individuals under study. Most passerines (69%) are 
monomorphic (Barraclough & Harvey 1995), with 
external characters either too subtle or too poorly 
documented to be useful in the field. In some cases, 
however, subtle variations in plumage coloration may 
not be visible to the human eye (Eaton 2005) but 
measurements of physical characters can help 
distinguish between the sexes (Pyle 1997). However, in 
some species, the degree of selection may not be strong 
enough to promote detectable sexual differences in 
plumage or body size.  

 The Furnariidae, a widely distributed family 
consisting of 70 genera and 287 species (Remsen 2003, 
Remsen et al. 2011) are distributed exclusively in the 
Neotropics. They are important members of most South 
American bird communities, with 89% of the species 
endemic to that continent (Remsen 2003). In spite of 
their abundance in Neotropical bird communities, and 
thus potentially useful study organisms, with only few 
exceptions (e.g. Winker et al. 1994, Faria et al. 2007, 
Moreno et al. 2007) we lack published studies 
quantifying reliable methods for distinguishing the sex 
of individuals. Thus, with all members of this family 
considered to be monochromatic (Remsen 2003), few 
species can be assigned gender in the field (but see 
Roper 2005), making it difficult to elucidate life history 
and reproductive strategies with respect to gender roles.  

T 
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While field identification of gender is preferable for the 
study of behaviors associated with sex roles, recent 
advances in molecular biology have enabled researchers 
to relatively easily identify the gender of many 
monomorphic species in the lab post hoc. In particular, 
three sets of molecular primers have received 
widespread use in the molecular sexing of a wide variety 
of passerines and non-passerines. Molecular primers 
developed by Griffiths et al. (1998), Kahn et al. (1998), 
and Fridolfsson & Ellegren (1999) have all been used 
with varying success in both passerine and non-passerine 
species (e.g. Baker et al. 1999, Pagliani et al. 1999, 
Bertelloti et al. 2002, Quintana et al. 2003).  
 

The most widely utilized molecular methods for 
sexing birds have been based on intronic differences of 
the CHD gene on the Z and W chromosomes. However, 
some studies have revealed polymorphisms within this 
gene in several species, potentially producing different 
sized introns in heterozygotic males (Dawson et al. 
2001, Robertson & Gemmell 2006, Shizuka & Lyon 
2008) and leading to mis-assignment of gender. With 
relatively few published studies assigning gender within 
the Furndariidae (e.g. Moreno et al. 2007, Ribeiro et al. 
2007, Lopez et al. 2011), it remains unclear whether the 
most widely utilized molecular primers based on the 
CHD gene will successfully cross-amplify in members 
of the Furnariidae and whether each will do so reliably. 
Ribeiro et al. ( 2007) utilized Griffiths et al. (1998) 
while Moreno et al. (2007) used Fridolfsson and 
Ellegren (1999) primer sets in assigning gender but no 
studies have been published for Furnariidae species 
using primers developed by Kahn et al. (1998). Most 
recently, Lopez et al. (2011) successfully utilized two 
sets of primers (Griffiths et al. 1998; Fridolfsson & 
Ellegren 1999) to identify gender in 7 species of 
Furnariidae but were unable to amplify samples of 
Spotted Barbtail (Premnoplex brunnescens). 
 

The Spotted Barbtail is a small (ca. 16 g; Remsen 
2003, Greeney 2008) Furnariid occupying montane 
forests through much of Central and South America. 
Typically found from 600 m.a.s.l to 2750 m.a.s.l, this 
inconspicuous yet fairly common species forages for 
small invertebrates, in pairs or in mixed-species flocks, 
in the forest understory (Remsen 2003). The systematic 
position of Spotted Barbtails has long been debated and 
investigated (Vaurie 1980, Areta 2007, Moyle et al. 
2009) yet despite its basic breeding biology having been 
described almost half a century ago (Skutch 1967), only 

recently have the fascinating details of its reproductive 
behavior been described (Greeney 2008, 2011). Despite 
intensive behavioral studies, observed behaviors such as 
aberrant incubation rhythms, anomalous nest-orientation 
preferences, and bi-modal breeding seasonality (Greeney 
2009a, 2009b, 2010) have uncovered the need for 
molecular studies elucidating parental roles and 
relatedness if we hope to explain their reproductive 
strategies in light of current life-history evolution theory 
(Ricklefs & Wikelski 2002).  

We tested three commonly utilized molecular sexing 
techniques to examine the reliability of each in assigning 
gender within Spotted Barbtails. While it may be 
possible to identify gender using morphometric 
measurements, work to date has been inconclusive, 
creating the need for reliable methods of sex 
determination when studying this and other Furnariidae 
species. 

 
Methods 
 
During the breeding season, we captured 30 adult 
individuals using mist nets and between October 2007 
and November 2009. We worked with the population 
(for site details see Greeney 2011) in the vicinity of the 
Yanayacu Biological Station and Center for Creative 
Studies (00°36’ S, 77°53’ W, 1900-2400 m.a.s.l.) and 
Cabañas San Isidro, 3-5 km west of Cosanga, Napo 
Prov., northeastern Ecuador. Birds were banded with 
individual combinations of color and metal bands 
(National Band and Tag Co., Newport, Kentucky, model 
1242–0) prior to release. 

All captures occurred during periods of reproductive 
activity (Greeney 2010), and there were no obvious 
morphological differences between the sexes as both 
males and females incubate and develop at least a partial 
brood patch (Greeney 2008, 2009). In addition, we noted 
no difference between putative pairs (captured together) 
in the size of cloacal protuberances, though it remains 
possible that differences are evident during some stages 
of breeding. 

We collected approximately 100-200 µl of whole 
blood from each individual using brachial venipuncture. 
Blood was stored in 250-500 µl of Queen’s lysis buffer 
(Seutin et al. 1991) depending on the amount of the 
blood sample. Blood was stored at approximately 20°C 
in the field and later at -20°C in the laboratory. 
 
Genetic sexing methods. Whole genomic DNA was 
extracted from blood samples (200-300 µl and brought 
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to a final volume of 500 µl with lysis buffer) collected in 
the field using standard phenol-chlorophorm-isoamyl 
based extractions. This was followed by ethanol 
precipitation and washes. After extraction, genomic 
DNA was stored at -20°C in 1xTE (pH 8.0). Genetic 
sexing was performed using 3 sets of molecular primers 
(1237L/1272H, Kahn et al. 1998; P2/P8, Griffiths et al. 
1998; 2550F/2718R, Fridolfsson & Ellegren 1999). PCR 
reactions were performed in 10 µl of final volume using 
5 µl 2X GoTaq Mastermix (Promega), 1 µl 10 mM each 
of forward and reverse primer, 0.5 µl ultrapure H20 and 
2.5 µl genomic DNA.  

The PCR reaction consisted of an initial denaturing 
step at 94°C for 60 sec, followed by 30 cycles of 
denaturation (94°C for 60 sec), annealing (48°C for 60 
sec) and extension (72°C for 2 min), and one final cycle 
of 72°C for 10 min. PCR products were separated in 3% 
agarose gels run in standard TAE buffer and visualized 
by ethidium bromide staining. Birds were sexed as 
females (heterogametic, WZ) when both fragments were 

amplified and as males (homogametic, ZZ) when only a 
single band was visible. 
 
Results and Discussion 
 
Comparison of genetic sexing results suggests that for 
the Spotted Barbtail, the Fridolfsson and Ellegren (1999) 
2550F/2718R and Griffiths et al. (1998) P2/P8 primers 
provided the most reliable results, although for most 
individuals, all three provided fragments suitable for 
sexing. In all individuals, a comparison of the results for 
each primer set suggested the sexing was unambiguous 
(Fig. 1). For 2550F/2718R, males were identified by the 
presence of a single band of between 600 and 700 bp. 
Heterogametic females were identified by the presence 
of a second additional fragment length of approximately 
475 bp. For P2/P8, males were identified by the presence 
of a single 380 bp fragment while females had a second 
additional fragment of approximately 415 bp (Fig. 1). 
Fragment sizes were not sequenced and remain 
estimates. 

 

 
 
Figure 1. Comparison of three commonly used molecular sexing primer sets for assignment of gender in Spotted Barbtail. P2/P8 
from Griffiths et al. (1998), 1237L/1272H from Kahn et al. (1998), and 2550F/2718R from Fridolfsson and Ellegren (1999). 
Each primer set was tested using samples from 4 adult birds. 
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In contrast, the primer pair 1237L/1272H produced 
single bands of differing lengths for males and females. 
Females were identified by the presence of bands of 
approximately 300 bp in length while the amplification 
products for males were approximately 380 bp in length. 
While results using the Kahn et al. primer pair were 
consistent with those obtained with Griffiths et al. and 
Fridolfsson and Ellegren, we do not feel the 
amplifications were as robust for Spotted Barbtail. In 
several other individuals, the amplification products 
were not as clearly apparent and sex was determined 
through the use of the other primer sets. 

 
Further work is needed with this and other 

Furnariidae species to determine whether subtle and 
detectable morphological differences may exist between 
males and females. Recent work by Cardoni et al. 
(2009), and others suggest that monomorphism may not 
be as prevalent within the Furnariidae as previously 
speculated. Various authors have found wing chord 
(Winker et al. 1994, Faria et al. 2007, Moreno et al. 
2007) tarsus length (Winker et al. 1994), and tail length 
(Winker et al. 1994) to be reliable indicators of gender 
differences in a few furnariid species.  

In spite of the increasing evidence for subtle differences 
in morphological characters among putatively 
monomorphic furnariids, the availability of a reliable 
genetic technique will be important for future studies. 
Even with complex analysis of 10 morphometric 
characters, Cardoni et al. (2009) were only able to assign 
gender in 80% of their cases. The ability to reliably 
determine gender in Spotted Barbtails and other 
Neotropical species will prove invaluable for untangling 
the roles of ecology, physiology, and evolution in 
species’ mating systems, sexual selection, daily and 
seasonal movements, parental investment, and other 
aspects of life-history.  
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