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ABSTRACT

The three North American Rosy-Finch species (Brown-capped [Leucosticte australis],
Black [L. atrata], and Gray-crowned [L. tephrocotis]) are among the most climate-
threatened species in the United States. New Mexico is an important location for
investigating the effects of climate change because it is the southernmost location in
which Brown-capped Rosy-Finches breed and the southernmost location where all three
Rosy-Finch species co-occur during winter. In the context of climate change, this range
boundary is important to study because it is the first part of the range anticipated to cross
a threshold of unsuitability for these species with increasing temperatures. Rosy-Finches
are difficult to study during the breeding season due to the high elevation and remoteness
of their breeding grounds; therefore, winter studies may lend insight into population trends
and provide direction for conservation actions based on knowledge of the breeding origins
of wintering birds. The goals of our study were to investigate long-term survival and
migration trends from wintering Brown-capped Rosy-Finches in New Mexico and evaluate
the efficacy of radio frequency identification (RFID)-equipped artificial feeders to monitor
population trends. As of May 2025, we have conducted a robust design survival analysis on
22 years of mark-recapture data from a particular wintering site in New Mexico, assessed
patterns in the breeding origins of individuals captured at this site using stable isotope
analysis, and examined patterns in data collected via RFID. Our main findings from this
study are that annual survival probability of Rosy-Finches wintering in New Mexico is low
compared to that of other migratory passerines, that Brown-capped Rosy-Finches
wintering in New Mexico likely originate from a variety of locations across their breeding
range, and that RFID monitoring is useful in improving survival estimates in Rosy-Finches,
particularly in short-term studies.

INTRODUCTION

Rosy-Finches are among the most climate-threatened taxa in the United States. Three
species are found in North America: Brown-capped (Leucosticte australis; BCRF), Black (L.
atrata; BLRF), and Gray-crowned Rosy-Finches (L. tephrocotis; GCRF); hereafter, the three
species will be referred to collectively as Rosy-Finches. Rosy-Finches breed exclusively in
tundra or alpine tundra ecosystems and because high elevation regions are predicted to be
disproportionately impacted by climate change (Pepin et al. 2015), Rosy-Finches face high
risk of habitat loss as a result of tree and shrub encroachment (Grace et al. 2002).
Furthermore, changes in insect phenology resulting from climate change may negatively
impact food availability and quality. All three species of Rosy-Finch are protected by the
Migratory Bird Treaty Act, and BCRF and BLRF are listed as Birds of Conservation Concern
by the U.S. Fish and Wildlife Service (USFWS 2021). BCRF and BLRF are also included in
the Partners in Flight Red Watch list (Rosenberg et al. 2019) and in seven of eight State
Wildlife Action Plans throughout their range, including New Mexico. Despite concern for
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these species, little is known about Rosy-Finch life histories, vital rates, and migration
patterns.

Although the three North American Rosy-Finch species have distinct breeding
ranges (Fig. 1), they occupy a broader range of habitats and may occur in flocks together
outside of the breeding season. During winter, Rosy-Finches use a combination of high-
and low-elevation areas with varying types and degrees of anthropogenic development and
readily approach artificial feeders. Thus, winter field studies offer a valuable opportunity to
efficiently acquire demographic data and biological samples for all three Rosy-Finch
species with reduced logistical overhead. Our study leverages an existing long-term (22
years) mark-recapture dataset with accompanying feather samples from the Sandia
Mountains of New Mexico (Fig. 1) and adds a novel component evaluating the efficacy of
radio frequency identification (RFID)-equipped artificial feeders to monitor tagged
wintering Rosy-Finches. The Sandia Mountains of central New Mexico is the southernmost
wintering locale in which all three Rosy-Finch species co-occur and is the southernmost
locale in which any of the three species ever occur (Fig. 1). Itis thus a uniquely valuable
site to study wintering Rosy-Finch populations and document potential impacts of climate
change. Studying peripheral species or populations at or near distributional extents is
essential for efficient, long-term conservation planning at landscape scales (Steen and
Barrett 2015). Peripheral populations can offer insight into a species’ physiological
tolerances and their capacity to adapt to climate change (e.g., behavior, physiology,
dispersal), which is useful for evaluating the effectiveness of potential management
actions to curb or offset predicted environmental changes. We used this long-term mark-
recapture dataset to evaluate trends in Rosy-Finch winter survival probability. Among
Rosy-Finch studies, this mark-recapture dataset is unique in its longevity, sample size, and
location at the southern winter range periphery.

To evaluate the migratory connectivity of Rosy-Finch breeding populations to
wintering areas in New Mexico, we conducted hydrogen stable isotope analysis of
collected feathers. Hydrogen stable isotope analysis is based on the natural and
predictable geographic variation (across latitudinal and altitudinal gradients) in the ratio of
hydrogen isotopes (protium ['H] and deuterium [2H]) in water molecules, a ratio in the
tissues of animals that reflects the geographic location in which the animals grew these
tissues. Because Rosy-Finches undergo a complete feather molt on the breeding grounds,
analyzing feather tissue collected from birds on their wintering grounds can help identify
the areas where the birds were likely to have bred the previous summer (see Task 3
description for more details). Using stable isotope analysis results and available
environmental data, we can investigate the influence of climate covariates at breeding
areas or wintering sites that may explain variance in the birds’ abundance, survival, or
inferred breeding origins.



In addition to analyzing the existing mark-recapture dataset, we initiated a pilot study
to evaluate the efficacy of RFID-equipped feeders to improve vital rate estimates and
evaluate connectivity among wintering sites. Rosy-Finches are known for nomadic
behavior during the winter, in which they may make long-range movements within their
winter range for reasons that are not well understood. Such movements violate the
assumptions of many traditional modeling frameworks; consequently, relatively complex
frameworks that require robust sample sizes are needed to provide unbiased vital rate
estimates. In recent years, multiple avian studies have demonstrated that equipping grain
feeders with RFID-enabled “smart” devices is an effective way to acquire robust visit and
movement data from wintering birds that have been marked with tags that the RFID reader
can detect at close ranges. This approach was recently used by Latimer and Gardner
(2022) in a study on BLRF and GCRF in northern Utah, generating thousands of annual
detections to help infer overwinter survival and movement patterns. The RFID component
of this study provides a synergistic opportunity to evaluate Rosy-Finch winter movements
at small (i.e., within New Mexico) and broad (i.e., across states) scales using the growing
network of tagged individuals and RFID-equipped feeders in their wintering range.

Funds from the New Mexico Department of Game and Fish’s Share with Wildlife
(SwW) program were used to support three tasks related to BCRF (below), as part of the
larger study focused on all three Rosy-Finch species—the focus of Whitney Watson’s PhD
dissertation. As such, we report results for all three species for ease of presentation.
Similarly, although the SwW funds were only disbursed over calendar years 2023 and 2024
(overlapping with three winter data collection seasons: 2022-2023, 2023-2024, 2024-
2025), the funds enabled us to examine two long-term datasets dating back to 2004 (Tasks
1 and 2). Thus, we report results for the entire time period (2004-2025), where relevant. The
three tasks are as follows:

Task 1: Demographic analysis of mark-recapture data
Task 2: Stable isotope analysis of feather samples

Task 3: Establish new RFID feeders for the winter (2022-2023 field season)

STUDY AREA

This study was primarily conducted at the highest ridge in the Sandia Mountains of central
New Mexico and the southernmost site at which any of the three North American Rosy-
Finch species can be found. This site has an elevation of 3,255 m and occurs in the
Hudsonian life zone, with forests dominated by Engelmann spruce (Picea engelmannii),
white fir (Abies concolor), and ponderosa pine (Pinus ponderosa; Julyan & Stuever 2005).
Average temperatures range from -10.5 °C to 5.7 °C and average snow depth ranges from



5.1 cmto 58.4 cm during the months of November-April (Western Regional Climate Center
2025) when Rosy-Finches are typically present in this area.

Additional work for this study was conducted in Taos Ski Valley, New Mexico,
another site where Rosy-Finches are consistently found during the winter. This site lies
approximately 180 km northeast of the Sandia Mountains site, has an elevation of 2,841 m,
and has similar vegetation profile to the Sandia Mountains site. Average temperatures at
Taos Ski Valley range from -11.0 °C to 16 °C and average snow depth ranges from 21 cm to
110 cm during November-April.

FIELD METHODS

Rosy-Finches were captured at the Sandia Mountains site each winter from 2004-2025.
Captures typically occurred one day per week between the hours of 0600 and 1000 from
the month of November to April the following year, with the total number of capture days
each winter varying from 6 to 17. Rosy-Finches were captured in a set of mist nets set up in
an “L” shape around an artificial bird feeder used as a lure. Upon capture, individuals were
banded with a uniquely numbered U.S. Geological Survey (USGS) Bird Banding Laboratory
(BBL) aluminum band, identified to species, age class (hatch year or after hatch year), and
sex; morphometric measurements (such as mass, fat score, wing chord length, and tail
length) recorded. Species, age class, and sex were determined via plumage coloration.
Upon recapture of an individual banded on a previous date, the USGS ID was recorded and
new morphometric measurements were collected.

Beginning in 2005, the 5™ rectrix on the right side of the tail was collected from
individuals upon their first capture of the winter season. In winters 2023-2024 and 2024~
2025, we collected two rectrices—both the 15t and 5" on the right side of the tail for inter-
feather variation study described in Task 3 section below. All feathers were stored
individually in paper coin envelopes in a dry, climate-controlled location prior to
preparation for stable isotope analysis. From November 2022 to April 2025, captured Rosy-
Finches were additionally fitted with a green plastic leg band embedded with a uniquely
identifiable 2.6 mm RFID tag (Eccel Technologies, United Kingdom). This study was
performed under the auspices of New Mexico State University Institution for Animal Care
and Use Committee protocol #2310000718, USGS BBL banding permit #20617, and New
Mexico Department of Game and Fish banding permit #1636.



TASK 1: DEMOGRAPHIC ANALYSIS OF MARK-RECAPTURE DATA
Methods

We used a combination of existing (2004-2022) and newly-collected (2022-2025) mark-
recapture data (BBL band recapture data only; see field methods above) to evaluate trends
in winter survival probability for all three Rosy-Finch species at the Sandia Mountains site.
We analyzed the data in a Bayesian robust design framework (Pollock 1982) to estimate
annual survival probability (i.e., the probability that an individual in the population survives
to the following year and does not permanently emigrate from the study area) for each
species. This type of model allows the estimation of survival probabilities for a population
using information on detection for a series of secondary sampling occasions within each
primary sampling occasion to estimate separate detection probabilities (i.e., the
probability that an individual is detected given it is available for detection) within primary
sampling occasions and between primary sampling occasions (Kendall et al. 1995, 1997).
This in turn allows for estimation of temporary emigration probability (i.e., the probability of
an individual being absent from the study area and thus unavailable for capture during a
particular primary sampling occasion) and subsequently for the estimation of true survival.
This model assumes closure to immigration, emigration, recruitment, and mortality within
primary sampling occasions, but allows the population to be open to these gains and
losses between primary sampling occasions.

Following Riecke et al.’s (2018) parameterization of the robust design model, we
combined mark-recapture data from all three species into a single model and divided the
data within each winter season (our primary sampling occasions) into 11 two-week
secondary sampling periods spanning from November 9% of each year to April 11" of the
following calendar year. It is reasonable to assume some degree of closure during winter
seasons because we don’t expect births outside of the breeding season or a large number
of deaths outside of migratory periods. We included the main effects of species and age
class in addition to an interaction term between species and age on the survival
parameter. Because juveniles encountered during mist netting have already survived the
post-fledging period and migration to the nonbreeding grounds upon first capture, juvenile
survival estimates represent the probability that a hatch-year individual in the population
will survive to the next winter, given that it has already survived to its first winter.

We constrained the temporary emigration parameter to be random but constant
over time, meaning the probability of an individual being unavailable for detectionin a
given year was the same across years and does not depend on whether it was unavailable
for detection in the previous year. We allowed detection probability to vary with primary
sampling occasion and with each two-week secondary sampling period, and fixed



detection probabilities during secondary occasions with no sampling effort to zero. This
prevented the model from treating secondary occasions with no sampling effort in the
same way as occasions with effort but no detections, which would downwardly bias
detection probability. We used zero-mean, normally distributed priors with large variance
(0>=100) on all parameters except the temporary emigration parameter, for which we used
a uniform prior.

We sampled from three Markov chain Monte Carlo (MCMC) chains with 30,000
iterations, a burn-in period of 5,000 and a thinning interval of 10. Adequate mixing of
MCMC chains inspected visually via traceplots and R < 1.1 for all parameters indicated
successful model convergence (Brooks & Gelman 1998). All analyses were conducted in
program R version 4.4.3 (R Core Team 2025) using the packages rjags (Plummer 2024) and
JjagsUI (Kellner 2024).

Results

A total of 3873 unique individual Rosy-Finches were captured over the data collection
period of 2004-2025, including 1043 BCRF, 2129 BLRF, and 701 GCRF. There were 8745
total detections during this period including recaptures, of which 5910 were juveniles
(hatched during the preceding breeding season), 2793 were adults (hatched prior to the
preceding breeding season), and 42 were of unknown age. These individuals of unknown
age were removed from the survival analysis, leaving 8703 detections of known-age
individuals. Across the data collection period, the mean number of new unique individuals
captured and banded per winter season was 48.0 (range 0-293) for BCRF, 97.6 (range 5-
578) BLRF, and 32.2 (range 0-188) for GCRF. The mean number of total unique individuals
(banded in a previous season or not) was 117.4 (range 0-640) for BCRF, 218.5 (range 8-
1039) for BLRF, and 61.7 (range 0-261) for GCRF (Fig. 2).

In our robust design survival analysis, mean annual detection probability for
secondary sampling occasions within each winter season ranged from 0.04 to 0.25. The
probability that an individual did not temporarily emigrate from the study area was 0.27
(95% credible interval [Crl]: 0.22-0.32). This means 27% of birds present in the study area
during a particular winter season are expected to return to the study area the following
winter season, suggesting 73% of birds do not show winter site fidelity between
consecutive winters.

Survival probabilities were higher in BCRF (x = 0.40, 95% Crl: 0.31-0.51 for juveniles
and x =0.38, 95% Crl: 0.32-0.42 for adults) and BLRF (x =0.27, 95% Crl: 0.21-0.34 for
juveniles and x = 0.41, 95% Crl: 0.37-0.46 for adults) than in GCRF (x = 0.19, 95% Crl: 0.11-



0.29 for juveniles and x = 0.24, 95% Crl: 0.18-0.32 for adults. This is unsurprising because
BCRF and BLRF likely migrate shorter distances to the Sandia Mountains site based on the
locations of their breeding ranges (Table 1; Fig. 1; Fig. 3). The longer distance that GCRF
individuals presumably migrate to reach the Sandia Mountains site from their breeding
grounds likely contributes to their lower survival probabilities because migration is
generally considered to be the period of highest mortality risk in migratory birds (Holmes
2007; Klaassen et al. 2014; Alerstam & Backman 2018). Survival probabilities were higher
in adults than juveniles in BLRF and GCRF, but lower in adults than juveniles in BCRF.
Lower survival probabilities in adults than juveniles is not typical of migratory passerines
(Redmond & Murphy 2012; McKim-Louder et al. 2013), and could be an artifact of sparse
data or could indicate a unique pattern of migration among age classes in this particular
species. Because juveniles in our study were first captured after they had already survived
post-fledging and migration to the nonbreeding (wintering) grounds (likely the periods of
highest mortality for juveniles in a population; Gruebler et al. 2014), we do not expect
juvenile survival to be as low as if individuals were first marked on breeding grounds.

Our survival estimates for Rosy-Finches are relatively low compared to those for
other migratory passerine species (Paxton et al. 2017; Rockwell et al. 2017) and to those of
a non-migratory high-elevation specialist, the White-winged Snowfinch (Montifringilla
nivalis; X = 0.44-0.54 for adult males and x = 0.51-0.64 for adult females; (Strinella et al.
2020)), which could be indicative of ongoing population declines in these species. Many
survival studies, including those cited above, estimate apparent annual survival rates,
which are the product of true survival and site fidelity probabilities, and thus are already
likely downwardly biased (Lebreton et al. 1992; Schaub & Royle 2014). This implies that our
survival estimates are even lower than expected for these species; unfortunately, we lack
information on historic Rosy-Finch demographic parameter estimates and estimates for
other regions that we could compare with our estimates.

Table 1. Annual survival probability estimates and 95% credible intervals for each of two age
classes (juvenile and adult) in each of the three rosy-finch species (brown-capped [“BCRF”], black
[“BLRF”], and gray-crowned [“GCRF”]) 2004-2024 from Bayesian robust design survival analysis. 8
coefficients are given along with back-transformed survival estimates, lower 95% credible interval
limits (“LCL”) and upper 95% credible interval limits (“UCL”).

Juveniles Adults
B Survival LCL UCL B Survival LCL UCL
estimate estimate
BCRF -0.42 0.40 0.31 0.51 -0.51 0.38 0.32 0.43
BLRF -1.00 0.27 0.21 0.34 -0.36 0.41 0.37 0.46
GCRF -1.51 0.19 0.1 0.29 -1.14 0.24 0.18 0.32




Further plans to refine our robust design model include exploring the effects of
adding individual sex and body condition covariates on the survival parameter, allowing
survival to vary with year, and allowing temporary emigration rates to vary with species and
age. We also plan to incorporate a Markovian temporary emigration structure into the
model, such that the probability that an individual is available for detection during a
particular primary sampling occasion depends on whether it was available for detection
during the previous primary occasion. This model structure may better suit Rosy-Finch life
history, because many migratory passerines demonstrate some degree of winter site
fidelity across years (Somershoe et al. 2009; Pakanen et al. 2018). We also intend to
explore an open robust design model (Kendall & Bjorkland 2001), which relaxes the
assumption of population closure within the primary sampling occasion and enables the
estimation of abundance. This may better reflect the facultative, weather-driven
movement of Rosy-Finches during the nonbreeding season (Johnson et al. 2000;
MacDougall-Shackleton et al. 2000; Johnson 2002) because it would account for the
staggered arrival and departure of individuals to and from the wintering grounds over the
primary sampling occasion. We expect that relaxing this closure assumption will increase
our detection probability estimates, as individuals that have not yet arrived at the wintering
grounds early in the winter season can be counted as unavailable for capture rather than
available but undetected, which should in turn increase precision in survival probability
estimates.

TASK 2: STABLE ISOTOPE ANALYSIS OF FEATHER SAMPLES
Background

Analysis of hydrogen stable isotopes in feather samples is a widely-used tool to infer an
individual bird’s breeding origin (location) to evaluate migratory connectivity patterns. The
ratio of deuterium (?H) to protium ("H), or the stable hydrogen isotope delta value (5°H,
reported in parts per mille, or “%o” units), of precipitation varies consistently with latitude
and elevation such that 82H values are lower, or more negative, at higher latitudes and
higher elevations (Hobson & Wassenaar 1997; Meehan et al. 2004). The 3%H value of
precipitation in a particular location is reflected in tissues (such as feathers) grown there
as a result of water and nutrient uptake during tissue formation (Bowen et al. 2005;
Wunder 2012). Because Rosy-Finches undergo complete molts each breeding season
(Pyle 1997), a feather collected during the winter, when Rosy-Finches can be much more
readily located and captured, is assumed to have been grown on the breeding grounds
during the preceding breeding season. We can thus infer breeding locations of individuals
by generating probability-of-origin maps (Campbell et al. 2020) based on the 6°H value of



feathers sampled during winter and the published 32H values of water samples from
known locations.

In conjunction with our work assessing breeding origins, we have conducted an
additional study investigating the variation in 3*H values within individual feathers, or
“intra-feather variation”. The goal of this study was to determine whether the section of the
feather analyzed impacts the resulting 3%H value for that feather, for which there is
evidence in other studies (e.g., Wassenaar and Hobson 2006, Gordo 2020), and which
would provide greater context for interpreting of our breeding origin results.

Methods

To prepare feather samples for hydrogen stable isotope analysis, we first allowed collected
feathers (right 5" rectrix from Rosy-Finches captured at Sandia Mountains site as
described above) along with in-house laboratory standards (supplied by University of New
Mexico’s Center for Stable Isotopes [UNM CSI]) to acclimate to the atmospheric
conditions of southern New Mexico by storing them in a dry place at room temperature for
at least two weeks. We followed Chew et al.’s feather cleaning protocol (Chew et al. 2019)
and removed the calamus (Fig. 4a) prior to cleaning to preserve any genetic material
contained within. We then swirled feathers in a solution of 2:1 chloroform-methanol for 30
seconds and allowed feathers to dry on a clean paper towel for 24-36 hours. Once dry, we
swirled feathers in a solution of 30:1 deionized water and Versa-Clean detergent for 30
seconds followed by three beakers of deionized water for 30 seconds each. Feathers were
allowed to dry for another 24-36 hours.

To subsample feathers, we used a scalpel to remove the distal-most ~0.5 cm of the
feather including the rachis, weighed out 0.200-0.300 mg of material with a 0.001 mg
precision microbalance (Mettler Toledo XPE26), and placed the materialin a 3.5x5 mm
silver capsule (Costech Analytical Technologies, California). Capsules containing feather
material were folded into a small cube and placed in a 96-well ELISA plate and sent to
UNM CSl for analysis. For every 23 samples we prepared, we prepared one duplicate
sample (i.e., a second capsule of material from a single feather) for quality control. At UNM
CSI, samples were run through an elemental analyzer-isotope ratio mass spectrometer
(EA-IRMS) along with three in-house laboratory standards (powdered moose fur, powdered
goose down, and powdered Florida cow liver) acclimatized to the same conditions as the
feather samples and a 8°H value was generated for each sample. In-house laboratory
standards were calibrated to international reference materials (USGS standards KHS
[Kudu Horn Standard] -35.3%0 and CBS [Caribou Hoof Standard] -157.0%o; (Coplen 2020a,
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2020b). All 5°H values are reported relative to the Vienna Standard Mean Ocean Water-
Standard Light Antarctic Precipitation (VSMOW-SLAP) scale.

We compared the resulting 8°H values across the three species using a Welch’s
ANOVA test (chosen due to a violation in the assumption of equal variances across
species) followed by Tukey post-hoc pairwise comparisons. We then compared &%H values
between age classes within each species using a t-test for GCRF and a Wilcoxon rank-sum
test (due to the data violating of the assumption of normality) for BCRF and BLRF. To
compare d%H values between sexes within species, we used t-tests for BLRF and GCRF
and a Wilcoxon rank-sum test for BCRF, in which the normality assumption was violated.

We then generated probability-of-origin maps for each analyzed feather based on a
transfer function developed by Campbell et al. (2025). This transfer function links 52H
values of feathers with average 6°H values of precipitation across North America in August
and September (when Rosy-Finch molt occurs) to account for changes that occur in
isotope ratios when water molecules are processed through multiple trophic levels. With
this function, we can assign a sampled feather to the latitudinal and elevational range in
North America it is most likely to have originated from. This transfer function was based on
0%H values of known-origin feathers from ground foraging, short-distance migrants as
found by Hobson et al. (2012). We used the R packages isocat (Campbell 2020), terra
(Hijmans 2025a), and raster (Hijmans 2025b) to create breeding origin assignment maps.

To test for intra-feather variation in 2H values, we subsampled feathers from 21
BCRF and 21 GCRF adults at five locations on the feather (Fig. 4b). We compared 3°H
values across longitudinal vane-only sections (A1, B1, & C1) within each species using
repeated measures ANOVA followed by post-hoc pairwise comparisons. We then used
paired T-tests to compare 6°H values between vane only and rachis-containing sections
(A1 & A2, B1 & B2) as well as between longitudinal sections containing rachis material (A2
& B2). All analyses were performed in program R version 4.4.3 (R Core Team 2025).

Results

We ran a total of 1288 samples from 828 unique Rosy-Finch feathers collected from
individuals wintering at the Sandia Mountains site during 2005-2022 (additional feathers
collected during 2023-2025 have been prepared and delivered to UNM CSl and are
awaiting analysis). For the 828 feathers sampled, mean &?H for adult BCRF was -62.8 £12.5
(SD) %o and for juvenile BCRF was —-78.0 +13.3 %o, mean &?H for adult BLRF was -85.8
*15.5 %o and for juvenile BLRF was -102.9 £14.3 %o, and mean &2H for adult GCRF was -
119.4 %o (+19.2) and for juvenile GCRF was -130.8 %o (x16.8). 8?H values differed
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significantly among the three species (p <0.0001 across all species and in each pairwise
comparison of species) and between age classes of each individual species (p < 0.0001 for
all three species; Fig. 5). Species differences were consistent with differences in breeding
ranges; GCRF, which breed in the northernmost latitudes, had the lowest (most negative)
0%H values while BCRF, which breed in the southernmost areas had the highest (least
negative) 8°H values. The differences we observed in 8°H between ages (juveniles
consistently more negative than adults on average) could be attributed to differences in
timing of feather growth or differences in diet during feather growth (Langin et al. 2007).
Adults may derive hydrogen directly from local drinking water which has a higher 6°H value
compared to plant and animal tissues in the same location. It cannot be ruled out that
differences in 8°H between age classes could reflect differences in breeding origins
between adults and juveniles of these species.

We did not find significant differences in 8?H values between sexes in any of the
three species (p =0.757 for BCRF, p =0.171 for BLRF, and p = 0.619 for GCRF; Fig. 6). Over
17 years of feather collection, 32H values trended positively over time in BLRF (B =0.719,
95% confidence interval [Cl]: 0.242-1.196) and GCRF (B = 1.508, 95% CI: 1.059-1.957) but
notin BCRF (B =-0.206, 95% ClI: -0.650-0.238; Fig. 7). This indicates either a trend toward
more southerly and/or lower elevation breeding origins of wintering individuals with time in
the two longer-ranging Rosy-Finch species (i.e., BLRF and GCRF); however, trends may
instead be related to fluctuations in weather conditions on breeding grounds.

Maps for BCRF adult and juvenile individuals suggest breeding origins in the
northern, central, and southern regions of the species’ range (Fig. 8). Of the individual
Rosy-Finches from which feathers were sampled and analyzed, 53 individuals were
captured and sampled during multiple distinct winter seasons, and 26 of these individuals
were sampled during multiple distinct winter seasons as adults (Fig. 9). We plan to use
these data from recaptured individuals to assess the extent to which individuals wintering
at the Sandia Mountains site exhibit site fidelity between breeding seasons. Furthermore,
using the maps we generated, ongoing work is summarizing the likely breeding origins of
Rosy-Finches wintering in New Mexico by grouping maps with similar patterns, which
should allow us to identify particular breeding areas that are connected to the Sandia
Mountains as habitat used by Rosy-Finches. We also are further refining our feather-
precipitation 8H transfer function by incorporating analyses of BCRF feathers collected
during the breeding season as part of other Rosy-Finch studies. Incorporating 5°H values
from these feathers should allow us to more accurately link our 8°H values from feathers of
unknown origin to 6°H values of precipitation compared to our current transfer function
which includes data from birds in the same foraging and migratory guild as Rosy-Finches,
but not from Rosy-Finches themselves. By broadly identifying the areas where Rosy-
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Finches wintering in New Mexico breed and patterns in their breeding origins over time, we
expect that the results of this study may help New Mexico Department of Game and Fish to
make connections with agencies that manage habitat Rosy-Finches use during other parts
of the year to coordinate conservation efforts across the species’ entire annual cycle.
Knowing where individuals are breeding could provide context for any changes in
demographic rates of these species on their wintering grounds.

Mean &?H values for BCRF feather subsections were -60.9 +14.3 (SD) %o for A1, -
62.1 £15.1 %o for A2, -61.8 £14.3 %o for B1, -65.8 +14.2 %o for B2, and -61.3 £9.6 %o for C1.
Mean 82H values for GCRF were -111.6 £17.9 %o for A1, -113.0 £18.1 %o for A2, -115.0
+18.6 %o for B1,-118.9 £19.1 %o for B2, and -115.3 £21.1 %o for C1. We found that sections
excluding feather rachis subsampled longitudinally (A1, B1, and C1; Fig. 4b) in BCRF did
not result in significantly different 8°H values (p = 0.722) but did vary significantly in GCRF
between A1 and B1 (p <0.0001) and between A1 and C1 (p = 0.001; Fig. 10a). The 5°H
values of longitudinal sections containing rachis material (A2 and B2) were significantly
different in both BCRF and GCRF (p < 0.0001 in both species; Fig. 10b). In all cases, 3*H
values became increasingly negative as samples were taken from the distal to the proximal
end of the feather (Fig. 4a). Lateral comparisons of sections with and without rachis
material resulted in significantly different 82H values in both species (p = 0.00240 for BCRF
A1vs. A2, p=0.0371 for GCRF A1 vs. A2, p<0.0001 for BCRF B1 vs. B2, p <0.0001 for
GCRF B1 vs. B2; Fig. 10c-d). In all cases, the 3%H values of sections containing rachis
material were more negative than sections with vane material only (by 1.2-4.0 %o). For our
breeding origin analysis, subsamples are taken from the distal-most tip of feathers and
include rachis material (Fig. 4a). This work suggests that the longitudinal location of
sampling along the feather and the inclusion or exclusion of the rachis may influence a
sample’s 8°H value, and any products derived from that 8°H value (e.g., breeding origin
maps). It does not necessarily matter where on the feather subsamples are taken from as
long as &?H value comparisons are limited to similar sections or appropriate adjustments
are made for comparison. This includes correlating feathers of unknown origin to
precipitation isotope values—use of a transfer function derived from feathers sampledin a
different location could result in less accurate origin assignment. These results allowed us
to adjust our breeding origin maps according to where we sampled on the feather as
compared to the feather locations sampled in Hobson et al. (2012). We are in the process
of carrying out this analysis on a set of 22 BCRF and 23 GCRF juvenile feathers to
determine if within-feather variation patterns vary by age.

We are also in the process of analyzing multiple feathers collected from the tails of
single Rosy-Finch individuals during the 2023-2024 and 2024-2025 winter seasons at the
Sandia Mountains site. Examining inter-feather (between feather) variation in 82H values
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within individuals will enable us to determine whether the particular feather sampled from
an individual bird (e.g., the 1%t or 5" rectrix of the tail) affects the resulting isotope value.
Both the intra- and inter-feather variation studies will enable us to better compare our
results with those of other studies that may have sampled different feathers or feather
sections.

TASK 3: ESTABLISH NEW RFID FEEDERS FOR WINTER MONITORING

Background

Radio frequency identification (RFID)-equipped artificial feeders are increasingly being
implemented as a means of monitoring populations because of the feeders’ potentially
higher bird detection rates and ability to collect more robust data with reduced human
effort. Individual birds in a population need to be captured only once to be equipped with
an RFID tag; thereafter, tagged birds are detected when they land on or within antenna
coils designed to match the tag frequencies. Furthermore, biologists only need to visit the
study area occasionally for RFID reader maintenance and data downloading instead of
having to regularly sample the bird population. In contrast to active banding mark-
recapture monitoring efforts, RFID-tagged birds can be detected by RFID readers at any
time of day and on any day during deployment of the reader with no impact of human
activity on natural bird behavior. We aimed to assess whether this technology could be
used to monitor Rosy-Finches on their wintering grounds in NM to supplement active mark-
recapture efforts during the winter season, providing improved detection rates and thus
more precise survival estimates.

Radio frequency identification (RFID) reader antenna coils within feeder tray (left) and fully assembled feeder with
additional solid plastic layer added atop coils for protection from elements and rodents and covered with seed (right).
Photos by Corrie Borgman, USFWS.
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Methods

An RFID reader apparatus consists of Electronic Transponder Analysis Gateway (ETAG)
readers powered by 6,400 mAh USB battery packs and 3.5 Watt 6 V solar panel arrays
(voltaicsystems.com). These readers detect low-frequency (125 kHz) RFID tags affixed to
the legs of tagged Rosy-Finches. Largely based on trial and error, we utilized numerous

iterations of feeder and antenna designs to reach an optimal design because antennae
were frequently damaged from squirrels chewing on the apparatus and memory card
performance was not at desired levels. The final feeder design for 2023-2024 involved
“sandwiching” antenna coils between two sheets of plastic, which minimized the ability of
squirrels to access sensitive antennae but still allowed for tag detection. This was a
successful strategy, and feeders incurred minimal squirrel damage over the season. In
addition, memory card performance was improved by updating the card housing to include
a more robust weatherproof design with less need to move componentry.

We deployed an RFID-equipped feeder at the Sandia Mountains site, NM (SACR)
during three winter/spring periods: 20 January-10 April 2023, 29 November 2023-19 April
2024, and 1 December 2024-10 April 2025. A similar feeder was deployed at a private
condominium in Taos Ski Valley (TSV), NM during two periods: 9 January-3 May 2024 and
15 January-19 May 2025.

To compare RFID-collected data to active banding data, we conducted two robust
design survival analyses (see methods above) over 2022-2025, using all collected RFID
data and a subset of the active mark-recapture data that overlapped the same period. We
included age class as a covariate on the survival parameter, but combined data from all
species due to sparse data from certain species. We only included individuals in the RFID
analysis that were detected by RFID at least once. We divided active mark-recapture data
into two-week secondary sampling occasions (as above) but used individual day as the
secondary sampling occasion for the RFID data analysis for a total of 110 secondary
sampling occasions within each winter season.

Results

We marked a total of 353 individual Rosy-Finches (42 BCRF, 275 BLRF, and 36 GCRF) with
RFID tags at SACR and TSV during this study. Of these, 199 individuals were detected via
the RFID reader. At SACR, 141 new individuals (0 BCRF, 110 BLRF, 31 GCRF) were captured
and tagged during the 2024-2025 winter season. No tagging effort occurred at TSV in 2024
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2025 due to a lack of Rosy-Finches reported in the area during this time. Six BLRF that were
originally tagged at SACR during the 2022-2023 winter season were detected by RFID in
2023-2024, eight BLRF tagged at SACR in 2023-2024 were detected by RFID in 2024-2025,
and two BLRF originally tagged at SACR in 2022-2023 were detected by RFID in 2024-2025.
A single BLRF individual originally RFID-tagged in 2022-2023 was detected again in both
2023-2024 and 2024-2025. Detections occurred at the highest rates at SACR at 07:00,
11:00, and 15:00 and at TSV at 10:00, and in the months of January, February, and March at
both sites and across years (Fig.11).

In our robust design survival analysis of RFID data, we found mean juvenile survival
to be 0.67 (95% Crl: 0.17-1.00) and mean adult survival to be 0.47 (95% Crl: 0.10-1.00).
Detection probabilities ranged from 0.003 to 0.47. In our comparative analysis of mark-
recapture data 2022-2025, mean juvenile survival was 0.62 (95% Crl: 0.06-1.00), mean
adult survival was 0.03 (95% Crl: 0.00-0.34), and detection probabilities ranged from 0.02
to 0.49. Although these numbers are very different from what we would expect for juvenile
and adult migratory passerines (see Task 1 above), high variation around the mean
estimates suggests lack of precision, likely due to sparse data. Detection probabilities
were comparable between the two analyses but mean adult survival in the RFID-based
analysis was much closer to what we would expect (and what we estimated with many
more years of data in Task 1) than were the results of the active mark-recapture-based
analysis.

The RFID data collection approach has the potential to provide a large amount of
data thatis not possible to collect with banding alone. Although our ability to thoroughly
assess the efficacy of this technology is limited, it appears that RFID data may improve
demographic estimates in a population for a study of limited duration. Another advantage
is that RFID data can be used beyond demographic analysis to address questions of
temporal activity in a population, which can provide information on migratory timing and
patterns. If scaled up to span a greater number of wintering and stopover sites, this
approach could be combined with traditional mark-recapture efforts to greatly increase
our understanding of migratory patterns in these elusive species.

CONCLUSION

While further investigation is still needed in certain areas of this research to reach more
firm conclusions, this study provides valuable insight into a variety of aspects of Rosy-
Finch ecology. First, based on our robust design survival analysis (Task 1), annual survival
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probabilities of Rosy-Finches wintering in New Mexico were lower in GCRF than in BCRF
and BLRD, and were overall low compared to those of other high-elevation obligate and
migratory passerines. Trends were inconsistent between age groups of each of the three
species included in this study, but inclusion of additional covariates and more complex
modeling structures may improve our confidence in our estimates. Our hydrogen stable
isotope analysis (Task 2) revealed that Brown-capped Rosy-Finches wintering in New
Mexico likely originate from a variety of locations across their breeding range, that 5°H
values of juveniles wintering in New Mexico are consistently more negative than those of
adults, and that 3%H values in two of the species—BLRF and GCRF—show an increasing
trend over time. Our work comparing 5*H values from different subsections of Rosy-Finch
feathers indicates that it is important to consider where on feathers samples are taken
from and to pay attention to sampling section when comparing values across studies.
Furthermore, our RFID analysis (Task 3) shows that RFID monitoring can be usefulin
improving detection probability and consequently the precision of survival estimates in
species such as Rosy-Finches, particularly in the short-term.
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Figure 1. Distributions of the three North American Rosy-Finch species. Darker colors
represent breeding ranges, and the black star indicates the study site at the Sandia Mountains
site in northern New Mexico. Distribution data layers from Fink et al. 2022.
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Figure 2. Mean number of unique Rosy-Finches captured in total across winter seasons (A) and

averaged across number of banding days per winter season at the Sandia Mountains site, NM, from

2004-2025 (B). Figures include individuals recaptured on multiple banding days within a season

and/or across multiple winter seasons.

Brown-capped Rosy-Finch

Species abbreviations:

(Leucosticte australis): BCRF; Black Rosy-Finch (L. atrata): BLRF; Gray-crowned Rosy-Finch (L.

tephrocotis): GCRF.
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Figure 3. Annual survival estimates for Rosy-Finches overwintering at the Sandia Mountains site, NM
from 2004 to 2025 by species and age class. Black dots represent posterior distribution means and
error bars reflect the standard deviation. The width of each plot reflects the density of the posterior
distribution at each probability value and the extent from top to bottom shows the full range of the
posterior distribution. Species abbreviations: Brown-capped Rosy-Finch (Leucosticte australis):
BCREF; Black Rosy-Finch (L. atrata): BLRF; Gray-crowned Rosy-Finch (L. tephrocotis): GCRF.
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Figure 4. Feather diagrams for stable hydrogen isotope intra-feather variation study. Panel (a) shows
general feather anatomy and sampling region for breeding origin analysis (dashed black box); panel
(b) shows subsampling delineations for intra-feather variation study. Sections A1, B1, and C1
contain only vane material; sections A2 and B2 contain a combination of vane and rachis material.
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Figure 5. Stable hydrogen isotope ratios (3*H) Rosy-Finch feathers sampled on the Sandia
Mountains site, NM from 2004-2022 grouped by species and age group. Species abbreviations:
Brown-capped Rosy-Finch (Leucosticte australis): BCRF; Black Rosy-Finch (L. atrata): BLRF; Gray-
crowned Rosy-Finch (L. tephrocotis): GCRF.
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Figure 6. Stable hydrogen isotope ratios (3*H) of Rosy-Finch feathers sampled on the Sandia
Mountains site, NM from 2005-2022 grouped by species and sex. Species abbreviations: Brown-
capped Rosy-Finch (Leucosticte australis): BCRF; Black Rosy-Finch (L. atrata): BLRF; Gray-
crowned Rosy-Finch (L. tephrocotis): GCRF.

26



- Species
° - BCRF
. - BLRF
" by e o s i + GCRF
-~ v
_70.
T
o~
(o]
=120
-1701
© A © > o ~ oy © A © = o ~ ov
S ()
© Q© 5] i © o] ] S ™~
S S [ S S b g ~ ~ ~ ~ ~ N )
oS [w]
§ § § § § § 8§ § § § &8 & & 9
Winter season

Figure 7. Stable hydrogen isotope ratios (3°H) of individual Rosy-Finch feathers sampled on the
Sandia Mountains site, NM from 2005-2022 grouped by winter season of sampling. Each point
represents one feather. Trend lines show linear trend of 5%H value with time, in which more negative
values indicate higher latitudes and elevations. Species abbreviations: Brown-capped Rosy-Finch
(Leucosticte australis): BCRF; Black Rosy-Finch (L. atrata): BLRF; Gray-crowned Rosy-Finch (L.
tephrocotis): GCRF.
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Figure 8. Probability of origin maps for Brown-capped Rosy-Finch (Leucosticte australis) juvenile (A)
and adult (B) individuals based on stable hydrogen isotope ratio (5%H) of feathers sampled on the
Sandia Mountains site, NM from 2005-2022 (black dot). Map values for juveniles have been adjusted
by +10%o to reflect the mean difference of juvenile 3*H values from adult values. Each map
represents an individual feather sample and selected maps reflect the range of probability of origin
assignments generated for each age class.
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Figure 9. Stable hydrogen isotope ratios (5°H) of Rosy-Finch feathers sampled on the Sandia
Mountains site, NM from 2005-2022, grouped by individual. Each individual (26 total) shown was
sampled 2-3 times as an adult during distinct winter seasons; individuals are intentionally arranged
along the x-axis in order of increasing mean &2H value. Species abbreviations: Brown-capped Rosy-
Finch (Leucosticte australis): BCRF; Black Rosy-Finch (L. atrata): BLRF; Gray-crowned Rosy-Finch
(L. tephrocotis): GCRF.
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Figure 10. Boxplot and line plots for comparison of stable hydrogen isotope (5%H) values for
different sections of Rosy-Finch feathers collected on the Sandia Mountains site, NM from 2007-
2020. Feather sections are shown in Figure 4. Panels (a) and (b) compare 32H values of longitudinal
sections; panels (c¢) and (d) compare values of sections containing rachis material to those
containing only vane material. Species abbreviations: Brown-capped Rosy-Finch (Leucosticte
australis): BCRF; Black Rosy-Finch (L. atrata): BLRF; Gray-crowned Rosy-Finch (L. tephrocotis):
GCRF.
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Figure 11. Temporal patterns of detections of RFID-tagged individuals by RFID-enabled feeders by
(A) time of day (2400 hr) and (B) calendar month. Sandia Mountains (SACR) data were collected
during the 2022-2023, 2023-2024, and 2024-2025 winter seasons; Taos Ski Valley (TSV) data were
collected during the 2023-2024 season only. TSV detections in (B) are grouped together with SACR
detections for 2023-2024 winter season.
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