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BUDGET
Expenditures for the current year included mileage for field data collection, field technician
salary, conference travel, and salary for the post-doctoral research associate. We currently
have approximately $60,000 remaining in the grant, the majority of which are to be used for
the post doc salary.
PROJECT SUMMARIES
As outlined in our original proposal, this project is comprised of 4 subprojects on desert
bighorn sheep, American pronghorn, Rio Grande cutthroat trout, and scaled quail. Since
receiving funding in August 2013, all of the subprojects have been initiated. Following are
summaries of research activities for each of the subprojects that have occurred to date.
Influence of Extreme Climatic Variability and Drought on Habitat and Forage Selection
of Desert Bighorn Sheep
James W. Cain III, USGS CRU New Mexico Cooperative Fish and Wildlife Research Unit
Problem statement and implications: We were studying the impacts of drought on desert
bighorn sheep on the Cabeza Prieta National Wildlife Refuge in southwestern Arizona from
2002-2005. This period spanned the range of variability in the climatic conditions in the
Sonoran Desert and ranged from the worst drought on record for the area, through periods of
average precipitation and ending during a wet period. This fortuitous timing, allowed us to
collect GPS collar data from over 30 female desert bighorn sheep, data on the seasonal
nutritional content of key forage plants, availability of forage plants obtained from vegetation
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surveys in foraging areas, and fecal samples from which we were able to determine dietary
items.
Goals and objectives: We are using this data to assess the responses of desert bighorn sheep
to the severe drought observed in 2002. The specific objectives are to investigate: 1) seasonal
habitat selection patterns across widely differing climatic periods to determine if desert
bighorn sheep use certain habitat features and or behavioral mechanisms to cope with
extreme drought; 2) changes in diet selection across climatic periods to determine which
forage species are used a buffer resources to maintain populations during droughts; 3)
nutritional intake resulting from dietary shifts across climatic periods; and 4) whether desert
bighorn sheep can maintain water and nutrient balance (particularly during the hottest, driest
periods and during drought) without free-standing water.
Project activities during reporting period and current status:
Data analyses for objectives 2-4 have been completed. A draft manuscript for objectives 3
and 4 was submitted to PlosOne for publication. A draft manuscript for objective 2 is almost
completed and will be submitted for publication by the end of 2015. We have completed
organizing data to address objective 1; habitat selection modeling will begin in November
2015.
Approach
Objective 2-3
We collected key forage samples seasonally and analyzed them for nutrient and moisture
content and simultaneously collected fecal pellet samples to assess diet composition and
sampled foraging plots to estimate forage availability. We then estimated forage selection
using a modified Jacob’s D index. Our objectives were to: 1) investigate how precipitation
variability influences forage nutritional quality; 2) assess changes in diet breadth and forage
selection in response to precipitation-induced shifts in forage quality; and 3) estimate the
relationship between forage selection and specific nutritional limitations across widely
varying precipitation conditions. We assessed seasonal changes in three nutritional
parameters (nitrogen, energy, moisture) across a four-year period spanning extreme drought,
normal precipitation and ending in a wet period. We then modeled diet selection as a function
of nitrogen, energy content (indexed by dry matter digestibility) and forage moisture content
to assess the potential shifts in nutrient limitations in desert bighorn sheep across seasonal
and precipitation periods.
Objectives 3 and 4
We compared two desert bighorn sheep populations in southwestern Arizona, U.S.A.: a
treatment population with supplemental water removed, and a control population (access to
supplemental water). We examined whether sheep altered their seasonal diets without
supplemental water. We collected key forage samples seasonally and analyzed them for
nutrient and moisture content and simultaneously collected fecal pellet samples to assess diet
composition. We determined water and nutrient balance for non-reproductive females,
reproductive females and males. Forage intake rates and nutritional requirements were
obtained from studies on captive desert bighorn sheep. We calculated water and nutrient
intake and metabolic water production from dry matter intake and forage moisture and
nitrogen content, to determine whether sheep could meet their seasonal daily water and
nutrient requirements solely from forage.
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Results
Objective 2
 Succulents were consistently high in moisture but low in nitrogen content. Shrubs
were in variable nitrogen and moisture content across seasons and climatic periods.
Trees had generally high and consistent nitrogen and moderate but consistent
moisture content. There was little variation in energy content as indexed by dry matter
digestibility.
 Nitrogen (i.e., protein) content and moisture were more strongly associated with
forage selection than energy content. Unlike north-temperate ungulates which are
typically energy limited, protein and moisture are likely more nutritionally limiting
for desert bighorn sheep than digestible energy.
Objectives 3 and 4
 Diets of sheep were higher in nitrogen (all seasons) and moisture (autumn and winter)
during treatment compared to pretreatment.
 During treatment, sheep diet composition was similar between the treatment and
control populations, which suggests that under the climatic conditions of this study
water removal did not influence sheep diets.
 We estimated that under drought conditions, without any perennial surface water
available (although small ephemeral potholes would contain water after rains), female
and male sheep would be unable to meet their daily water requirements in all seasons,
except winter.
 We determined that sheep could achieve water and nutrient balances in all seasons by
shifting their total diet proportions by 8–55% from lower to higher moisture and
nitrogen forage species.
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Impact of Drought on Southwestern Pronghorn Population Trends and Predicted
Trajectories in the Southwest in the Face of Climate Change
James W. Cain III, USGS CRU New Mexico Cooperative Fish and Wildlife Research Unit
Problem statement and implications: Many pronghorn populations across the Southwest
appear to be declining. In response, managers are applying various techniques in attempts to
increase pronghorn numbers often without a clear understanding of the causes of these
declines. Some population declines have been associated with drought conditions resulting in
reduced forage quality and quantity impacting survival of adults and fawns. Various climate
change models predict warmer and drier conditions, which is likely to exacerbate future
drought-related population declines, forcing managers to make some difficult decisions
regarding the long-term viability of their management practices and the persistence of some
pronghorn populations in the Southwest.
Goals and objectives: In this study our aim was to: 1) determine the extent of pronghorn
decline in the Southwest; 2) identify climatic factors which best predict these declines; and 3)
use downscaled climate forecast data to project how climate change may effect pronghorn
population dynamics to the end the of the century.
Project activities during reporting period and current status The analyses have been
completed and the resulting manuscript was published in Ecosphere in October 2015.
Gedir, J.V., J.W. Cain III, G. Harris, and T.T. Turnbull. 2015. Effects of climate change on
long-term population growth of pronghorn in an arid environment. Ecosphere 6: art 189.
Approach
Long-term data from annual aerial surveys of 18 pronghorn populations from Arizona, New
Mexico, Utah and Texas were analyzed (Table 1). Annual rate of population growth (λ) was
calculated as the response variable. When population-specific harvest and translocation data
were available, population estimates for calculating λ were adjusted according to the
following equation:
λt =

𝑁𝑡

(1)

𝑁𝑡−1− ℎ − 𝑟 + 𝑎

where λt is population change from time t-1 to t, Nt and Nt-1 are population estimates from
current and previous surveys, respectively, h is number of pronghorn harvested, and r and a
are number of individuals removed from and released into the population, respectively,
through translocations. With the exception of south-central New Mexico, population-specific
harvest and translocation data were not available, and thus, were unaccounted for in these
models.
Climate Data
Monthly climate data (precipitation [mm/day] and mean temperature [°C]) were derived from
historical and future simulations from the World Climate Research Programme’s Coupled
Model Intercomparison Project phase 5 (CMIP5) Global Climate Models (GCM) subset from
the National Center for Atmospheric Research Community Climate System Model version 4
(Maurer et al. 2014). Comparisons of GCM historical simulations with observations often
show biases, which may vary by location and/or season. A monthly bias-correction and
spatial disaggregation (BCSD) statistical downscaling technique was used to correct for such
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biases (Wood et al. 2004; Maurer 2007). Model evaluations demonstrated that results from
downscaling algorithms were in good agreement with observations, with precipitation and
average surface temperature biases of ±0.04 mm/day and ±0.05°C, respectively, for all values
for all time steps and grid cells (Brekke et al. 2013). The aim was to compare two realistic
future global climate situations; an optimistic lower atmospheric CO 2 concentration (ACDC)
scenario and a pessimistic high ACDC scenario. Therefore, our climate projections were
modeled with data derived from the BCSD CMIP5 Representative Concentrations Pathways
(RCP) 4.5 and 8.5 (Moss et al. 2010; van Vuuren et al. 2011). These scenarios attempt to
account for external factors that have affected climate in the past, since GCMs calculate their
own internal patterns of natural variability. The RCP8.5 pathway represents a comparatively
high ACDC scenario of continued global dependency on fossil fuels, whereby ACDC
approaches 2.5 times current levels by 2100 (Riahi et al. 2011). The RCP4.5 pathway
represents a lower ACDC scenario, whereby there is an increase of about 60% in ACDC by
mid-century, followed by a decline to near 1990 levels by 2100 (Thomson et al. 2011).
A drought index was also tested as an additional measure of precipitation for predicting
pronghorn population dynamics; Standardized Precipitation Index (SPI; Guttman1999). The
SPI represents the number of standard deviations that observed cumulative precipitation
deviates from the long-term climatological average. SPI for 3-, 6-, 12-, and 24-month periods
were calculated from all available monthly precipitation data in the BCSD CMIP5 climate
dataset using program SPI SL 6 (National Drought Mitigation Center 2014).
Monthly mean temperature, total precipitation, and mean SPI (3-, 6-, and 12-month periods)
were summarized by important periods in an adult female’s annual reproductive cycle relative
to peak fawning (i.e., early, mid-, and late gestation [3 months each] and lactation [4
months]). Peak pronghorn fawning is usually over three weeks during the early growing
season, with the majority of births occurring within a ten day period (Autenrieth and Fichter
1975). In our study area, fawning peaks in mid-April in southern Arizona, in mid-May in
northern Arizona and Texas Trans-Pecos, and in late May in Utah, New Mexico, and Texas
Panhandle (Buechner 1950; Larsen 1964; Canon 1993; Ticer et al. 2000; Miller and Drake
2006; J. Weaver pers. comm., A. Aoude pers. comm.). Mean temperature and total
precipitation were also calculated for 12 and 24 months preceding each population survey.
Climate data were summarized over several time periods (overall and in relation to
reproductive seasons) to increase the likelihood of using climate covariates with the highest
predictive power when projecting populations (see next section). All data were scaled prior to
analysis by subtracting the mean and dividing by standard deviation (Gelman and Hill 2007).
Population Models
Bayesian inference was used to estimate parameters from regressions using a Markov-Chain
Monte Carlo (MCMC) technique by creating models in R 3.0.2 (R Core Team 2013) and
running them in OpenBUGS 3.2.3 (Lunn et al. 2009) using R2OpenBUGS (Sturtz et al.
2005). An information-theoretic approach was used, whereby competing models were ranked
by their deviance information criterion (DIC, Spiegalhalter et al. 2002).
All models included a covariate for density effect (i.e., population in the previous year).
Precipitation and temperature model comparison sets were run separately, and each model set
included a null model. These top individual precipitation and temperature covariates were
then combined in models (i.e., one precipitation and temperature covariate per model), and
these combined models were run including a term for the interaction between precipitation
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and temperature (Eqn. 2). Competitive models (with precipitation and temperature alone or in
combination) had ΔDIC ≤ 2 from the model with lowest ΔDIC.
ln(λt) = β0 + β1XN[t-1] + β2Xprec + β3Xtemp + β4Xprec*temp

(2)

In an effort to maximize predictive power when making pronghorn population projections,
the combined model (or in some cases, single climate covariate model) with the lowest DIC
was selected to embed in the projection model. The selected model was then run with the
corresponding projected climate data derived from the BCSD CMIP5 RCP4.5 and RCP8.5
datasets to predict λt. Annual pronghorn population sizes to the year 2090 were then projected
with λt using an integrated modeling approach (Schaub and Abadi 2011), whereby population
projections were generated concurrently with climate parameter estimates and λt, such that
uncertainties from these estimates were propagated into the projections. Population
projections were made in the absence of any management intervention (e.g., harvest or
translocation) and assume that pronghorn peak fawning periods will not significantly shift in
response to climate change.
Results
 Sixteen populations demonstrated a significant relationship between precipitation and λ,
and in 13 of these, temperature was also significant. Precipitation predictors of λ were
highly seasonal, with lactation being the most important period, followed by early and
late gestation (Table 2). The influence of temperature on λ was less seasonal than
precipitation, and lacked a clear temporal pattern.
 The climatic projections indicated that all of these pronghorn populations would
experience increased temperatures, while the direction and magnitude of precipitation had
high population-specific variation.
 Models predicted that nine populations would be extirpated or approaching extirpation by
2090. Results were consistent across both atmospheric CO2 concentration scenarios,
indicating robustness of trends irrespective of climatic severity (Figure 1).
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Table 1. Modeled pronghorn populations in the southwestern United States.
Population
Survey Population Range Area Population
Perioda
(km2) Change
(%)b
Utah
Northwest
West
East
Southeast
South-central

1977-2011
1978-2013
1977-2013
1977-2013
1977-2013

64-584
130-2034
133-929
49-197
512-2232

779
5,425
1,884
420
911

-68
+58
-28
-44
-12

Arizona
Northwest
Central
East-central
Southeast - N10
Southeast - S10

1976-2013
1961-2013
1961-2013
1961-2013
1961-2013

74-619
1,663-5,802
391-2,808
29-314
13-420

3,816
22,355
13,714
1,365
1,044

-34
-55
-27
-69
-50

New Mexico
Northeast
East
East-central
West-central
South-central
Southwest

1992-2008
1985-2009
1980-2005
1993-2011
1994-2014
1990-2011

1,327-2,828
64-239
90-423
210-576
49-506
86-240

797
816
384
802
1,469
469

-27
+99
-38
-15
-80
-33

Texas
Trans-Pecos
1977-2013
2,751-17,226 21,780
-79
Panhandle
1977-2013
2,568-12,809 45,334
+324
a
Population surveys conducted in summer in Arizona and Texas, in spring
in New Mexico, and in winter in Utah. New Mexico switched to summer
composition surveys in 2010. Utah switched to spring surveys in 2009.
b
Period from early 1990s to start of population projections.
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Table 2. Climate predictor regression equations used to project pronghorn populations, derived from historic climate
data and pronghorn population surveys.
Population

na

Regression equations for projectionsb

Utah
Northwest
West
East
Southeast
South-central

19
22
23
36
33

ln(λt) = 0.04 – 0.18XN[t-1] + 0.14XSPI03EG – 0.06XTempLG
ln(λt) = 0.07 – 0.06XN[t-1] + 0.09XSPI03MG – 0.13XTempMG
ln(λt) = 0.16 – 0.09XN[t-1] + 0.06XSPI12Lac – 0.10XTempAnn12
ln(λt) =–0.04 – 0.19XN[t-1] + 0.11XPrecLac – 0.07XTempAnn12
ln(λt) = 0.29 – 0.12XN[t-1] + 0.06XSPI12Lac

Arizona
Northwest
Central
East-central
Southeast - N10
Southeast - S10

37
53
52
48
48

ln(λt) = 0.04 – 0.08XN[t-1] – 0.08XSPI03Lac + 0.06XTempAnn12
ln(λt) = 0.13 – 0.09XN[t-1] + 0.03XPrecLG + 0.04XTempMG
ln(λt) = 0.19 – 0.13XN[t-1] + 0.02XSPI03Lac – 0.04XTempAnn24
ln(λt) = 0.06 – 0.09XN[t-1] + 0.07XSPI06Lac – 0.05XTempLG
ln(λt) = 0.06 – 0.11XN[t-1] + 0.14XSPI06Lac + 0.10XTempEG

New Mexico
Northeast
East
East-central
West-central
South-central
Southwest

17
17
17
14
19
18

ln(λt) = –0.02 – 0.07XN[t-1] + 0.08XPrecLG + 0.09XTempEG
not significant
ln(λt) = –0.04 – 0.51XN[t-1] + 0.21XSPI03EG
not significant
ln(λt) = –0.12 – 0.28XN[t-1] + 0.17XSPI06Lac – 0.27XTempEG
ln(λt) = –0.01 – 0.18XN[t-1] + 0.14XPrecLG

36

ln(λt) = 0.02 – 0.14XN[t-1] + 2.8XPrecLac + 0.14XTempAnn24
– 2.8XPrecLac*TempAnn24

Texas
Trans-Pecos

Panhandle
36
ln(λt) = 0.09 – 0.01XN[t-1] + 0.14XSPI12EG + 0.08XTempLac
Number of years modeled.
b
Covariates used in population projection models: N[t-1] = population estimate in
previous year (density effect); SPI03EG = Standardized Precipitation Index (SPI)
over 3 months for early gestation; TempLG = mean temperature during late
gestation; SPI03MG = SPI over 3 months for mid-gestation; TempMG = mean
temperature during mid-gestation; SPI12Lac = SPI over 12 months for lactation;
TempAnn12 = mean temperature over 12 months prior to population survey;
PrecLac = total precipitation during lactation; SPI03Lac = SPI over 3 months for
lactation; PrecLG = total precipitation during late gestation; TempAnn24 = mean
temperature over 24 months prior to population survey; SPI06Lac = SPI over 6
months for lactation; TempEG = mean temperature during early gestation; SPI12EG
= SPI over 12 months for early gestation; TempLac = mean temperature during
lactation.
a
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Figure 1. Pronghorn population projections to 2090 under high (RCP8.5; black lines) and lower
(RCP4.5; grey lines) atmospheric CO2 concentration scenarios for 16 pronghorn populations in
the southwestern United States. Solid lines represent estimated median populations and dashed
lines represent 2.5% and 97.5% credible intervals. See Table 1 for regression equations used in
these models to project populations.
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Drought Effects on Habitat and Stream Connectivity of Rio Grande Cutthroat Trout
Conservation Populations
Colleen A. Caldwell, USGS CRU New Mexico Cooperative Fish and Wildlife Research Unit
Problem statement and implications: Rio Grande cutthroat trout (RGCT), the southernmost
subspecies of cutthroat trout, is endemic to the Rio Grande, Canadian, and Pecos River basins of
Colorado and New Mexico. The subspecies is currently restricted to approximately 12% of its
historic range with most populations occupying isolated high elevation headwater streams (Alves
et al. 2008). A recent status review found that listing of the subspecies under the Endangered
Species Act of 1973 was no warranted (U.S. Federal Register 2014). The status review listed
climate change as a major threat to the subspecies future persistence. Although the majority of
studies examining the negative effects of climate change on salmonid species have focused on
changes in stream temperatures, future decreases in precipitation are expected to profoundly
affect RGCT because the majority of populations occupy streams that are small (Zeigler et al.
2013) and highly fragmented (Alves et al. 2008).
A monitoring program of stream temperature and summer baseflow of a subset of RGCT
populations was initiated in 2010. Although the majority of RGCT populations occupy
thermally stable habitat, a large portion of these populations occupy small streams with
extremely low summer baseflow (less than 1.0 cubic foot per second, cfs; Zeigler et al. 2013).
From 2010 through 2013, low winter snowpack and reduced seasonal precipitation across the
subspecies’ range resulted in baseflows well below 1.0 cfs, with extended reaches of streams
becoming dry (Zeigler and Todd, personal observations). As a result of this widespread stream
intermittency, a Stream Temperature Intermittency and Conductivity logger (STIC) was
developed to document the duration of stream intermittency in populations of RGCT (Chapin et
al. 2014). Funding from the National Climate Change and Wildlife Science Center (NCCWSC)
provided an opportunity to develop and deploy these loggers to assess the impacts of extended
drought on a sensitive coldwater fish species.
Interim Results of 2015 Reporting Period: Stream Temperature Intermittency and
Conductivity loggers (n=54) were deployed May 2013 throughout 29 RGCT populations and
retrieved September 2014 (Table). Rio Grande cutthroat trout populations were selected based
on stream size, baseflows less than 0.5 cfs, and previous evidence of intermittency. Precipitation
was at or above normal throughout monitoring in 2014. Analysis of the data retrieved by the
STICs revealed that none of stream reaches experienced intermittent stream flow. The STICs
were not returned to the streams for intermittency monitoring a second year because the stream
temperature monitoring program that was initiated in 2010 was terminated.
An important caveat of this research is that while RGCT populations may not experience
intermittency during average to above average precipitation years, very little is known of their
vulnerability during below average precipitation years. Additional research is needed that
describes the effects stream intermittency may have on the vital demographics (growth,
recruitment, health) of RGCT populations.
Status and Final Products: A final report is near completion and will summarize five years of
stream and air temperature throughout the subspecies range. A peer-refereed publication
(Chapin et al. 2014) describing the development and utility of the STIC technology was
published.
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Table 1. Streams throughout New Mexico and Colorado with populations of Rio Grande
cutthroat trout streams where 54 Stream Temperature, Intermittency and Conductivity
logger (STICs) were deployed August 2013 and retrieved September 2014.
Stream Name
Population ID
Basin
Number of STICs
McCrystal Creek
11080002cp001
Cimarron
3
Middle Ponil Creek
11080002cp003
Cimarron
1
E. F. Luna Creek
11080004cp001
Mora
2
Cat Creek
13010002cp002
Alamosa-Trinchera
3
Jim Creek
13010002cp005
Alamosa-Trinchera
1
Torcido Creek
13010002cp009
Alamosa-Trinchera
1
Torcido Creek
13010002cp010
Alamosa-Trinchera
1
Deep Creek
13010002cp012
Alamosa-Trinchera
1
West Indian Creek
13010002cp015
Alamosa-Trinchera
1
Wagon Creek
13010002cp016
Alamosa-Trinchera
1
Sangre de Cristo Creek
13010002cp016
Alamosa-Trinchera
5
East Pass Creek
13010004cp002
Saguache
1
Jacks Creek
13010004cp003
Saguache
1
Cross Creek
13010004cp003
Saguache
1
M. F. Carnero Creek
13010004cp007
Saguache
4
N. F. Carnero Creek
13010004cp008
Saguache
4
Prong Creek
13010004cp011
Saguache
1
Cave Creek
13010004cp012
Saguache
1
Tio Grande
13010005cp002
Conejos
1
Tanques Creek
13010005cp003
Conejos
1
Rio Nutrias
13010005cp004
Conejos
2
Powderhouse Creek
13020101cp004
Upper Rio Grande
3
La Queva Creek
13020101cp005
Upper Rio Grande
1
Grassy Creek
13020101cp006
Upper Rio Grande
1
Comanche Creek
13020101cp006
Upper Rio Grande
2
Vidal Creek
13020101cp006
Upper Rio Grande
1
Rito de las Palomas
13020202cp002
Jemez
3
Rito de los Pinos
13020204cp002
Rio Puerco
1
Osha Canyon
13020101cp024
Upper Rio Grande
3
Pinelodge Creek
13060005cp001
Arroyo del Macho
2
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Effects of Climate on Scaled Quail Reproduction and Survival
Scott Carleton, USGS CRU New Mexico Cooperative Fish and Wildlife Research Unit
Problem statement and implications: Across the southwestern U.S., long-term declines in
populations of scaled quail and contraction of their range-wide distribution have caught the
attention of avian ecologists (Cantu et al. 2006). One of the factors hypothesized as a primary
cause of this decline is a long-term trend in warmer, drier conditions and reduced monsoonal
rainfall across their range. The mechanism believed to be driving this trend is declining nest
success due to temperature and humidity levels above a critical threshold for egg and chick
survival. While habitat loss cannot be discounted as a possible driver, areas managed specifically
for scaled quail in western Texas have seen similar losses in population numbers across the same
time frame indicating that these reductions are independent of habitat related factors (Rollins
2000). Coupled with climate models forecasting shifts in the arrival of summer monsoon rains
away from the critical reproductive periods of June and July (Cook and Seager 2013), the longterm forecast for scaled quail response to decreased rainfall and higher temperatures is bleak.
Scaled quail are considered to be a key indicator species of the health of the habitats they occupy
across the southwest and are frequently used to assess the success of restoration projects
undertaken by federal and state agencies (Coffman 2012). We propose to use this species to
study climate effects (temperature, humidity, and precipitation) preceding, during and following
the nesting season with a primary focus on how these climate variables affect nest success.
Goals and Objectives: Our primary objective are to measure nest and brood success in different
populations across their range and determine if nest success is related to temperature and
humidity measurements during the incubation period in nests using ibutton technology. This
project could be expanded in future years if funding becomes available to compare
presence/absence of scaled quail on White Sands Missile Range (where habitat condition is
driven by only climate variables because grazing has not occurred in over 50 years) using
drought indices to determine if measures of precipitation, temperature and humidity can predict
scaled quail abundance.
Project activities during reporting period and current status: For the 2014 and 2015
breeding season we deployed temperature (ibuttons) and humidity loggers in scaled quail nests in
New Mexico. We have collected and analyzed the data from nests from the 2014 nesting season
and are completing data analysis for the 2015 field season.
Results (2014-2015)
Precipitation patterns during the growing season in 2014 were characterized by little to no
precipitation in May or June; precipitation began in July and continued through the end of the
breeding season in October (Figure 1). In contrast, precipitation was higher during the 2015
breeding season, peaked earlier, and continued to remain high through the end of the breeding
season (Figure 1). In 2015, the earlier arrival of rains resulted in earlier initiation of nesting
relative to 2014 (Figure 2). This indicates that in both seasons, nesting was timed with the arrival
of monsoon rains whether they began May or July. Interestingly, the brooding season that began
one month earlier in 2015 than 2014 also ended a month early despite continued high
precipitation in September and October (Figure 3). Pairs with successful chicks did not nest a
second time within the same breeding season. Presumably, the earlier and increased rainfall
15

caused a concomitant increase in brood success throughout the season. While broods were
present in October 2014, the end of the brooding season in September 2015 indicate some factor
that limits the overall duration of breeding effort in scaled quail. Specifically, if breeding begins
early it ends early and vice versa. The timing and duration of the nesting season highlights the
temporal plasticity this species in response to temporal patterns of precipitation in the
Chihuahuan Desert.
In addition to tracking and monitoring nests and broods, we quantified nest and brood survival
for 2014 and 2015 breeding seasons using the software program MARK. In 2014, our
preliminary estimates of weekly and seasonal nest survival rates were 98% and 65%,
respectively. In 2015, preliminary estimates of weekly and seasonal nest survival rates decreased
to 96% and 34%, respectively. Although the number of nests we observed increased from 19 in
2014 to 39 in 2015, we observed much higher rates of nest failure in 2015. Two possible
mechanisms may explain this result. In 2014, 18 of 19 nests were constructed at the base of
honey mesquite (Prosopis glandulosa) and creosote (Larrea tridentata) bushes concealed by a
dense layer of grasses. In 2015, all of our nests were constructed in dense stands of tobosa grass
(Pleuraphis mutica). It is possible that nest site location alone led to increased predation rates of
the hen. Alternatively, the role of precipitation, humidity, and temperature between shrub and
grassland nest sites could have negatively impacted nests in 2015. Data analyses of these
alternate hypotheses are still ongoing.
Preliminary analysis of nest survival using precipitation only as a covariate in 2014 and 2015
showed model uncertainty between both the null and the precipitation model, but there was
support for the precipitation model in both years (Table 1). We are currently exploring more
complex models incorporating both temperature and humidity climate variables from data
obtained by the ibuttons and vegetation covariates such as grass density and visual obstruction
rates to explain nest fate. For 2014, there was broad support for models that included all
temperature and humidity covariates and vegetation related covariates. We are finalizing data
collection for 2015 and anticipate final data analysis in late spring 2016. Additional analysis will
include similar survival analysis of brood data and comparisons with nest survival for both years.
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Table 1. Comparison of a null and precipitation only model for 2014 and 2015 reveals a large
amount of model uncertainty and support for a variety of factors affecting nest survival.

AICc

∆ AICc

AICc
Weight

Model
Likelihood

K

Deviance

2014
Precipitation
Null

32.97
33.25

0.00
0.28

0.535
0.465

1.00
0.86

2
1

28.92
31.24

2015
Null
Precipitation

97.76
99.37

0.00
1.62

0.691
0.308

1.00
0.45

1
2

95.74
95.34

Model

Table 2. Comparison of 10 a priori models for 2014 revealed a large amount of model
uncertainty and support for a variety of factors, both climatic and vegetative, affecting nest
survival.
AICc
Model
Model
AICc
∆AICc Weight Likelihood K Deviance
Precipitation
Null
Minimum Temperature
Maximum Temperature
Minimum Humidity
Grass Density
Maximum Humidity
Visual Obstruction
p+maxh+maxt+gden
p+maxh+maxt+vor

61.95
61.88
61.96
62.16
62.32
63.41
63.57
63.72
67.16
67.31

0.00
0.18
0.26
0.46
0.63
1.72
1.88
2.03
5.46
5.61
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0.178
0.162
0.156
0.141
0.129
0.076
0.070
0.066
0.012
0.011

1.000
0.912
0.877
0.794
0.730
0.424
0.391
0.362
0.065
0.061

2
1
2
2
2
2
2
2
5
5

57.65
59.86
57.91
58.11
58.28
59.37
59.53
59.68
56.93
57.08

Figure 1. Average precipitation (mm) during the breeding season in New Mexico during 2014
and 2015. In 2014, monsoonal rains began in July and increased through October. In 2015,
monsoonal rains began in May and continued to increase throughout the breeding season.
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Figure 2. Nest success in 2014 (A) and 2015 (B) varied considerably, but appeared to increase in
2014 and decrease in 2015 as the breeding season progressed. Most notably, the breeding season
begin earlier in 2015 than 2014 in response to an earlier start to the monsoon season.
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Figure 3. In 2014 (A), brood survival increased during the breeding season and no brood failures
were observed in September and October. In 2015 (B), brood survival, showed a similar pattern
with increasing survival as the breeding season progressed. In 2014, the brooding season began
one month later than 2015 but ended one month earlier in 2015 than 2014 despite continued high
precipitation amounts.

20

Literature Cited
Rollins, D. 2000. Status, ecology and management of scaled quail in West Texas. Proceedings of the National Quail
Symposium 4:165-172.
Cantu, R., D. Rollins, and S. Lerich. 2006. Scaled quail in Texas: their ecology and management. Texas Parks and
Wildlife Department.
Cook, B. and K. Seager. 2013. The response of the North American Monsoon to increased greenhouse gas forcing.
Journal of Geophysical Research 118:1690-1699.
Coffman, J.M., B.T. Bestelmeyer, J.F. Kelley, T.F. Wright, and R.L. Schooley. Grassland restoration practices
create novel savanna conditions that have positive effects on breeding bird communities in the Chihuahuan
Desert. In review

21

