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Is wing chord a useful criterion to sex White-throated Sparrows?
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ABSTRACT

Determining the sex of White-throated Sparrows (Zonotrichia albicolis) outside of the breeding season can be difficult.  Males tend to be larger than females and therefore wing chord length has been used to sex some individuals.  However, overlap in wing chord length between males and females means that some individuals may be incorrectly sexed, while the sex of other individuals cannot be determined.  We determined the sex of 159 White-throated Sparrows using molecular techniques and then examined the distribution of wing chord lengths for both sexes.  All individuals with wing chord lengths ≥ 73.5 mm were males and all individuals with wing chord lengths ≤ 66.5 mm were females.  Using Pyle’s (1997) wing chord length criteria for sexing White-throated Sparrows, only 3% of males and 1% of females were mis-identified; however, only 42% of males and 16% of females could be safely separated from the opposite sex based on Pyle’s wing chord length criteria.  These data suggest that studies of White-throated Sparrows and perhaps many other passerine species that require accurate sexing of most individuals, but that occur outside the breeding season, may necessitate the use of molecular sexing techniques.

INTRODUCTION

Determining the sex of White-throated Sparrows (Zonotrichia albicollis) and other Zonotrichia outside of the breeding season is difficult.  Traditionally, laparotomy (see Bailey 1953, Risser 1971 for detailed description of this technique) was the only definitive way to determine the sex of any individual of this species outside of the breeding season.  Despite studies that have shown laparotomies do not affect behavior (Piper and Wiley 1991), condition (Piper and Wiley 1991) or survival (Ketterson and Nolan 1986, Piper and Wiley 1991), laparotomies are surgical procedures that carry an inherent risk for any bird.  Recent work in molecular biology has given us a new (and less invasive) way to positively identify sex in birds (Ellergren 1996, Griffiths et al. 1996, 1998).  However, not all researchers have the equipment, expertise or time to utilize molecular sexing techniques.


Distinguishing the sexes based upon differences in wing chord length is a quicker and simpler method than laparotomy or molecular sexing.  Previous studies of White-throated Sparrows found that males tend to have larger wing chord lengths compared to females, but with substantial overlap (Atkinson and Ralph 1980, Schlinger and Adler 1990, Piper and Wiley 1991, Falls and Kopachena 1994).  Due to the tendency of some males to have longer wing chord measurements than females, some sources have developed cutoff values to determine the sex of White-throated Sparrows (United States Fish and Wildlife Service and Canadian Wildlife Service 1980, Wood and Beimborn 1981, Pyle 1997).  Birds with wing chord measurements larger than a given value have been classified as males, whereas birds with measurements smaller than another value have been classified as females.  However, the large degree of overlap in wing chord measurements between male and female White-throated Sparrows did not allow all, or even most, individuals to be sexed.  Despite the overlap, the United States Fish and Wildlife Service [USFWS] and Canadian Wildlife Service [CWS] (1980) and Pyle (1997) advocated using wing chord length to determine sex in White-throated Sparrows.  However, these authorities disagree on the wing chord values used to distinguish the sexes.  The USFWS and CWS (1980) stated that White-throated Sparrows with wing chords ≤ 67 mm were females and all birds with wing chords ≥ 74 mm were males.  Alternatively, Pyle (1997) proposed that birds with wing chords > 72 mm were males and those with wing chords < 69 mm were females.


We used the molecular techniques of Griffiths et al. (1998), combined with the direct PCR techniques of Bercovich et al. (1999) and Tomasulo et al. (2002), to determine the sex of White-throated Sparrows captured during fall and spring migration in western New York.  We then compared the wing chord lengths of males and females in order to test the usefulness and limits of wing chord length as a criterion for sexing.  Additionally, we examined the accuracy of the wing chord values proposed by the USFWS and CWS (1980) and Pyle (1997) for sexing White-throated Sparrows.

METHODS

During fall (27 September – 11 October) 2003 and spring (23 April – 12 May) 2004, we obtained blood samples and wing chord measurements from 159 White-throated Sparrows captured at Braddock Bay Bird Observatory, Greece, NY (43º19´24˝N, 77º43´03˝W).  John Doe made all un-flattened wing chord measurements as described by Pyle (1997).  We used a 27 gauge needle to pierce the brachial vein and collect a sample of blood in a micro-capillary tube coated with heparin.  After collection, we transferred the blood samples to1.5 ml Eppendorf tubes and stored them on ice until we returned to the lab where we separated the plasma and pellet portions using a micro-centrifuge and stored the two components separately at –20ºC for later analysis.  The plasma component was used for a separate study of lipid stores in different plumage and sex classes of White-throated Sparrows.


Following the molecular methods of Griffiths et al. (1998), we determined the sex of each bird.  However, we employed direct polymerase chain reaction (PCR) techniques using a modified version of Bercovich et al. (1999) and Tomasulo et al. (2002).  We substituted a 1% suspension of red blood cells from the pellet for diluted whole blood.  Following the manufacturer’s (Takara Inc.) recommendations, we prepared the PCR reactions using 5 ml of 1% pellet suspension in a 25 ml final reaction volume.  As per Bercovich et al. (1999), we added 0.625 units of Taq polymerase after the initial denaturation cycle.  Using a Bio-Rad Gene Cycler™ thermal cycler, we amplified the DNA fragments.  Using gel electrophoresis, we then ran the PCR products through a 3% agarose gel for at least one hour to separate the CHD-W and CHD-Z bands.  One band indicated a male, while two bands indicated a female (Griffiths et al. 1998).

We tested for differences in means of male and female wing chord lengths using an independent two-sample t-test.  Additionally, we tested for differences in mean wing chord length between fall and spring captured birds using an independent two-sample t-test.  We used the Minitab statistical program version 14.12.0 (Minitab 2004) to perform all statistical tests according to Zar (1999).  All tests were two-tailed and considered significant at the 0.05 level of significance; values reported are means ± SE.

RESULTS

Mean male wing chord (
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= 72.8 ± 0.2 mm, range 67.0 – 78.0, n = 74) was significantly larger (t148 = 16.27, P < 0.001) than mean female wing chord (
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 = 68.3 ± 0.2 mm, range 64.0 – 73.0, n = 85).  There was no wing chord length difference between fall males (
[image: image3.wmf]x

= 72.7 ± 0.3, n = 38) and spring males (
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= 72.9 ± 0.3, n = 36) (t68 = 0.32, P = 0.747) or between fall females (
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= 68.4 ± 0.3, n = 36) and spring females (
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= 68.2 ± 0.2, n = 49) (t74 = 0.66, P = 0.51).  The smallest male had a wing chord of 67.0 mm, while the largest female measured 73.0 mm (Fig. 1).  All birds with wing chord measurements ≥ 73.5 mm were males, while all individuals with wing chord measurements ≤ 66.5 mm were females.  However, using these values only 42% of males (31 of 74) could safely be separated from all females and only 16% of females (14 of 85) could safely be separated from all males, based solely on non-overlapping wing chord length (Table 1).  The proportion of overlap differed significantly between the sexes ((21 = 12.6, P < 0.001; Table 1).  Of the males, 97% had wing chord measurements between 69.0 and 78.0 mm, while 99% of females had wing chord measurements between 64.0 and 72.0 mm.

DISCUSSION

There was a bimodal distribution of wing chord measurements between male and female White-throated Sparrows.  However, there was a high degree of overlap between male and female wing chord measurements.  The overlap observed in this study is similar to that seen in other studies (Schlinger and Adler 1990, Piper and Wiley 1991).  However, we did observe males with smaller wing chord lengths (< 69 mm) and females with larger wing chord lengths (> 72 mm) than has been found elsewhere (Atkinson and Ralph 1980, Pyle 1997).  Additionally, Schlinger and Adler (1990) observed several female White-throated Sparrows with wing chord lengths greater than those we measured.


In this study, male wing chord lengths ranged between 67.0 and 78.0 mm, and female wing chord lengths fell between 64.0 and 73.0 mm (Fig. 1).  Although mean wing chord lengths differed significantly between the sexes, there was a large degree of overlap, with 58% of males and 84% of females having wing chord lengths within the observed range of the opposite sex; therefore, sex could not be readily determined by wing chord length for the majority (72%) of White-throated Sparrows that we captured.  Pyle (1997) stated that male White-throated Sparrow wing chord lengths are between 69 and 78 mm, and female wing chord lengths are between 64 and 72 mm.  Falls and Kopachena (1994) reported adult male wing lengths between 72 and 77.8 mm, and adult female wing lengths between 65.4 and 73.9 mm.  The ranges given by Pyle (1997) to identify sex of White-throated Sparrows (> 72 mm = male, < 69 mm = female) would have correctly sexed 65% of males and 56% of females, and incorrectly sexed 3% of males and 1% of females, while 32% of male and 42% of female White-throated Sparrows captured in our study could not have been sexed by using wing chord length.


Piper and Wiley (1991) suggested different criteria than Pyle (1997) for sexing White-throated Sparrows by wing chord.  The different sets of wing chord lengths represented varying levels of compromise between comprehensive and accurate sex identification.  The values (≤ 70.0 mm = female, > 70.0 mm = male) that were most comprehensive, and thus could assign a sex to all individuals, resulted in the least accuracy of sex identification for birds in this study (93% of females correctly identified, 88% of males correctly identified).  However, the values (≤ 66.0 mm = female, ≥ 74.0 mm = male) that had the greatest accuracy (100% of females and males correctly assigned) resulted in the least comprehensive sexing, and could only be used to sex 34% of males and 13% of females in this study.  Using intermediate criteria (≤ 67.0 mm = female, ≥ 73.0 mm = male) results in a tradeoff between comprehensive and accurate sex identification.  In this study, 61% of males and 29% of females could be identified using the intermediate criteria; 1% of males and 1% of females would also have been misidentified.  Additionally, 38% of males and 69% of females would have remained unidentified.  Schlinger and Adler (1990) also developed a logistic regression model using wing chord length and throat line scores that could assign sex, although addition of throat line scores increased the predictive model’s accuracy by only 1% over the model using only wing chord.


The USFWS and CWS (1980) have designated all White-throated Sparrows with a wing chord < 67 mm as females and all White-throated Sparrows with a wing chord > 74 mm as males.  The use of this classification scheme would not have resulted in any misidentification of sex for birds in this study, although it could have been used to sex only 16% of males and 16% of females that we captured.  Recently the Bird Banding Laboratory adopted Pyle’s (1997) manual to age and sex all North American Passerines, including White-throated Sparrows (Tautin 1998).  Although use of Pyle’s (1997) wing chord values for sexing White-throated Sparrows may result in misidentifying the sex for only about 3% and 1% of male and female White-throated Sparrows, respectively, only about 65% of males and 56% of females could be correctly sexed using these criteria.  This could make if difficult to investigate fields such as differential migration (Jenkins and Cristol 2002).  Therefore, we would recommend using the USFWS and CWS (1980) criteria for sexing White-throated Sparrows by wing chord when it is not acceptable for any birds to be misidentified and molecular sexing capabilities are not available.  However, when all birds in a study need to be accurately sexed, the molecular sexing techniques developed by Griffiths et al. (1998) should be used instead.  With the development of direct PCR techniques, including the methods described in this paper, molecular sexing techniques for birds are quicker and simpler than they were just a few years ago.  Depending on experience and number of blood samples processed at a time, one could spend as little as 15 minutes of lab time and less than $2.00 on supplies for each bird sexed, as in our study.
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TABLE 1.  Overlap of wing chord measurements between male and female White-throated Sparrows captured at Braddock Bay Bird Observatory, Greece, NY, during Fall 2003 and Spring 2004.

	Sex
	No Overlap
	Overlap
	n

	Males
	31  (42%)
	43  (58%)
	74

	Females
	14  (16%)
	71  (84%)
	85
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FIGURE 1.  Distribution of wing chord measurements for male (n = 74) and female (n = 85) White-throated Sparrows captured at Braddock Bay Bird Observatory, Greece, NY, during Fall 2003 and Spring 2004. 
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		DATE		Band Number		Genetic Sex		Sex 1=M, 2=F		Wing Chord		BBBO Mass				wing		freq.						Male		Female

				1721-50180		M		1		67		26.2				67		1				64				1

				1811-38464		M		1		68		24.7				68		1				64.5				0		able to be sexed according to USFWS 1980

				1721-50131		M		1		69		25.2				69		1				65				2		females		14		0.1647058824

				1811-38457		M		1		70		24.9				70		6				65.5				0		males		12		0.1621621622

				1811-38459		M		1		70		22.1				71		4				66				8

				1761-54768		M		1		70		25				71.5		2				66.5				3		% of overlap with opposite sex

				1721-03270		M		1		70		25.6				72		11				67		1		11		females		71		0.8352941176

				1721-50149		M		1		70		31.3				72.5		3				67.5				3		males		43		0.5810810811

				1901-76196		M		1		70		27.1				73		14				68		1		16		total		114		0.7169811321

				1811-38455		M		1		71		24.5				73.5		6				68.5				4

				1811-38481		M		1		71		25.3				74		13				69		1		13

				1901-76126		M		1		71		14.7 ????		24.3		74.5		3				69.5				4		correctly sexed according to Piper and Wiley 1991 liberal								2nd most conservative				mis-ID'd				unidentified

				1901-76249		M		1		71		24.3				75		7				70		6		14		females		79		0.9294117647				25		0.294		1		0.012		59		0.6941176471

				1721-50156		M		1		71.5		31.9				75.5		1				70.5				2		males		65		0.8783783784				45		0.608		1		0.014		28		0.3783783784

				1721-03818		M		1		71.5		28.8				78		1				71		4		2

				1811-38465		M		1		72		25.8										71.5		2

				1721-51100		M		1		72		23.7				female						72		11		1		females		11		0.1294117647

				1761-56366		M		1		72		27.5				wing		freq.				72.5		3				males		25		0.3378378378

				1761-54763		M		1		72		23.7				64		1				73		14		1

				1721-96364		M		1		72		24.7				65		2				73.5		6

				1721-03265		M		1		72		23.4				66		8				74		13				correctly ID'd according to PYLE 1997				% of sex correctly ID'd

				1721-03276		M		1		72		22.9				66.5		3				74.5		3				males		48		0.649

				1721-50122		M		1		72		26.4				67		11				75		7				females		48		0.565

				1721-50148		M		1		72		28.4				67.5		3				75.5		1				Overlap

				1721-50153		M		1		72		26.9				68		16				76		0				males		24		0.324

				1721-50189		M		1		72		27.4				68.5		4				76.5		0				females		36		0.424

				1761-55233		M		1		72.5		26				69		13				77		0				misidentified

				1721-50158		M		1		72.5		24.4				69.5		4				77.5		0				males		2		0.027

				1901-76227		M		1		72.5		28.2				70		14				78		1				females		1		0.012

				1811-38467		M		1		73		25				70.5		2

				1761-54737		M		1		73		26.4				71		2

				1761-54751		M		1		73		26.6				72		1

				1761-54752		M		1		73		27				73		1

		**botfly		1761-56448		M		1		73		25.8

				1761-56466		M		1		73		26.6

				1721-03297		M		1		73		26.8

				1761-56882		M		1		73		26.1

				1721-03509		M		1		73		25.2

		04/22/00		1721-50121		M		1		73		27.1

				1721-50150		M		1		73		27.8

				1721-03834		M		1		73		26.8

				1721-50194		M		1		73		26.8

		05/04/00		1901-76156		M		1		73		32

				1761-56451		M		1		73.5		22.6

				1721-03798		M		1		73.5		24.7

				1721-03550		M		1		73.5		27.2

				1721-50123		M		1		73.5		26.8

		04/28/00		1721-03817		M		1		73.5		26.4

				1721-03862		M		1		73.5		29.3

				1761-55301		M		1		74		26.3

				1761-56365		M		1		74		24.9

				1721-96366		M		1		74		29

				1721-03299		M		1		74		27.7

				1721-03506		M		1		74		27.6

				1721-50154		M		1		74		27.2

				1721-50161		M		1		74		30.6

				1721-50157		M		1		74		27

		04/29/00		1721-03823		M		1		74		27.8

				1721-03827		M		1		74		24.5

				1901-76158		M		1		74		27.8

				1901-76170		M		1		74		27.4

		05/10/00		1901-76243		M		1		74		28.8

				1761-55319		M		1		74.5		25.5

				1901-76123		M		1		74.5		28.3

				1901-76160		M		1		74.5		28.2

				1761-54755		M		1		75		27.2

				1761-56877		M		1		75		26.6

				1721-03513		M		1		75		24.4

				1721-03552		M		1		75		24.6

				1721-50159		M		1		75		25.9

				1721-50197		M		1		75		26.8

				1721-03861		M		1		75		28.8

				1721-03537		M		1		75.5		26

				1901-76124		M		1		78		28.8

				1901-76173		F		2		64		23.4

				1761-54733		F		2		65		21.2

				1721-03416		F		2		65		20.5

				1761-56442		F		2		66		25.4

				1721-96387		F		2		66		23.6

		10/10/99		1721-03786		F		2		66		23.8

				1721-03825		F		2		66		25

				1901-76157		F		2		66		20.6

				1721-03863		F		2		66		27.2

		05/09/00		1901-76216		F		2		66		23.8

				1901-76221		F		2		66		23.2

		05/05/00		1901-76195		F		2		66.5		20.9

				1721-03875		F		2		66.5		24.5

				1721-03879		F		2		66.5		23.5

		10/04/99		1761-54750		F		2		67		23.8

		10/08/99		1721-96362		F		2		67		25.7

				1721-03430		F		2		67		26.2

				1721-03510		F		2		67		23.5

		04/24/00		1721-50130		F		2		67		24.7

				1721-03826		F		2		67		25.5

				1901-76103		F		2		67		27.4

				1901-76125		F		2		67		24.2

				1721-03864		F		2		67		28.1

				1721-03871		F		2		67		25.7

				1721-03874		F		2		67		24.9

		10/03/99		1761-54732		F		2		67.5		23.9

				1901-76174		F		2		67.5		23.8

				1901-76222		F		2		67.5		24.9

				1811-38460		F		2		68		23.2

		09/27/99		1721-51095		F		2		68		23.7

				1761-55237		F		2		68		23.5

				1761-56360		F		2		68		23.5

				1761-54735		F		2		68		21

				1761-56443		F		2		68		23.6

				1761-54756		F		2		68		NA		23.8

				1761-54764		F		2		68		23.3

		04/23/00		(R)1871-05710		F		2		68		24.8

				1721-50181		F		2		68		25.5

				1721-50200		F		2		68		28.8

				1761-76159		F		2		68		25.8

				1901-76163		F		2		68		23.8

				1901-76165		F		2		68		27

				1901-76167		F		2		68		25.1

		05/06/00		1901-76199		F		2		68		25.9

				1721-03838		F		2		68.5		22.4

				1901-76161		F		2		68.5		23.9

				1901-76220		F		2		68.5		21.2

				1721-03876		F		2		68.5		24.9

		09/26/99		1811-38454		F		2		69		24.3

				1811-38458		F		2		69		22.5

				1761-55302		F		2		69		22.9

				1761-56428		F		2		69		22.8

				1721-03272		F		2		69		23.3

				1721-96391		F		2		69		23.4

				1721-03828		F		2		69		24.8

				1721-50195		F		2		69		26.2

				1721-03839		F		2		69		27.4

				1721-03844		F		2		69		24.4

		04/30/00		1901-76117		F		2		69		25.9

				1721-03865		F		2		69		27.7

				1901-76226		F		2		69		26.4

				1761-55303		F		2		69.5		22.6

				1761-54762		F		2		69.5		22.9

				1721-50184		F		2		69.5		22.2

				1721-50198		F		2		69.5		24.6

				1721-51097		F		2		70		22.8

		10/01/99		1761-56357		F		2		70		22.8

				1761-55471		F		2		70		24.2

				1761-54734		F		2		70		21.6

				1761-56447		F		2		70		24.2

				1721-03274		F		2		70		23.7

				1721-03418		F		2		70		23.4

				1721-50160		F		2		70		24.9

				1721-50183		F		2		70		27.9

		no 2nd sam.		1721-50186		F		2		70		24.6

				1901-76197		F		2		70		24.4

				1901-76200		F		2		70		25.3

				1901-76219		F		2		70		22.3

		05/11/00		1901-76246		F		2		70		25.2

				1721-51096		F		2		70.5		23.3

				1721-50134		F		2		70.5		23.6

				1761-54738		F		2		71		22.7

				1721-50199		F		2		71		26.5

				1761-56889		F		2		72		NA		22.7

		04/25/00		1721-50147		F		2		73		25.8

		No Blood		1721-03822		***				73		26.6
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