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A Previously Undocumented Hybrid New World Warbler

(Setophaga pensylvanica x S. magnolia) Captured at Long Point, Ontario
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ABSTRACT.—New World Warblers represent a complex

and closely related family, with a high propensity to

hybridize. With more than 73 known hybrid pairings of

Parulidae documented, we report a previously

undocumented hybrid: a Chestnut-sided (Setophaga

pensylvanica) 3 Magnolia Warbler (S. magnolia). The

parentage of the hybrid individual and its identity are

supported by morphological and genetic evidence. DNA

sequencing of a fragment of cytochrome oxidase c subunit I

(COI) supports the female parent as Chestnut-sided, while

strong morphological features support Magnolia Warbler as

the father. Received 24 September 2015. Accepted 12

January 2016.
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New World Warblers (Parulidae) are a complex

and closely related taxa (Lovette and Bermingham

1999, Rabosky and Lovette 2008, Lovette et al.

2010), with mounting evidence confirming their

propensity to hybridize (Graves 1988, 1993;

McCarthy 2006; Rohwer and Martin 2007; Irwin

et al. 2009; Toews et al. 2011). New World

Warbler hybridization events typically fall within

either one of two categories: two species closely

related to another which commonly mate in a

hybrid zone (e.g., Mourning Geothlypis philadel-

phia, MacGillivray’s warblers G. tolmiei; Irwin et

al. 2009) or two species which are sympatric yet

rarely hybridize (e.g., Black-and-white Mniotilta

varia 3 Yellow-rumped warbler Setophaga coro-

nata, Black-throated Gray S. nigrescens 3 Hermit

warbler S. occidentalis; Rohwer et al. 2000,

Vallender et al. 2009). In the latter, it appears that

isolated pre-mating conditions likely drive this

behavior.

To date, at least 73 known hybrid pairings of

New World Warblers have been documented (i.e.,

.50% of all known parulids, including the

individual in question; McCarthy 2006, Willis et

al. 2014, Ralston et al. 2015). While the

evolutionary and ecological implications are still

becoming understood (Parkes 1978, Lovette et al.

2010, Willis et al. 2014), hybridization events offer

ornithologists key insights into the taxonomy of

the species’ involved, as well as the family itself

(Rohwer et al. 2000), while filling knowledge gaps

with respect to species conservation (Ralston et al.

2015), genes and traits (Rohwer and Martin 2007,

Irwin et al. 2009, Toews et al. 2011), and mating

behavior (Willis et al. 2014).

Chestnut-sided (S. pensylvanica) and Magnolia

warblers (S. magnolia) are both Neotropical

migrants with similar geographic breeding ranges

(Dunn and Hall 2010, Byers et al. 2013) and

overlapping wintering ranges (Dunn and Hall

2010, Byers et al. 2013). These species also share

similar characteristics in their respective breeding

and wintering habitats: both species prefer second-

growth forest, with dense understorey (Dunn and

Hall 2010, Byers et al. 2013), although S.

pensylvanica typically favors more fragmented

and younger growth in comparison to S. magnolia

during the breeding season. Here, we report a

previously undocumented hybrid New World

Warbler: a definitive alternate female S. pensyl-

vanica 3 S. magnolia.
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METHODS

Encounter Details.—The individual was mist-

netted and banded (USGS# 2680-79939) on 25

May 2014 by the Long Point Bird Observatory at

the Old Cut research station, Long Point, Ontario,

Canada, (428 34.5850 N, 808 23.5420 W). Two

rectrices (R6) and three breast feathers were

collected for DNA analysis (Environment Canada

- Canadian Wildlife Service permit # CA 0196).

In-hand measurements were taken with reference

to Pyle (1997); plumage characteristics were

compared according to Humphrey and Parkes

(1959).

DNA Extraction.—Total genomic DNA was

extracted from a 1-cm segment of rectrice (R6)

using the DNeasy Tissue kit (QIAGEN Inc.,

Valencia, CA, USA), following the manufacturer’s

protocol. The feather was not stored under ideal

conditions (to preserve DNA quality) prior to

molecular analysis. This resulted in degradation of

the genomic DNA and resulting difficulty ampli-

fying target genes.

PCR Amplification.—Because of the uncertain

quality of the extracted total DNA and the limited

amount recovered from the small tissue sample,

initial efforts were made to amplify a segment of

mtDNA to identify the maternal parent. Several

attempts to amplify 669bp, 344bp, and 325bp

fragments of the mtDNA cytochrome oxidase c

subunit I (COI) gene failed. Ultimately, a 204bp

fragment of the COI gene was amplified using an

unpublished primer, COI-Fx-CF, and COI-Dipt-

2183-R (Gibson et al. 2013). Unfortunately, the

entire total DNA extract was used in efforts to

amplify the mtDNA COI gene fragment, so

identifying the paternal parent through gDNA

analysis was not an available option for this study.

PCR amplification was carried out as described

by Marshall et al. (2015). Positive PCR products

were purified prior to sequencing with ExoSap-IT

reagent (USB Corp., Cleveland, OH, USA)

following manufacturer’s recommendations. Se-

quencing of purified PCR products was performed

as previously described (Marshall et al. 2015)

Raw sequence chromatograms were edited

using Sequencher 5.2.4 (Gene Codes Corp., Ann

Arbor, MI, USA). The resulting 204bp COI

sequence was identified as Setophaga pensylvan-

ica using the BOLD Identification request system

(Ratnasingham and Hebert 2007). A dataset of

public Setophaga sequences was then assembled

and compared to our sample (CNC465435). The

sequence has been submitted to BOLD and is

available in the public dataset DS-HYBWA (DOI:

dx.doi.org/10.5883/DS-HYBWA).

RESULTS

Genetic Analysis.—The top 20 matches found

by the BOLD Identification request system were

all identified as S. pensylvanica, with average

matches .99%. Intraspecific uncorrected pairwise

distances varied from 0–1.01% within S. pensyl-

vanica. Based on published COI data, the nearest

neighbor genetically is Grace’s Warbler (S.

graciae; 3.07–3.24% different).

Plumage Description and Morphological Anal-

ysis.—In-the-hand analysis and measurements by

Long Point Bird Observatory documented the

individual as definitive alternate (Humphrey and

Parkes 1959), largely based on the uniformity of

shape and coloring of the rectrices and flight

feathers (Pyle 1997). While not confirmed mor-

phologically or genetically, the individual is

thought to be female, largely because of the lack

of coloring one would expect given the age of the

individual and the parent species involved. All

measurements fell well within the normal range of

both putative parental species and of both sexes

(wing (59 mm), tail (48 mm), and weight (9.7 g);

Pyle 1997, Dunn and Hall 2010, Byers et al.

2013).

The bird’s primary characteristics were typical

of S. magnolia with secondary characteristics of S.

pensylvanica. The throat was largely white, with a

partial black necklace, bordered with yellow and

slight chestnut coloring in the upper breast (Fig.

1a). The flanks had a yellow wash, with intermit-

tent dark streaking, with white underneath, while

the vent area and undertail coverts were white. The

crown was blue-gray, extending from the base of

the bill, to the top of the crown, to the nape,

bordered by a faint white supercilium, flaring

towards the back of the head. A faint, dark,

auricular patch was loosely bordered by a white

sub-auricular stripe extending from near the nape

to the base of the throat. The back and scapulars

had black centers to the individual feathers, with a

yellow-green border (Fig. 1b). The rump and

uppertail coverts were yellow, with black centers

to the feathers. The wings were largely dark (black
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or dark gray), with a distinct white wing bar, edged

with yellow, located in the median coverts. The

lesser coverts were a blue-gray, with black centers

to the individual feathers. The tail was black or

dark gray, with prominent white mirrors in the

outer three rectrices.

From plumage characteristics and analysis, our

bird shows many intermediate features for both

parent species, which led the authors to believe the

hybrid pairing was S. pensylvanica 3 S. magnolia

before genetic analysis revealed this. There is no

doubt about the male parent. Setophaga magnolia

features much of the same plumage characteristics

noted in the crown coloring, as well as the

patterning of the back, scapulars, and partial

necklace, while S. pensylvanica would display a

cleaner white throat, with bold brown streaking

along the upperparts and a distinct green-yellow

crown. The female parent was more difficult to

determine based solely on morphology. Features

which align most with the S. pensylvanica mother

most notably include the wing-bars and flank and

breast streaking, while in these same features S.

magnolia would display distinct yellow coloring

throughout the flank and breast and white wing

bars. In addition, the pattern of white in the outer

rectrices fit S. pensylvanica closely and allowed

the authors to rule the individual as a hybrid and

not an aberrant Magnolia Warbler. Morphologi-

cally, the wing (59 mm), tail (48 mm), and weight

measurements (9.7 g) show intermediate features

noted from both parent species (S. magnolia wg¼

59–65 mm, tail¼ 42–49 mm, and weight¼ 8.7 6

0.9 g vs. S. pensylvanica wing¼ 53–61 mm, tail¼
41–48, and weight ¼ 6.8–14.3 g), falling well

within the ranges noted by Pyle (1997).

DISCUSSION

Previously Unrecorded Hybrid Pairing: S.

pensylvanica 3 S. magnolia.—The COI sequence

unequivocally identifies the mother of this bird as

S. pensylvanica. Intraspecific variation within S.

pensylvanica is low (,1%) and the sequence

obtained varies by only one base pair from other

sequences of S. pensylvanica. There is a significant

(.2%) barcode gap between this species and its

closest genetic relatives. Because of degradation of

the sample DNA, several attempts to obtain the

short COI sequence consumed all genomic DNA.

Nuclear DNA thus could not be obtained to test the

male parent’s identity.

As both S. pensylvanica and S. magnolia

display numerous similarities in terms of their

geographic ranges and habitat selection (Dunn and

Hall 2010, Byers et al. 2013), it should not be a

surprise for this hybrid combination to be detected.

Yet, it is somewhat surprising given their genetic

similarity (Bermingham et al. 1992, Lovette et al.

1999, Lovette et al. 2010) that this hybrid pairing

is only being documented now.

Magnolia Warbler has been documented to have

hybridized with Yellow-rumped (S. coronata;

Latta et al. 1998, Willis et al. 2014, eBird 2015)

FIG. 1. Side (a) and dorsal (b) profiles of the definitive alternate Chestnut-sided Warbler (Setophaga pensylvanica) 3

Magnolia Warbler (Setophaga magnolia) hybrid. Captured and banded at the Old Cut field station of the Long Point Bird

Observatory, 25 May 2014. Copyright Mike V. A. Burrell.
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and possibly with Yellow-throated Warbler (S.

dominica; McCarthy 2006, Dunn and Hall 2010).

Chestnut-sided has not been confirmed to have

hybridized with any other species, though possible

hybrids have been observed which point to

pairings with Black-and-white and Blackburnian

warblers (S. fusca; McCarthy 2006, Byers et al.

2013).

While it is noted from ‘Hubbs’ principle that

hybridization events occur more frequently in

localities where both, or one of the parent species

is found outside their normal geographic range

(Hubbs 1955, Willis 2013), the individual in

question is likely not a result of this condition,

given the abundance of the two species involved

and their geographic and habitat similarities.

Rather, it is more plausible that a limitation of

available breeding habitat may explain the hybrid-

ization event, as theorized by Willis et al. (2014).
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Windsurfing in Mute Swans (Cygnus olor)

Olle Terenius1

ABSTRACT.—Mute Swans (Cygnus olor) were observed

using tailwind as a support for high-speed water

transportation on three different occasions in three

different locations in Sweden. With the wings arched over

the back, they traveled ~100 m in an inlet of the Baltic Sea

in Stockholm, several hundred meters in Lake Hjälstaviken

in Enköping, and ~350 m in Lake Krankesjön in Lund. The

speed of the movement was estimated to be much higher

than normally seen for swimming swans. The first

observation included two Mute Swans traveling one after

another in the same direction, the second observation was of

one single individual traveling towards a group of

conspecifics, and the third observation was of a single

individual traveling by itself. This behavior may serve as a

means of medium-distance water transportation in this heavy

bird species. Received 24 September 2015. Accepted 12

January 2016.

Key words: aggressive posture, Cygnus olor, Mute Swan,

water transportation, windsurfing.

Birds commonly make use of wind for trans-

portation. Several species belonging to different

orders may glide or sail in the air. Examples

include albatrosses (Croxall 1991), Common

Snipes (Gallinago gallinago; Bent 1927), Mourn-

ing Doves (Zenaida macroura; Miller and Miller

1958), Turkey Vultures (Cathartes aura; Tyler

1937) and swifts (Collins 1991). The birds stretch

out their wings and utilize the thermal columns

and winds to glide medium- or long distances with

less effort than flapping flight. On the ground

level, however, the prerequisites for getting

increased speed with the help from the wind are

limiting usage. Birds that could benefit from

ground wind would likely have to be living in

open areas and have their bodies considerably

elevated from the ground. Indeed, support by

tailwind has been reported from the flightless

Rheas (Rhea americana) in South America. The

Rheas are large birds (1.5 m tall) and have

disproportionally large feathers (2.5 m) as com-

pared to other birds in the same order (Davies

2003) and may use the wings as sails when

running (Davies 1991). It has been estimated that

the cost of running in Rheas is about twice as large

as four-legged animals of the same size (Taylor et

al. 1971), thus support by the wind could play an

important role. Wind-assisted travel does not only

occur on land; an animal using the wind for travel

on water surfaces is the Fishing spider (Dolomedes

triton). When the wind was between 1.8 m/s and

5.8 m/s (4–13 mph), the spiders lifted their second

pair of legs to increase the wind-catching capabil-

ity and glide rapidly on the water surface (Deshefy

1981).

Mute Swans (Cygnus olor) are large-bodied,

herbivorous birds that live predominantly in open-
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