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Summary 
 
This report summarizes information on the status, richness, abundance, and habitat use of birds 
on and around the Northern Jaguar Reserve (NJR) in east-central Sonora, Mexico based on 
surveys spanning four seasons over 13 years (2007-2019). In 2018 and early 2019, we surveyed 
birds along up to 18 transects in each of four seasons for the first time since 2012, quantified 
variation in vegetation community cover, vegetation structure, and habitat resources along 
survey transects, and evaluated data gathered since 2007 at a much finer level of detail than 
during past efforts. This effort focused on assessing patterns of seasonal abundances of birds, 
inter-annual variation in abundance within each season based on three years of repeated counts, 
habitat relationships, and implications for management and conservation of birds and their 
habitats. Since initial surveys in spring 2007 by the late Dr. Peter Warshall, we have observed 
220 species of birds on the NJR or ~41% of species known to occur in Sonora and ~21% of all 
species known in Mexico, indicating the remarkable biodiversity of this region. Recent efforts 
revealed five new bird species on the NJR including the northernmost records in the world of 
Lesser Roadrunner and Rufous-bellied Chachalaca. We also documented an increasingly large 
number of new winter resident species of birds found at the northern ends of their winter ranges, 
changes that may have been driven by marked increases in temperatures linked to climate 
change.  
 
In regards to seasonal variation in abundances, bird communities varied widely among seasons 
with patterns characterized by an influx of migratory species dominated by flycatchers, vireos, 
and warblers in spring and again in late summer and fall some of which likely remain in winter 
but differed widely from communities of summer residents. Based on more reliable data from 
2007 and 2011, overall bird densities were roughly 50% higher during summer than in other 
seasons when a relatively small number of summer resident species are found at remarkably high 
densities. In regards to inter-annual variation in seasonal relative abundances over three different 
years, variation in estimates for all individuals combined and many species were lowest in 
winter, especially for permanent residents, suggesting fairly high levels of population stability. In 
spring and fall, however, inter-annual variation in abundances was greater with significant 
differences observed for as many as 14 of 20 species in spring and patterns often suggesting 
increases in 2018 relative to past years. In the important summer breeding season, however, most 
species showed much greater evidence of inter-annual variation, but major inconsistencies in 
walking speeds by two observers that completed summer 2018 work likely biased estimates. 
Walking speeds during summer 2018 surveys were ~2-times faster than in past summers, 
resulted in ~2-times fewer bird encounters, and observers ended surveys roughly 1.5-2 hours 
earlier than that in past summers. In regards to bird-habitat relationships, palms and broadleaf 
deciduous vegetation were important substrates for birds with use rates that far exceeded 
availability; use of palms by orioles and woodpeckers, for example, was ~6-10 times greater than 
availability. Relative abundances of all bird species combined increased markedly with cover of 
mesic riparian vegetation, and species richness also increased with cover of this community and 
with cover of oak woodland and tropical deciduous forest, but decreased with cover of montane 
scrub. At finer scales, both relative abundances and species richness in spring and species 
richness in winter increased with presence of surface water, which is often rarest in these seasons 
at sites in the interior. In general, abundances and/or richness increased with structure (e.g., 
cover and height) of riparian shrub vegetation in winter, both riparian shrub and mid-story 
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structure in spring and to some extent in fall, whereas in summer both short- and especially tall-
tree structure in riparian areas and overall upland structure were the most important drivers of 
abundances.  
 
In regards to management and conservation implications, preserving, enhancing, and restoring 
riparian areas dominated by broadleaf deciduous vegetation can help promote overall bird 
abundance and richness across seasons, but areas with high degrees of upland structure are also 
important targets especially for breeding birds. To promote bird species richness, acquiring and 
protecting areas that also support oak woodland and tropical deciduous forest, which are rarer in 
the region and largely limited to higher elevations and the best developed stands of foothills 
thornscrub on the NJR, respectively, can also help promote bird, landscape, and biodiversity 
preservation. At finer scales, conserving and augmenting key habitat and vegetation resources 
such as palms and other substrates that support both cavities and other safe sites for nesting, and 
areas with surface water are good targets for managers. These goals can be achieved by planting 
and protecting young palms, especially in areas where they are rare, and by repairing, securing, 
and constructing gabions, represos, and other water features and retention structures, which may 
also help enhance habitats for other wildlife.  
 
Future work should explore more detailed population- and guild-specific analyses of habitat use 
by both common and less common species, which is possible with data already gathered. I also 
recommend surveying transects in summer 2021 to address bias and uncertainty issues present in 
2018 data and motivate future monitoring. Once more than three years of data are available 
within each season, explicit assessment of population trends will be feasible and can be 
estimated with more detailed methods. Information on population trends and impacts of local 
management and conservation efforts on wildlife are fundamental questions for NJP and many 
other conservation organizations that manage conservation lands. Birds are excellent foci for 
such monitoring efforts because they are reliable surrogates of specific habitat resources and 
conditions and linked to broad biodiversity values and key ecological functions. Hence, 
continued and ongoing monitoring of birds can help evaluate the degree to which conservation 
and management efforts by NJP are working, and help fill major current gaps of knowledge.  
 
 
Introduction 
 
In 2003, Northern Jaguar Project (NJP) and Naturalia A.C. began a binational partnership in 
northwest Mexico to conserve biodiversity and wildlife communities. These efforts focused on 
purchasing private lands for a conservation reserve in the western foothills of the Sierra Madre 
Occidental under the flagship of the northernmost breeding population of jaguars. With ongoing 
land acquisitions, the Northern Jaguar Reserve (NJR) has grown to nearly 60,000 acres, and 
collaborations with neighboring ranches now encompass an additional ~100,000 acres. This 
region has high conservation value to Neotropical migratory birds and other wildlife because it is 
remote, situated along the largest free-flowing rivers in western Mexico, and supports extensive 
riparian woodlands, which in these semi-arid environments provide important resources that 
have been highly degraded in adjacent lowlands. This area and the surrounding region are 
important stepping-stones for migratory birds and provide some of the northernmost wintering 
habitats in the Hemisphere (Flesch et al. 2015). The NJR is located near the northern extent of 
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subtropical vegetation in the Western Hemisphere, protects large areas of foothills thornscrub 
that is not represented in the federal conservation reserve system in Mexico, and is the only 
protected area for Neotropical migratory birds between federal reserves near Alamos ~200 miles 
to the south, and Ajos-Bavispe, the southernmost unit which is ~40 miles north in the Sierra 
Oposura. Through these efforts, NJP and current collaborators in Mexico are providing 
protection from vegetation clearing, cattle grazing, mining, and other ecological stressors.  
 
The long-term goal of this specific project is to conserve communities of breeding, wintering, 
and migratory Neotropical migratory and other birds and bird habitats on and around the NJR. 
To achieve this goal, we focused efforts on: 1) restoring degraded habitats, 2) prioritizing 
valuable habitats for birds for acquisition, protection, and management, 3) gathering information 
needed to guide these efforts, and 4) monitoring ecological indicators to assess results and refine 
efforts based on inferences. NJP endeavors to reach conservation goals by integrating social, 
educational, and economic considerations into outreach to local communities. By creating a core 
area for wildlife conservation in the western foothills of the Sierra Madre Occidental and an 
educated human population that is aware of local wildlife and knowledgeable about best 
management practices, broad conservation goals can be realized. 
 
 
Objectives and Scope 
 
This project included three primary activity areas that include a range of specific project 
elements that are summarized in NJP’s final report. This separate report focuses on objective 
two, which is linked to research and monitoring of Neotropical migratory and other birds and 
their habitats on the NJR. Generally, this objective endeavors to help guide NJP and 
collaborators in fostering the maintenance, management, protection, and restoration of birds and 
habitats across the region. More specifically, we sought to summarize information on 
spatiotemporal patterns in abundances of birds across a full spectrum of seasons, and assess 
species-habitat associations and key resources. Such information can guide managers and 
conservation planners in efficiently prioritizing both general environments (e.g., vegetation 
communities) and specific resources (e.g., vegetation height, plant species) on which to focus 
protection, enhancement, restoration, and other efforts at multiple scales. By applying data we 
have gathered since 2007 with that from recent efforts during the 2018-2019 project period, we 
proposed the following objectives: 1) continue to identify vegetation communities and specific 
vegetation and habitat resources that are important for Neotropical migratory birds at multiple 
scales based on quantitative techniques, 2) analyze monitoring data from each season across 
years to describe populations and communities and assess changes in status, and 3) assess how 
cattle exclusion has impacted Neotropical migratory birds and vegetation by re-sampling sets of 
treatment and control sites established under the last phase of this project (2013-2014).  
 
This report summarizes results of objectives one and two. Project collaborators Adam 
Hannuksela and Sallie Herman, who designed and started the grazing study in 2013-14 
(Hannuksela et al. 2014), did not initiate the work during the project period. This is because they 
found evidence of recent livestock grazing in cattle-exclusion plots at Las Testotas in April 2018. 
Cattle sometimes trespass onto the reserve often via access from the Rio Aros corridor. Here, 
fences are hard to maintain due to flooding, and are a persistent management challenges for 
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reserve staff given the remoteness of these areas. While I also observed some of the same signs 
of grazing in this area, impacts were limited and vegetation recovery since the ranch was 
incorporated into the NJR and cattle were removed around 2012-2013 was apparent in spring 
2018. Hence, if repeated, I suspect evidence of vegetation recovery and perhaps bird abundance 
would have been documented.  
 
 
Background and Past Efforts 
 
Western Mexico supports a diverse assemblage of avifauna that includes many regional 
endemics and communities that vary markedly in seasonal composition and structure (Friedmann 
et al. 1950, Miller et al. 1957, Schaldach 1963, Hutto 1980, Peterson and Navarro-Sigüenza 
2000). Most migratory songbirds that breed in the western U.S. and Canada during spring and 
summer, winter in more Neotropical environments in western Mexico (Cooke 1904, Fitzpatrick 
1980, Hutto 1985). Some of these same species and others that breed in the central and eastern 
U.S. molt in northwestern Mexico during an extended stopover period along fall migration routes 
while exploiting seasonally-abundant resources tied to summer monsoon (Rohwer et al. 2005, 
Pyle et al. 2009). A small number of these species can nest again in this region following 
breeding at more northern latitudes (Rohwer et al. 2009). These complex patterns of migration 
and broad concern over declines of Neotropical migratory birds (Martin and Finch 1995) are 
likely why most studies of birds in western Mexico focus during winter (Hutto 1980, 1992, 
Villaseñor-Gómez 2006, 2008) or fall (Pyle et al. 2009). In contrast, relatively fewer studies 
focus on the breeding (e.g., Flesch 2008, 2018) or migratory (e.g., Del and Butterfield 1999) 
periods, or span a full annual cycle of seasons across multiple years (e.g., Ornelas et al. 1993, 
Ramírez-Albores 2007, Flesch et al. 2015). Thus, data on bird abundance, distribution, and 
community composition are limited in many regions of western Mexico.  
 
In western Mexico, most information on bird communities is also from more populated 
accessible regions in west-central Mexico (Hutto 1980, 1992, Ornelas et al. 1993, Ramírez-
Albores 2007, Medina-Macías et al. 2010). Currently, there is little quantitative information on 
bird communities in the broad transition zone between tropical and temperate environments in 
northwest Mexico that are dominated by thornscrub and thornforest that occurs across much of 
the coastal plain of southern and central Sonora, northern Sinaloa, and the adjacent foothills of 
the Sierra Madre Occidental (Brown 1982,  Villaseñor-Gómez 2006). Because this region 
encompasses the northern range limits of many wintering Neotropical migratory birds and some 
breeding species with affinities to more tropical environments to the south, the northern range 
limits of some of these species are relatively poorly known. Information gathered during past 
phases of this project is filling these and other information gaps (Flesch 2010, Flesch et al 2015).  
 
In the state of Sonora, the general status and distribution of birds have been described at large 
spatial scales, but most information is qualitative and some regions have been visited only 
recently by naturalists (van Rossem 1945, Marshall 1957, Russell and Monson 1998, Flesch 
2008, 2018). In the deep canyons and rugged foothills of east-central Sonora near the NJR, 
information on birds was limited to descriptive accounts of notable species from spring 1978 
(Clark 1984), observations from the mountains east of Sahuaripa from spring 1984 (Russell and 
Monson 1998), surveys of raptors along rivers (Brown and Warren 1985, Brown 1988, 
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Rodríguez-Estrella and Brown 1990), and field notes on other species gathered during raptor 
surveys (Russell and Monson 1998). More recently, in July and August 2005, biologists from the 
University of Arizona and U.S. Geological Survey recorded 80 species of birds and described 
habitats along a 185 km stretch of the Río Aros below Natora and Río Yaqui above the 
confluence of the Río Sahuaripa (O’Brien et al. 2006). Those efforts and work by B. Brown and 
others provided a preliminary list of species in the region on and around the NJR. Hence, 
although birds are one of the better studied groups of vertebrates in Sonora, information from 
foothills thornscrub (FT) and the region on and around the NJR was rather limited, especially 
compared to than in other vegetation communities such as tropical deciduous forest and Madrean 
evergreen woodlands (Van Rossem 1945, Marshall 1957, Russell and Monson 1998, Molina 
Freaner and van Devender 2010, Flesch et al. 2016, Flesch 2018). Such patterns are surprising 
given FT is among the most dominant vegetation communities in Sonora and covers a broad 
transition zone between tropical and temperate environments in foothills and valleys between the 
coastal plain and Sierra Madre Occidental.  
 
To document the biodiversity of the newly created NJR and surrounding region, and help guide 
conservation, biologists began studying avifauna on the NJR in 2007 with support from the 
Neotropical Migratory Bird Conservation Act grants program. In April 2007, Dr. Peter Warshall 
and others visited several portions of the NJR and recorded 99 bird species including a variety of 
Neotropical migratory species (Warshall 2007). Between summer 2007 and spring 2012, myself 
and my collaborators assessed the status, distribution, abundance, and habitat use of birds across 
the NJR (Flesch 2008, 2009, 2010, Flesch et al. 2015). These efforts focused on describing 
seasonal changes in communities along a set of permanent transects placed in representative areas 
on the NJR. Transects were surveyed in winter, spring, summer, and fall during 2 or 3 years. More 
recently, in April and December 2011 and July 2012, Sky Jacobs and I surveyed birds along the 
Aros-Yaqui river corridor and in major tributaries beginning as high as Natora, Sonora. Our efforts 
focused on describing bird communities and environments in areas adjacent to the NJR to guide 
future reserve expansion and augment data on bird communities (Flesch and Jacobs 2013, Flesch 
et al 2015). Most recently, in spring or fall of 2011-2013, Sallie Herman and Adam Hannuksela 
(2013, 2014) studied molt-migrants and other birds, and grazing impacts on the NJR. Here, I 
synthesize information gathered since 2007 and couple it with efforts during all four seasons in 
2018-2019 from across the NJR, and address objectives described above.   
  
 
Methods  
 
Design: To assess bird communities on the NJR, we established 8 permanent transects in summer 
2007. Some transects included as many as 3 segments in varying environments, and each segment 
was considered an experimental unit in analyses. Transects ranged in length from 200 to 1,900 m and 
were placed in a broad set of representative environments on the NJR (see maps and details in Flesch 
2008, 2009, 2010). Transects followed drainage channels, trails, and narrow roads, and covered 
mainly riparian but also upland areas. Our goals were to sample bird communities in FT, oak 
woodlands and shrublands, grasslands, and various associations of riparian woodlands and forest 
across the NJR, but effort was not proportional to the coverage of each vegetation communities and 
focused on riparian zones. We used distance sampling (Buckland et al 2001) to sample bird 
communities along each transect, and surveyed transects during each of 4 seasons across 3 or more 
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years in 2007-2013. In 2011-2014, 4 additional transects were established in new areas using the 
same methods, and 6 of 18 permanent transects were surveyed in spring or fall during others efforts. 
Across all years and seasons this effort resulted in detection of >10,000 birds. In spring, summer, and 
fall of 2018, and winter of 2019, we resurveyed most transects across all 4 seasons, and some newer 
transects only in the same seasons they were surveyed in prior years for comparison. We then 
expanded our database to include all information gathered since 2007, re-checked past data to ensure 
accuracy, and entered some additional data from 2011 not included in the past datasets. During each 
visit, we recorded incidental observations of birds both on and away from transects to assess species 
richness and community composition at broader scales. 
 
To describe vegetation structure and composition along transects to assess important resources 
and habitats for birds, we implemented two strategies. First beginning in 2007, we noted the 
plant substrate that many individual birds that were detected visually were observed in during 
surveys. Second, in 2018, we measured coverage of each vegetation community within a broad 
set of specific and general categories and associations of vegetation (Warshall and Flesch 2013) 
and quantitatively described various attributes of vegetation structure and physiognomy using 
methods detailed below. Gross vegetation structure did not seem to vary across time and these 
measurements were focused on describing spatial variation among transects.  
  
For repeated sampling of birds across time, we defined 4 seasons on the basis of breeding and 
migratory phenology of species that occur in the region. Sampling during the summer monsoon 
was from 9-29 July (2007, 2008, 2018) when vegetation was in leaf, most species were breeding, 
and early fall migrants were beginning to arrive. Sampling during spring and fall were from 21 
March to 27 April (2010, 2011, 2018) and 12-28 September (2007, 2009, 2018), when many 
migratory species were moving through the region and some breeding species were beginning or 
completing breeding activity, respectively. Sampling during winter was from 1-9 January (2009, 
2010, 2019) with the exception of two surveys from river-focused efforts on 12 Dec. 2011, when 
birds that reside in the region during winter were present and early breeders (e.g. hummingbirds) 
were beginning courtship. We repeatedly surveyed transects up to 4 times between 21 March and 
27 April in spring 2011, whereas in other seasons only one visit per year was made to transects 
with a few exceptions due to inclement weather on initial surveys. Because peak movement 
times of some migratory species may not overlap surveys in spring or fall, estimates for these 
species at these times are likely biased low.  
 
Field Methods for Birds: To estimate bird abundance and occurrence, we used line transect 
methods with distance sampling (Buckland et al. 2001). To survey birds, we used a laser 
rangefinder to measure the minimum perpendicular distance from transect lines to the actual or 
estimated initial location of each individual bird or center of each pair or flock detected while 
slowly walking transects, stopped to record observations, and scanned dense vegetation as we 
surveyed. Because terrain was complex to navigate, we walked transects slowly to assure birds 
were observed while traversing rocks and uneven ground. Variation in walking speeds and 
survey styles may have contributed to bias in estimates, especially in summer 2018, which is 
addressed in detail below. For each detection, we noted the number of individuals, sex (if 
known), detection type (aural or visual), and behavior at the time of detection (singing, calling, 
drumming, flying, or silent). We surveyed from 30 min before local sunrise to approximately 5 
hrs after sunrise; surveys in spring, summer, and fall rarely exceeded 3 hrs after local sunrise 
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whereas those in winter typically began 1 hr after sunrise and continued for the next 4 hrs 
because bird activity was low during cold early mornings. We also recorded the start and stop 
times of each survey to gauge effort. To assess breeding status, we searched for nests and 
dependent young and observed bird behavior during and after surveys and while traveling on and 
around the reserve. North American Ornithological Atlas Committee (1990) standards were used 
to classify the status of each species as possibly, probably, or confirmed breeding, or as non-
breeding. To assess presence of nocturnal species, we broadcasted recorded calls of owls and 
nightjars at night on an opportunistic basis. Finally, after each survey we used data gathered 
while distance sampling and observations while walking back over transects, to estimates the 
total number of individuals, pairs, flocks of each species.  
 
Field Methods for Habitat: To describe local habitat use by birds, we noted the plant species (if 
known) or physiognomic life form (see below) that each individual bird was using when detected 
for most visual observations. To described vegetation structure and composition and other 
environmental features along transects, we measured a range of factors within 50 m of points that 
we spaced at 100 m intervals along the entire span of transects, then averaged measurements for 
each transect (see Appendix A). First, we estimated the cover of each major vegetation 
community in the following categories: desertscrub, foothills thornscrub, tropical deciduous 
forest, grassland, montane scrub, oak woodland, xeric-riparian dominated by microphyllous 
species, and mesic riparian dominated by broadleaf species. To estimate basal area of live woody 
trees at breast height, we used keyhole prisms. To estimate density of snags (>20-cm diameter at 
breast height), we used point-quarter methods (Cottam and Curtis 1956). To estimate vegetation 
height we visually estimated mean canopy height to the nearest meter in the tall- and short-tree 
layers in both riparian and upland areas, when present. To describe species composition, we 
estimated the proportion of total volume comprised by each dominant tree species in the tall- and 
short-tree layers in both riparian and upland areas. All proportions were estimated to the nearest 
10% when values were between 20-80% or to the nearest 5% otherwise. Finally, we noted the 
presence of surface water within 50 m of stations and computed the proportion of stations with 
water as in index of water availability along transects. 
 
Database Construction: I hired and trained a University of Arizona work-study student to assist 
with data entry and proofreading of data products. The student, Humberto Gurolla, was an 
undergraduate in the Wildlife Sciences program at UA and part of his work focused on learning 
birds of the region and about methods and tools used to study birds. Humberto completed an 
independent study and project for his Ornithology class using data from this project, and 
graduated with a Bachelor’s of Science in December 2019. His work entering and checking bird 
and vegetation data, involved >160 hours of effort. Following his work, I carefully checked all 
data against the original datasheets, confirmed presence of all surveys in the database, corrected 
species and other codes, tabulated additional missing data from 2011 and 2012, and computed 
survey times and distances covered during each sampling event using Google Earth. Effort 
preparing data sets during this project phase totaled nearly two months not including time spent 
on analysis or reporting. 
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Analyses  
 
Status:  To classify residency status, we used observations from the study area together with 
insights from published reports from Sonora and adjacent southern Arizona (Phillips et al. 1964, 
Russell and Monson 1998, Corman and Wise-Gervais 2005, Flesch 2008, 2018); some species 
we considered permanent residents may have different wintering and breeding populations. To 
supplement quantitative estimates of abundance, we classified abundance of each species as 
abundant (conspicuous and invariably seen), common (frequently encountered), fairly common 
(a few individuals or pairs observed), uncommon (present but may not be found in a day or two 
of observations), rare (present but rarely detected; often restricted to localized area), and sporadic 
(present only during some years) based on all observations in the study area (sensu Russell and 
Monson 1998). We also noted new species detected during the recent project phase and 
reevaluated seasonal status of all species detected in the past (Flesch et al. 2015) with new data, 
and described changes to add insights into community change. When assessing changes in 
breeding and residency status, we used data gathered during transect surveys and incidental 
observations from these and other efforts, which extended beyond these times and across a 
broader range of locations and elevations. 
 
Seasonal Variation in Abundances:  To quantify bird abundance, we used distance data and 
program DISTANCE (version 6.0; Thomas et al. 2010) to estimate the number of individuals, 
pairs, or flocks per ha of each species during each season. Distance analyses use frequency 
distributions of distance data to model a detection function that adjusts estimates of density for 
variation in detection probability (Buckland et al. 2001). To generate season-specific estimates of 
density, we stratified by season and considered a range of models for detection functions and two 
general modeling strategies. As a first strategy, we pooled data across seasons and fit a single 
detection function with conventional distance sampling procedure (CDS) in DISTANCE. As a 
second strategy, we allowed the scale of detection functions to vary with potential covariates 
other than distance that could affect the detection process with use of multiple covariates 
distance sampling (MCDS) in DISTANCE (Marques et al. 2007). As potential covariates, we 
considered season, number of individuals, sex, detection type, and behavior at the time of 
detection. To model the shape of detection functions, we considered uniform, half-normal (HN) 
and hazard-rate models in CDS and HN and HR functions in MCDS, and a range of potential 
expansion terms.   
 
Before analyses, we assessed histograms of distance data and established sets of cut-points (bins) 
to smooth histograms, and right truncated 0-8% of data. To select an appropriate set of covariates 
for each detection function, we fit a single model for each potential covariate and used forward 
selection based on Akaike’s Information Criterion (AIC) to assess models that included multiple 
covariates. To select a final model for each species, we used AIC to rank models, visually 
inspected the shapes of detection functions for highly ranked models to confirm reasonable fit, 
and used goodness-of-fit tests and estimates of precision to select the best model (Thomas et al. 
2010). We estimated density of 57 species and 2 species groups with ≥30 encounters between 
2007 and 2011; histograms of distance data for all species had adequate shapes to fit detection 
functions. Although, sections of some transects were not linear, the degree of curvature was too 
low to appreciably bias estimates (Hiby and Krishna 2001). To quantify the length of transects, 
we measured start and end coordinates of each transect with a global positioning system, plotted 
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coordinates on high resolution (<1 m) aerial photographs, and measured transect lengths in a 
geographic information system. Because populations that were present and available for 
sampling varied widely during fall and spring migration, whereas populations during summer 
and winter were largely resident and thus consistently available for sampling, we used different 
strategies to estimate density during each season. In fall and spring, we estimated maximum 
densities by considering only encounters and effort for the set of surveys during which we 
obtained maximum counts of each species across all eight transects combined. In summer and 
winter, we estimated average densities by pooling all encounters and effort for a species within 
each season among years. Although this approach reduced sample sizes during spring and fall, it 
addressed issues associated with using survey effort from times when some populations were not 
present or available for sampling. To estimate density of all bird species combined, we pooled 
data among species and visits within a season rather than using maximum counts. 
 
Density vs. Relative Abundance:  We compared estimates of density and relative abundance 
within and among seasons with data from the first five years of surveys to help guide analyses. 
We defined relative abundance as the number of individuals, pairs, or flocks encountered per 100 
m and used a similar estimation strategy as that for density. In summer and winter, we calculated 
the average number of encounters among all visits to each transect, and averaged these estimates 
across all transects combined. In spring and fall, we calculated maximum number of encounters 
by averaging estimates among transects. To assess relationships between density and relative 
abundance, we calculated correlation coefficients between estimates for each species during each 
season. We used multifactor ANOVA to estimate the average magnitude and direction of 
differences between estimates of density and relative abundance among species and seasons by 
fitting season as a fixed effect and controlling for potential covariates such as species that we fit 
as a random effect and number of encounters that we fit as a fixed effect. We used the following 
formula to calculate differences between density and relative abundance for each species:  ( -

) / × 100 where was estimated density and was estimated relative abundance. To 
assess whether differences between density and relative abundance equaled zero among species, 
we used t-tests. We reported all estimates ± 1 SE and used analytic methods in DISTANCE to 
estimate variance. These analyses showed remarkable similarity and high correlation between 
estimates of density from distance sampling, and estimates of relative abundance (Figure 1; see 
results) based on data from 2007-2011.  
 
Temporal Variation in Seasonal Abundances: I assessed differences in abundances among years 
within each of the four seasonal periods. I focused on the 20 most frequently observed species in 
each season for which more precise estimates were possible, but analyses for other species are 
possible and can be considered in the future. Because only three years of data were available 
with no data from years 2012-2017, I compared means among years in an ANOVA framework 
rather than assessing linear trends across time with regression. Given high correlation between 
estimates of density and relative abundance and greater flexibility, I used relative abundances as 
a response variable. I fit linear mixed effects models with transect fit as a random effect and year 
fit as nominal fixed effect, and report least square means within each year and season 
combination. During data assessment, major potential biases due to highly variable walking 
speeds and similar variation in encounters (especially in summer 2018) was discovered (see 
Results), hence I explored fitting walking speed or observer as covariates. Models I report did 
not include these covariates, however, due to 13 missing values from transects and years that 

D̂

rÂ D̂ D̂ rÂ
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were important to include. Modeling the effects of observers was not possible because it was 
largely confounded with year. Analyses focused on 15 transects with high visitation rates across 
time including the two new Las Tesotas transects (river, canyon) established in 2011 where data 
from summer 2012 and winter 2011 were omitted because no other transects were visited in at 
those times. Over time, 184 transects were visited between 2007 and 2019, with 9-42 visits per 
season within years. 
 
Habitat Resources and Relationships: First, I summarized and described variation in 
environmental conditions and vegetation across the 15 principal monitoring transects.  Next, I 
summarized data on species substrate use by subdividing bird species into taxonomic groups 
(e.g. warblers, vireos, tanagers, etc.) and classifying plant species into physiognomic groups (e.g. 
broadleaf deciduous, oak, palm, mesquite, etc.). I then plotted the proportion of use among each 
physiognomic group for each of the bird taxonomic groups. These data provide an index of 
substrate use by birds and insights into the relative importance of each general group of plant 
substrates for birds. Because these data were not adjusted for the abundance of potential 
substrates that were available to birds, or for variation in detectability they are not indicative of 
importance of each substrate group but provide some insights into this question. Estimates of 
available resources are also presented from vegetation measurements to provide a general idea of 
the relative volume or quantity of each major physiognomic group of vegetation. Finally, I 
modeled factors that explained variation in relative abundances of all bird individuals combined 
and in species richness, which I scaled per 100 m to effort to account for variation in transect 
length. I assessed variation in relative abundances and richness as functions of various vegetation 
resources measured along transects with use of multiple linear regression. Because the number of 
potential explanatory factors was high and information for developing sets of candidate models a 
priori was limited, I used stepwise variable selection with mixed variable selection (P < 0.25 to 
enter, P < 0.10 to stay) to select sets of explanatory factors for each species. These models 
focused on relative abundances of all species combined and richness of all species combined to 
provide general guidance and insight into bird communities on the NJR. Whereas these analyses 
did not consider individual species in each season, they were designed to highlight key resources 
for bird communities in general.  Future modeling, which is time intensive, can focus on species 
groups of interest such as insectivores, flycatchers, warblers, etc., and on specific bird 
populations once NJP selects management indicator or other target species of interest.  
 
In developing models, I considered two general questions each of which was addressed by 
separate sets of models. First, I explored the question of how variation in vegetation community 
coverage influenced overall bird abundance and richness across all seasons combined. This 
approach focused on identifying the most significant vegetation communities on the NJR for 
birds in a general sense. These models included coverage of each major vegetation community as 
explanatory factors, and richness and relative abundance across all seasons combined as 
responses. Second, I explored the question of which specific vegetation and habitat factors best 
explained these two response variables in each individual season. I considered a total of 8 
potential explanatory factors when developing models, which I developed by eliminating one 
factor from correlated (r ≥ 0.65) pairs of factors, and by using multivariate techniques to 
generate synthetic variables from multiple correlated factors. For example, I eliminated tree basal 
area and vegetation physiognomy variables because they were often highly correlated with 
riparian vegetation cover and height. To describe vegetation cover and height, I performed 
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principal components analysis on cover and height data from all horizontal strata above ground 
separately in uplands and riparian vegetation. This reduced five upland variables and seven 
riparian variables into five uncorrelated principal components (PC); three that described 80% of 
variation in riparian vegetation cover and height and two that described 81% of variation in 
upland vegetation cover and height (Appendix C and D). Among the three riparian PCs, the first 
PC (PC1) was positively associated with increased tall tree height and cover, and overall 
vegetation structure, the second was highly associated with increasing short-tree height and 
cover of mid-story vegetation, and the third was linked to a tall riparian shrub layer (Appendix 
C). Among the two upland PCs, PC1 was positively associated with overall upland vegetation 
structure in all strata, and the second was highly associated with a tall, high-cover upland shrub 
layer (Appendix D).  
 
 
Results 
 
Effort and Data: Between April and September 2018 and in January 2019, we completed four 
approximately one-week long field trips to the NJR to survey birds. This effort included field 
trips during: 1) spring migration and early in the breeding season (3-9 April), 2) breeding season 
(22-29 July), 3) fall migration and late breeding season (22-28 September), and 4) mid-winter (4-
10 January) when winter residents are typically all present. All trips were made by two or more 
observers except in September 2018 when I completed all surveys myself. Bird communities 
were sampled during fieldwork along a set of permanent transects, many of which we first 
established in summer 2007. Collectively, we completed 100% of avian sampling proposed for 
this project with the exception of surveys of grazing exclusion plots and at the most inaccessible 
sites at Los Pavos in two seasons due to poor road conditions. During efforts, we also sampled 
environmental attributes along 15 principal monitoring transects or transect segments, which 
included all transects except the newest ones at Babaco (Table 1). 
 
Across all past line transect surveys, we recorded a remarkable 16,895 bird encounters 
representing and estimated 21,320 individual birds of 184 species. A total of 19 transects or 
transect segments were established over time and visited during 192 individual survey events 
(e.g., across years, seasons, and multiple visits within the same seasons). Most effort was along 
15 principal monitoring transects that were visited 187 times between summer 2007 and winter 
2019. Transect length averaged 1,096 m and walking or survey speed averaged 567 m/hr.     
 
Species Richness, Status Changes, and Highlights: We observed a total of 112 species in spring, 
94 species in summer, 111 species in fall, and 105 in winter across the four seasonal sampling 
trips during this project phase (Table 1). Across all four seasons, we observed a total of 164 
species or 74.5% of species known to occur on and around the NJR. Several notable revisions 
and additions to the NJR bird list published by Flesch et al. in 2015 were made during this 
project phase. Most notably, five new species were added to the reserve list bringing total known 
richness to 220 species (Appendix B). Importantly, seven new species were added to the list of 
winter residents and classified as rare, and two once considered rare in winter were reclassified 
to uncommon status based a large number of new observations. Additionally, three species were 
reclassified from questionable summer status to rare summer residents, two of which were 
considered possible breeders. Finally, five additional species with probable breeding status were 



13 
 

confirmed breeding, bringing the total number of confirmed breeders to 56 species or 53.2% of 
the 107 species that we considered as possible breeders in the region.  
  
Among new species in the region, after inquiring about new potential bird species on NJP’s 
extensive system of motion-triggered camera traps, conversations with one member of the 
reserve staff revealed a photograph of a Rufous-bellied Chachalaca from 2015 (Latin names in 
Appendix B; see cover picture). This species was expected in the region following fleeting 
observations in summer 2004 in a remote area along the Rio Yaqui, and was documented in 2015 
on the Agua Fría ranch. This ranch is one of the more low-elevation areas in the study area 
where the species is most expected but has high grazing impacts. On 6 April 2018, we 
encountered and photographed an adult Lesser Roadrunner ~1.5 km north of Babisal de Abajo 
(see cover picture). In late July 2018 Adam Hannuksela and Aaron Holmes, who completed 
summer fieldwork, detected the Tropical Parula at Babisal de Arriba and in Dubaral canyon. 
Although observers failed to estimate number of territories of birds during summer efforts (Table 
1), 14 individuals were recorded including some that were singing. Three singing individuals 
remained until at least 26 September when I observed them in dense riparian forests at Babisal de 
Arriba. Observations of these three new Neotropical bird species on the NJR represent the 
northernmost records in Sonora and are ~125 km range extensions. In April, I observed one 
likely migrating Lark Bunting among stands of buffelgrass and desert-scrub at Los Pavos de 
Abajo, and one likely visiting Steller’s Jay among oaks on Mesa Encinosa. This later species is 
resident in highland forests of the Sierra Madre Occidental ~55 km to the northeast but can make 
irregular movements away from breeding habitat in winter. What was likely a female Flame-
colored Tanager was also observed at La Ventana on 22 September but not confirmed due to 
fleeting observation of only the back of the bird. This species is a rare local breeder in montane 
forest to the south but also to east and northeast (Flesch 2014, 2018) and may occur locally at 
very low densities on the NJR during migration.  
 
We detected a large number of new winter residents and several species that were rarely detected 
in winter during field work in Jan. 2019. Among new winter species, we observed one Gray 
Hawk along the Río Aros near Las Tésotas, two Elf Owls in deep canyon transects including one 
that was calling territorially, seven Rose-throated Becards, one Lucy’s Warbler, two 
MacGillivray’s Warblers, two Nashville Warblers, and two singing Blue Mockingbirds (Table 
1b). Also of note, a Common Black Hawk and Eastern Phoebe, which was just the second 
observation for the reserve, were also detected. A total of 10 species of warblers were observed 
included the three species noted above as first winter records. Moreover, also present and of 
interest were several Black-headed Grosbeaks, four species of orioles including Scott’s and 
Hooded, and high numbers of Cassin’s and Plumbeous Vireos. Collectively, these observations 
suggest the winter ranges of several species of Neotropical migratory bird species are expanding 
northward, as has been observed recently in this and other regions. Warm wet conditions may 
have fostered especially high diversity and presence of several species new species.  
 
Seasonal Variation in Abundances: Detectability-adjusted estimates of density of all species 
combined was much higher in the summer monsoon season (12.9 ± 1.0 individuals, pairs, or 
flocks/ha ± SE) than in other seasons (7.0 ± 0.6 in winter, 6.7 ± 0.4 in spring, and 7.8 ± 0.8 in 
fall) based on data from 2007-2011 (Table 2). Density varied widely among seasons for most 
species but was fairly stable for the vast majority of permanent residents (Table 2). In summer, 
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Hooded Oriole (0.86), Yellow-breasted Chat (0.82), Five-striped Sparrow (0.81), Broad-billed 
Hummingbird (0.72), and Gila Woodpecker (0.67) were the most abundant species and 
comprised approximately 36% of total bird abundance. White-winged Dove (0.53), House Finch 
(0.45), and Varied Bunting (0.44) were also fairly abundant relative to other species. In fall, 
Broad-billed Hummingbird (0.37), Lucy’s Warbler (0.35), Blue Grosbeak (0.34), Northern 
Cardinal (0.31), Common Ground-Dove (0.29), and Yellow-breasted Chat (0.29) were the most 
abundant species and comprised approximately 27% of total bird abundance. Summer Tanager 
(0.27), Sinaloa Wren (0.25), and House Wren (0.25) were also fairly abundant relative to other 
species in fall. In winter, density of Ruby-crowned Kinglet (0.90) was more than 2-times greater 
than the second most abundant species, and Black-throated Gray Warbler (0.39), House Finch 
(0.32), Chipping Sparrow (0.31), Blue-gray Gnatcatcher (0.30), Northern Cardinal (0.24), and 
Green-tailed Towhee (0.23) were relatively abundant compared to all other species. In spring, 
House Finch (0.92), Broad-billed Hummingbird (0.73), Wilson’s Warbler (0.71), and Hooded 
Oriole (0.61) were the most abundant species and comprised approximately 42% of total bird 
abundance. Lucy’s Warbler (0.41), Black-throated Gray Warbler (0.40), and Gila Woodpecker 
(0.38) were also fairly abundant relative to other species in spring.  
 
As a group, Empidonax flycatchers were fairly abundant during winter (0.65) and spring (0.66) 
and somewhat less abundant during fall (0.44). Of individuals that we were able to identify to 
species during winter, Gray Flycatcher (0.18 individuals/ha, 33 encounters) was most abundant 
with Hammond’s Flycatcher (12 encounters), Dusky Flycatcher (7), and Buff-breasted 
Flycatcher (3) observed much less frequently. “Western-type” flycatchers also wintered in low 
numbers (10 encounters) although none were identified to species. Nutting’s Flycatchers were 
surprisingly rare in summer (0.02) despite presence of what seems like abundant breeding habitat 
and were much more abundant in winter. Abundance of Lucy’s Warblers peaked in spring (0.41) 
when many individuals were singing, paired, and breeding, but declined markedly in summer 
(0.07) after most local breeders had departed, and increased again in fall (0.35) with an influx of 
non-singing migrants presumably from the north. Hooded Orioles were locally abundant in 
groves of palms during spring and summer and observed rarely in winter, whereas Black-vented 
Orioles were uncommon in summer in the same environment and somewhat more common that 
Hooded Oriole in winter. We observed 11 species of hummingbirds of which Broad-billed 
Hummingbird was by far the most abundant followed by Violet-crowned Hummingbird (Table 
2). Anna’s Hummingbird and Costa’s Hummingbird were encountered fairly frequently during 
winter. 
 
Density vs. Relative Abundance: Estimates of density and relative abundance of each species 
were highly correlated during all seasons especially in summer (r = 0.85, P< 0.001; fall, r = 0.77, 
P< 0.001; winter, r = 0.77, P < 0.001; spring, r = 0.70, P < 0.001; Figure 1). Across all species 
and seasons combined, estimates of density averaged 6.5 ± 3.8% (± SE) lower than that for 
relative abundance (t199 = 1.69, P = 0.092, t-test for mean = 0) and varied widely (SD = 54%, 
range = -199 to 80). Although differences between density and relative abundance averaged 
highest in winter (-9.3 ± 7.5%), these differences did not vary among seasons (F3, 138 = 0.47, P = 
0.70) or with the number of encounters (F1, 138 = 0.84, P = 0.36). Across all seasons combined 
for the same species, density averaged 4.4 ± 6.1% lower than relative abundance (t57 = 0.71, P = 
0.48, t-test for mean = 0) and was also highly variable (SD = 47%, range = -133 to 59).  
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Temporal Variation in Seasonal Abundances: Preliminary assessments of survey effort and 
detection data revealed potentially fatal inconsistencies in walking speeds among observers, 
which likely biased results. Walking speeds during summer 2018 by A. Hannuksela and 
especially by A. Holmes were major outliers across time, and averaged 65% faster than mean 
speed across all seasons and years combined (Figure 2). When summer 2018 data were included, 
mean walking speed varied widely among seasons (P < 0.0001, ANOVA), and there was a linear 
increase in speed across time (P = 0.007). In contrast, there was much less seasonal variation in 
walking speeds (P = 0.11) and no linear trend (P = 0.97) when summer 2018 data were censored. 
Although walking speeds were also relatively fast in winter 2009, this was due likely to 
especially cold conditions that resulted in observers starting surveys later in the morning and 
surveying at relatively fast speeds to complete transects before bird activity diminished in 
afternoon hours. Not surprisingly, faster walking speeds were also associated with lower 
detection rates in summer 2018 (Table 3). A. Holmes for example, walked at speeds almost 2-
times faster in summer 2018 than A. Flesch during two earlier summers, and detected <1/2 the 
birds per unit distance (Table 3). Also of note were fairly moderate walking speeds by Moez Ali 
in summer 2008 that resulted in somewhat higher detection rates. Tracking these general patterns 
in effort across time, relative abundances of all birds combined was 1.6-2.4 times higher in two 
earlier summers than in 2018 (Figure 4), and inter-annual variation in abundance was much 
lower in other seasons than in summer (Figure 4). Given potential for bias, inferences on 
temporal variation in abundances from the important summer breeding season should be viewed 
cautiously.  
 
For all individuals combined, there was no inter-annual variation in relative abundances during 
winter, some suggestive evidence (P = 0.05-0.10) in spring and fall that included small increases 
in fall 2018, and broad variation among years in summer (Figures 4). Across three winters in 
years 2009, 2010, and 2019, relative abundances of most species were largely stable, especially 
permanent residents such as Verdin and Northern Cardinal, and some winter residents such as 
Ruby-crowned Kinglet. In winter, Blue-gray Gnatcatcher was the only species that showed 
significant variation in relative abundances among years, with patterns suggesting a decline. In 
spring nine species showed strong evidence (P < 0.05) and five species showed suggestive 
evidence (P = 0.05-0.10) of differences in relative abundances among years, with increases of 
species such as Cactus Wren, Sinaloa Wren, Bell’s Vireo, Lucy’s Warbler, and Rufous-capped 
Warbler. In contrast, White-winged Dove and Ash-throated Flycatcher seemed to decline (Figure 
5). In fall, four species showed strong evidence and three species showed suggestive evidence of 
variation in relative abundances among years (Figure 6). In fall, this included increases in species 
such as Sinaloa Wren, Summer Tanager, Gila Woodpecker, House Wren, Lesser Goldfinch, and 
Varied Bunting in 2018 relative to earlier years. Although not statistically significant, several 
other species such as Western Tanager and Nutting’s Flycatcher showed similar patterns, and 
data suggested potential increasing linear trends in species such as Rufous-capped Warbler. In 
contrast, relative abundances of a few other species such as Lucy’s Warbler and Rufous-winged 
Sparrow were stable (Figure 6). In the important summer breeding season, most species showed 
evidence of variation in relative abundances among years; 14 species showed strong evidence 
and two species showed suggestive evidence (Figure 7). In general, most species showed similar 
but somewhat higher relative abundances in 2007 than in 2018 and markedly higher estimates in 
2008. This was the case for the four most abundant species including Yellow-breasted Chat, and 
for others such as Cactus Wren, White-tipped Dove, Common Ground Dove, and Rufous-capped 
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Warbler. Other species showed more similar relative abundances in 2007 and 2008, but 
markedly lower estimates in 2018 such as Cactus Wren and Brown-crested Flycatcher.  
 
Habitat Resources and Relationships: Vegetation structure, physiognomy, and community cover 
varied widely among the 15 principal monitoring transects (Tables 4 and 5). Cover of 
xeroriparian vegetation communities was greatest averaging 35.6% among transects with as 
much as 95% coverage along the Rio Aros Section 2 transect. Cover of foothills thornscrub 
(32.0%) was also high with moderate overall cover on average across a more widespread area. 
Cover of oak woodland (17.9%) was lower and less widespread with high cover limited to just 
four transects.  Cover of oak woodland was of two types; more typical Madrean evergreen 
woodland of various oak species (e.g., encinal) across large areas of three Mesa Encinosa 
transects, and less typical riparian woodland of oaks dominated largely by Quercus turberculata 
that covered moderate areas along the Huijalo Abajo smaller areas of other transects. Broadleaf 
deciduous dominated riparian vegetation covered small but significant portions of some transects 
such as Babisal de Arriba, with coverage along transects that was likely much higher than that 
found regionally given non-random transect placement. Desertscrub, montane scrub, and tropical 
deciduous forest covered much smaller portions of transects and had highly limited distributions 
(Table 4). Upland vegetation was typically short (mean = 3.8 m) with high levels of shrub cover 
and often somewhat lower cover of short trees. Riparian vegetation was sometimes tall 
exceeding 18 m on average at Babisal de Arriba but often below 10 m on average elsewhere, 
with moderate quantities of shrub and short-tree cover and less tall-tree cover (Table 4). On 
average, physiognomy of dominant vegetation was heavily skewed toward microphyllous 
species, which averaged 55.6% across space. Oaks were also fairly highly represented (24.8%) 
whereas broadleaf deciduous (8.3%) and broadleaf evergreen species were uncommon, and 
palm, succulents, and especially grass-forb was rare (Table 5).       
 
Across nearly 2,000 bird-centered observations of plant substrate use since 2007, use varied 
widely among 11 focal species groups considered (Figure 8). Among the more striking patterns, 
use of palms by orioles and to a lesser extent woodpeckers was remarkably high averaging 45.0 
and 24.3%, respectively. Habitat preference for palms by these groups was highlighted by the 
fact that on average palms comprised only 4.5% of dominant vegetation along transects (Table 
5). Broadleaf deciduous vegetation, which also had limited availability along transects (e.g., 
8.5% of dominant vegetation), was used most frequently by tanagers (19.7%) and also by 
woodpeckers (12.9%), orioles (11.7%), and warblers (11.2%). Oaks, which had moderate 
availability (18.3%), were used most frequently by Empidonax flycatchers (27.2%), tanagers 
(23.0%) and woodpeckers (21.4%). Microphyllous species of which mesquite was the most 
common made up large proportions of bird use (Figure 8), but were also the most available plant 
substrates as documented during vegetation measurements (62.5%). Despite high availability, a 
remarkable 81.6% of vireos were observed in microphyllous plant substrates of which mesquite 
made up 65.4%. Among other bird species, only warbler use of microphyllous (64.5%) species 
exceeded availability. Thornscrub plant species, which were comprised of a combination of 
microphyllous, broadleaf deciduous, and broadleaf evergreen trees and shrubs, were used by a 
large number of species at moderate levels and especially by grosbeaks and buntings (25.0%), 
sparrows and towhees (23.8%) and wrens (21.6%), but often much less so by foliage gleaners 
such as vireos and warblers (2.9-6.0%). Although not a vegetation substrate, ground and rock 
was used frequently by doves (34.2%), sparrows and towhees, and wrens (22.7-23.2%). Because 
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estimates of availability were only linked to dominant vegetation, and bird use of non-plant 
substrates (rock, ground, etc.) was recorded, some contrasts above are not comparable on a 1:1 
basis, but provide sound general information. Future work can quantify substrate availabilities to 
birds in more comparable terms across scales.      
   
Variation in vegetation community cover had some important effects on overall bird abundances 
and richness across seasons (Figure 9). With regard to abundances, relative abundances of all 
birds combined increased markedly with increasing cover of mesic riparian vegetation 
communities dominated by broadleaf species (P = 0.0021), and decreased markedly with 
increasing cover of montane scrub, which was often dominated by hopbush (Dodonaea viscosa; 
P = 0.0015). With regard to bird species richness, number of species observed per 100 m of 
effort increased markedly and by the greatest amount with increasing cover of mesic riparian 
vegetation communities (P < 0.0001). Richness also increased with increasing cover of oak 
woodland (P < 0.0001) and tropical deciduous forest (P = 0.006), but effect sizes were ~0.5 the 
magnitude of that for mesic riparian vegetation (Figure 9). The same analyses within each 
individual season revealed similar results, although interestingly, in spring relative abundances 
of all birds combined increased with increasing cover of xeric riparian vegetation (P = 0.027) but 
at a rate ~3-times less that with mesic riparian communities. Such results suggest these are the 
most important vegetation communities on the NJR for bird communities and hence are 
important foci for conservation.  
 
With regard to specific vegetation and habitat resources that best explained variation in 
abundances and richness in each season, I observed a range of patterns many of which indicated 
the importance of riparian vegetation. In spring, both relative abundance and richness increased 
markedly (P = 0.0025) with increasing availability of surface water, and with increasing riparian 
PC3 that was highly associated with greater riparian shrub cover (Figure 10). Species richness in 
spring and in fall increased with increasing riparian PC2 that was highly associated with greater 
riparian mid-story or short tree height and cover. No factors, however, explained variation in 
relative abundances in fall (P > 0.25). In the summer breeding season, relative abundance 
increased markedly with increasing riparian PC1, which was highly associated with increasing 
riparian tall tree cover and height and greater riparian vegetation structure in general (P = 0.020), 
and also somewhat with PC2 or riparian mid-story structure (P = 0.085). In summer, species 
richness also increased markedly (P < 0.0001) with increasing riparian mid-story structure and 
also with upland PC1 or overall upland vegetation structure and height (P = 0.0001; Figure 11). 
After adjusting for other factors, there was also some limited evidence that summer richness 
increased with snag density (P = 0.12). In winter, species richness increased markedly (P = 
0.001) with increasing availability of surface water, and also with increasing riparian PC3 that 
was linked to riparian shrub cover (P = 0.028), hence matching patterns in spring (Figure 12). 
For winter relative abundances, there was also some evidence (P = 0.10) riparian shrub cover 
had positive effects. 
 
 
Discussion 
 
This study assessed the status, richness, abundance, and habitat use of birds on the Northern 
Jaguar Reserve (NJR) based on data spanning more than a decade of surveys across four seasons. 
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Although very little field work was completed in recent years (2013-2017), this latest project 
phase fostered surveys across four seasons in 2018 and early 2019 and an evaluation of data 
gathered since 2007 at a much finer level of detail than that during past efforts. Previously, bird 
communities in the region were more intensively sampled between summer 2007 and winter 
2011, but inferences from past work were fairly narrow given more limited data availability and 
support for data processing and analyses (Flesch 2008, 2009, 2010, Flesch and Jacobs 2013). 
Perhaps our most significant achievement during this project phase was collection of detailed 
environmental data on vegetation communities, vegetation structure, and habitat resources along 
survey transects. These new data fostered assessments of factors that explain variation in bird 
abundances and bird species richness within and among seasons, and helped provide tangible 
inferences for guiding management and conservation in the region. Although much more work 
remains, inferences provided here offer a strong basis for understanding bird populations and 
communities on the NJR and surrounding region, provide important baselines for future 
monitoring, and illuminate specific resources and conservation priorities to help focus NJP.  
  
Development of explicit management guidelines and approaches to advance wildlife and 
biodiversity preservation with data gathered on site are especially noteworthy accomplishments, 
but more work remains. Although NJP and their collaborators have sought to assess the status, 
distribution, and abundance of wildlife in this region, there are still few inferences on 
populations and virtually none on how environmental variation, especially that linked to 
management programs, influence wildlife populations and habitats. Such inferences are 
fundament for evaluating conservation and management efforts and guiding future approaches, 
but are persistent challenges for small non-profit organizations. Fortunately, such inferences are 
more efficient to develop for bird communities given relative ease of sampling birds and in 
linking variation in bird population and community attributes to environmental variation. This 
contrasts greater complexity in sampling and generating inferences for more cryptic wider-
ranging species such as medium- to large-sized mammals, especially at the small spatial scales 
often tied to management actions. For this and other reasons, bird communities are excellent foci 
for monitoring and gaining insights into the drivers of environmental change (Bryce et al. 2002, 
Flesch 2018). Regardless of the taxa, such efforts take time and commitment to generate reliable 
inferences with data reported here representing a solid foundation for future efforts.  
 
Richness and Status: Since spring 2007 when the late Dr. Peter Warshall first visited the NJR, 
my collaborators and I have observed 220 species of birds on and around the reserve. Based on 
recent comparisons of large-scale patterns of bird occurrence (Flesch et al. 2015), the region on 
and around the NJR supports at least 41.4% of all 531 bird species that have been adequately 
documented (e.g. not considered hypothetical sensu Russell and Monson 1998) in the state of 
Sonora, and 47.1% of the 467 species that have been documented and are not associated 
exclusively with marine environments (Villaseñor-Gómez et al. 2010). Moreover, the NJR and 
surrounding region support a remarkable 20.6% of all 1,070 bird species known in the Republic 
of Mexico (Howell and Webb 1995). Such richness is extraordinary given the area of this region 
is just ~0.1% the total area of Sonora, and ~0.0001% the total area of Mexico. Future survey 
efforts and evaluation of existing camera trap data will undoubtedly reveal many new species in 
the future.  
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A number of factors contribute to high avian biodiversity in this region, which impact more than 
just bird communities. High biodiversity is driven by unique biogeographical and physiographical 
settings and presence of numerous environments in close proximity. At the largest scale, 
convergence of the Neotropical and Nearctic faunal realms and close proximity of Madrean, 
Sonoran, Chihuahuan, and other biogeographical provinces contributes species with varied 
biogeographical affinities and evolutionary histories. At regional scales, presence of the Río Aros 
and Yaqui, and the vast lowland corridor and extensive riparian woodlands they provide in an 
otherwise rugged and semi-arid region, promote high taxonomic and environmental diversity. At 
more local scales, the northeastern aspect of slopes of the Sierra Zetasora and Los Pavos also 
promote more mesic sheltered montane conditions at relatively low elevations. Several major 
canyons such as Huijalo and Babisal that drain higher country in the sierras, for example, support 
montane vegetation such as oaks and bird species such as Northern Pygmy-Owl and Whiskered 
Screech Owl at remarkably low elevations (e.g., <800 m; Flesch 2010), hence also enhancing local 
environmental diversity. In winter, the Aros-Yaqui river corridor provides a warm, subtropical 
lowland environment unlike any other in east-central Sonora that supports a wide variety of 
notable elevational migrants. These species include Tufted Flycatcher, Brown-backed Solitaire, 
and Slate-throated Redstart, which breed in montane forests in the adjacent Sierra Madre 
Occidental and Madrean Sky Islands (Flesch 2018). For these and other species, the river corridor 
provides what are likely the closest potential wintering habitats (Flesch 2014, Flesch et al. 2015). 
Subtropical lowland vegetation at these relatively high latitudes in interior Sonora is also 
connected to similar environments to the south by this narrow north-south river corridor that likely 
provides a route for migratory birds. Thus, the geographic position and presence of extensive 
riparian woodlands promote bird diversity and habitat resources for migratory birds. Additionally, 
a river system as large of the Aros-Yaqui also supports populations of riverine-dependent species 
such as Bald Eagle and Common Black-Hawk that are rare in Sonora.  
 
During this project phase, the most prominent observed change in species status was the large 
number of new winter resident species we observed. This included seven new species of birds 
added to the reserve list of winter residents and two species once considered rare in winter 
reclassified as uncommon, some of which occur on the NJR at or near the northern limits of their 
known winter range. These observations complement similar findings from past years. Through 
2015, for example, 10 species that were not known to breed or winter this far north in Mexico, 
have been observed (Flesch et al. 2015). In the past, extra-limital observations of winter residents 
included elevational migrants (Tufted Flycatcher, Brown-backed Solitaire, Slate-throated 
Redstart), which breed in highland forests in the adjacent Sierra Madre Occidental, and species 
that likely migrate longer distances (Common Black-Hawk, Cassin’s Kingbird, Wilson’s 
Warbler), and were thought to winter only as far north as extreme southern Sonora (Howell and 
Webb 1995; Russell and Monson 1998). During winter, these species often used riparian 
woodlands, beachfronts, and foothills thornscrub along the vast lowland corridor formed by the 
Aros-Yaqui river corridor. This area provides a warm subtropical environment unlike any other 
in interior east-central Sonora and likely promotes winter occupancy by these and other species 
that have yet to be detected. Increasing numbers of new wintering species on the NJR was likely 
driven by elevated food resources linked to increasingly milder winters that result from climate 
change. Recent analyses of interpolated weather-station data (Wang et al. 2016) across the study 
period (2007-2018), for example, indicate marked increases in mean monthly minimum (Tmin) 
and mean maximum (Tmax) temperatures (Flesch, unpublished data). Much greater warming of 
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Tmin, which increased by an average of 2.04 ± 0.54 °C across just 12 years compared to that for 
Tmax (e.g., 1.03 ± 0.48 °C), suggest pervasive environmental changes, which I expect will have 
even greater impacts on wildlife communities in the future. More time, data, and analyses of 
existing data can help confirm these patterns, but will require commitments by NJP to both 
month monitoring and reporting results of these programs. For example, NJP records (or has 
recorded) weather attributes using automated weather stations that could illuminate these trends, 
but to my knowledge these data have never been reported or evaluated. 
 
Whereas we added only a small number of new species to the NJR bird list during this project 
phase (e.g., five), more bird species are unquestionably present and evidence of presence may 
already be recorded but remain unknown. By asking reserve staff about potential occurrences of 
new bird species in the region, I was able to obtain a camera trap picture of a Rufous-bellied 
Chachalaca from before the project period (e.g., 2015). To my knowledge, this observation 
represents the northernmost occurrence of this species in the world and is also the second bird 
species documented in the region exclusively via remote automated camera trap. The first was a 
Golden Eagle photographed on 19 Dec. 2012 and reported by Gerardo Carreon of Naturalia A.C. 
(pers. comm.) during a similar conversation. Similarly, this observation was also highly 
significant given this species is federally listed as threatened in Mexico (SEMARNAT 2010), 
and because since 1892 there are just 121 records of Golden Eagles in Sonora and very few in 
east-central Sonora based on a recent statewide assessment (Flesch et al. 2020). Although one 
new sight record of this species has since been reported by reserve staff (Miguel Gomez, 30 Nov. 
2018, pers. comm.), these data illustrate the value of camera traps for supplementing direct 
observations of wildlife. While such applications are not the main focus of NJP’s camera trap 
program, data from camera traps could also assist studies of herpetofauna and other non-target 
wildlife in important ways. Reportedly, NJP is many years behind tabulating data from their 
extensive network of camera traps on the NJR and cooperating ranches, and to date, I have not 
seen nor had access to any associated databases to support this or other efforts. While these 
limitations may have had fairly small impacts on results reported here, they have greatly 
hampered efforts to understand wildlife communities and to assess the efficacy of conservation 
and outreach programs aimed at carnivores and their prey that remain largely unevaluated to this 
day. Should these data be tabulated and/or made available, I expect additional bird species and 
important information on species’ status and distribution will be revealed. With regard to other 
species that may be present on or around the NJR, reserve staff Laqui Duarte also noted a sight 
record of the Black-throated Magpie Jay (Calocitta colliei) in the southern portion of the region. 
This observation, perhaps like the Rufous-bellied Chachalaca may represent escaped captive 
birds, but are more likely wild animals from areas to the south where they are resident (Russell 
and Monson 1998).  
 
Seasonal Variation in Abundances: Variation in densities among seasons indicated broad 
changes in community composition characterized by an influx of migratory species dominated 
by flycatchers, vireos, and warblers during spring and again during late summer and fall, which 
largely replaced populations of winter and especially summer residents. Density of all species 
combined was roughly 50% higher during summer than during other seasons, at least based on 
more reliable 2007 and 2008 data. During summer a relatively small number of summer resident 
species occurred at remarkably high densities, and together with other breeding species use 
seasonally abundant insect and vegetation resources bolstered by monsoon rains. Among the 



21 
 

most abundant of these species were Yellow-breasted Chat and Five-stripped Sparrow, and 
somewhat less abundant but broadly distributed species such as Varied Bunting and Yellow-
billed Cuckoo. All these species were virtually obligated to areas with dense cover of shrubs and 
short trees that are typical of foothills thornscrub. In comparison, other species of summer 
residents and many other breeding species that were typically less abundant were associated with 
riparian woodlands such as Vermilion Flycatcher, Brown-crested Flycatcher, and Rose-throated 
Becard.  
 
Estimates of density that I report could be somewhat biased due to two factors. First, sampling 
effort was limited during portions of some seasons such as in May and August when abundances 
of some migratory species likely peak and when some early breeders that were not present in 
April may be active. Second, although we likely met most of the assumptions of distance 
sampling (Thomas et al. 2010; e.g. detectability = 1 on line, objects detected in initial locations, 
distances estimated accurately) transects were not placed using a random design, and thus the 
location of birds may not have been distributed uniformly with respect to the lines, which can 
bias estimates in complex ways (Marques et al. 2010). Moreover, because we often followed 
sparsely vegetated drainage channels, fewer birds were detected at distances within 
approximately 0-10 m of transect lines than would have been had we used a completely random 
design, assuming of course that walking lines through dense vegetation would not have violated 
other assumptions. To help address this problem, I binned distance data so as to smooth 
histograms, which likely resulted in small positive biases. Nonetheless, walking randomly placed 
transects in our study area would have been impossible in most cases given high topographic 
complexity and extremely high vegetation density characteristic of thornscrub. 
 
Temporal Variation in Seasonal Abundances: This project phase fostered a third year of data 
collection in each of four seasons, and the first assessment of inter-annual variation in 
abundances on the NJR. For all individuals combined and many individual species, inter-annual 
variation in abundance was lowest in winter, especially for permanent residents. Such patterns 
suggest fairly high degrees of population stability over time, which is good news for managers 
endeavoring to conserve Neotropical migratory and other birds. In spring and fall, however, 
inter-annual variation in abundances was more apparent with evidence of variation among years 
for as many as 14 species in spring. Importantly, patterns for many species also suggested 
increases in spring and fall 2018 relative to past years. While such patterns are auspicious, 
understanding whether they represent short-term increases or are the beginnings of long-term 
trends requires more data and more formal trend models. Given variation in the timing of 
migration and some differences in survey dates, such patterns for migratory species may be 
artifacts of sampling.  
 
In the important summer breeding season, however, most species showed much greater statistical 
evidence of variation in relative abundances among years. In general, most species showed 
similar but somewhat higher relative abundances in summer of 2007 than in summer 2018 and 
much higher estimates in 2008. Major inconsistencies in walking speeds during surveys in 2018, 
however, suggest estimates from summer 2018 were biased low. Walking speeds in summer 
2018 were ~2-times faster than in past summers and resulted in ~2-times fewer bird encounters 
(Table 3, Figure 2), and observers ended surveys at just 7:04 AM on average or roughly 1.5-2 
hours earlier than that in past summers. Such irregularities in survey implementation are a major 
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challenge for monitoring and may be more frequent with transect versus point-based methods. In 
this case, these issues resulted, in part, from my failure to remotely instruct one new technician 
that was hired by NJP, and remind one past technician to walk slowly as was done during all past 
efforts, and also from observers not following established protocols. Whereas such issues are 
disappointing, especially in the important summer breeding season, additional analytical 
techniques can be explored to adjust for biases. Such tools involve distance analyses and linear 
mixed effects models, which are time intensive and best attempted with an additional year of 
data so that trends can be estimated. Finally, estimates of the total number of individuals, pairs, 
and flocks (e.g., territories; see Tables 1a and 1b) gathered along transects can also be used for 
trend monitoring. However, similar inconsistences in the way observers recorded pairs (as two 
individuals) in summer 2018 and perhaps at other times (A. Hanneksela pers. comm.), presents 
additional challenges.     
 
Habitat Resources and Relationships: Quantitative inferences on bird habitat use and habitat 
relationships reported here are some of the first available for vertebrates on the NJR. With regard 
to plant substrate use, I found that palms and broadleaf deciduous vegetation are especially 
important substrates for birds. Use of palms by orioles, for example, was roughly 10-times 
greater than the approximate availability of palms in the environment suggesting marked habitat 
preferences that are well known among birders. Woodpeckers also seemed to prefer palms and 
use them regularly as territorial perches and for excavating nest cavities, which are likely 
relatively easy to construct in these soft monocots. Hence, palms provide frequent and essential 
sources of nest substrates for secondary-obligate cavity nesters, many of which have been 
observed nesting in palms. Nest cavities in palms are also important to many other taxa, and 
humans use palm leaves for shelter. Such patterns underscore the importance of palms for 
management and conservation especially where palms and other cavity substrates are rare.  
 
Similar to other results for bird use, we also documented the importance of vegetation 
communities dominated by broadleaf deciduous trees, and to a lesser extent microphyllous trees 
for migratory birds, which has also been found in the neighboring Sky Islands region (Kellerman 
and van Riper 2015). For example, broadleaf deciduous vegetation, which is rare at landscape 
scales, was frequently used by tanagers, woodpeckers, orioles, and warblers at levels greater than 
availability. Microphyllous species, which are much more dominant and comprised mainly of 
mesquite and also by taller chino (Havardia mexicana), in contrast, were used by more than 80% 
of vireos and nearly 65% of warblers we recorded. Such results indicate the value of these 
substrates to foliage gleaning insectivores, largely match patterns for vegetation communities, 
and suggest broadleaf deciduous vegetation is of greater relative importance than microphyllous 
species. In contrast, grosbeaks and buntings, wrens, and sparrows used thornscrub plant species 
more frequently, but more of these individuals were likely breeding (vs. migratory) birds and 
often nest and forage in and under these upland substrates. Use of plant substrates by migratory 
birds often varies seasonally and among taxa due to insect and other resource levels (Hutto 
1985). Hence, future analyses should explore these patterns for both breeding and migratory 
species using the nearly 2,000 records of substrate use obtained here. Future work should also 
attempt to quantify substrate availabilities to birds in more comparable terms, and ascertain 
habitat preferences more directly with explicit statistical tests.  
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Bird abundance across all seasons combined increased markedly with cover of riparian 
vegetation dominated by broadleaf deciduous trees, and in spring to a lesser extent with cover of 
xeric riparian vegetation dominated by microphyllous trees. Hence riparian vegetation and 
especially that comprised of broadleaf trees are important for promoting bird abundance and are 
good targets for conservation efforts. Although such results are fairly novel in the context of 
Neotropical thornscrub communities in central Sonora, they are well established at more 
temperate latitudes in arid portions of the western U.S. In these regions, riparian galleries of 
broadleaf deciduous trees occupy only tiny fractions of landscapes (e.g., 1%), have been widely 
lost or degraded, and support high abundances and richness of birds (Knopf et al. 1988, Ohmart 
1994). Unsurprisingly, increasing cover of mesic riparian vegetation also had marked positive 
effects on species richness, as did cover of oak woodland and tropical deciduous forest. These 
communities also cover limited portions of the NJR but support bird species that would 
otherwise not be found in the region. Oak woodlands often occur at upper elevations on north 
and east slopes, and also along major canyons bottoms that drain the higher mountains, which 
tend to form a north-south axis across the NJR. Areas we classified as tropical deciduous forest 
on the NJR are especially rare are largely limited to the best developed stands of foothills 
thornscrub that reach heights >8 m, such as that found on slopes of Babisal de Arriba. Acquiring 
and protecting areas that support these rarer communities should help promote bird, landscape, 
and biodiversity preservation.   
 
At finer season-specific and resource-based scales, I found a broad range of often seasonally 
varying resources explained bird abundance and species richness, but again aspects of riparian 
vegetation structure were consistently important across all seasons. Presence of surface water 
was associated with both relative abundances and species richness in spring and species richness 
in winter. Such patterns are interesting given water availability is often more limited in these 
seasons and thus more likely to be influential, especially at sites in the interior away from the Rio 
Aros. In general, greater structure (e.g., cover and height) of lower riparian vegetation strata 
(e.g., shrub layer) were most important in winter, both shrub and mid-story or short-tree structure 
were most important in spring and to some extent fall, whereas in summer, both tall- and short-
tree structure in riparian areas and overall upland structure were most important to bird 
communities. Such patterns suggest high cover and height of riparian shrubs in spring and winter 
provide important habitats for migratory and wintering birds. A lack of habitat effects on fall 
relative abundances could be due to monsoon-induced rains promoting high resource availability 
across space that dampens selectivity by birds. During the summer breeding season, relative 
abundance was strongly tied to increasing riparian tall tree cover and height and greater riparian 
vegetation structure overall. Summer was also the only season where upland vegetation structure 
and snag density influenced species richness, suggesting sufficient upland structure and nest 
cavities are important for fostering occupancy of some breeding species. In general, results 
suggest enhancing riparian vegetation structure and a complexity of vegetation layers is 
important for conserving birds and habitats.     
 
Applications and Future Efforts: Whereas this report explored a broad range of topics, data 
gathered here combined with future efforts offer many opportunities for additional insights. 
When more than three years of data are available, explicit assessment of population trends will 
be feasible and trends can be estimated. This future work should attempt to assess patterns for 
both common and less common species, which tend to be of greater conservation interest, and 
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consider additional approaches to estimate population trends. Variation in walking speeds and 
perhaps other inconsistencies among observers seemed to be a major source of bias and are 
disappointing given high levels of past investment. To address these issues, I recommend 
surveying birds along all transects in summer 2021 to improve data resources and the ability to 
understand population trends in the future. Analysts should also compare estimates using a 
distance analyses based framework that considers detection probability when estimating 
abundances, or attempt to fit walking speed as a covariate, perhaps by using mean walking 
speeds for a given observer in the past to fill missing values. At the outset of this program, I 
decided to use line-transect methods versus point counts to maximize numbers of detections 
obtained during surveys and traverse more area, but transect methods can be more subject to 
inter-observer biases. For long-term monitoring, moving to point-based methods may be 
preferable but doing so in a way that maintains data comparability with past efforts should be 
pursued.  

 
Data on population trends and assessments of the degree to which population and habitat changes 
are linked to local management and conservation efforts are fundamental questions for NJP and 
other conservation organizations responsible for managing lands. This is because assessing the 
impacts of conservation efforts and specific management programs is essential for guiding future 
efforts and assuring limited financial resources are being efficiently used. Because most bird 
species are indicative of specific habitat resources and conditions and linked to broad 
biodiversity values and key ecological functions, birds are excellent foci for monitoring and 
assessment efforts (Hutto 1998, Canterbury et al. 2000, Bryce et al. 2002). Hence, by monitoring 
birds and other reliable surrogates we can learn a lot about how environmental and biodiversity 
attributes are changing, as has been shown by recent work in the region (e.g., Flesch 2018, 
Flesch and Esquer 2020). Whereas NJP is focused mainly on preservation of wild cat 
populations and considers them umbrella species for overall biodiversity preservation, inferences 
on the influence of management programs on wild cat populations and their prey remain limited 
or unavailable despite well over a decade of work. This is in part because large predators are 
challenging to monitor due to low detection rates, small population sizes, and large home-range 
area relative to the scale of management, and because data on prey and other species may not yet 
be available in useable formats, which may be why time-series data for species such as deer and 
javelina from camera traps has never been reported. Limitations in time and personnel to tabulate 
and analyze data from remote camera traps, and other factors such as organizational priorities 
and expertise can also complicate efforts to understand results of management. Hence, 
monitoring more tractable groups such as birds and parameters such as vegetation greenness and 
cover at large scales using satellite data, which is now underway with help from collaborators at 
University of Sonora, offer good options to evaluate the impacts of efforts. Expanding bird 
monitoring onto neighboring ranches where NJP has conservation agreements and pays 
landowners for camera trap pictures of wild cats, could help establish whether these efforts are 
benefiting vegetation and habitats for wildlife, which remains unknown. Expanding bird 
monitoring will also help improve the precision of abundance estimates reported here and 
reliability of inferences.          
 
This work offers a number of specific inferences to help direct bird and habitat conservation in 
the region. At the largest and most general vegetation community scale, conserving and 
augmenting riparian vegetation communities dominated by broadleaf species should have the 
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greatest potential to bolster overall bird abundances and richness across the annual cycle of 
seasons. Such efforts will also promote species richness, which data reported here indicate can 
will also be bolstered by targeting oak woodland communities and also tropical deciduous forest, 
or the tallest most developed stands of foothills thornscrub, which are rare and distributed locally 
in the region. Conserving xeric riparian communities dominated by microphyllous species is also 
likely to be important, especially for spring migrants that congregate in large numbers to forage 
in these trees when they are flowering. In contrast, montane scrub communities, which are often 
dominated by large homogenous stands of hopbush, has negative impacts on bird abundance 
suggesting they are of less value for conservation. During winter and the spring and fall 
migration seasons, riparian shrub and riparian mid-story vegetation seemed to be the most 
influential resource to bird communities. Hence, focused conservation of these resources, which 
can be achieved by limiting grazing, promoting water and soil retention, and fostering regrowth 
and recruitment of riparian vegetation should have marked benefits. In the summer breeding 
season, well-developed upland vegetation structure seemed to be an essential resource because it 
fosters occupancy by a large number of summer breeders that depend on dense well-developed 
thornscrub and are rare or not found in the absence of such structure. Moreover, overall bird 
abundance during summer can be fostered by maintaining tall riparian forest with multistoried 
vegetation. Interestingly, results also indicated the importance of surface water to birds in spring 
and winter when water is often most limited. Hence, efforts to construct gabions and other water 
retention structures, refurbish and repair water tanks and represos, and create other water 
features, should help enhance habitats for birds are likely for mammals and other species as well, 
but should be studied in greater depth. At the smallest scale, results also suggest focused efforts 
to conserve and foster germination, recruitment, and growth of palms and broadleaf deciduous 
trees should have marked benefits to bird communities. These efforts are likely to have the 
greatest benefits when implemented in areas that have potential to support these elements but 
where they are rare or not present.   
 
To bolster inferences and help guide conservation, future efforts should focus on more detailed 
population- and guild-specific analyses, all of which can be supported with data amalgamated 
during this effort. Identifying habitat resources that are important to specific populations and 
species of birds is an important direction for future work, but will take additional time and effort. 
Species that are indicative of specific environments and resources linked to broad biodiversity 
values or key ecological functions (e.g., water or cavity-dependent species) are good foci for 
such efforts. Such efforts can be guided by developing specific targets and habitat conservation 
and management objectives so that associated bird populations can be used as surrogates to 
evaluate environmental changes and the impacts of management actions. Due largely to generous 
support from the Neotropical Migratory Bird Conservation Act grants program and the efforts of 
a small and devoted group of researchers and conservation enthusiasts, birds are now perhaps the 
best studied groups of organisms on the NJR for which detailed inferences on abundance and 
habitat relationships are available. Continuing these efforts will illuminate even more important 
and useful insights given the wealth of baseline data now available. 
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Table 1a:  Distribution and abundance of 164 species of birds detected during and after line-transect surveys on the Northern Jaguar 
Reserve in April, July, and Sept. 2018 and Jan. 2019.  Observer initials are AF (Aaron Flesch), AH (Adam Hannuksela), and AAH (Aaron 
Holmes).  Numbers indicate likely territories (singles, singing males, pairs) or flocks except during July surveys and perhaps at other 
times when AH and AAH counted pairs as two individuals overestimating number of territories in ways inconsistent with prior 
established methods. † indicates new species detected ~2km below transect, ? -not identified with 100% certainty, breeding codes are 
standard breeding bird atlas codes, M - male, F - female, im - immature. [ ] denotes one possible species not observed well, ** notes 
surveyed on two days and the maximum number used. 
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Day of month 3 3 8 7 7 9 9 5 4 4 6 6  21/29 25 24 24 26 26 22 28 28 23 23 
Observer AF AH Both AF AH AH AF AF AF AH AF AH  Both Both AH AAH AAH AH AH AH AAH AH AHH 
American Wigeon                         
Common Merganser    4F       1F              
Elegant Quail   1  12         9 9  2 5 6 2   1  
Montezuma Quail         4,P            1    
Wild Turkey    3                     
Inca Dove          15  1       1   3   
Common Ground Dove 6  4 4 3     10    14 6 4 6 3 4 2  7 2 2 
White-tipped Dove    3  4 5 1  3 5 5  15 1 5 1 4 6 2 4 6 5 4 
White-winged Dove 30 5 19 15 8 11 15 15 8 18 20 8  19 16 13 25 18 17 19,ON 6 17 3 6 
Mourning Dove 15 2 3 4 12 3 3 2 2 10 2 3  1   1   2 1   1 
Lesser Roadrunner      †                   
Greater Roadrunner 2  1 2    1  2     1 1 1  1 1 1    
Yellow-billed Cuckoo              5 2 5 3  2 2  4 4 3 
Lesser Nighthawk               1          
Common Poorwill  1                       
Buff-collared Nightjar  3   4   1   3 3  3 2  5   2 4 1 2  
Plain-capped Starthroat                    1     
Black-chinned Hummingbird   1  2                    
Anna's Hummingbird                         
Costa's Hummingbird                         
Broad-tailed Hummingbird                         
Rufous Hummingbird                         
Allen's Hummingbird                         
Broad-billed Hummingbird 8 4 15 15 3 6 18 8 4 8 12 3,NE  6 7 3 11 3 2 3 1 6 1 4 
Berylline Hummingbird                         
Violet-crowned Hummingbird  1  2 6 12 12 6   3   4 2 5 1 1 1  4  5  
Spotted Sandpiper    1            1         
Great Blue Heron    1       2     3       1  
Black Vulture 15  2 6 3 2 10  2 15 4 3  7  31  1 2  1 1   
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Turkey Vulture 20  14 20 6 2 25 14 15 2 12 2  10  8 3 4 3 4 3 9  3 
Osprey                         
Sharp-shinned Hawk           1              
Cooper's Hawk                         
Common Black Hawk    2       1P   1  4   1    3 1 
Gray Hawk 1T    1 1 1T   2    2   2P 1 2  1 1   
Short-tailed Hawk                         
Swainson's Hawk         1                
Zone-tailed Hawk         1P,N            2    
Red-tailed Hawk   1 1    1 1  1      1  1      
Western Screech-Owl     1      1 1   1       1   
Whiskered Screech-Owl        1            2     
Great Horned Owl  1      2  1 1      2     1   
Northern Pygmy-Owl                         
Elf Owl        2           1 2     
Elegant Trogon    1 1   2  3 1 1  13 2 2 1 1 6 4  4   
Belted Kingfisher           1              
Green Kingfisher           2     2P         
Acorn Woodpecker         10            1    
Gila Woodpecker 10 4 13 10 17 16 8 14 2 10 8 7  27  7 16 3 4 11 1 12 4 6 
Red-naped Sapsucker                         
Ladder-backed Woodpecker 6 2   5   4 2 1 2   2 1 1 3    1    
Arizona Woodpecker         1                
Gilded Flicker 3  1   2    4            2   
American Kestrel        1                 
Military Macaw  1P+     3  1P                
White-striped Woodcreeper       2,P            3      
Rose-throated Becard 1UN       3UN      3    1 4,ON 6     
Northern Beardless-Tyrannulet 3    4 1 1 6 4  3     1   1 1 1  1  
Dusky-capped Flycatcher 1    4 5 4 2 10 3 1   9  1 3   2  4 1 1 
Ash-throated Flycatcher 3  11  2P 8 3 1 3  2 3  2 9 3 8 2  4   1 1 
Nutting's Flycatcher 10 1 5 3 1 2 5 4 3 2 2   4P  2 1 1  1  2 1  
Brown-crested Flycatcher      1 1   1 1   18 4 5 12 4 3 1 2 5 3 3 
Sulphur-bellied Flycatcher              4,FY   1 2 6 3  1   
Tropical Kingbird              5,ON  2   1  2 3   
Cassin's Kingbird         1                
Thick-billed Kingbird                 2   5  1   
Western Kingbird 1  1 2        1             
Greater Pewee                         
Western Wood-Pewee              1   1 3 5 11 5 2   
Willow Flycatcher                         
Hammond's Flycatcher                         
Gray Flycatcher 6  1 1 1  1 2 2 1 1 1  1           
Dusky Flycatcher 1 1      2                 
Pacific-slope Flycatcher  1 1? 12 6 5 10 8  1 8 1         1?    
Buff-breasted Flycatcher                         
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Black Phoebe    6     1 2 6     3  3 1   1 4  
Eastern Phoebe                         
Say's Phoebe           1              
Vermilion Flycatcher 5P 1  10P 1  3   8P 4   5  8  2 2 2 2 5 5 1 
Loggerhead Shrike                         
Bell's Vireo 0   30,P 1     2S 10S   6  19      2 8 3 
Hutton's Vireo                         
Cassin's Vireo          1               
Plumbeous Vireo     1 1  4                 
Warbling Vireo    8   4    5         3     
Yellow-green Vireo                   8      
Steller's Jay         1                
Woodhouse's Scrub-Jay         10                
Mexican Jay                     4    
Common Raven 3  3 1 1 4 1 3 3 2 2 2  3  4 1 3   2 2   
Violet-green Swallow 1                        
Northern Rough-winged Swallow    4       2     2     4    
Barn Swallow                4         
Bridled Titmouse                     1    
Verdin 5 2 6 3 1 4 2  1 5 3 3  2  2 2 3 3  2 2 1 3 
Rock Wren     2            2        
Canyon Wren  2 1 4 7  4 3S 2S 8 2S 2  7  6 4 2 2 4 3 3  3 
House Wren 1  2  1 4 2 1   1              
Cactus Wren 2S 6 21 4 9 9 6 5S 4S 10 4S 5  11 15 1 2 4 1 5 2 5   
Happy Wren           1S              
Sinaloa Wren 3 2 1 5 3 2 12 15 3 4 12 2  11  15 4 2 9 14 6 8 10 2 
Blue-gray Gnatcatcher  1    2   4S,P     1  2     2    
Black-tailed Gnatcatcher   3S,P 1 2 2      1   5 1     1    
Black-capped Gnatcatcher 6 5 4 8  6 3 4 6 2 6 2  9 2  7 4 2 6 5 6  6 
Ruby-crowned Kinglet 1  1 3 1 2 2 2 1 2 1              
Brown-backed Solitaire                         
Hermit Thrush 1                        
Rufous-backed Robin              1        2,ON   
American Robin                         
Blue Mockingbird        1S  1S?               
Curve-billed Thrasher 2  6 4  2 2  1 2 1 1  3 5 1 5 4  1 1 2 3 2 
Northern Mockingbird   13           1 11          
Phainopepla 1  2            2 1      2,P  1NY 
House Finch 10 8 6 10 2 18 6 15 4 10 4 4  4 8 9 6 3 4 4 11 3   
Lesser Goldfinch 2  1 3 4 15 4 2  3 2 1  4 8 2 7 5 8 15 15 6 1  
Rufous-winged Sparrow 15S 3 19 5 4 6 5 4 6 5 2   14 24 11 3 3 5 1 1 2 2 1 
Cassin's Sparrow              3           
Grasshopper Sparrow                         
Five-striped Sparrow              13 9 4 15 11 16 20 25 25 1 12 
Lark Sparrow          12     1      1    
Lark Bunting   1                      
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Chipping Sparrow 30  3 8 2    2 25               
Brewer's Sparrow                         
White-crowned Sparrow 1         2               
Lincoln's Sparrow         1                
Canyon Towhee 10 2 5 4 8 4 3 1 3P 2 1 5  7 8 2 4 2 1 4 6 1 1 1 
Rufous-crowned Sparrow   5     1 8S                
Green-tailed Towhee 7  1 2 6 2 4   1 2 2             
Yellow-breasted Chat              1 19 27 29 15 21 2  17 8 5 
Black-vented Oriole  1 1 1 2 4  2   2 1   2  1   9     
Hooded Oriole 1  6 2P 14 20 10 20,P  5 3,P   5 9 3 22 13 15 26,ON  4 3 1 
Streak-backed Oriole  1   1 2    1    5  6 2  1 5 2  6 1 
Bullock's Oriole    1                     
Scott's Oriole         1S                
Bronzed Cowbird              6  5  1   2 5 5 2 
Brown-headed Cowbird               2 7 2 6   1 10   
Orange-crowned Warbler  1  15 3 3 10 5  1 2 1             
Lucy's Warbler 20P   20 4 3 2  2 15 14,P 4  2      1   2  
Nashville Warbler 10 1 1 30 10 12 13    5 3             
Virginia's Warbler 1    1                    
MacGillivray's Warbler          1               
Common Yellowthroat           3              
Northern Parula                         
Tropical Parula                 8,S  6,S      
Yellow Warbler    1       1S              
Yellow-rumped Warbler    4    2 1  1              
Black-throated Gray Warbler 1   10 1 4 5 4  2 2 1             
Townsend's Warbler                         
Fan-tailed Warbler                   3 6,NE 1    
Rufous-capped Warbler   1  5 4 7 10S 5S  3S    2  2 2 8 6 4 1   
Wilson's Warbler          1 2              
Painted Redstart                         
Slate-throated Redstart                         
Hepatic Tanager 2       1 1                
Summer Tanager      1 3       5  6 7 2 9 8 5 3 1  
Western Tanager         1           1 1    
[Flame-colored Tanager]                         
Northern Cardinal 4S 3 5S  1 6 4 3S 1 6 4S 4  14 11 11 4 1    2  5 
Pyrrhuloxia 1 2    2    2  1  3 5     1 5   1 
Yellow Grosbeak                     1    
Black-headed Grosbeak    1   1 1      3 1 1   1 8 6   2 
Blue Grosbeak              8 5 3 4 5 5  2 8 1  
Lazuli Bunting 1  1 2  2    1 2 1             
Varied Bunting              13 11 9 8 8 3 2 5 10 3 6 
Painted Bunting              1  2P  1       
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Table 1b:  Distribution and abundance of 164 species of birds detected during and after line-transect surveys on the 
Northern Jaguar Reserve in April, July, and Sept. 2018 and Jan. 2019.  Observer initials are AF (Aaron Flesch), AH 
(Adam Hannuksela), and AAH (Aaron Holmes).  Numbers indicate likely territories (singles, singing males, pairs) or 
flocks except during July surveys and perhaps at other times when AH and AAH counted pairs as two individuals 
overestimating number of territories in ways inconsistent with prior established methods. † indicates new species 
detected ~2km below transect, ? -not identified with 100% certainty, breeding codes are standard breeding bird atlas 
codes, M - male, F - female, im - immature. [ ] denotes one possible species not observed well, ** notes surveyed on 
two days and the maximum number used. 
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Day of month 24 25 26 26 27 23 22  6&7 7 8 8 9 4 4 5 5 9 
Observer AF AF AF AF AF AF AF  AF AH AF AH AF AF AH AH AF AH 
American Wigeon              18    38 
Common Merganser         3M,3F          

Elegant Quail 3 1P,FL 2      8          

Montezuma Quail                   

Wild Turkey                   

Inca Dove       4            

Common Ground Dove 20 10 7 4 3 8 15  5 4    1 8 2  3 
White-tipped Dove 5 3 3 5 4 3   1 2  4       

White-winged Dove 8 2 4 2  8   4     12  40  38 
Mourning Dove 25 20 8 10 4 5 6  8     4 16 3   

Lesser Roadrunner                   

Greater Roadrunner 2     2             

Yellow-billed Cuckoo       1            

Lesser Nighthawk                   

Common Poorwill                 1  

Buff-collared Nightjar 3 4 3  3 6       1      

Plain-capped Starthroat                   

Black-chinned Hummingbird                   

Anna's Hummingbird             1     2 
Costa's Hummingbird                  1 
Broad-tailed Hummingbird       1            

Rufous Hummingbird                  1? 
Allen's Hummingbird                  1? 
Broad-billed Hummingbird 6 3 3 4 5 3   1 4  3 3  2   11 
Berylline Hummingbird             2?      

Violet-crowned Hummingbird 1            1?      

Spotted Sandpiper 4        3       8   

Great Blue Heron 2        2          
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Black Vulture 2 2 4 1   2            

Turkey Vulture 15 10 10 5 6 15 10  1 1 1   4  3 3  

Osprey                1   

Sharp-shinned Hawk  1               1  

Cooper's Hawk 1                  

Common Black Hawk   1im    1          1  

Gray Hawk  1 1P    2         1   

Short-tailed Hawk      1             

Swainson's Hawk                   

Zone-tailed Hawk      1P             

Red-tailed Hawk      2 1  1 2  1  1   1  

Western Screech-Owl  3       1      1    

Whiskered Screech-Owl                   

Great Horned Owl  1   1  2   2 1    1    

Northern Pygmy-Owl     1              

Elf Owl 1P 1P   1P     1C   1C      

Elegant Trogon  1M+FL 1  2 1 4  1  1  5 1 1    

Belted Kingfisher 1        1       1   

Green Kingfisher               1    

Acorn Woodpecker      3       3 4     

Gila Woodpecker 12 8 6 6 8 2 15  8 8 6 5 8 3 3 5 6 6 
Red-naped Sapsucker     1            1  

Ladder-backed Woodpecker 4 3 4 3 4 4 4  5 2 3  6 1  1 1  

Arizona Woodpecker                   

Gilded Flicker   1      2  1    1    

American Kestrel 1 1 1  1  1  2 2 1        

Military Macaw    1P+2  3P             

White-striped Woodcreeper                   

Rose-throated Becard  1     2   5  1 1      

Northern Beardless-Tyrannulet 2 6 2 1 4 2 3  3  3  2 3   3  

Dusky-capped Flycatcher 6 10 4 4 5 4 8   3   1      

Ash-throated Flycatcher 8 5 2  2 5 10     1       

Nutting's Flycatcher 4 3 2 3 4  1  1  4 1 8 6   3 2 
Brown-crested Flycatcher 6 4 2 1   8            

Sulphur-bellied Flycatcher                   

Tropical Kingbird                   

Cassin's Kingbird              2     

Thick-billed Kingbird 3 2 3 2 2 1 2            

Western Kingbird 20  1    1            

Greater Pewee   1 1 2       1 2      

Western Wood-Pewee 1                  

Willow Flycatcher                 1  

Hammond's Flycatcher 1 1 2 1 2 1   1    1 1   2  

Gray Flycatcher 8 6 4 2   15  2  2   1 5  3  

Dusky Flycatcher 5 4 3 4 4 2 ?  1  1  1 2     

Pacific-slope Flycatcher 7? 3 5? 5? 8? 7? 3?   2  11? 3?   4? 3? 11? 
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Buff-breasted Flycatcher      1            2 
Black Phoebe 4 1 2 1  1 2  6  2 1  1 2  2  

Eastern Phoebe                  1 
Say's Phoebe       1     1       

Vermilion Flycatcher 13 3 1    10  2   1       

Loggerhead Shrike               2    

Bell's Vireo 12      3        1    

Hutton's Vireo         1  1  2 2   2  

Cassin's Vireo  1  1 1    1 4 1 4 2   1 1 3 
Plumbeous Vireo  1 1 2 2  1  2       2 3  

Warbling Vireo 3 2 2 3 2 3             

Yellow-green Vireo                   

Steller's Jay                   

Woodhouse's Scrub-Jay                   

Mexican Jay      8        14     

Common Raven 4  1P 1P 2 5 1P  3 2P 4 2P 2 1P 2 2 1 2 
Violet-green Swallow                   

Northern Rough-winged Swallow                   

Barn Swallow                   

Bridled Titmouse                   

Verdin 3 8 4 2 1 1 10  4 8 3 1 2 1   2 2 
Rock Wren  1       1 1 1        

Canyon Wren 3 2 1 1 4 4 4  1 6 1 3 3 1 5 1 1 2 
House Wren 12 10 15 5 3 10 8  5 5 15 3 10 1  1  4 
Cactus Wren 6 3 6 5 1 10 6  1 11 6 1 4 3S    4 
Happy Wren         1S       1S   

Sinaloa Wren 18 20 6  15 10 15  3 5 3 1 6 5   4 2 
Blue-gray Gnatcatcher      2   1 2 2    4 2 2 1 
Black-tailed Gnatcatcher                3 4  

Black-capped Gnatcatcher 10 10 5 3 3 2 10  6 14 4 13 8 6 1   25 
Ruby-crowned Kinglet         16 21 12 21 20 22  7 14 18 
Brown-backed Solitaire         1    1      

Hermit Thrush         1 1 2 3 6 4 1 3  1 
Rufous-backed Robin                   

American Robin                 1  

Blue Mockingbird     1S        2S      

Curve-billed Thrasher 3 5 4 3 3 4 4  1 3 1 1    1   

Northern Mockingbird 1  1    1  4 13 1 3   1 3 1 6 
Phainopepla         2          

House Finch 3 15 6 2 5 2   5 13 6 1 6    2 4 
Lesser Goldfinch 6 12 10 6 10 16 25  3 11 2 2 12 10 1  1 6 
Rufous-winged Sparrow 10 8 4   6 4  2 6 5   1    6 
Cassin's Sparrow                   

Grasshopper Sparrow              3?     

Five-striped Sparrow 2 4 4 3 2 6      4  1    3 
Lark Sparrow         25          
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Lark Bunting                   

Chipping Sparrow      4   1     80    17 
Brewer's Sparrow          1         

White-crowned Sparrow                  1 
Lincoln's Sparrow   3      2 6 8 2       

Canyon Towhee 1 3 1   2 1  1  2   4   1  

Rufous-crowned Sparrow      8      4  1     

Green-tailed Towhee 2 6 2 1     2 5 1   2    3 
Yellow-breasted Chat 12S,P 15S 6 4 2  1            

Black-vented Oriole     1     2         

Hooded Oriole 5 6 3 2   4   1   1      

Streak-backed Oriole 3 4  3   3  2 4      1   

Bullock's Oriole  1     2            

Scott's Oriole     1         1S     

Bronzed Cowbird                   

Brown-headed Cowbird                   

Orange-crowned Warbler 3 2 1 1 1  5  2 4 1 2 3 4  2 4 2 
Lucy's Warbler 20 2 1 1   6   1         

Nashville Warbler 15 4 3 4 3  20         1 2  

Virginia's Warbler                   

MacGillivray's Warbler     1  1  2          

Common Yellowthroat       1            

Northern Parula 1?                  

Tropical Parula    3S               

Yellow Warbler 1      1            

Yellow-rumped Warbler       1  50 15 3 2 2 8 2 3 5 1 
Black-throated Gray Warbler 1 2 2 5 5 10 3  3 3 1 3 3 8  1 4 3 
Townsend's Warbler             1      

Fan-tailed Warbler    2S 1S              

Rufous-capped Warbler  6S 5S 6S 10S 3     3 4 8     5 
Wilson's Warbler 4 2 1 1 3 1 6     1 1      

Painted Redstart     3 3 1      4 4 2    

Slate-throated Redstart 2                  

Hepatic Tanager      3       1 4     

Summer Tanager 14 10 5 6 15  10            

Western Tanager 25 20 4 4 4 4 4            

[Flame-colored Tanager]       1F?            

Northern Cardinal 12 10 8 3 2 3 20  9 8 4 1 2   2 5 1 
Pyrrhuloxia 1        2          

Yellow Grosbeak                   

Black-headed Grosbeak 15 5 1 3 2 6 15  1     1     

Blue Grosbeak 8 3 6 5 4 10 8            

Lazuli Bunting 2 2 1   3 6  1  1    9    

Varied Bunting 1 12 6 4 4              

Painted Bunting 1M                  
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Table 2: Density (no./ha) and relative abundance (no./100 m) of individuals, pairs, and flocks along 13 transects sampled during four seasons on the Northern Jaguar 
Reserve in east-central Sonora, Mexico, 2007-2011. Density is based on distance-sampling methods and was estimated for only for species with ≥30 encounters 
across time. Only species with ≥20 total encounters along transects are listed.    

  Winter   Spring   Summer   Fall 

   
Relative 

abundance    Density     
Relative 

abundance    Density     
Relative 

abundance    Density     
Relative 

abundance    Density  

  n   est. SE   est. SE   n   est. SE   est. SE   n   est. SE   est. SE   n   est. SE   est. SE 
All Species 1586  6.97 0.59  6.51 0.55  4473  6.72 0.41  7.00 0.43  3352  12.91 1.02  10.65 0.90  1071  7.83 0.77  7.38 0.90 
Elegant Quail 4  0.02 0.01  0.03 0.02  16  0.11 0.04  0.09 0.04  33  0.10 0.05  0.11 0.04  7  0.04 0.02  0.07 0.05 
Montezuma Quail         1  0.01 0.01     18  0.07 0.05     1  0.01 0.01    
Common Ground Dove 7  0.03 0.01  0.04 0.02  18  0.16 0.06  0.19 0.07  81  0.29 0.05  0.39 0.09  28  0.17 0.05  0.29 0.98 
White-tipped Dove 3  0.02 0.01  0.01 0.01  45  0.42 0.13  0.28 0.10  86  0.34 0.08  0.30 0.09  7  0.05 0.02  0.04 0.03 
White-winged Dove 11  0.04 0.02  0.03 0.01  80  0.61 0.11  0.33 0.07  245  0.91 0.11  0.53 0.09  2  0.01 0.01  0.01 0.01 
Mourning Dove 12  0.05 0.02  0.07 0.03  9  0.10 0.05  0.09 0.04  10  0.04 0.01  0.04 0.02  8  0.06 0.02  0.08 0.04 
Yellow-billed Cuckoo                 46  0.17 0.06  0.14 0.04  6  0.04 0.02  0.09 0.06 
Costa's Hummingbird 11  0.05 0.03     7  0.05 0.03                    
Broad-billed Hummingbird 19  0.10 0.04  0.13 0.04  36  0.31 0.08  0.73 0.19  64  0.27 0.06  0.72 0.16  21  0.15 0.04  0.37 0.12 
Violet-crowned Hummingbird 3  0.01 0.01  0.02 0.02  19  0.15 0.06  0.28 0.11  37  0.15 0.04  0.27 0.07  5  0.05 0.02  0.07 0.04 
Turkey Vulture         12  0.10 0.03     4  0.01 0.01     1  0.01 0.01    
Common Black Hawk         3  0.05 0.04     9  0.04 0.02     4  0.04 0.02    
Gray Hawk         5  0.06 0.04     9  0.04 0.02     4  0.03 0.02    
Red-tailed Hawk 7  0.04 0.01     5  0.03 0.01     5  0.02 0.01     2  0.01 0.01    
Elegant Trogon 12  0.05 0.03  0.05 0.03  5  0.04 0.02  0.04 0.02  37  0.15 0.04  0.14 0.03  3  0.03 0.02  0.02 0.01 
Gila Woodpecker 49  0.21 0.04  0.13 0.03  55  0.42 0.10  0.38 0.10  156  0.60 0.14  0.67 0.12  40  0.27 0.06  0.20 0.06 
Ladder-backed Woodpecker 17  0.08 0.02  0.06 0.03  15  0.12 0.04  0.11 0.06  35  0.13 0.03  0.08 0.02  29  0.21 0.03  0.22 0.07 
Gilded Flicker         7  0.04 0.02     16  0.05 0.02            
Rose-throated Becard                 29  0.19 0.14  0.18 0.10  11  0.16 0.13  0.13 0.10 
Northern Beardless-Tyrannulet 17  0.08 0.03  0.06 0.02  15  0.12 0.05  0.10 0.05  34  0.13 0.04  0.11 0.03  4  0.03 0.01  0.03 0.01 
Dusky-capped Flycatcher 1  0.01 0.01  0.00 0.00  26  0.22 0.09  0.13 0.06  77  0.32 0.08  0.18 0.03  23  0.17 0.05  0.11 0.04 
Ash-throated Flycatcher 16  0.06 0.01  0.05 0.02  40  0.31 0.06  0.32 0.07  38  0.14 0.06  0.12 0.04  22  0.15 0.06  0.18 0.08 
Nutting's Flycatcher 49  0.24 0.05  0.11 0.03  20  0.14 0.06  0.08 0.04  7  0.02 0.01  0.02 0.01  15  0.10 0.03  0.05 0.02 
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Brown-crested Flycatcher                 91  0.36 0.09  0.32 0.06  10  0.06 0.03  0.07 0.04 
Sulphur-bellied Flycatcher                 21  0.11 0.07     3  0.02 0.02    
Thick-billed Kingbird         1  0.01 0.01     31  0.15 0.07  0.14 0.04  12  0.12 0.06  0.09 0.06 
Western Wood-Pewee         1  0.02 0.02  0.01 0.02  28  0.17 0.11  0.12 0.05  10  0.09 0.04  0.13 0.06 
All Empidonax flycatchers 152  0.57 0.12  0.65 0.10  41  0.31 0.10  0.66 0.16          52  0.50 0.05  0.44 0.06 
Western Flycatcher 10  0.04 0.01  0.10 0.05  37  0.31 0.10  0.41 0.09          3  0.02 0.02  0.03 0.03 
Hammond's Flycatcher 12  0.06 0.03     2  0.01 0.01             7  0.06 0.02    
Gray Flycatcher 33  0.14 0.05  0.18 0.05  6  0.04 0.01  0.06 0.02          5  0.04 0.02  0.05 0.02 
Dusky Flycatcher 7  0.02 0.01     6  0.04 0.02             14  0.10 0.04    
Black Phoebe 24  0.11 0.03  0.16 0.05  6  0.04 0.03  0.08 0.07  7  0.03 0.01  0.07 0.05  15  0.12 0.05  0.18 0.08 
Vermilion Flycatcher         27  0.18 0.08  0.27 0.14  50  0.17 0.09  0.38 0.17  14  0.10 0.04  0.16 0.08 
Solitary Vireo 13  0.06 0.02     10  0.08 0.03             5  0.05 0.02    
Bell's Vireo 1  0.01 0.01  0.00 0.00  32  0.21 0.16  0.20 0.15  41  0.17 0.14  0.13 0.07  12  0.08 0.07  0.07 0.07 
Hutton's Vireo 16  0.06 0.02     4  0.04 0.02             2  0.02 0.02    
Common Raven 8  0.03 0.01     5  0.05 0.02     5  0.03 0.01     2  0.02 0.02    
Verdin 28  0.13 0.04  0.14 0.04  36  0.24 0.04  0.35 0.08  48  0.16 0.05  0.22 0.07  8  0.05 0.02  0.08 0.04 
Rock Wren 12  0.05 0.02     5  0.04 0.01     5  0.02 0.01     2  0.01 0.01    
Canyon Wren 51  0.22 0.04  0.16 0.04  20  0.18 0.08  0.08 0.04  77  0.31 0.06  0.14 0.03  19  0.15 0.05  0.06 0.03 
House Wren 22  0.10 0.06  0.14 0.06  17  0.14 0.03  0.19 0.05          20  0.14 0.02  0.25 0.05 
Cactus Wren 26  0.12 0.10  0.10 0.04  28  0.19 0.03  0.19 0.04  77  0.28 0.06  0.26 0.06  18  0.12 0.05  0.11 0.05 
Sinaloa Wren 25  0.10 0.04  0.15 0.05  32  0.26 0.07  0.33 0.09  64  0.33 0.18  0.34 0.12  24  0.24 0.13  0.25 0.14 
Blue-gray Gnatcatcher 56  0.23 0.06  0.30 0.07  4  0.03 0.03  0.03 0.02  4  0.02 0.01  0.03 0.02  2  0.02 0.02  0.03 0.02 
Black-tailed Gnatcatcher 17  0.08 0.02  0.12 0.04  6  0.04 0.02  0.07 0.04  5  0.02 0.01  0.03 0.02  5  0.04 0.02  0.06 0.03 
Black-capped Gnatcatcher 47  0.21 0.05  0.11 0.04  49  0.38 0.05  0.20 0.03  60  0.21 0.03  0.12 0.03  19  0.12 0.03  0.06 0.01 
Ruby-crowned Kinglet 116  0.51 0.09  0.90 0.13  19  0.18 0.07  0.26 0.09          1  0.01 0.01  0.02 0.02 
Curve-billed Thrasher 10  0.06 0.03  0.02 0.01  27  0.17 0.06  0.26 0.09  54  0.18 0.04  0.13 0.03  30  0.22 0.04  0.12 0.02 
Northern Mockingbird 24  0.14 0.10  0.08 0.06  10  0.06 0.04  0.03 0.02  34  0.10 0.09  0.07 0.04  2  0.02 0.01  0.01 0.01 
Phainopepla 25  0.15 0.09  0.07 0.04  13  0.09 0.07  0.06 0.05  1  0.00 0.00  0.00 0.00         
House Finch 69  0.29 0.08  0.32 0.10  50  0.37 0.07  0.92 0.17  57  0.18 0.04  0.45 0.10  21  0.13 0.06  0.22 0.06 
Lesser Goldfinch 37  0.15 0.03  0.05 0.01  23  0.19 0.06  0.09 0.03  64  0.24 0.08  0.18 0.05  23  0.15 0.06  0.07 0.03 
Rufous-winged Sparrow 7  0.04 0.02  0.03 0.01  31  0.22 0.06  0.20 0.06  76  0.25 0.07  0.25 0.06  33  0.22 0.07  0.21 0.07 
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Five-striped Sparrow         10  0.08 0.04  0.08 0.05  170  0.61 0.12  0.81 0.19  4  0.03 0.03  0.03 0.03 
Chipping Sparrow 39  0.15 0.07  0.31 0.12  27  0.19 0.09  0.30 0.14          10  0.08 0.07  0.07 0.05 
White-crowned Sparrow 12  0.05 0.02     4  0.03 0.02             2  0.01 0.01    
Lincoln's Sparrow 14  0.05 0.03     6  0.04 0.04             2  0.01 0.01    
Canyon Towhee 29  0.12 0.04  0.19 0.05  22  0.17 0.05  0.35 0.12  58  0.22 0.03  0.22 0.04  24  0.17 0.08  0.18 0.07 
Rufous-crowned Sparrow 7  0.03 0.01  0.01 0.00  6  0.05 0.04  0.02 0.01  30  0.12 0.10  0.06 0.03  7  0.06 0.05  0.04 0.01 
Green-tailed Towhee 40  0.17 0.05  0.23 0.06  12  0.08 0.03  0.18 0.08          3  0.02 0.02  0.04 0.04 
Yellow-breasted Chat         2  0.01 0.01  0.07 0.10  232  0.87 0.12  0.82 0.10  29  0.19 0.05  0.29 0.09 
Black-vented Oriole 6  0.03 0.01     3  0.04 0.04     18  0.07 0.03            
Hooded Oriole 2  0.01 0.01  0.01 0.01  81  0.67 0.31  0.61 0.30  200  0.74 0.19  0.86 0.19  23  0.15 0.07  0.15 0.06 
Brown-headed Cowbird         4  0.02 0.02  0.02 0.01  56  0.20 0.03  0.12 0.02         
Orange-crowned Warbler 14  0.05 0.02     11  0.07 0.02             4  0.03 0.01    
Lucy's Warbler         29  0.19 0.08  0.41 0.19  9  0.03 0.01  0.07 0.03  25  0.16 0.10  0.35 0.22 
Nashville Warbler         15  0.15 0.07             15  0.10 0.04    
MacGillivray's Warbler         12  0.09 0.02             10  0.06 0.03    
Yellow-rumped Warbler 27  0.11 0.05  0.14 0.08  9  0.07 0.03  0.08 0.05                 
Black-throated Gray Warbler 52  0.23 0.05  0.39 0.08  30  0.22 0.04  0.40 0.08          6  0.04 0.02  0.08 0.04 
Rufous-capped Warbler 31  0.12 0.05  0.11 0.03  18  0.15 0.05  0.10 0.04  38  0.18 0.08  0.11 0.03  10  0.11 0.06  0.06 0.03 
Wilson's Warbler 7  0.03 0.02  0.08 0.05  37  0.31 0.10  0.71 0.19          7  0.05 0.03  0.14 0.09 
Painted Redstart 17  0.08 0.04     2  0.03 0.02                    
Hepatic Tanager 12  0.06 0.04     5  0.05 0.02     1  0.00 0.00     1  0.01 0.01    
Summer Tanager         21  0.17 0.06  0.25 0.10  59  0.26 0.10  0.33 0.10  36  0.30 0.10  0.27 0.09 
Western Tanager         5  0.03 0.02  0.06 0.05  1  0.00 0.00  0.01 0.01  24  0.20 0.08  0.17 0.07 
Northern Cardinal 37  0.17 0.04  0.24 0.07  51  0.37 0.08  0.27 0.07  110  0.41 0.09  0.42 0.09  29  0.19 0.09  0.31 0.14 
Pyrrhuloxia 8  0.03 0.01     4  0.03 0.02     3  0.01 0.01            
Black-headed Grosbeak 4  0.01 0.01  0.02 0.02  27  0.19 0.04  0.31 0.09  68  0.28 0.14  0.14 0.05  23  0.16 0.06  0.20 0.09 
Blue Grosbeak                 80  0.28 0.08  0.32 0.10  42  0.29 0.08  0.34 0.12 
Lazuli Bunting 19  0.08 0.03     7  0.06 0.02             2  0.01 0.01    
Varied Bunting                 7   0.04 0.02   0.10 0.07   113   0.40 0.04   0.44 0.19   25   0.17 0.04   0.23 0.08 
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Table 3: Observer effort, timing, walking speeds and relative abundance of all species detected (no./100 m) of 
individuals, pairs, and flocks along 15 transects sampled during four seasons on the Northern Jaguar Reserve in east-
central Sonora, Mexico, 2007-2019. Effort shows widely varying walking speeds in some season and year combinations 
especially in summer 2018. 

   Walking speed (m/hr)  Relative abundance all individuals 
(no./100 m) 

Observer Season No. surveys Mean SE  Mean SE 

Aaron Holmes (2018) Summer 6 968.8 111.0  5.67 0.57 

Aaron Flesch (2007-2019) Fall 21 476.6 40.8  10.55 0.91 
Aaron Flesch (2007-2019) Spring 17 514.6 48.4  9.87 1.11 
Aaron Flesch (2007-2019) Summer 20 557.8 55.7  12.40 0.96 
Aaron Flesch (2007-2019) Winter 19 546.6 50.1  8.04 0.80 
Adam Hannuksela (2018) Spring 7 843.3 130.2  4.70 1.11 
Adam Hannuksela (2018) Summer 9 855.3 89.8  7.50 0.98 
Adam Hannuksela (2019) Winter 4 555.3 143.7  5.84 1.59 
David Kramer (2011) Spring 41 620.0 35.9  6.71 0.42 
Glenn Johnson (2009) Fall 3 769.7 55.1  7.41 0.11 
Glenn Johnson (2009) Winter 6 737.2 108.4  6.15 0.87 
Jake Mohlmann  Fall 4 405.7 88.0  9.93 3.22 
Jon Yerger (2011) Spring 7 486.6 37.4  5.78 0.63 
Keith Kamper (2009) Fall 5 352.1 50.4  8.71 1.80 
Lisa Gardner (2010) Spring 4 379.2 57.2  5.58 0.78 
Moez Ali (2008) Summer 5 646.5 82.3  16.52 1.98 
Sky Jacobs (2010-2012) Winter 6 537.3 107.5  5.53 1.39 
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Table 4: Summary of vegetation communities and structural conditions along the 15 principal long-term monitoring transects on the Northern Jaguar Reserve in east-
central Sonora, Mexico, 2007-2019. Vegetation communities are desertscrub (DS), foothills thornscrub (FTS), tropical deciduous forest (TDF), montane scrub (MS), 
oak woodland (OW), xeric-riparian (XR) dominated by microphyllous tree species, and mesic riparian (MR) dominated by broadleaf species.  

 Vegetation Community Cover (%)     Upland Vegetation  Riparian Vegetation 

Transect  DS  FTS  TDF  MS  OW  XR  MR   

Basal  
Area     

(sq ft/ac) 

Snag 
Density 
(no./ ha)   

 Avg. 
Canopy 
Height 

 (m) 

Shrub 
Cover 
(%) 

Short  
Tree  

Cover       
(%)   

 Avg. 
Canopy 
Height  

(m) 

Shrub 
Cover  
(%) 

Short  
Tree  

Cover   
(%) 

Tall 
Tree  

Cover 
(%) 

Rio Aros Segment 1  20    78 3  87.5 7.1  3.3 40.0 17.5  2.4 28.8 33.8 9.4 

Rio Aros Segment 2  2    95 3  103.0 0.8  4.0 50.0 20.0  9.2 28.0 30.0 15.0 

Babisal Abajo  15 31   3 48 4  99.6 3.9  3.1 52.3 9.6  7.5 43.1 38.8 8.5 

Babisal Arriba   25 2   2 62  258.3 7.5  4.8 68.3 43.3  18.8 38.3 35.0 30.0 

Huberal Lower  25   3 72   138.2 15.1  4.4 30.0 15.7  6.9 63.6 38.6 13.2 

Huberal Upper  53 7  10 20 10  140.0 7.3  4.7 40.0 60.0  7.3 23.3 43.3 13.3 

Huijalo Abajo   55   38 8   116.4 10.4  4.5 62.7 42.7  12.5 59.2 28.5 61.5 

La Ventana  2 14   1 69 15  172.5 8.3  2.9 39.0 25.0  9.6 22.5 38.2 33.6 

Las Tésotas Canyon   69    31   52.5 3.4  3.1 41.8 18.6  5.8 23.8 21.7 13.8 

Los Pavos Canyon  41   12 48   96.3 23.3  4.0 55.0 29.3  3.4 36.3 40.6 3.1 

Los Pavos Road  46 32    22   16.7 3.1  2.1 45.0 26.7  0.0 33.8 42.5 0.0 

Mesa Encinosa Camp to Tank  32   62 7   43.3 4.5  4.2 50.0 43.3  0.0 0.0 0.0 0.0 

Mesa Encinosa Huijalo Arriba  10   88  2  153.3 1.2  5.0 50.0 50.0  11.7 33.3 53.3 26.7 

Mesa Encinosa Road to Mesa  10  39 51    30.7 0.9  3.1 38.6 35.7  0.0 0.0 0.0 0.0 

Río Aros below Las Tésotas    59       33 8   96.3 4.1   3.9 55.6 41.3   8.8 38.1 35.6 39.4 
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Table 5: Summary of composition and physiognomy of dominant vegetation along the 15 principal long-term 
monitoring transects on the Northern Jaguar Reserve in east-central Sonora, Mexico, 2007-2019. Averages are weighted 
by the number of sampling points along transects (n = 124) so they are representative of availability of different plant 
substrates for birds along transects on the reserve.  
 

Transect 
 Broadleaf 
Deciduous 

 Broadleaf 
Evergreen 

Grass- 
Forb Microphyllous Oak Palm Succulent 

Rio Aros Segment 1 3 0 1 93 0 0 4 

Rio Aros Segment 2 5 0 0 95 0 0 0 

Babisal Abajo  11 2 0 58 6 17 6 

Babisal Arriba  48 4 0 18 28 4 0 

Huberal Lower 0 2 0 89 1 8 1 

Huberal Upper 10 30 0 18 28 15 0 

Huijalo Abajo  17 2 0 25 50 5 1 

La Ventana  14 0 0 77 4 5 0 

Las Tesotas Canyon  0 3 0 95 0 0 1 

Los Pavos Canyon 0 1 0 68 28 3 1 

Los Pavos Road above ranch 0 3 2 88 2 2 3 

Mesa Encinosa Camp to Tank 0 4 0 20 76 0 0 

Mesa Encinosa Huijalo Arriba 4 0 0 9 86 0 1 

Mesa Encinosa Rd to Mesa 0 23 0 11 64 0 3 

Río Aros below Las Tésotas  14 11 0 70 0 0 5 

Average (area weighted) 8.5 4.2 0.2 62.5 18.3 4.5 1.9 
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Figure 1:  Relationship between density and relative abundance for the same bird species estimated during four 
seasons on the Northern Jaguar Reserve in east-central Sonora, Mexico, 2007-2011.  Estimates of density were based 
on distance sampling methods. Dotted lines show 1:1 relationships that would be expected given perfect correlation, 
and n indicates the number of species compared during each season. Data for one species with high abundance 
relative to other species during winter was omitted from the figure for scale. 
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Figure 2:  Patterns in walking speeds (± SE) during line transect surveys across four seasons (top) and across 12 
annual seasonal visits between 2007 and 2018 during which at least 9 transects were surveyed on the Northern Jaguar 
Reserve in east-central Sonora, Mexico.  Figures show the influence and inconsistency of walking speeds during 
summer 2018, which were a clear outlier given they occurred at much faster speeds than in any prior seasonal visit, 
which biased estimates. Data from 14 transect surveys was omitted because either survey start or end times were not 
recorded.  
 
 



47 
 

 
 
Figure 3: Season and year-specific variation in relative abundances (no./100 m) of all individuals birds combined along 
the 15 principal long-term monitoring transects on the Northern Jaguar Reserve in east-central Sonora, Mexico, 2007-
2019. Estimates are least-square means and P-values are for the nominal fixed effect of year from linear-mixed effects 
models in which transect was fit as a random effect.     
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Figure 4: Variation in winter relative abundances (no./100 m) of the 20 most frequently-detected bird species in winter 
along the 15 principal long-term monitoring transects on the Northern Jaguar Reserve in east-central Sonora, Mexico, 
2009-2019. Estimates are least-square means from linear-mixed effects models in which transect was fit as a random 
effect. P-values < 0.05 for the nominal fixed effect of year are indicated by **, whereas those 0.05-0.10 are indicated by *. 
Species are ordered by average relative abundance across all years.   
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Figure 5: Variation in spring relative abundances (no./100 m) of the 20 most frequently-detected bird species in spring 
along the 15 principal long-term monitoring transects on the Northern Jaguar Reserve in east-central Sonora, Mexico, 
2010-2018. Estimates are least-square means from linear-mixed effects models in which transect was fit as a random 
effect. P-values < 0.05 for the nominal fixed effect of year are indicated by **, whereas those 0.05-0.10 are indicated by *. 
Species are ordered by average relative abundance across all years   
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Figure 6: Variation in summer relative abundances (no./100 m) of the 20 most frequently-detected bird species in 
summer along the 15 principal long-term monitoring transects on the Northern Jaguar Reserve in east-central Sonora, 
Mexico, 2007-2018. Estimates are least-square means from linear-mixed effects models with transect fit as a random 
effect. P-values < 0.05 for the nominal fixed effect of year are indicated by **, whereas those 0.05-0.10 are indicated by *. 
Species are ordered by average relative abundance across all years.   
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Figure 7: Variation in fall relative abundances (no./100 m) of the 20 most frequently-detected bird species in fall along 
the 15 principal long-term monitoring transects on the Northern Jaguar Reserve in east-central Sonora, Mexico, 2007-
2018. Estimates are least-square means from linear-mixed effects models in which transect was fit as a random effect. 
P-values < 0.05 for the nominal fixed effect of year are indicated by **, whereas those 0.05-0.10 are indicated by *. 
Species are ordered by average relative abundance across all years 
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Figure 8:  Proportion of individual bird observations (n = 1865 with group n in parentheses) in 11 taxonomic groups observed across eight vegetation and one 
physical substrate type in which birds were observed on the Northern Jaguar Reserve, east-central Sonora, Mexico, 2007-2019.  Microphyllous species mainly 
include species in the genera Acacia, Havardia, and Lysiloma. 
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Figure 9:  Influence of vegetation community coverage on species richness per 100 m (A-top) and relative abundance of all individuals combined per 100 (B-
bottom) across all four seasons on the Northern Jaguar Reserve, east-central Sonora, Mexico, 2007-2019.  TDF, OW, MR, and MS are tropical deciduous forest, 
oak woodland, mesic riparian vegetation dominated by broadleaf trees and mountain scrub, respectively.  
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Figure 10:  Influence of vegetation structure and surface water on species richness per 100 m in fall (A-top left), 
relative abundance of all individuals combined per 100 in spring (B-top-right), and species richness per 100 m in 
spring (C-bottom) on the Northern Jaguar Reserve, east-central Sonora, Mexico, 2007-2019.  D to Water is the 
proportion of stations with surface water within 50 m, and riparian mid-story structure and shrub are PC2 and PC3 
in Appendix C.  
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Figure 11:  Influence of vegetation structure on species richness per 100 m in summer (A-top) and relative 
abundance of all individuals combined per 100 in summer (B-bottom) on the Northern Jaguar Reserve, east-central 
Sonora, Mexico, 2007-2019.  Upland vegetation structure is PC1 in Appendix D, and Riparian tall tree and mid-story 
structure are PC1 and PC2 in Appendix C.  
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Figure 12:  Influence of vegetation structure and surface water on species richness per 100 m in winter (A-top) and 
relative abundance of all individuals combined per 100 in winter (B-bottom) on the Northern Jaguar Reserve, east-
central Sonora, Mexico, 2007-2019.  Riparian shrub is PC3 in Appendix C.  

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Sp
p 

R
ic

hn
es

s/
10

0 
m

2.
03

93
02

±0
.4

93
64

-0
.2

0

0.
2

0.
4

0.
6

0.
8 1

1.
2

0

Mean(D

to Water)

-2
.5 -2

-1
.5 -1

-0
.5

0

0.
5 1

1.
5 2

0

Riparian

Shrub

0

2

4

6

8

10

12

14

R
el

Ab
un

d 
al

l

6.
89

90
77

±1
.1

20
04

4

-2
.5 -2

-1
.5 -1

-0
.5

0

0.
5 1

1.
5 2

0

Riparian

Shrub

B 

A 



57 
 

 
Appendix A:  Summary of environmental sampling used to describe habitat resources and 
conditions along bird transects 
 
Vegetation Point Sampling Datasheet 
 
Transect: ____________________________ Segment____________________________ Point 
No.________  
 
Veg. Comm. Cover (50 m): DS____ FTS____ TDF____ Gr____MS____OW____ XeroRip____ 
MRip____ 
 
Distance To (m):   Water _________ Cliff Face________ Drainage _______ Other____________  
______m  Drainage Width __________ Description_________________________________________ 
 
Cover and Height    Basal Area – Cruz All 

   
 
 

  
 Point Center Qtr – Snags (>8” DBH)         DBH Classes 

range (in) midpt range (in) midpt 
1 to 4 2 20 to 28 24 
4 to 8 6 28 to 36 32 
8 to 12 10 36 to 44 40 
12 to 16 14 44 to 52 48 
16 to 20 18 52 to 60 56 

 
Vegetation Composition and Physiognomy (5 dominants) 

Layer Species Vol. (%) Phys Layer Species 
Vol. 
(%) Phys 

T1              
        
                
        
        
                
        
        
        
        
                
                
Physiognomy Codes: Conifer (C), Oak (O), Broadleaf Evergreen (BE), Broadleaf Deciduous (BD), Microphyllous (M), Succulent (S), Dodonea (Do), Dead woody plant (D), 
Palm (P). 

Proofread by: __________________ 
Copied by:     __________________ 
Entered by:    __________________ 
Verified by:   __________________ 

 % Cover Avg. Ht 
 Rip    /    Up Rip    /    Up 
Canopy Tree (T1)    
Short Tree (T2)    
Shrub (S)   
Grass/Forb  x 

5) 10) 20) 40) 

QTR Dist. (m) DBH (in) Class 
1    
2    
3    
4       
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Protocol Summary Description 
 
Measurements are every 100 m along transect from center of transect line 
 
Veg Comm Cover.  Est. cover of each veg comm within 50 m (to closest 10% betw 20-80% or 
5% otherwise) and circle comm at pt 
 
Distance to Nearest. Range finder or GPS meas. to closest object in each class (m) 
 
Slope:  predominate slope at site (3 classes); this element was dropped and can be measured 
from a GIS 
 
Drainage width of channel: width of stream etc, Range finder (m) 
 
Cover and Height: Mean Ht and aerial cover of vegetation within each of 4 veg layers (closest 
10% betw 20-80 or 5% otherwise for cover; m if >5 m for ht or 0.5 m if <5 m) 
 
Basal Area:  Use keyhole prism and meas. no. of trunks in each class to est. basal area of trees 
and cacti (sq ft/ac) 
 
Pt Center Qtr for Snag Density:  Range finder distance to closest snag within 50 in each 
quarter at Pt, snag DBH, and snag decay class (no./ha) 
 
Veg Comp and Physiognomy:  List 5 most dominant species of veg. and estimate canopy 
volume of each; Note Phys. for each.  So that Phys adds to 100% note "other" for spp box and 
add vol for other life forms (closest 10% betw 20-80 or 5% otherwise for volume).  Trees may 
not add to 100% but Phys will 
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Appendix B:  Status of all 220 bird species observed on and around the Northern Jaguar Reserve in east-central Sonora, México, between April 2007 and January 
2019. Abundance was classified as: A-abundant, C-common, F-fairly common, U-uncommon, R-rare, and S-sporadic. Residency status was classified as: PR-
permanent resident, SR-summer resident, WR-winter resident, M-migrant, FM-fall migrant, and V-visitant. Breeding status was classified as: Co-confirmed breeder, 
Pr-presumed breeder, Po-possible breeder, O-nonbreeder, and U-unknown status. Species of conservation concern in México (Mx) are listed as E-endangered, T-
threatened, and P-subject to special protection (SEMARNAT 2010), whereas those listed in the U.S. by U.S. Fish and Wildlife Service are listed as US-CC (USFWS 
2008). 
Common name Latin name Abundance-Status Breeding Habitat* Notes 
Greater White-fronted Goose Anser albifrons R-M O Be, Aq  
Cinnamon Teal Spatula cyanoptera U-WR and M O Aq  
American Wigeon Mareca americana U-WR and M O Aq  
Mallard Anas platyrhynchos R-PR Po Aq Mx–T, subspecies diazi 
Green-winged Teal Anas crecca U-WR and M O Aq  
Ring-necked Duck Aythya collaris U-WR and M O Aq  
Common Merganser Mergus merganser U-WR and M O Aq  
Rufous-bellied Chachalaca Ortalis wagleri R-PR? U FT, RW Photo 4/30/15 
Elegant Quail Callipepla douglasii C-PR Co FT, RW, Fi  
Gambel's Quail Callipepla gambelii R-PR Pr DS, FT, RW lowlands 
Montezuma Quail Cyrtonyx montezumae U-PR Co OW, Gr, FT Mx–P,  highlands 
Wild Turkey Meleagris gallopavo U-PR Co OW, FT  
Least Grebe Tachybaptus dominicus R-PR Co Aq, Be  
Pied-billed Grebe Podilymbus podiceps U-WR and M O Aq  
Band-tailed Pigeon Patagioenas fasciata R-WR or V O OW  
Eurasian Collared-Dove Streptopelia decaocto R-V O Ho  
Inca Dove Columbina inca U-PR Pr Ho, RW, Fi  
Common Ground Dove Columbina passerina C-SR, U-WR Pr FT, RW, Fi  
Ruddy Ground Dove Columbina talpacoti R-SR or V? U Ho, RW, Fi  
White-tipped Dove Leptotila verreauxi U-PR Co FT, RW  
White-winged Dove Zenaida asiatica A-SR, U-WR Co FT, RW  
Mourning Dove Zenaida macroura F-PR Pr FT, OW, RW  
Lesser Roadrunner Geococcyx velox R-PR? U FT, RW  
Greater Roadrunner Geococcyx californianus U-PR Po FT, DS, RW  
Yellow-billed Cuckoo Coccyzus americanus F-SR Pr FT, RW US–CC 
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Lesser Nighthawk Chordeiles acutipennis R-SR Po FT, DS lowlands 
Common Poorwill Phalaenoptilus nuttallii R-PR or WR? O FT, Cl  
Buff-collared Nightjar Antrostomus ridgwayi U-SR, R-WR Pr FT, RW, OW  
Black Swift Cypseloides niger R-M O Ae, Cl US–CC 
White-throated Swift Aeronautes saxatalis R-SR, R-WR Po Ae, Cl  
Plain-capped Starthroat Heliomaster constantii R-M and SR Po FT, RW  
Black-chinned Hummingbird Archilochus alexandri U-M O RW, FT  
Anna's Hummingbird Calypte anna U-WR Po FT, DS early breeder 
Costa's Hummingbird Calypte costae U-WR and M Pr DS, FT US–CC, early breeder 
Broad-tailed Hummingbird Selasphorus platycercus U-M O FT, RW  
Rufous Hummingbird Selasphorus rufus U-M O FT, RW  
Allen's Hummingbird Selasphorus sasin R-M O RW US–CC 
Broad-billed Hummingbird Cynanthus latirostris C-SR, U-WR Co FT, RW, OW  
Berylline Hummingbird Amazilia beryllina R-WR and M O RW, FT  
Violet-crowned Hummingbird Amazilia violiceps F-SR, R-WR Co RW, FT  
White-eared Hummingbird Hylocharis leucotis R-WR O RW  
Killdeer Charadrius vociferus R-SR? U Be  
Wilson's Snipe Gallinago delicata R-WR or V O Be  
Spotted Sandpiper Actitis macularius C-WR and M, R-SR U Be July records 
Solitary Sandpiper Tringa solitaria R-M O Be  
Greater Yellowlegs Tringa melanoleuca R-WR? and M O Be  
Double-crested Cormorant Phalacrocorax auritus R-M or V O Aq  
Great Blue Heron Ardea herodias F-PR Po Aq, RW, Be  
Great Egret Ardea alba R-PR Po Aq, Be  
Green Heron Butorides virescens R-WR O Aq, Be  
Black Vulture Coragyps atratus U-SR, R-WR Po FT, OW  
Turkey Vulture Cathartes aura C-SR, R-WR Po FT, OW  
Osprey Pandion haliaetus U-M, R-WR O Aq, Be, RW  
Golden Eagle Aquila chrysaetos R-WR O Gr, OW, FT Mx–T 
Northern Harrier Circus hudsonius R-M O DS, Gr  
Sharp-shinned Hawk Accipiter striatus U-WR and M O FT, RW Mx–P 
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Cooper's Hawk Accipiter cooperii R-SR, U-M Po RW, OW Mx–P 
Bald Eagle Haliaeetus leucocephalus R-PR Co Aq, Be, Cl Mx–E, US–CC 
Common Black Hawk Buteogallus anthracinus F-SR, R-WR Co RW, Be Mx–P, C river 
Gray Hawk Buteo plagiatus U-SR, R-WR Co RW, FT  
Short-tailed Hawk Buteo brachyurus R-SR Po FT, OW Apr, July, Sept records 
Swainson's Hawk Buteo swainsoni U-M O FT, OW, Gr Mx–P, US–CC 
Zone-tailed Hawk Buteo albonotatus R-SR Co OW, RW Mx–P 
Red-tailed Hawk Buteo jamaicensis U-PR Co FT, OW, Cl  
Western Screech-Owl Megascops kennicottii U-PR Pr FT, RW lowlands 
Whiskered Screech-Owl Megascops trichopsis U-PR Pr OW, RW highlands 
Great Horned Owl Bubo virginianus R-PR Po FT, RW  
Northern Pygmy-Owl Glaucidium gnoma R-PR Pr OW, RW  
Elf Owl Micrathene whitneyi U-SR, R-WR Po FT, RW US–CC 
Burrowing Owl Athene cunicularia R-M? O Fi  
Elegant Trogon Trogon elegans F-SR, R-WR Co RW, OW US–CC 
Belted Kingfisher Megaceryle alcyon U-M, R-WR O RW, Be  
Green Kingfisher Chloroceryle americana R-PR Pr RW, Be  
Acorn Woodpecker Melanerpes formicivorus U-PR Pr OW  
Gila Woodpecker Melanerpes uropygialis C-PR Co FT, RW, DS  
Red-naped Sapsucker Sphyrapicus nuchalis R-WR and M O RW  
Ladder-backed Woodpecker Dryobates scalaris C-PR Co FT, DS, RW  
Arizona Woodpecker Dryobates arizonae U-PR Po OW US–CC 
Northern Flicker Colaptes auratus R-SR, R-WR Pr OW  
Gilded Flicker Colaptes chrysoides U-PR Co FT, DS  
Crested Caracara Caracara cheriway R-V? O FT, RW, Be? 1 obs. in Sept 2015 
American Kestrel Falco sparverius U-WR and M O FT, RW  
Merlin Falco columbarius R-WR and M O FT, Fi  
Peregrine Falcon Falco peregrinus U-PR Co FT, Cl, RW Mx–P, US–CC 
Military Macaw Ara militaris R-SR Co FT, Cl Mx–E 
White-striped Woodcreeper Lepidocolaptes leucogaster R-PR Pr RW  
Rose-throated Becard Pachyramphus aglaiae F-SR, R-WR Co RW  
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Northern Beardless-Tyrannulet Camptostoma imberbe U-PR Pr RW  
Dusky-capped Flycatcher Myiarchus tuberculifer C-SR, R-WR Co FT, OW, RW  
Ash-throated Flycatcher Myiarchus cinerascens U-PR Pr DS, FT, OW  
Nutting's Flycatcher Myiarchus nuttingi R-SR, F-WR Pr RW, FT  
Brown-crested Flycatcher Myiarchus tyrannulus F-SR Co RW  
Sulphur-bellied Flycatcher Myiodynastes luteiventris F-SR Co RW  
Tropical Kingbird Tyrannus melancholicus U-SR Co RW, Be  
Cassin's Kingbird Tyrannus vociferans U-M, R-WR O RW  
Thick-billed Kingbird Tyrannus crassirostris F-SR Co FT, OW, RW  
Western Kingbird Tyrannus verticalis C-M O FT  
Tufted Flycatcher Mitrephanes phaeocercus R-WR O RW  
Olive-sided Flycatcher Contopus cooperi U-M O RW, FT US–CC 
Greater Pewee Contopus pertinax R-WR O RW, FT  
Western Wood-Pewee Contopus sordidulus U-SR and M Pr RW, FT, OW  
Willow Flycatcher Empidonax traillii R-M O RW US–CC 
Hammond's Flycatcher Empidonax hammondii F-M, U-WR O RW, FT  
Gray Flycatcher Empidonax wrightii U-M and WR O RW  
Dusky Flycatcher Empidonax oberholseri F-M, U-WR O RW  
Pacific-slope Flycatcher Empidonax difficilis R-WR?, C-M O RW, OW  
Cordilleran Flycatcher Empidonax occidentalis R-WR? and M O RW, OW  
Buff-breasted Flycatcher Empidonax fulvifrons R-WR and M O RW, OW  
Black Phoebe Sayornis nigricans U-PR Co RW, Be, Cl A along rivers 
Eastern Phoebe Sayornis phoebe R-WR or V O RW, Be  
Say's Phoebe Sayornis saya U-WR and M O Ho, Be  
Vermilion Flycatcher Pyrocephalus rubinus C-SR, R-WR Co RW, Be  
Loggerhead Shrike Lanius ludovicianus R-WR and M O OW, Gr US–CC 
Bell's Vireo Vireo bellii C-SR, R-WR Co RW US–CC 
Gray Vireo Vireo vicinior R-M O RW, FT US–CC 
Hutton's Vireo Vireo huttoni U-WR and M O OW, RW  
Cassin's Vireo Vireo cassinii U-WR, U-M O RW, OW  
Plumbeous Vireo Vireo plumbeus U-WR, F-M O RW, OW  
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Warbling Vireo Vireo gilvus C-M O RW, OW  
Yellow-green Vireo Vireo flavoviridis R-SR Pr RW, FT  
Steller's Jay Cyanocitta stelleri R-WR or V O OW, RW  
Woodhouse's Scrub-Jay Aphelocoma woodhouseii R-WR O FT, MS  
Mexican Jay Aphelocoma wollweberi F-PR Pr OW, MS  
Common Raven Corvus corax U-PR Co RW, FT  
Tree Swallow Tachycineta bicolor U-M O Ae  
Violet-green Swallow Tachycineta thalassina F-M, R-WV O Ae  
Northern Rough-winged Swallow Stelgidopteryx serripennis U-SR and M, R-WV Pr Ae, Be  
Barn Swallow Hirundo rustica U-M, R-WV O Ho, Ae  
Cliff Swallow Petrochelidon pyrrhonota U-SR Co Ae, Cl  
Bridled Titmouse Baeolophus wollweberi U-PR, S-V Pr OW, RW PR in OW, V in lower RW 
Verdin Auriparus flaviceps C-PR Co RW, FT  
Rock Wren Salpinctes obsoletus U-PR Pr Cl, DS, TS  
Canyon Wren Catherpes mexicanus F-PR Pr Cl, Ho, RW  
House Wren Troglodytes aedon F-WR and M O RW, FT  
Bewick's Wren Thryomanes bewickii R-WR and M O RW  
Cactus Wren Campylorhynchus brunneicapillus C-PR Pr FT, DS  
Happy Wren Pheugopedius felix R-PR Po RW, Be dense thickets 
Sinaloa Wren Thryophilus sinaloa C-SR, U-WR Co RW, FT  
Blue-gray Gnatcatcher Polioptila caerulea U-SR, U-WR Co MS, OW, FT  
Black-tailed Gnatcatcher Polioptila melanura U-PR Pr DS  
Black-capped Gnatcatcher Polioptila nigriceps C-PR Co RW, FT  
Ruby-crowned Kinglet Regulus calendula C-WR and M O FT, RW  
Western Bluebird Sialia mexicana S-WV O FT, OW  
Brown-backed Solitaire Myadestes occidentalis U-WR O RW Mx–P 
Swainson's Thrush Catharus ustulatus U-M O RW  
Hermit Thrush Catharus guttatus U-WR and M O RW  
Rufous-backed Robin Turdus rufopalliatus R-SR and WR or V Co RW  
American Robin Turdus migratorius R-WR O RW, FT  
Blue Mockingbird Melanotis caerulescens R-SR, R-WR or PR? Pr RW, FT  
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Curve-billed Thrasher Toxostoma curvirostre U-PR Co FT, DS  
Northern Mockingbird Mimus polyglottos F-PR Pr FT, DS  
Phainopepla Phainopepla nitens F-WR and M, R-SR Co RW  
American Pipit Anthus rubescens R-WR or V O Be  
House Finch Haemorhous mexicanus C-PR Co FT, RW  
Pine Siskin Spinus pinus R-M O OW, Fi  
Lesser Goldfinch Spinus psaltria C-SR, F-WR Pr RW, FT, Fi  
Rufous-winged Sparrow Peucaea carpalis C-PR Co FT, RW US–CC 
Botteri's Sparrow Peucaea botterii R-M O Gr, OW  
Cassin's Sparrow Peucaea cassinii R-SR Po Fi, Gr  
Grasshopper Sparrow Ammodramus savannarum R-WR O Gr  
Five-striped Sparrow Amphispiza quinquestriata A-SR, R-WR Co FT, RW, MS US–CC 
Black-throated Sparrow Amphispiza bilineata U-WR O DS, FT  
Lark Sparrow Chondestes grammacus U-WR and M O Fi, Gr  
Lark Bunting Calamospiza melanocorys R-WR and M O DS, Gr  
Chipping Sparrow Spizella passerina C-WR, F-M O RW, FT, Gr  
Clay-colored Sparrow Spizella pallida R-WR and FM O RW, Gr  
Black-chinned Sparrow Spizella atrogularis R-WR O FT, MS US–CC 
Brewer's Sparrow Spizella breweri U-WR O RW, FT, MS US–CC 
Dark-eyed Junco Junco hyemalis U-WR O MS, Gr, OW  
White-crowned Sparrow Zonotrichia leucophrys C-WR and M O RW, FT  
Vesper Sparrow Pooecetes gramineus R-WR O Gr, MS, Fi  
Lincoln's Sparrow Melospiza lincolnii U-WR and M O RW, Be, FT  
Canyon Towhee Melozone fusca C-PR Co FT, RW, MS  
Rusty Sparrow Aimophila rufescens R-SR Co OW, MS highlands 
Rufous-crowned Sparrow Aimophila ruficeps U-PR Co OW, Gr, MS  
Green-tailed Towhee Pipilo chlorurus U-WR and M O FT, RW  
Spotted Towhee Pipilo maculatus R-WR and M O OW, MS, FT  
Yellow-breasted Chat Icteria virens A-SR Co FT, RW  
Yellow-headed Blackbird Xanthocephalus xanthocephalus R-M O Be  
Black-vented Oriole Icterus wagleri U-SR, R-WR Co RW, Pa  
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Orchard Oriole Icterus spurius R-FM O RW, FT  
Hooded Oriole Icterus cucullatus A-SR, R-WR Co RW, Pa, FT A in palms 
Streak-backed Oriole Icterus pustulatus U-SR, R-WR Co RW, FT  
Bullock's Oriole Icterus bullockii U-M O RW, FT  
Scott's Oriole Icterus parisorum U-SR, R-WR Pr MS, OW in Yucca 
Bronzed Cowbird Molothrus aeneus U-SR Co Ho, Be  
Brown-headed Cowbird Molothrus ater U-SR Co FT, RW, OW  
Louisiana Waterthrush Parkesia motacilla R-WR and M O RW, Be  
Northern Waterthrush Parkesia noveboracensis R-M O RW, Be  
Black-and-white Warbler Mniotilta varia R-M O RW, OW  
Orange-crowned Warbler Leiothlypis celata U-WR, C-M O RW, FT, OW  
Lucy's Warbler Leiothlypis luciae C-SR and M, R-WR Pr RW, FT US–CC, spring breeder 
Nashville Warbler Leiothlypis ruficapilla C-M, R-WR O RW, FT  
Virginia's Warbler Leiothlypis virginiae U-M O RW, FT US–CC 
MacGillivray's Warbler Geothlypis tolmiei U-M, R-WR O RW, FT, OW  
Common Yellowthroat Geothlypis trichas R-WR, U-M O RW, Be  
Northern Parula Setophaga americana R-M O RW  
Tropical Parula Setophaga pitiayumi R-SR Pr RW  
Yellow Warbler Setophaga petechia U-M O RW, FT  
Yellow-rumped Warbler Setophaga coronata C-WR and M O RW, OW, FT  
Grace's Warbler Setophaga graciae R-M O OW US–CC 
Black-throated Gray Warbler Setophaga nigrescens F-WR and M O RW, FT, OW  
Townsend's Warbler Setophaga townsendi R-WR, U-M O RW, FT, OW  
Hermit Warbler Setophaga occidentalis U-M O RW, FT, OW  
Fan-tailed Warbler Basileuterus lachrymosus U-SR Co RW, Cl, FT in wet canyons 
Rufous-capped Warbler Basileuterus rufifrons F-PR Co RW, FT  
Wilson's Warbler Cardellina pusilla R-WR, C-M O RW, FT, OW  
Painted Redstart Myioborus pictus R-WR and M O RW  
Slate-throated Redstart Myioborus miniatus R-WR O RW  
Hepatic Tanager Piranga flava U-SR, U-WR Po OW, RW OW in S, RW in W 
Summer Tanager Piranga rubra C-SR Co RW, FT  
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Western Tanager Piranga ludoviciana F-M O RW, FT, OW  
Northern Cardinal Cardinalis cardinalis C-PR Co FT, RW  
Pyrrhuloxia Cardinalis sinuatus U-PR Pr DS, FT  
Yellow Grosbeak Pheucticus chrysopeplus R-SR or V? U FT, RW, OW  
Black-headed Grosbeak Pheucticus melanocephalus C-SR, R-WR Co FT, OW, RW  
Blue Grosbeak Passerina caerulea C-SR Co FT, RW, OW  
Lazuli Bunting Passerina amoena C-M, U-WR O RW, FT  
Varied Bunting Passerina versicolor C-SR Co FT, RW US–CC 
Painted Bunting Passerina ciris U-FM O FT, RW Mx–P, US–CC 
*Habitat types: foothills thornscrub (FT), riparian woodland (RW), oak woodland (OW), grassland (Gr), desert-scrub (DS), mountain scrub (MS), beachfronts and emergent 
vegetation (Be), aquatic (Aq), palm groves (Pa), cliffs and rocky outcrops (Cl), fields and man-made vegetation openings (Fi), houses or other developed areas (Ho), and aerial 
(Ae). 
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Appendix C.  Results of principal components analyses on riparian vegetation structure variables including height 
and cover. The first three PCs were used in habitat analyses that were that were positively correlated with riparian tall 
tree (PC1), short tree (PC2), and shrub cover (PC3). 
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Appendix D.  Results of principal components analyses on upland vegetation structure variables including height 
and cover. The first two PCs were used in habitat analyses that were positively correlated with overall upland 
vegetation structure (PC1) and shrub height and cover (PC2). 
 

 


