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ABSTRACT. Tyrant flycatchers (Aves: Tyrannidae) are endemic
to the New World, and many species of this group are threatened or
near-threatened at the global level. The aim of this study was to test
the 18 microsatellite markers that have been published for other Tyrant
flycatchers in the Strange-tailed Tyrant (Alectrurus risora) and the
Sharp-tailed Tyrant (Culicivora caudacuta), two endemic species of
southern South American grasslands that are classified as vulnerable. We
also analyzed the usefulness of loci in relation to phylogenetic distance
to the source species. Amplification success was high in both species
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(77 to 83%) and did not differ between the more closely and more
distantly related species to the source species. Polymorphism success
was also similar for both species, with 9 and 8 loci being polymorphic,
respectively. An increased phylogenetic distance thus does not gradually
lead to allelic or locus dropouts, implying that in Tyrant flycatchers, the
published loci are useful independent of species relatedness.
Key words: Alectrurus risora; Culicivora caudacuta; Microsatellites;
Tyrannidae

INTRODUCTION
Tyrant flycatchers (Aves: Tyrannidae) are endemic to the New World, with the highest
diversity occurring in the Neotropics. They form one of the most diverse bird families of the
world, including 429 recognized species and 104 genera (Fitzpatrick, 2004). Thirteen percent
of the species of this group are threatened (10 endangered and 19 vulnerable species) or nearthreatened (27 species) at the global level (Bird Conservation International, 2009). However,
most of the population and reproductive parameters for managing these species in both protected and unprotected areas are still not available.
Most of the Tyrant flycatchers are typical forest inhabitants, foraging for arthropods in
the foliage or executing aerial sallies from visible perches (Fitzpatrick, 2004). Some of them
have, however, diversified towards open habitats, occupying grasslands, steppes, and wetlands
along the Andes, Patagonia, and Pampas in western and southern South America (Ohlson et
al., 2008). Populations of endemic grassland birds, including Tyrant flycatchers, have declined
dramatically over the recent decades in these habitats, where they now exist mostly in isolated
fragments scattered in an agricultural matrix (Bird Conservation International, 2009).
Recently, some bird conservation efforts have been directed to identify remaining populations of a set of globally threatened species along the grasslands. Two species that have been recognized as good indicators of sites with natural grasslands containing most complete sets of other
endemic and threatened grassland birds were the Strange-tailed Tyrant (Alectrurus risora) and the
Sharp-tailed Tyrant (Culicivora caudacuta) (Devenish et al., 2009). The Strange-tailed Tyrant has
suffered a large contraction, reaching a 90% loss of its original range because of associated changes
in natural grasslands use during the last century. Further decline in range and number is expected,
because suitable habitats are subject to extensive agricultural modification and afforestation (Bird
Conservation International, 2009). The Sharp-tailed Tyrant also appears to have undergone a rapid
decline due to habitat destruction, with fragmented, mostly rare, and very local populations. Both
species are classified as globally vulnerable (Bird Conservation International, 2009).
In this paper, we aimed to study microsatellite markers that have been published for other
Tyrant flycatchers (Tarof et al., 2001; Watson et al., 2002; Beheler et al., 2007) in the Strangeand Sharp-tailed Tyrants, and to test the usefulness of these markers in relation to phylogenetic
distance with the source species. A comprehensive study including bird species belonging to
diverse orders has shown that a negative relationship exists between microsatellite cross-species
amplification/polymorphism success and the genetic distance from the source species (Primmer et
al., 2005), supporting what previous studies had found for smaller data sets (Primmer et al., 1996;
Galbusera et al., 2000). This seems to hold for a variety of animal and plant taxa (Housley et al.,
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2006; Carreras-Carbonell et al., 2008). However, how cross-species microsatellite amplification
and polymorphism behave within a given bird family is not clear (Hughes et al., 1998; Dawson
et al., 2005; Klein et al., 2009). Microsatellite loci have been developed for the Eastern Phoebe
(Sayornis phoebe) (Watson et al., 2002; Beheler et al., 2007) and the Least Flycatcher (Empidonax
minimus) (Tarof et al., 2001). Both species belong to the Contopini, a clade contained in the
subfamily Fluvicolinae (Tello et al., 2009). The sister clade to the Contopini is the Fluvicolini,
which contains the Alectrurus species. C. caudacuta, on the other hand, is within the subfamily
Elaeniinae, which is more distantly related (Tello et al., 2009).
The knowledge on the usefulness of published microsatellite loci in such a diverse
bird group that contains many species with conservation problems is very important for future
studies of other Tyrant species. Moreover, microsatellite loci will allow study of the population status and reproductive aspects of the Strange- and Sharp-tailed Tyrants. Both species
share the environment, inhabiting savannas, wet grasslands, and marshes in the south of Brazil, eastern Bolivia, Paraguay, and the north-east of Argentina, but little is known about their
biology. Population and ecological studies on these species that expand the information on
their dispersal and migration patterns, mating system, and genetic variability, among others,
will be fundamental for their conservation management.

MATERIAL AND METHODS
Eighteen published primer pairs (Tarof et al., 2001; Watson et al., 2002; Beheler et al.,
2007) were tested in 46 Strange-tailed Tyrant and 16 Sharp-tailed Tyrant unrelated individuals. Individuals were mist-netted between 2004 and 2009 during the reproductive (SeptemberJanuary) and non-reproductive (February-August) seasons in Reserva Ecológica El Bagual,
Province of Formosa, Argentina (26°18ꞌ17.5ꞌꞌS, 58°49ꞌ51.1ꞌꞌW). Before release, we took blood
samples and banded all individuals with a numbered aluminum band and a combination of colored plastic rings. Blood samples (20 to 50 μL) were taken via wing venipuncture, immediately
added to 0.5 mL lysis buffer (100 mM Tris, pH 8.0, 10 mM NaCl, 100 mM ethylenediaminetetraacetic acid, 2% sodium dodecyl sulfate), and stored at room temperature until analysis.
DNA was extracted from the blood samples with a Qiagen (Hilden, Germany) extraction kit. Polymerase chain reaction (PCR) amplifications were performed in 25-μL reaction
volumes using 10 to 80 ng DNA template, 136 nM forward and reverse primers, 0.2 mM
deoxynucleotide triphosphates, 1.5 mM MgCl2, and 0.5 U Taq Polymerase (Q-BIOgene Taq
Core Kit 10). To test for amplification success, we amplified DNA samples of 4 individuals
of each species at 3 different annealing temperatures. When the initially tested temperatures
produced multiple bands, the annealing temperatures were further increased. Reactions were
cycled as follows: 5 min at 94°C; then 3 cycles of 30 s at 94°C, 60 s at the annealing temperature + 3°C, and 45 s at 72°C; then 37 cycles of 30 s at 94°C, 60 s at the annealing temperature,
and 45 s at 72°C; and a final 10 min at 72°C. PCR amplification was visualized on 2% agarose
gels stained with ethidium bromide. Definitive annealing temperatures were set for those temperatures yielding the best product. Amplified products of two individuals per species were
sequenced on an Applied Biosystems Model 3130xl genetic analyzer using ABI Big DyeTM
terminator chemistry to check for the presence of microsatellites.
Successfully amplified primers containing microsatellites were amplified in multiplex
PCRs, and tested for polymorphism with the above-mentioned sequencer. Runs were analyzed
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with GeneMapper version 3.7 (Applied Biosystems). Observed and expected heterozygosities
were calculated using GenAlEx version 6 (Peakall and Smouse, 2006), and tests for HardyWeinberg disequilibrium and for departures from linkage equilibrium were conducted using a
Markov chain method with Genepop version 4.0 (Rousset, 2008).

RESULTS AND DISCUSSION
Amplification success did not differ between the more closely (Strange-tailed Tyrant;
N = 14) and more distantly (Sharp-tailed Tyrant; N = 15) related species to the source species
(chi-square test: χ2 = 0.18, d.f. = 1, P = 0.67). One amplifying primer set (SAP32) proved to be
impossible to sequence (i.e., microsatellite contents could not be determined) because of an Arepeat near to both flanking regions, and was therefore not tested for polymorphism. Polymorphism success did not differ between the Strange-tailed Tyrant (N = 9) and the Sharp-tailed
Tyrant (N = 8) (χ2 = 0.36, d.f. = 1, P = 0.55). It is interesting to note that, except for some loci
that were similarly polymorphic (SAP94, SAP104, EMIZ27, and EMID46) or monomorphic
(SAP47, SAP22, and SAP96) in both species, many loci that were polymorphic for one species were reciprocally monomorphic for the other (Figure 1). This suggests that an increased
phylogenetic distance does not gradually lead to allelic or locus dropouts, and that the evolution of microsatellites is undergoing distinct evolutionary pathways along different lineages.

Figure 1. Alleles of loci tested for polymorphism in the Strange-tailed Tyrant (white circles) and the Sharp-tailed
Tyrant (black circles). Circle size is proportional to allele frequency. The first circle represents the smallest allele,
each successive circle the following one in size. Lines indicate allele size in the source species; non-overlapping
lines stand for smaller or larger alleles.
Genetics and Molecular Research 12 (3): 2966-2972 (2013)
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For the Strange-tailed Tyrant, two loci (SAP94 and EMIZ27) were significantly heterozygote-deficient and not in Hardy-Weinberg equilibrium (P < 0.05; Table 1). Preliminary
data on family groups indicate that locus SAP94 might have a high proportion of null alleles,
thus leading to the observed heterozygote deficiency. Pairwise tests for linkage between the
9 polymorphic loci revealed significant genotypic linkage disequilibrium between two sets of
paired loci (SAP39-SAP156 and EMIZ1-EMIZ27). For the Sharp-tailed Tyrant, all polymorphic loci were in Hardy-Weinberg equilibrium, and pairwise tests revealed significant genotypic linkage disequilibrium between two different sets of paired loci (EMIC23-EMIZ27 and
EMIC23-SAP94).
Table 1. Characterization of 18 microsatellite loci in the Strange-tailed and Sharp-tailed Tyrants.
Locus			
Strange-tailed Tyrant				
Ta (°C)
SAP39a
SAP47a
SAP50a
SAP73a
SAP96a
SAP104a
SAP108a
SAP156a
SAP22b
SAP32b
SAP53b
SAP66b
SAP94b
EMIC23c
EMID46c
EMIZ1c
EMIZ27c
EMI9Ac

55
50
NA
NA
60
55
60
56.5
56.5
50
NA
55
56.5
55
55
50
55
NA

NA

Range

HO

HE

6
242-260
0.46
0.46
1
261
				
				
1
162
3
102-108
0.15
0.14
2
201-203
0.41
0.43
6
237-255
0.43
0.43
1
130
NS				
				
2
142-144
0.56
0.50
3
242-251
0.11
0.39**
1
291
3
346-350
0.21
0.20
3
366-370
0.43
0.36
6
184-200
0.46
0.55*
				

Ta (°C)

Sharp-tailed Tyrant
NA

Range

HO

HE

60
2
239-242
0.37
0.43
50
1
251
NA				
50
3
181-187
0.47
0.52
60
1
162
55
2
108-110
0.07
0.18
56.5
1
203
56.5
2
234-237
0.37
0.43
56.5
1
122
50
NS			
NA
			
NA				
56.5
5
236-248
0.44
0.68
55
9
307-331
0.87
0.82
55
3
342-348
0.44
0.44
50
1
364
55
8
184-204
0.69
0.73
55
1
117
-

Ta = optimal annealing temperature; NA = number of alleles; HO, HE = observed and expected heterozygozities; NA
= not amplified; NS = not sequenced. *Hardy-Weinberg equilibrium (HWE) P < 0.05. **HWE P < 0.001. aBeheler
et al., 2007; bWatson et al., 2002; cTarof et al., 2001.

Previous studies have shown that locus variability is positively associated with repeat
number (Primmer et al., 2005; Küpper et al., 2008; but see Karaiskou et al., 2008). However,
when considering the repeat number and the polymorphism of the loci in the source species
(Tarof et al., 2001; Watson et al., 2002; Beheler et al., 2007), such association was not evident
(Spearman rank: R = 0.22, P = 0.36). Furthermore, polymorphism of the loci in our species
studied was not significantly correlated with repeat number in the source species (Strangetailed Tyrant: R = 0.12, P = 0.62; Sharp-tailed Tyrant: R = 0.21, P = 0.40). Many loci with
a high number of repeats in the source species failed to amplify, whereas others with a low
repeat number showed to be highly polymorphic in our species.
Our results show that the more general patterns of microsatellite evolution found in
birds (Primmer et al., 2005) are not exhibited in Tyrant flycatchers. This might be related to
the inclusiveness of the studies, since we only focused on one particular family (Tyrannidae),
whereas previous studies included species belonging to several bird families and orders. Flanking regions are probably more conserved within a family, thus precluding amplification failure
(Küpper et al., 2008). However, Dawson et al. (2005) found higher chances of amplifying the
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isolated loci in auklets (Aves: Laridae) species belonging to the same subfamily as the source
species than in species belonging to a different subfamily. Thus, there does not seem to be a
generalized pattern of microsatellite evolution in birds. Loci variation is probably related to
their location in the genome (Karaiskou et al., 2008), where they can be subject to different
selective pressures, as well as to the divergence time between species, which can be very variable among different clades. It is, thus, recommendable to test for all the available published
primers for one bird family, without discarding them on the basis of phylogenetic distance,
polymorphism, or repeat number. In particular, for the Tyrant flycatchers, where several species
have conservation problems, all 18 published primers should be tested for each single species.
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