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INTRODUCTION


Yellow Rails (Coturnicops noveboracensis; Fig. 1) are secretive marsh-dwelling birds with a breeding range that extends from Nova Scotia and New Brunswick west to Montana and Alberta with an isolated population in south-central Oregon and northern California (Bookhout 1995; Popper and Stern 2000; Sterling 2008). Yellow Rails winter along the coast from Texas to North Carolina (Bookhout 1995) and have recently been discovered overwintering in southeastern Oklahoma (Butler et al. 2010). Yellow Rails are considered to be a species of special concern in Canada (Environment Canada 2006) and most of the states where breeding occurs (Grace et al. 2005). While there have been several studies about the biology of Yellow Rails on their breeding grounds (e.g. Stenzel 1982, Robert and Laporte 1999) many aspects of their biology are poorly-studied (Bookhout 1995). In particular, few studies exist on their migratory or wintering ecology (Bookhout 1995) and basic information about where these birds breed, age/sex ratios, fat deposits, or indeed even population estimates are lacking.


The first Yellow Rail recorded in Oklahoma was collected on 7 March 1842 in what is now Delaware County (Tomer 1959). More than a century passed before Yellow Rails were again found in Oklahoma. In 1954, one was reported killed by a mowing machine (Heck and Arbour 2008). Heck and Arbour (2008) summarize published dates of occurrence for the 20th century. They report one record from the 1960s, three records from the 1970s, no records during the 1980s and four records from the 1990s. Beginning in 2001, D. Arbour began conducting regular rope drags to flush Yellow Rails at Red Slough Wildlife Management Area (in McCurtain County, Oklahoma). Yellow Rails have been observed annually at this location from 2001 – 2008 (Heck and Arbour, 2008) and have recently been documented overwintering at this location (Red Slough WMA) (Butler et al. 2010).


Yellow Rails have an extensive breeding range that covers ~ 3800 km across Canada (Ridgely et al. 2003). The breeding grounds of the Yellow Rails that migrate through and winter at Red Slough WMA are unknown. One way to identify breeding grounds of these birds is through stable isotope analysis. Isotopes are elements with different numbers of neutrons in the nucleus (McMurray and Fay 1995). Isotope ratios vary across the landscape in a predictable fashion. For example, deuterium is heavier than protium (ordinary hydrogen) (McMurray and Fay 1995). This means that deuterium precipitates more readily than protium (Merlivat and Jouzel 1979) and so maps of stable H isotope ratios can be derived from maps of precipitation (Bowen and Revenaugh 2003, Boulet and Norris 2006; Figure 2). Sulfur is another widely used stable isotope, as the stable isotope ratio of sulfur differs among saltwater and freshwater habitats (Lott et al. 2003). Isotope ratios are maintained through the food web and are stored in an organism’s tissues (Webster et al. 2002). Since feathers are metabolically inert, the isotopic ratio is “locked in” after a feather stops growing (Hobson 2005). Yellow Rails grow new rectrices (tail feathers) on their breeding grounds (Pyle 2008), so it should be possible to collect a single rectrix from a Yellow Rail wintering at Red Slough WMA, subject the feather to a stable isotope analysis, and identify where the bird bred.


In many bird species, young males winter the farthest north, then adult males, then young females with adult females wintering the farthest south (Nolan and Ketterson 1990). It has been hypothesized that young males winter farther north so they can arrive on the breeding grounds sooner (Nolan and Ketterson 1990). However, differential migration by sex has never been investigated in rails.


Many temperate species gain mass during winter in order to deal with the increased starvation risk associated with winter’s colder temperatures and shorter days, particularly when they feed upon an unreliable food source (Blem and Shelor 1986, Cresswell 1998, Gosler 2002). Along the Texas coast, Yellow Rails seldom retain fat during the winter. Out of 170 Yellow Rails banded at San Bernard National Wildlife Refuge during 2009-2010, only a single bird had any measureable fat (USFWS, unpubl. data). Winter in McCurtain County, Oklahoma is colder than the Texas coast during the winter (Office of the Texas State Climatologist 2010, Oklahoma Climatological Survey 2010) so Yellow Rails may retain more fat in Oklahoma.


Finally, population estimates for specific wintering areas are lacking. Estimating population size is typically done using mark-recapture data and can be calculated with either closed or open population models (Kendall 1999). Closed population models assume that the population is static, i.e. that there are no births or deaths, immigration or emigration for the duration of the study (White et al. 1982).  In an open population model in contrast, permanent additions or deletions are possible (Jolly 1965; Seber 1965). 


The goals of this study were fourfold; 1.) Use stable isotope analysis to determine where Yellow Rails banded at Red Slough WMA bred; 2.) Determine the age/sex ratios of Yellow Rails at Red Slough WMA; 3.) Examine fat deposits of Yellow Rails at Red Slough; and 3.) Create population estimates for Yellow Rails wintering at Red Slough WMA.

METHODS

We banded Yellow Rails at Red Slough Wildlife Management Area (33° 44’ 05” N x 94° 38 13” W). Red Slough WMA is located in McCurtain County, Oklahoma where the average January high temperature is 11.7 °C and the average January low temperature is -1.5 °C (Oklahoma Climatological Survey 2010). Red Slough WMA consists of ~1000 ha of moist soils management areas, 1160 ha of (reforesting) bottomland hardwoods and 165.6 ha of reservoirs for a total of 2325.6 ha (USDA 2009). Yellow Rails were captured in three fields during 2008-2009 (a total of 23 ha; Butler et al. 2010) but were found in only two fields during 2009-2010 (a total of 17 ha). These fields were dominated by grasses, predominantly Sporobolus spp. 

Yellow Rails were banded once per month at Red Slough WMA from 23 October 2009 – 9 April 2010. The procedure outlined by Butler et al. (2010) was used to catch Yellow Rails (i.e. a 12 m rope weighted with bottles (filled with rocks) was dragged through each field at night and birds were captured using handheld nets). Sampling began ~ 30 minutes after the sunset and lasted for three hours. The number of people participating ranged from four to seventeen, although only three individuals had nets. Two people held the ends of the rope, while the remainder spaced themselves evenly behind the rope, maintaining a distance of 2-4 m from the rope. We used adjacent transects to sample for Yellow Rails, covering the fields from edge to edge. Lanterns were placed on opposite ends of the field in order to ensure that transects were straight. On average, approximately three birds per hour were captured over the course of the study.

Birds were aged according to the four criteria outlined in Pyle (2008). These criteria are 1.) the shape of the secondaries and the extent of the white patch on these feathers (HY/SY birds have narrower, more pointed secondaries with a reduced white patch, while AHY/ASY birds have broader, more rounded secondaries with a large, distinct white patch); 2.) the presence/absence of white spots on primary coverts (HY/SY birds lack these white spots, while AHY/ASY birds possess them); 3.) shape of the rectrices and the extent of the white on these feathers (HY/SY birds generally have narrower rectrices with only narrow white bars [the white may be lacking altogether] while AHY/ASY birds are broad with broad white bars); 4.) molt limits on the scapulars, humerals and proximal secondary coverts (these molt limits are often present in HY/SY birds but are typically lacking in AHY/ASY birds). The extent of tawny wash on the breast was not used to separate HY/SY from AHY/ASY birds as some AHY/ASY birds lack this wash (Pyle 2008). In addition, iris color (Pyle 2008) was not used due to the difficulty of determining the exact shade of red at night.

Given that this study spanned several months, permanent additions or deletions may have occurred, so we chose to use the open population model POPAN to estimate population size. POPAN uses mark-recapture rates to derive population estimates (Arnason and Schwarz 1999). We entered the encounter history of each bird for the period November 2009 to March 2010 into program MARK to estimate population sizes using the POPAN model (White and Burnham 1999, Cooch and White 2010).  (Birds captured in October and April were excluded from the analysis as it was felt they may have been migrants.) Population sizes were estimated only for the locations where we banded birds (i.e. 17 ha at Red Slough WMA 

The amount of subcutaneous fat in the furcular hollow (i.e. the pit just above the breast muscles and just below the throat) was scored according to the criteria outlined by DeSante et al. (2010). Fat scores range from 0 – 7, with “0” indicating no fat, “1” indicating a trace (i.e. < 5%), “2” indicating < 1/3 filled, “3” indicating half filled, “4” indicating filled, and 5-7 indicating that the subcuteanous fat more than filled the furcular hollow (DeSante et al. 2010).  

Two rectrices were pulled from each bird. One µL of blood (as well as a feather sample) was also extracted from six Oklahoma individuals captured during March 2010 and these six samples were used as positive controls. Sex was determined by extracting the DNA from the quill or blood using a Qiagen DNEasy kit (QIAGEN Inc., Valencia, CA, USA) following the manufacturer’s recommendations. We amplified sex-linked alleles using the 2550F and 2718R primers that have been used to determine sex in a wide range of avian species (Fridolfsson and Ellegren 1999). Amplification volumes totaled 10 µl and included 50-250 ng genomic DNA, 3.0 mM MgCl2, 200μM dNTP's, 2 pmol of each primer and 0.25 U Taq. Reactions were denatured for 1 min at 94°C followed by 35 cycles of 94°C denaturing for 30 s, 50°C annealing for 30 s and 72°C extension for 40 s.  A final 5-min extension at 72°C completed the PCR profile. We visualized 10 µl of each PCR sample on a 2% agarose gel containing 0.025 µg ethidium bromide per ml. Gels were photographed under UV light and assigned sex by counting the number of bands (two bands for females, one band for males). All DNA sexing labwork was performed at the University of Central Oklahoma. 

The stable isotope analysis was performed by J. Kelly, Ph.D. of the Stable Isotope Lab at the University of Oklahoma following the procedure outline by Kelly et al. (2008). For the deuterium analysis, approximately 0.15 mg of feather are removed and then wrapped in a silver capsule. These are then loaded into an autosampler and put into a high temperature (1450 ºC) reduction furnace which is interfaced with an isotope ratio mass spectrometer. In order to account for the exchange of hydrogen in the feather with hydrogen in the atmosphere, Dr. Kelly used the protocol outline by Wassenaar and Hobson (2003) which uses “working standards” (i.e. samples with known hydrogen values) to correct for the effects of atmospheric hydrogen. The procedure for sulfur is similar although a different capsule is used (tin instead of silver) and the elements are run using a Carlo Erba elementary analyzer which runs at a cooler temperature (800 ºC) linked to an isotope ratio mass spectrometer.

All statistical tests were performed using R 2.10 (Venables et al. 2010). Results are presented as mean ± standard error.

RESULTS


A total of 56 birds were banded at Red Slough between October 2009 through April 2010 (Table 1). Deuterium values were obtained from 36 birds (Figure 3). Sulfur values were obtained from 31 birds (Figure 4). Only two birds had high S values indicating that these two birds bred near a maritime environment.  The deuterium values indicated that Yellow Rails originated primarily from the western half of their breeding range in Canada (Figure 3). Deuterium values and sulfur values are not correlated (Spearman’s S = 4078, p = 0.62). Although several different classification approaches were tried (e.g. tree analysis, ordination, etc.) there was no discernable temporal pattern in deuterium or sulfur values in Yellow Rails captured at Red Slough.

We combined the data on fat scores and age/sex ratios of the 25 Yellow Rails were banded at Red Slough WMA during 2008-2009 with the 56 banded during 2009-2010, for a total of 81 Yellow Rails captured in Oklahoma. Within-year recaptures during 2008-2009 were too low to estimate population sizes, however. POPAN estimated that 68 ± 18 Yellow Rails overwintered (November 2009 – March 2010) at Red Slough WMA. The apparent density of Yellow Rails overwintering at Red Slough WMA was 4.0 ± 1.1 Yellow Rails per ha during 2009-2010.


Many of the birds captured during January through April showed intermediate aging characteristics (according to the criteria outline in Pyle (2008)) and so we did not analyze the age ratio for this period. Instead, we compared the ratios of birds caught during November and December. Six of 14 birds (42.9%) captured in Oklahoma during this period were aged as HY/SY. 


The DNA sexing on the six blood samples (collected in March from Yellow Rails in Oklahoma) revealed that three of the birds were males and three were females. We were able to get DNA from the feathers of four of these six birds and the DNA sexing results on the feathers agreed with the DNA sexing results from the blood. During the period November through March we were able to determine the sex of 28 birds from Oklahoma. Eighteen of these birds were sexed as male, a slight but significant male-bias (sign test, p = 0.049). 

Yellow Rails in Oklahoma retained noticeable quantities of fat. Fat scores for Yellow Rails in Oklahoma ranged from 0 – 3 (i.e. no fat to tracheal pit half-filled) with a mean of 0.8 ± 0.1. Fat scores varied significantly by month in Oklahoma (Kruskal-Wallis χ2 = 27.87, df = 6, p < 0.001) with the greatest amounts of fat present during winter (December through February; Figure 2).

DISCUSSION


The stable isotope analysis suggests that Yellow Rails banded at Red Slough originated in the prairie provinces of Canada (i.e. Alberta, Saskatchewan, and Manitoba; see Figure 3). Although the James Bay area of Canada reportedly has a fairly high density of breeding Yellow Rails (Robert et al. 2004), none of the birds we captured apparently originated from this area. However, some of the birds that we captured did have stable isotope values consistent with the Douglas Marsh area of Manitoba, a global important bird area due to the large numbers of Yellow Rails that breed there (IBA Canada 2009). Interestingly, 16 of the 36 birds had deuterium signatures from outside (north and west) of their known breeding range. This may mean that Yellow Rails breed further north and west than previously reported, or it may mean that Yellow Rails concentrate deuterium in their feathers. It would be worthwhile to obtain deuterium values from birds banding in Canada to verify whether Yellow Rails concentrate deuterium in their feathers. 

The number of Yellow Rails wintering at Red Slough WMA in Oklahoma (68 ± 18 individuals) was surprisingly high given that this location is much further inland than their traditional coastal wintering sites. Post (2008) mentions that 58 Yellow Rails were collected at freshwater marshes in South Carolina between 1903 and 1918, which suggests that damp, grassy areas in other southern states may also harbor substantial wintering populations of Yellow Rails. 
The density of Yellow Rails on their winter grounds has never been explored, so it is unclear whether the four birds per hectare observed at the two fields at Red Slough WMA during winter 2009-2010 is common. Grace et al. (2005) used radiotelemetry on Yellow Rails in Texas and estimated that home range size of this species during winter was 1.16 ha, while Mizell (1998) estimated home range size to be 1.7 ha along the Texas coast. However, both Mizell (1998) and Grace et al. (2005) reported that Yellow Rails may be gregarious on their wintering grounds, so the home ranges of Yellow Rails may overlap considerably and density may be greater than one Yellow Rail per 1.16-1.7 ha.

The ratio of HY birds to AHY birds during the period November through December was similar. The large number of birds that showed intermediate aging characteristics for the period January through April suggests that Pyle’s (2008) aging criteria may need to be revised. The relatively large number of adult (AHY) Yellow Rails encountered is in marked contrast with other species such as the Water Rail (Rallus aquaticus) where 2/3 of the birds recovered in one study perished before 2 years of age (De Krono 1984). There was a slight but significant male-bias in birds wintering at Red Slough WMA which agreed with our initial hypothesis that more male birds would be found at the northern edge of their range. Interestingly, Post (2008) reported a female-bias for Yellow Rails collected in South Carolina. The reason for this difference in sex ratios is unclear. 


Yellow Rails wintering at Red Slough WMA retained significantly more fat than birds wintering at San Bernard NWR (where only one bird was found to have any measureable fat – J. Wilson, pers. comm.). McCurtain County, Oklahoma is considerably colder than San Bernard NWR in Texas and snow covered the ground twice during 2009-2010 at Red Slough WMA (R. Bastarache, pers. comm.). Due to harsher environmental conditions, access to food at Red Slough WMA was presumably less reliable at this location than at San Bernard NWR so Yellow Rails maintained greater fat reserves over the winter.


The relatively large numbers of Yellow Rails overwintering at Red Slough WMA suggests that Yellow Rails may winter at other inland locations in the southeastern US. However, documenting their presence during the winter requires substantial effort. High densities of Yellow Rails may be undetected at other refuges or wildlife management areas.  As a result this species may be left out of management planning in areas where it is present. Surveys for Yellow Rails should be conducted elsewhere in the southeastern US to identify other areas where concentrations of Yellow Rails may winter.
RESEARCH NEEDS / RECOMMENDATIONS


Although the results of this project provide some basic information about the biology of Yellow Rails during the non-breeding season, much still remains to be done. For example, it would be useful to verify the accuracy of the stable isotope analyses by using geolocators, a recent innovation in tracking bird migration (Stutchbury et al. 2009). These lightweight devices record photoperiod and time which can be used to deduce latitude and longitude (Bachler et al. 2010). Geolocators, like satellite transmitters, provide a daily locational fix. This means that, unlike stable isotope analysis, it is possible to trace the migratory path of an individual (Stutchbury et al. 2009). Hence geolocators could be used to not only verify the breeding grounds of Yellow Rails encountered at Red Slough but could also be used to track migratory routes of individuals and identify important stop-over sites. 

In addition, it would also be useful to assess habitat requirements and survivorship of Yellow Rails. Although the habitat characteristics of areas where Yellow Rails were encountered at Red Slough have been published (Butler et al. 2010), it is unclear whether Yellow Rails might use other areas of Red Slough WMA besides the three fields where they have been captured. Radiotelemetry is a particularly valuable tool for monitoring survivorship, local movements, and habitat use (Kenward 2001). It would be worthwhile to attach radio tags to Yellow Rails at Red Slough WMA as well as at a coastal location to compare how survivorship, local movements and habitat use differ at coastal sites and inland locations. 
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TABLES

Table 1. This table summarizes the number of Yellow Rails banded at Red Slough from October 2009 through April 2010.  All recapture were of birds banded earlier in the season; there were no recaptures from the previous (2008-09) winter.
	
	New birds 
	Recaptures 

	October 2009
	16
	0

	November 2009
	10
	0

	December 2009
	3
	1

	January 2010
	4
	1

	February 2010
	6
	3

	March 2010
	14
	5

	April 2010
	1
	0


FIGURES

 Figure 1: Yellow Rails have recently been discovered overwintering at Red Slough WMA, ~300 km from the Gulf Coast.
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Figure 2: Deuterium excess varies in a predictable fashion across North America. This map (derived from Bowen and Revenaugh 2003) shows that the highest ratios (shown in black) of deuterium excess are in the eastern US.
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Figure 3. The histogram (Fig 3a) shows the range of deuterium values for Yellow Rails captured at Red Slough. The map (Fig 3b) shows the locations in Canada corresponding to these values. The darker the area, the more birds originated from this area. Interestingly, only 20 of the 36 birds had deuterium signatures matching the known breeding grounds. This may mean that Yellow Rails breed further north than previously suspected.
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Figure 4. This scatterplot shows that deuterium values exhibited a wide range, indicating that Yellow Rails captured at Red Slough WMA did not breed near each other in Canada. Note that only two (of 31) specimens had a sulfur excess of >11 ‰, indicating that those two specimens were likely grown near a marine environment.
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