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Protocol Narrative

Version 1.02 (May 4, 2007)

Revision History Log

Previous Revision

Version # date Author

Changes made

Section and
paragraph

Reason for change

New
Version #

1 Background

The core mission of the National Park Service
(NPS), as outlined in the agency’s 1916 Organic
Act, is the protection and preservation of natu-
raland cultural resources for future generations.
Responding to criticism that it lacked basic
knowledge of natural resources within parks,
the NPSinitiated the Inventory and Monitoring
(I&M) Program to detect long-term changes in
biological resources (NPS 1992). Parks with
significant natural resources were assigned to
one of 32 monitoring networks, each based on
ecological similarity and geographic proxim-
ity. Each network was charged with develop-
ing a monitoring program capable of detecting
long-term changes in physical and biological
resources within each network.

The Sonoran Desert Network (SODN) in-
cludes 11 parks in southern Arizona and New
Mexico: Casa Grande Ruins National Monu-
ment (CAGR), Chiricahua National Monu-
ment (CHIR), Coronado National Memo-
rial (CORO), Fort Bowie National Historic Site
(FOBO), Gila Cliff Dwellings National Monu-
ment (GICL), Montezuma Castle National
Monument (MOCA), Saguaro National Park
(SAGU), Organ Pipe Cactus National Monu-
ment (ORPI), Tonto National Monument
(TONT), Tumacdcori National Historical Park
(TUMA), and Tuzigoot National Monument
(TUZI). These units range in size from 356 hect-
ares (TUMA) to 133,882 hectares (ORPI; Table
1). Collectively, these parks are representative
of most of the ecological communities present

within the greater Sonoran Desert ecoregion
(Mau-Crimmins et al. 2005). Recently, SODN
I&M staff completed a monitoring plan that
identified “vital signs,” or parameters, repre-
senting a diverse range of natural resources,
including air, water, climate, soils, plants, in-
vertebrates, and vertebrates (Mau-Crimmins et
al. 2005). Within each of these categories, vital
signs were chosen by a workgroup of between
four and eight regional and national experts.
The vertebrate workgroup evaluated 171 po-
tential parameters and reduced them to 32 on
the basis of ecological significance, feasibility,
and relevance to management (Mau-Crimmins
et al. 2005). Landbird population parameters
were considered among the most efficient and
feasible vertebrate parameters for long-term
monitoring,.

1.1 Landbirds as a focus for
monitoring efforts

Monitoring changes in landbird population
and community parameters can be an impor-
tant element of a comprehensive, long-term
monitoring program, such as that being imple-
mented for the SODN parks. Landbirds are a
conspicuous component of many ecosystems
and have high body temperatures, rapid metab-
olisms, and occupy high trophic levels. As such,
changes in landbird populations may be indi-
cators of changes in the biotic or abiotic com-
ponents of the environment upon which they
depend (Canterbury et al. 2000, Bryce et al.
2002). Relative to other vertebrates, landbirds
are also highly detectable and can be efficiently
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Table 1. Sonoran Desert Network parks, from largest to smallest.

Area

Park name and code Acres  Hectares

Organ Pipe Cactus National Monument (ORPI) 330,688 133,882
Saguaro National Park (SAGU) 102,011 41,300
Chiricahua National Monument (CHIR) 11,984 4,852
Coronado National Memorial (CORO) 4,750 1,923
Tonto National Monument (TONT) 1,120 453
Fort Bowie National Historic Site (FOBO) 1,000 404
Montezuma Castle National Monument (MOCA) 858 347
Gila Cliff Dwellings National Monument (GICL) 533 216
Casa Grande Ruins National Monument (CAGR) 472 191
Tuzigoot National Monument (TUZI) 373 149
Tumacacori National Historical Park (TUMA) 356 144

Elevation (meters)

Relief Range
Meters Feet Meters Feet

1,158 3,800 305-1,463 1,000-4,800
2,012 6,600 610-2,621  2,000-8,600
815 2,675 1,570-2,385 5,150-7,825
914 3,000 1,433-2,347  4.700-7,700
524 1,720 695-1,219  2,280-4,000
183 600 1,417-1,600 4,650-5,250
140 460 963-1,103  3,160-3,620
52 170 2,027-2,079  6,650-6,820
5 15 431-436  1,415-1,430
12 40 1,024-1,036  3,360-3,400
104 340 994-1,097  3,260-3,600

surveyed with the use of numerous standard-
ized methods (Bibby et al. 2000, Buckland et al.
2001).

Birds select habitat based on the presence of
behavioral cues triggered by the environment
(Hutto 1985a; Alcock 2005). In some environ-
ments, however, especially those that vary un-
predictably, habitat may not be saturated and
changes in resources may not always be tracked
by changes in animal populations (Wiens
1985). In these situations, relating changes in
bird populations to environmental features
can be complex, especially when confounded
by time lags that are characteristic of site-tena-
cious bird species. Additional complications
occur if birds respond more sensitively to envi-
ronmental change than we can detect and when
cyclical environmental changes result in erratic
changes in population size that are ultimately
inconsequential. However, the utility of moni-
toring landbirds is strengthened by concurrent
monitoring of a broad suite of environmental
parameters (Dale and Beyeler 2001) that may
assist with elucidating changes in the bird com-
munity to other environmental factors. Such a
broad-based approach isnow being undertaken
by the SODN I&M program (Mau-Crimmins
et al. 2005) and other broad-based monitoring
approaches (e.g., Ringold et al. 1996; Stevens
and Gold 2003; Barrows et al. 2005).

Perhaps the most compelling reason to monitor
landbird communities in SODN parks is that
birds themselves are inherently valuable. The
high aesthetic and spiritual values that humans
place on native wildlife is acknowledged in the
agency’s Organic Act: “to conserve . . . the wild
life therein . . . unimpaired for the enjoyment of
future generations.” Birdwatching, in particular,
is a popular, longstanding recreational pastime
in the U.S., and forms the basis of a large and
sustainable industry (Sekercioglu 2002). This is
especially evident in southern Arizona, where
the high diversity of birds creates some of the
best birdwatching opportunities in the U.S.

1.2 Key ecological communities and
stressors in SODN parks

As indicated above, Sonoran Desert Network
parks include representative components
of a diverse range of ecological communi-
ties present in southern Arizona and western
New Mexico. Vegetation communities within
the network range from lowland desertscrub
dominated by creosote (Larrea tridentata) and
bursage (Ambrosia spp.) that are characteristic
of the Sonoran Desert, to highland mixed co-
nifer forests dominated of fir (Abies spp.) and
pine (Pinus spp.) found in the Canadian zone.
This range of structural and floristic diversity is
influenced further by varied biogeographic af-
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finities of species within the network, including
those of the Sonoran, Chihuahuan, and Mojave
deserts, Rocky Mountains, Sierra Madre Oc-
cidental, and Great Plains (McLaughlin 1986;
Brown 1994). Other important factors influ-
encing the diversity in network parks include
a range of topographic, geologic, edaphic, and
climatic factors, and variable land-use histories
(Marshall et al. 2000).

Ecological communities within the SODN are
threatened by direct, human-induced changes
to the landscape and by climate change (Nab-
han and Holdsworth 1999). Among the ecolog-
ical communities that have experienced much
change in recent times are the Sonoran Desert
uplands, semi-desert grasslands, and mesic ri-
parian woodlands. The Sonoran Desert is the
most widespread vegetation community in
the network, and is well represented at ORPI,
SAGU, and many of the smaller parks. A signifi-
cant threat to the natural structure and function
in this community is the invasion of non-native
grasses, especially buftelgrass (Pennisetum cili-
are), which is introducing fire into systems with
no capacities with withstand its effects, thereby
altering hydrology, nutrient cycling, and na-
tive-species composition (Burgess et al. 1991;
Franklin et al. 2006; Bowers et al. 2006).

Semi-desert grasslands within the network are
represented in small areas of CHIR, CORO,
and SAGU. Within the parks, semi-desert grass-
lands are threatened due to shrub invasion and
fire suppression. The spread of velvet mesquite
(Prosopis velunita), in particular, has increased
significantly in the region’s once-open grass-
lands because of disruption of natural fire re-
gimes and overgrazing by domestic livestock
(Bahre and Shelton 1993; Van Auken 2000).
Conversion of semi-desert grasslands to mes-
quite-invaded shrubland has had important
implications for the quality and distribution of
habitat for grassland-obligate birds, many of
which have declined precipitously (Bock and
Bock 1988; Knopf 1994; Rappole 1995).

Broadleaf riparian woodlands in the Sonoran
Desert region are among the smallest commu-
nity in area, yet support a higher density and di-
versity of native birds than any other major veg-
etation communities in the region (Rosenberg
et al. 1991). Riparian vegetation is preferred
nesting habitat for a disproportionate number
of landbird species in the region (Bock and

Bock 1984; Powell and Steidl 2000). Despite
its value, however, the extent of riparian veg-
etation has declined as a result of water diver-
sion, groundwater pumping, woodcutting, and
drought (Rosenberg et al. 1991; Bahre 1991).
For example, nesting riparian-obligate birds
have virtually disappeared in the last few years
from Rincon Creek, the site of the only stand of
broadleaf riparian woodland in SAGU (B. Pow-
ell and C. Kirkpatrick, unpublished data). These
declines have likely resulted from the degrada-
tion and loss of the riparian vegetation commu-
nity from drought and excessive groundwater
pumping (e.g., Stromberg et al. 1996).

Pine forests are found in four parks (CHIR,
CORO, GICL, and SAGU). Montane forest
birds of the southwestern “sky islands” have
evolved in forests that experience low to mod-
erate burns approximately every decade (Swet-
nam and Baisan 1996; Ganey et al. 1996). Active
fire suppression has reduced the frequency of
these burns, which have been replaced by high-
intensity burns that radically alter forest struc-
ture (Allen 1996; Swetnam et al. 1999; Pyne
2001). All four parks with pine forests have ex-
perienced wildland fires in recent decades, and
all have active fire management plans. Yet little
information is available on the effects of these
fires on bird communities.

Other stressors to bird communities in the So-
noran Desert are increasing due to rapid hu-
man population growth that is increasing at a
rate faster than in most regions of the United
States (U.S. Census Bureau 2000). Because
many parks in the SODN are adjacent to ex-
panding urban areas, habitat for some species
of concern has been fragmented and degraded
by urban environments (Germaine et al. 1998;
Green and Baker 2003; Powell 2004; Powell

Riparian area, Tonto
National Monument.
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et al. 2005b). For example, prior to the early
1900s, CAGR likely supported a diverse native
bird community. Now, because of vegetation
change due to groundwater withdrawal and
urban development, all common species are ei-
ther non-native or adapted to the agricultural,
commercial, or residential environments found
adjacent to the monument (Powell et al. 2005b).
Tiwwo SODN parks (CORO and ORPI) are locat-
ed along the Mexican border, where impacts
associated with illegal immigration, smuggling,
and law enforcement are pervasive (NPS 2003;
Segee and Neeley 2006). Other current and fu-
ture stressors and drivers to regional bird com-
munities include global climate change (Brown
et al. 1997; Visser et al. 1998; Brown et al. 1999;
Inkley et al. 2004), diseases such as avian in-
fluenza (Perkins and Swayne 2002; Kou et al.
2005) and West Nile virus (Rappole and Hu-
balek 2003; Caffrey et al. 2005), and additional
non-native species (e.g., peach-faced lovebird).

1.3 Review of existing landbird
monitoring programs in the
region

Effective conservation and management of
landbirds requires high-quality data that cur-
rently does not exist for network parks. The
Breeding Bird Survey (BBS), a volunteer-based
program, is the most widespread bird moni-
toring program in North America (Robbins et
al. 1989; Sauer 1993). The program, in opera-
tion since the 1960s, seeks to monitor trends
in detection rates (i.e., index-to-abundance) of
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most species throughout North America. The
program has provided evidence for regional
and national declines of some bird species
(Robbins et al. 1989; James et al. 1996) in spite
of some methodological challenges (James et
al. 1996; Kendall et al. 1996; Link and Sauer
1998). Because only one BBS route exists inside
an SODN park (ORPI), the BBS is insufficient
to provide trend data for landbirds in SODN
parks. Further, because BBS routes are placed
along roadways, adding additional sites in parks
would be insufficient for monitoring popula-
tion trends at the network or park scales, both
because of their limited inference and because
of limited road coverage in network parks. The
only other national bird monitoring program
implemented in SODN parks is the Monitoring
Avian Productivity and Survivorship program
(Desante et al. 1995). The program was re-
cently discontinued in all parks except TUMA,
because of its inefficiency and lack of inference
(Martinez and Hubbard 2003).

At a local scale, there was a comprehensive ef-
fort to inventory birds at nine of the 11 parks
in the SODN between 2001 and 2005 (Albrecht
et al. 2005; Schmidt et al. 2005a; Powell et al.
2005a; Schmidt et al. 2005b; Powell et al. 2005b;
Powell et al. 2005¢c; Powell et al. 2005d; Pow-
ell et al. 2006) and in the two other parks that
were not included in the recent effort: ORPI
(Groschupf et al. 1988; Schmidt et al. 2006) and
MOCA (Sogge and Johnson 1995). Although
efforts to monitor birds in ORPI have been
ongoing, data quality from this effort is limited
due to constrained spatial extent, erratic sam-
pling effort, and lack of standardization of the
survey protocol (see Schmidt et al. 2006).

Given the insufficient data for determining
long-term population trends from both nation-
al and park-based efforts, there is a significant
need to design a new program with appropriate
inference and statistical rigor. Such a program
is especially critical given population declines
for some species at both regional (Rosenberg
et al. 1991) and national (Robbins et al. 1989)
scales. The challenges in monitoring landbirds
in SODN parks, then, are (1) to identify param-
eters that provide reliable information on status
and trend of populations at meaningful spatial
and temporal scales and (2) to establish a sam-
pling design that is both efficient and informa-
tive.
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2 Program Goals and
Measurable Objectives

The broad goal of the landbird monitoring
program is to detect biologically significant
changes in population parameters over time.
Ideally, we would estimate population size or
abundance for all species in all parks each year
and compare these estimates over time, both
within and among parks. Such a goal, howev-
er, is unachievable due to numerous practical
constraints, including the small size of many
parks, diversity of ecological communities, the
amount of effort required to generate precise
estimates for small populations, and the large
number of species that occur in SODN parks.
To meet these challenges, we have tried to de-
sign a program that maximizes the strength of
our inferences within the context of our finite
resources. Our program provides a multi-tiered,
flexible framework that will enable efficient es-
timation and monitoring of population param-
eters, periodic evaluation of assumptions, and
the opportunity to adapt the program to meet
additional needs.

We have selected three population parameters
to estimate and monitor: density, relative abun-
dance, and occupancy. Each parameter has dif-
ferent properties that vary in terms of the qual-
ity of information gained and estimated cost of
measurement.

Density, the most desirable parameter, facili-
tates estimates of total population change (e.g.,
number of individuals lost or gained) over time.
These estimates are directly comparable among
species, because interspecific variation in de-
tectability is explicitly accounted for during
estimation (Buckland et al. 2001; Rosenstock et
al. 2002).

In contrast, relative abundance (a.k.a. encoun-
ter rate; Buckland et al. 2001) provides an esti-
mate of the ratio of overall population change
(e.g., a 15% decline of an unknown number
of individuals) among years and assumes con-
stant detectability of the species in question.
The main limitation in using a relative index of
abundance is that variation in detectability, ei-
ther among species or across time for the same
species, can confound comparisons of trend
estimates among species or preclude detection
of a trend for a single species. For example, if
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detectability varies for a given species among
years (due to habitat, observers, or other fac-
tors) and bias is systematic, the ratio of the in-
dex count to actual abundance will also vary,
thereby confounding trend estimation (Lancia
et al. 1996). This parameter will be measured
only when density estimates are incalculable.

Occupancy, our third parameter, allows us to
monitor changes in the number of sampling
units occupied by a species over time (i.e.,
presence or absence) and allows adjustments
for imperfect detectability during estimation
(MacKenzie et al. 2002). Occupancy is an espe-
cially useful parameter when monitored in con-
junction with density. For all parameters, when
samples are drawn from a larger population of
potential samples using a randomized design,
inference will be at the scale of the population
considered for sampling (Thompson 2002a).

Field methods for estimating all three param-
eters will be the same; analyses and evaluation
procedures used to estimate trends will differ.
Our benchmarks for effect size, power, and
Type I error rate are similar to those recently
presented in the literature (Bart et al. 2004).
Specifically, we selected a Type I error rate
(“false-alarm error”) of 10% to increase the
probability of detecting population declines
that are, in fact, occurring.

As the properties of the parameters we selected
vary, so too will their relative value for monitor-
ing trends. Estimating and monitoring density
is the most robust technique, yet precise esti-
mates are often cost-intensive to generate and

Harris's hawks
(Parabuteo
unicinctus).
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sometimes not quantifiable at all, due to limita-
tions in sample size (see Supplement A). There-
fore, we will use a multi-tiered approach that
emphasizes density estimation where possible.
Where density estimation is not possible, we
will estimate relative abundance by using the
same methodology (see Field Methods), but re-
strict inference to only those species for which
detectability assumptions can be evaluated.
Although monitoring programs that rely on
indices such as relative abundance have been
criticized (Rosenstock et al. 2002; Thompson
2002b, Norvell et al. 2003), we can improve
their application by assessing our assumptions
and adapting the framework. It is our opinion
that this approach is superior to vastly reduc-
ing the scope of monitoring by restricting infer-
ence to only common species. Supplementing
this approach with occupancy information
will provide yet another scale of information
for monitoring populations of species that
meet the appropriate assumptions. The rate of
change that we will consider to be biologically
significant will vary with the quality of the pa-
rameters estimated. Below, we briefly review
the three parameters and present a framework
for achieving the stated objectives.
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2.1 Objective 1: Monitor density

We will monitor density of the most-com-
mon species with the goal of detecting a 2%
annual decline over a 30-year period, with an
80% probability and a Type I error rate of 10%.

(Note that a linear 2% annual decline over 30
years equals a 45% population decline overall.)

Of the three parameters, density is the most
sensitive to change and, therefore, can most
reliably inform managers of population de-
clines. We will estimate density with the use of
the point-transect distance-sampling method
at fixed points and subsequent analyses using
the Distance program (Thomas et al. 2005).
Provided that assumptions are reasonably met,
distance-sampling methods allow researchers
to model a detection function that adjusts for
imperfect detectability and is a robust, widely
accepted method for estimating abundance of
landbirds (Buckland et al. 2001). With reason-
able effort, we will likely be able to estimate
density annually for most of the common spe-
cies in many parks (Supplement A). Annual es-
timates of density for less-common species, or
in parks where detection data are spatially lim-
ited, will also be possible by pooling data across
parks and using “park” a covariate when fit-
ting the detection function—an approach that
will enable comparisons among parks using a
pooled estimate of variance. We also will ex-
plore the influence of other potential covariates
on density across the network, such as variation
among observers, timing, and environmental
features.

2.2 Objective 2: Monitor relative
abundance

We will monitor relative abundance of many
other species with the goal of detecting a 3%
annual decline over a 30-year period with an
80% probability and a Type I error rate of 10%.
(Note that a constant 3% annual decline for 30
years equals a 60% population decline.)

Where sample-size constraints preclude precise
estimates of density, we will monitor changes in
relative abundance of less-common species and
those of conservation or management concern.
Relative abundance is an appropriate index for
monitoring changes in population size if the ra-
tio of the index count to the actual parameter
of interest (e.g., population size) does not vary
systematically over time, and if detectability does
not change over time. Even significant variation in
detection rates due to observers or other factors
may not result in systematic temporal changes in
the index ratio, but may reduce the precision of
estimates of population change (Bart 2005).
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To determine the applicability of our estimates
of relative abundance for monitoring popula-
tion change, we will periodically evaluate our
assumptions for each species. Because system-
atic variation in detectability is likely the great-
est potential source of error, we will first deter-
mine if detectability remains constant among
years after standardizing our survey methodol-
ogy. We will use distance-sampling methods to
estimate a detection function for each year and
for each species, and use goodness-of-fit tests
to compare these functions among years. If no
variation is detected, we will assume that trend
estimates are not confounded by variation in
detectability.

If detectability does vary systematically among
years (e.g., decreasing detectability along a suc-
cessional vegetation gradient) we will adjust rel-
ative-abundance estimates accordingly and use
these adjusted estimates for trend estimation.
Further, we will evaluate relationships between
index ratios and true density of common spe-
cies for which we will be able to approximate
density, and assess the efficacy of using these
relationships as correction factors for other
ecologically similar, yet less-common species.
Although trends in relative abundance over
time may be less detectable than those of den-
sity, these trends should track those for density
if the indices are proportional to abundance.

2.3 Objective 3: Estimate occupancy

We will estimate the proportion of sites occu-
pied for most species in most parks with the
goal of detecting a 1% annual decline over a
20-year period with an 80% probability and a
Type I error rate of 10%. (Note that a constant
1% annual decline for 20 years equals an 18%
population decline.)

Occupancy is a measure of presence or absence
of aspeciesin space that, when evaluated across
time, indicates changes in the distribution of a
species. Like those for density, techniques for
estimating occupancy explicitly account for
variation in detectability, thereby adjusting es-
timates for individuals that are present yet un-
detected during surveys, a situation that can
confound the results of most wildlife surveys
(Williams et al. 2002). Recent advancements in
occupancy theory and modeling have provided
sound justification of its application in monitor-
ing programs (MacKenzie et al. 2003; Field et al.
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2005; MacKenzie et al. 2006). Although tempo-
ral changes in occupancy are often smaller than
those for density, especially when species are
widespread and common, evaluating changes in
occupancy can be especially valuable in SODN
parks because many species are uncommon or
rare, making reliable estimates of density im-
practical. Occupancy estimation has its limita-
tions, including marked sensitivity to violations
of assumptions (including misidentification
of the species under consideration; Royle and
Link 2006) and closure (i.e., no movement in
or out) of the population during the sampling
period (MacKenzie et al. 2006). As a result, we
will use caution when estimating occupancy for
groups of species that are often confused with
others (e.g., ash-throated and brown-crested
flycatchers) and constrain the sampling peri-
od for species that arrive late on the breeding
grounds (e.g., yellow-billed cuckoo).

To estimate changes in the proportion of sur-
vey points occupied by a species, we will use
the same field methods as those for estimating
density and relative abundance, and employ a
multi-season model to derive annual estimates
of distributional change (MacKenzie et al.
2006). Recent advances in modeling occupan-
cy can provide the analytical tools necessary for
evaluating relationships between occupancy

Phainopepla (Phainopepla
nitens).
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and abundance. When applied in SODN parks,
these relationships can help describe variation
in detection probability across the network
(Royle et al. 2005) that may then be used to
adjust the index ratio for monitoring trends in
relative abundance (Royle 2004).

2.4 Objective 4: Document and
monitor environmental features
at bird survey points

We will measure environmental features at
bird-survey points so as to relate changes in
landbird population parameters to changes in
the environment, such as vegetation structure
and composition (Holmes and Sherry 2001;
Krueper et al. 2003). Where appropriate, envi-
ronmental data also will allow us to aggregate
(i.e., to stratify, post-hoc) survey sites that share
similar characteristics. Environmental moni-
toring at landbird survey points may be con-
ducted in coordination with the SODN 1&M
vegetation monitoring program currently being
developed. In addition to using vegetation and
associated parameters, we will use data from
other SODN I&M protocols (e.g., climate) as
covariates when assessing population trends
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for birds. Finally, landbird population param-
eters, coupled with detailed environmental
information, can be used to build habitat-as-
sociation models (e.g., Manley et al. 2004) that
can inform conservation efforts and scientific
inquiry throughout the region.

2.5 Additional potential monitoring
parameters

Future versions of this protocol narrative may
articulate additional objectives. Most notably,
species richness may be an appropriate land-
bird monitoring parameter (Cam et al. 2000;
Kery and Schmid 2006) that can be estimated
using the same methods of data collection and
preparation as the other objectives (Nichols et
al. 1998). We have not included species rich-
ness at this time because we feel it is less sen-
sitive to change and, therefore, less informative
for management. However, if additional moni-
toring partnerships can be established in the re-
gion, then species richness may become a more
valuable tool at that broader scale (e.g., Kery
and Schmid 2006). Additionally, in areas where
species of conservation concern occur, we
may monitor demographic parameters such as
nest productivity, or implement single-species
surveys (e.g., yellow-billed cuckoo at TUMA;
Powell 2000).

3 Sampling Design
3.1 Overview

We will survey for landbirds at all SODN parks.
In general, we will survey all areas that are eas-
ily accessible and present no safety problems.
In most of the smaller parks, all areas will be
included in the sampling frame. The sampling
frame for larger parks (CHIR, CORO, ORPI,
and SAGU) will be more restricted because
of topography and difficulty of access to re-
mote areas. References to the sampling frame
throughout this document further clarify the
scale of inference. The temporal sampling
design has been changed since the last ver-
sion of this protocol (Version 1.01). Based on
a more thorough analysis of pilot day, we de-
termined that attempting annual surveys of all
parks would be inefficient. Therefore, we will
conduct annual surveys at most low-elevation
parks; at higher-elevation parks, surveys will be
conducted every 3-5 years. We elaborate on the
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spatial and temporal designs below, as well as in
supporting documents (Appendices C, D and
Supplements A, B).

3.2 Spatial sampling design

We used a variety of spatial sampling designs to
assign the location of bird-survey points (Table
3.2). For most parks, we stratified parks by
mesic riparian or upland sites. We determined
that a stratified sampling design was warranted
because of the well-known and extreme dif-
ferences in bird communities between ripar-
ian and upland areas. In cases where innately
similar sampling units are considered together
as a stratum, this sampling design increases
sampling efficiency and precision (Thompson

2002a). We used a variety of approaches to as-
sign the location of survey points. For many
mesic riparian areas and upland sites, we chose
to use sites that were established during the bird
inventory work from 2001-2005 (see Introduc-
tion) if such an approach was prudent. A brief
introduction to the process, and a rationale for
choosing monitoring sites, appears below. Ad-
ditional information can be found in Appendix
C.

3.2.1 Riparian sampling sites

All SODN parks except for CAGR, ORPI, and
SAGU’s Tucson Mountain District (SAGU-
TMD) have mesic riparian vegetation com-
munities. Because mesic communities in the

Table 3.2. Spatial sampling frame and methods used to designate landbird monitoring sites, Sonoran Desert

Network parks.

Sample frame

Riparian

Method Sample frame Method

CAGR Entire park (excluding 100m SRS o .
surrounding cultural features)
CHIR Extraction from cost surface; 100m SRS Single riparian area  Non-random, from biological
buffer around trails inventories
CORO Eastern portion of park SRS Single riparian area  Non-random, from biological
inventories
FOBO Remainder of park (excluding circle in SRS* Single riparian area  Non-random, from biological
eastern portion) inventories
GICL Remainder of park SRS* Single riparian area Non-random, from biological
inventories
MOCA Remainder of park SRS Single riparian area  Complete coverage via two
(castle unit) transects
MOCA Remainder of park (excluding well unit) SRS Single riparian area  Complete coverage via one
(well unit) transect
ORPI Cost surface calculated for areas within RRQRR o o
2 km of roads
SAGU- Extraction from cost surface; 3 elevation RRQRR Single riparian area  Non-random, from biological
RMD classes inventories
SAGU-TMD Extraction from cost surface RRQRR — —
TONT Northeastern portion of park SRS Single riparian area  Non-random, from biological
inventories
TUMA Entire park, split into agricultural and SRS* Riparian treated as ~ SRS*
mesquite bosque an area feature
TUZI Remainder of park excluding eastern SRS Single riparian area Non-random, from biological

portions

inventories

*generated in 2005

See Appendix D for maps of designated sites and Appendix C for more detailed discussion of the methods used. See Table 1 for park acronyms.

SRS = stratified random sampling
RRQRR = reversed randomized quadrat recursive raster
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Curve-billed thrasher
(Toxostoma curvirostre).

other parks are spatially restricted, they can
be surveyed without the need for sampling.
Therefore, given the limited spatial extent of ri-
parian resources and their importance for bird
conservation, we chose a spatial design that
would result in complete coverage of the most
significant riparian resources. In many cases,
these sites were established during the biologi-
cal inventories of 2001-2005 (e.g., Powell et al.
2006). Maps in Appendix D depict the sample
locations.

3.2.2 Upland sampling sites

Upland sampling points were allocated using two
different approaches. In smaller parks, where we
could achieve complete or nearly complete cov-
erage using the design from the biological inven-
tories, those points were used. In smaller parks
where no inventories were conducted, such as at
MOCA, all upland areas were given equal prob-
ability of being selected as a sampling location.
Samples were randomly allocated using the Re-
versed Randomized Quadrant-Recursive Raster
(RRQRR) algorithm (Theobald et al. 2005) using
the “Generate Random Points” function in the
Hawth’s Tools extension in ArcGIS 9.0 (http://
www.spatialecology.com/htools/index.php),
with the constraint that points be =250 m apart
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(see Table 3.2).

At SAGU, we used the upland sites from the in-
ventory effort (see Powell et al. 2006) because
they were established using a stratified random
design (Rincon Mountain District; SAGU-
RMD) and simple random design (SAGU-
TMD). This sampling design provided good
dispersion of sampling locations and broad
geographic coverage. In the RMD, we eliminat-
ed two low-elevation sites because of accessi-
bility issues. Therefore, we added two new sites
using the RRQRR algorithm. In years when we
will be surveying the middle- and high-eleva-
tion strata, we will assess whether the inventory
design is appropriate for surveying in those ar-
eas.

Organ Pipe Cactus National Monument was the
only large park not inventoried in 2001-2005.
Accessibility is not equal across the park; some
areas are difficult to reach because of complex
topography or simply because of their distance
from a trailhead or road. At ORPI, we used a
probabilistic sampling design and employed a
continuous surface representing accessibility
to represent inclusion probabilities (i.e., areas
closer to trailheads and easier to access were
given a higher probability of being selected as
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sites than areas far from trailheads and requir-
ing a difficult hike). Some portions of the mon-
ument were excluded from the sampling frame
altogether because it would have been unrea-
sonable to expect an observer to reach them
before dawn, as bird sampling requires. We will
have no inference to areas not included in the
sampling frame.

Incorporating the border-related safety regula-
tions at ORPIinto the sampling design has been
a challenge (NPS 2003). Safety and park regu-
lations about where, when, and how to access
many areas of these parks remain fluid based
on the changing nature of a variety of fac-
tors, including ranger staffing and the number
and distribution of illegal border crossings. In
early 2007, when we presented the list of po-
tential monitoring sites to park managers and
law enforcement officers, they eliminated most
sites from consideration because of the poten-
tial for conflict with illegal immigrants and/or
drug smugglers. The final list of approved sites
included only a handful, all in the northwest
corner of the park (see Appendix D). We were
further required to have two field technicians
working together, thereby reducing the number
of sites that could be surveyed from ten to five.
At this time, we are unsure what our biases and
inference are for accepting this highly modified
sampling design.

Asmentioned in the introductory section of this
protocol narrative, SODN parks contain a wide
range of upland vegetation (and, by extension,
bird) communities. Therefore, in the planning
and data-analysis stages, it will be appropriate
to further stratify parks based on the dominant
vegetation communities represented there. The
stratification of SAGU-RMD was based on this
need. Striking a balance between too much
and too little stratification will be one of the
key design challenges of the program, because
stratification has important consequences for
sampling efficiency (Thompson 2002a). The
dominant vegetation communities represented
by upland areas in SODN parks can be roughly
stratified into four communities:

e Desert: CAGR, FOBO, MOCA, ORPI,
SAGU-TMD, and at <4000 feet in SAGU-
RMD, TONT, TUMA, and TUZI.

+  Semi-desert grassland: CORO and some
areas of CHIR and SAGU-RMD.

»  Pine-oak forest and woodland: CHIR and
SAGU-RMD at 4,000-6,000 feet.

+  Mixed conifer forest: GICL, CHIR at
>6,000 feet, and SAGU-RMD at >6,000
feet.

The new sampling design for uplands empha-
sizes parks with desert communities. The small
area of the other communities (especially semi-
desert grasslands and mixed conifer forests), as
well as access issues, further highlight the effi-
ciencies of sampling the other park units more
intensively.

3.2.1 Spatial arrangement of survey sites

Daily surveys will consist of a single observer
visiting as many points as possible during the
morningsurvey window (Supplement B). Points
that can be surveyed together in a single morn-
ing will be considered a group (but note that
this designation is one of convenience; points
within groups were independently placed, ex-
cept along riparian areas and in those situations
where upland sites were placed non-randomly
for the inventories).

This design is not appropriate at ORPI and
SAGU, because of the size of the parks and,
therefore, high travel times among points. At
these parks, the designated sites represent the
starting point of a transect, which will be made
up of 6-9 survey points, each spaced at least
250 m apart. (The number of points in each
transect was determined by terrain and ac-
cess; e.g., those sites with difficult terrain and
access were given the fewest number of points
because of the limited survey window). The
direction of each new transect will be parallel
to any topographic gradient (Strindberg et al.
2004). At SAGU upland sites, we added survey
points to the random transects. The number of
new points varied from 2-4, depending on the
terrain.

3.3 Temporal sampling design

3.3.1 Annual surveys

In a previous version of this protocol (Version
1.00), we suggested a temporal sampling design
with annual visits to all parks. Based on analyses
of pilot data (Supplement A), we modified this
design to be more efficient, yet still maintain
sampling in all parks. Specifically, we will sur-
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vey annually at most low-elevation parks, while
the remainder of the parks (CHIR, CORO,
GICL, and high-elevation sites at SAGU) will
be surveyed every 3-5 years. This decision was
based on the low number of detections per sur-
vey effort in these higher-elevation parks and
the difficult terrain and access issues in all these
parks except GICL. Differences in efficiency,
resulting from lower numbers of detections,
meant that we would have spent approximately
twice as much survey time for each detection
in a higher-elevation park as we would have at
low-elevation parks (see Supplements A, B).
This reduction in efficiency was unacceptable
given the financial constraints of the project.
By surveying at high-elevation parks every 3-5
years, we lose the ability to more rapidly detect
changes in bird density, but will still detect ei-
ther dramatic changes in population parame-
ters over short time periods or gradual declines
over longer time periods.

We will revisit the same sites during succes-
sive years to each park. At larger parks, such as
ORPI and SAGU, we considered employing a
more complex design, such as a split-panel de-
sign in which sites in one panel are surveyed in
all years and sites in additional panels are vis-
ited on a rotating basis once every 2-10 years
(Urquhart and Kincaid 1999; McDonald 2003).
These designs are especially useful in complex
systems with high heterogeneity or over large
geographic areas, but their complex, even un-
certain analysis can be problematic. The land-
bird-monitoring program may employ this type
of design based on the information gathered
in the first 3-5 years (see Supplement A for a
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in-depth discussion of this topic). In short, we
believe that it is better to focus extra effort on
a smaller subset of sites in the first 3-5 years to
inform this program review rather than dilute
our effort on a larger set of sites that will reveal
less information. Though the monitoring-pro-
gram design may change based on this program
review, this approach seems prudent, especially
considering the expense and long-term nature
of this program.

3.3.2 Intra-annual surveys

When we survey a park, we will visit all sites
four times during each breeding season. We
chose this revisit schedule because the breeding
season in most SODN parks is long, and many
species—particularly neotropical migrants of
conservation concern—arrive at the breeding
ground later in the season, after many of the
resident species have initiated breeding. By vis-
iting sites throughout the breeding season we
ensure a greater chance of detecting all breed-
ing birds. Visiting sites four times allows for
more detections for estimating density; mod-
els used to estimate density are not biased by
counting the same bird on consecutive counts
(Buckland et al. 2001). Because many species
of conservation concern are geographically re-
stricted to riparian areas and these areas are fur-
ther restricted within SODN parks, increasing
the number of detections is the only means of
obtaining sample sizes large enough for param-
eter estimation. Finally, occupancy estimation
for highly detectable species such as landbirds
usually requires at least three visits to each site
(Field et al. 2005; Mackenzie and Royle 2005).
Species richness, though not a monitoring pa-
rameter at this time, also requires multiple, in-
tra-annual visits to each site (Colwell and Cod-
dington 1994; Nichols et al. 1996).

3.4 Sample sizes

We determined the number of points and
within-season surveys needed for annual, net-
work-wide estimates of density with different
levels of precision (Supplement A). In general,
we found that we will likely be able to estimate
density, with an acceptable level of precision,
for only a few species at each park under rea-
sonable field and budgetary constraints. How-
ever, we can analyze distance-sampling data to
estimate density for additional species at each
park by using pooled (among park) variance
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estimates and detection functions. Provided
that assumptions are met, this approach will
allow for estimation of park-specific densities
for many additional species using fewer ob-
servations. Other possibilities for estimating
density are to pool data from biennial or longer
time periods. Similar extensions hold true for
estimating relative abundance and occupancy.
Therefore, based on an analysis of the inven-
tory data, we believe that we will have sufficient
detections among parks each year to estimate
the parameters of interest for a reasonable
number of species.

4 Field Methods

4.1 Overview of point-transect
surveys

We will use the point-transect survey method
to estimate and monitor landbird population
parameters (Nelson and Fancy 1999; Buckland
et al. 2001). The point-transect method is simi-
lar to the variable circular plot method (Reyn-
olds et al. 1980), and is the most widespread
and accepted method for estimating landbird
density (Rosenstock et al. 2002). The method
involves estimating the linear distance to indi-
vidual birds while standing for a predetermined
period of time at a fixed point in space. Esti-
mating the distance to each bird allows density
to be approximated via a species-specific de-
tection function that accounts for variation in
detectability due to surveyor, environmental, or
weather-related factors (Buckland et al. 2001;

Diefenbach et al. 2003). This method contrasts
with traditional point-count techniques (Ralph
et al. 1995) because it does not assume that all
birds are detected equally within a fixed radius
around survey points (Lancia et al. 1996).

Our use of distance sampling will provide data
that are comparable both within and among
parks, and will also facilitate comparisons with
data from other locations in North America
where the same survey methods are used (e.g.,
Peitz et al. 2004). We also will be able to com-
pare our results to other monitoring efforts such
as the Breeding Bird Survey. Finally, data from
our program will be made available to research-
ers for a variety of purposes, such as modeling
bird-habitat associations that may be useful for
identifying bird communities or environmental
features of conservation or management con-
cern (e.g., Wiens and Rotenberry 1981; Rice et
al. 1984; Strong and Bock 1990).

4.2 Seasonal timing of surveys

We will focus our survey efforts during the
breeding season, when increased territorial be-
havior by songbirds results in higher detection
rates and greater sampling efficiency. We also
will count passage migrants (those that breed
north of the region; e.g., Wilson’s warblers) and
those species that overwinter but do not breed
in SODN parks (e.g., Brewer’s sparrow and
green-tailed towhee) (Rice et al. 1983; Hutto
1985b). In contrast to parks at more northern
latitudes that have a fairly synchronous breed-
ing season (Mclntyre et al. 2004), the breed-

Table 4.2. Annual field schedule for bird monitoring at Sonoran Desert Network parks.

Apr 1-14  Apr 15-30

Casa Grande Ruins National Monument X
Chiricahua National Monument
Coronado National Memorial

xX X X

Fort Bowie National Historic Site

Gila Cliff Dwellings National Monument
Montezuma Castle National Monument
Organ Pipe Cactus National Monument
Saguaro National Park

Tonto National Monument

xX X X X

Tumacacori National Historical Park
Tuzigoot National Monument

Jun 1-14

May 1-14 May 15-31

X X X

X X X X
X X X X
X X X X
X X X X
X X X X
X X X

X X X X
X X X X
X X X X
X X X X

Jun 15-30

xX X X X X

Note that sampling will not take place annually at all parks (see Sampling Design).
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Hermit thrush (Catharus
guttatus).

ing season in the Sonoran Desert region var-
ies considerably among species (Corman and
Wise-Gervais 2005), a phenomenon typical of
more southerly latitudes. Resident birds at low
elevations in the region typically breed from
late February through mid-June, whereas those
at higher elevations breed from early April
through June or early July. Grassland-obligate
sparrows (Cassin’s, Botteri’s, and grasshopper
sparrows) typically breed after the start of the
summer monsoon season (typically early July),
though they usually establish territories earlier.

Surveys will coincide with the breeding season
for the greatest number of species in each park,
recognizing that some species may not be ad-
equately surveyed because of later arrival dates
(e.g., the yellow-billed cuckoo). Trend analyses
for all species must consider whether a species
is present during the chosen sampling window
and adjust this window to meet program goals.
For example, a review of the landbird moni-
toring program in ORPI found that the first
sampling event of each year was too early for
many migrant species to be detected (B. Powell,
unpublished data). For this monitoring effort,
we will attempt to time surveys similarly each
year, because a shift in survey timing could
bias trend estimates. To ensure that surveys
are clustered around the time of peak breeding
activity for each park and community, we will
survey annually according to the general field
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schedule in Table 4.2, which is based on annual
timing of breeding within each park. It is im-
portant to recognize that this window may shift
in the coming decades, making it necessary to
adjust the protocol (Visser et al. 1998; Brown et
al. 1999).

4.3 Field-season preparation and
scheduling

Priortoeachfield season, observerswill read the
entire protocol narrative and all standard oper-
ating procedures (SOPs). Observers should pay
special attention to the tasks described in SOPs
#2,#5,and #6. Practice and training identifying
birds by sight and sound is critical; the misiden-
tification of a species is the most serious error
one can make during counts (Kepler and Scott
1981; Royle and Link 2006). All equipment and
supplies listed in SOP #1 should be organized
and made ready for the field season.

Weather-related interruptions during sched-
uled surveys account for approximately 5% of
all field days in southern Arizona (B. Powell, un-
published data). Therefore, staff workloads and
unpredictable weather (primarily high winds)
necessitate maintaining flexibility in scheduling
the sequence and duration of sampling events
during each field season.

4.4 Field protocol

Point-transect surveys will be the primary field
method. We also will collect vegetation data af-
ter the completion of bird surveys on most field
days in the first year of surveys. These two ac-
tivities will make up the bulk of the effort during
the field season. Scheduling these activities will
be the responsibility of the project manager.

The daily field schedule for each surveyor will
involve visiting 6-10 points each day, arranged
in transects (most sites at SAGU and ORPI) or
groups of individually placed points (all other
communities and parks). The bird crew should
arrive atthe park or survey area on the afternoon
prior to the first day of sampling to familiarize
themselves with the area and the birds pres-
ent. If the area being surveyed is too far from
a road, campsite, or trailhead to be reached in
30 minutes of hiking, every effort should be
made to camp near the site on the night prior
to scheduled surveys. Bird surveys will begin
in the morning after the initial “dawn chorus,”
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approximately 20 minutes before local sunrise.
Because environmental sampling will only take
place once at each site and sites will be surveyed
four times per season, environmental sampling
that follows bird surveys should be conducted
on approximately two survey points each day.
All environmental sampling will be completed
prior to the onset of the monsoon rains. More
information on the bird-survey protocol and on
environmental sampling can be found in SOPs
#5 and SOP #6, respectively.

For both bird surveys and environmental sam-
pling, observers should review data forms for
completeness and readability prior to leaving
the field each day. The project manager is re-
sponsible for the safekeeping and organization
of data sheets, and for ensuring that data are
entered into the database.

4.5 Conducting the bird surveys

Details on how to conduct point-transect sur-
veys, and for filling in data forms, are provided
in SOP #5 and summarized here. All birds seen
or heard at each point are recorded during an
8-minute sampling period (see Supplement B
for justification of this survey length). We will
separate bird observations into minute-long
time segments to allow comparisons with BBS
and other survey efforts, and possibly for use
in other analytical applications such as removal
sampling (e.g., Farnsworth et al. 2002). We will
record all birds, regardless of detection distance
from the surveyor. For most species, we will
record each individual bird as a separate ob-
servation unless groups of birds are observed
at the same distance, in which case the flock
or group size will be noted. We will record any
birds flying overhead with a designation of “F”
in the distance category to indicate they were
flyovers.

When conducting a point-transect survey, ob-
servers attempt to obtain an “instantaneous
count” of the birds present. Birds that are
flushed from the area around a point should
be recorded and the count started as soon as
the observer arrives at the point. Recording
birds that are flushed, particularly those close
to the center point, allows for a reduction in
potential violations of the assumption of per-
fect detectability at the center point (ie., P, =
1), an important assumption of distance sam-
pling (Buckland et al. 2001). The most impor-
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tant birds to detect are those very close to the
observer (within 20 m of the point), and it is
highly desirable that estimated distances be
within 1 to 2 m of actual distances for all birds
detected within this radius. However, all birds
seen or heard should be recorded with an esti-
mate of distance measured with a laser range-
finder. Rounding distances to the nearest 5 or
10 m is discouraged unless accurate distance
estimation is not possible because of vegetation
or topography. Once counts are completed, ob-
servers locate successive points with use of a
GPS. While walking from one point to the next,
observers search for species not recorded dur-
ing the previous count period. These data allow
for a more complete count of species at a site
(see Supplement B).

4.6 Establishing and marking points

We will mark each survey point with flagging
at the beginning of each field season. To en-
sure that subsequent observers can efficiently
locate all points, observers will describe access
to each point from known locations (e.g., park
entrance stations or trailheads) and mark topo-
graphic maps. If access changes, we will update
these descriptions.

Mountain bluebird (Sialia
currucoides).
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Male hairy woodpecker
(Picoides villosus).
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4.7 Collecting environmental data
at bird survey points

Course-scale relationships between birds and
environmental characteristics are well-known
for many species in the region (Rosenberg et al.
1991; Powell and Steidl 2000). At local scales,
structural and floristic features of vegetation
are good predictors of species richness and
abundance (Macarthur and Macarthur 1961;
Cody 1981). By collecting information on en-
vironmental features at each point, we will be
able to (1) estimate population parameters of
birds with greater precision by aggregating ar-
eas with similar environmental features, (2)
explore relationships between changes in bird
populations and their environments, (3) com-
pare bird populations and environmental at-
tributes across the network and in each park,
and (4) generate predictions for possible causes
of observed changes that can inform additional
research efforts. We will use qualitative and
quantitative techniques that are best-suited to
assess changes over repeated observations, and
that will provide detailed information at the ap-
propriate scales for the previously mentioned
applications. Although we will survey birds
every year (at most parks), we will measure en-
vironmental features over longer time intervals
(e.g., every 3-5 years), because gross changes in

vegetation structure are not expected to occur
annually. In the event of disturbance (e.g., fire
or unnatural tree mortality), which can rapidly
change an environment, we will resurvey points
after the disturbance.

We will collect environmental data at two spa-
tial scales: at a broad scale within 75-m-radius
plots centered on bird-survey points, and at a
finer scale at four subplots (one located at the
survey point and the others located 36.6 m
from the survey point). We will describe the
dominant vegetation type and topographic
position and measure slope and aspect within
the 75-m-radius plots. Within each subplot, we
will measure percent canopy cover, horizontal
vegetation coverage, dominant species in the
overstory and understory, and ground and foli-
age cOver.

We will collect environmental data within 75 m
of each survey point according to the protocol
outlined in SOP #6. Environmental sampling
at the four associated subplots will take place
in the second field season (2008). This portion
of the protocol will be carried out by two ob-
servers after they complete the bird surveys. It
is designed to take approximately 1.5 hours per
point, such that at least two points can be com-
pleted each day.

We may modity this portion of the protocol so
that it is similar to those used to monitor veg-
etation communities within the network (once
they are completed). Similarly, we may incorpo-
rate measurements of the environment gained
from remote-sensing data. Incorporating these
elements into the bird monitoring protocol will
provide greater efficiency and provide addi-
tional analytical tools.

5 Data Management

5.1 Overview of database design

We developed a Microsoft Access 2002 data-
base to manage the landbird community and
associated environmental data (SOP #7). This
database is compliant with the Natural Re-
source Database Template standards (Version
3) adopted by the national I&M program. The
database comprises a front-end file and a back-
end file that are linked using the Backend Link-
ing Utility in the database. The front-end file,
SODN_BirdComm_.mdb, acts as the user inter-
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face into the back-end database and contains
the forms, queries, and VBA code for the appli-
cation. SODN_BirdComm_ be.mdb, the back-
end file, contains the data tables. This configu-
ration facilitates improvements and revisions
to the database front-end application without
altering the actual data structure or any of the
records in the back-end data tables.

The general data model for bird-community
monitoring consists of core tables and two prin-
cipal groups of field-data tables (see SOP #7 for
entity—relationship diagrams). One group of
tables manages bird detection data; the other,
associated environmental data. Detection and
environmental data are linked in time and space
using standardized location and event tables
that are shared with other SODN I&M proto-
cols. When correctly linked, the bird-detection
and environmental data may be transparently
integrated for analysis.

The primary table for storing bird-detection
data contains observation information such as
species, distance from observer, age, sex, and
flock size. Supporting tables include weather
conditions and breeding behaviors. An environ-
mental characteristics subplot table contains
general vegetative cover information and serves
as the focal table to which other environmental
characteristics tables, such as dominant over-
story and understory cover, are linked. Species,
contacts, and attribute look-up tables provide
standardized values for many data fields, and
metadata tables track database revisions and
data edits.

5.2 Data entry

Although the primary goal of data entry is to
transcribe all data from paper records into the
database with 100% accuracy, this target is rare-
ly achieved. To facilitate data-entry accuracy,
we have built into the database many quality as-
surance/quality control (QA/QC) mechanisms
to eliminate as many potential data-entry er-
rors as possible. We also developed a database
user guide that accompanies the database. The
project manager should ensure that data-entry
personnel have read this user guide and under-
stand how to use the database and follow the
protocols.

Data-entry forms closely match the paper data
sheets, and serve as the user’s portal into the
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database. Location and sampling-event infor-
mation are entered first. Then, associated bird
or environmental data may be entered into the
targeted tables. Where appropriate, pick lists
limit values entered into a field to ensure that
only valid names or measures are entered. Bird
or environmental values are selected directly
from a pick list or by typing the first few charac-
ters of the value. The form searches for a similar
entry, typically locating the desired value after
typing only a few characters.

5.3 Data certification process

Data verification is the process of checking the
accuracy of the digital data against copies of the
original paper data sheets, and it should imme-
diately follow data entry. To minimize transcrip-
tion errors in the final dataset, personnel famil-
iar with the project’s field and data collection
methods should verify 100% of the records to
the source documents. After any required cor-
rections have been made, the project manager
will review 10% of the records a second time.
The results of that comparison will be reported
inthe metadata. If the project manager finds any
errors, the entire dataset will be verified again.
The paper data sheets will be archived after the
project manager verifies that the digital data ac-

Female hairy woodpecker
(Picoides villosus).
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Rufous hummingbird
(Selasphorus rufus).
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curately reflects the original field data.

Data validation is the process of reviewing digi-
tal data for range and logic errors. Even when
data are correctly transcribed from field-data
sheets, some values may not be logical or ac-
curate. Although some validation features, such
as range limits, are built into the database itself
via data-entry forms (see above) and queries,
the project manager or another person familiar
with the data will further review the dataset for
these types of range and logic errors.

Data certification is the process of ensuring that
the dataset (i.e., portion of the database related
to all of the records for that year) has been veri-
fied and validated for accuracy, is complete, and
that metadata/documentation for the dataset is
finalized. Data certification will be completed
annually for all tabular and spatial project data
sets. The project manager will complete the
certification form (in development) and notify
the data manager that the data are ready for ar-
chiving and storage. Once the dataset is certi-
fied, it can be used in analyses and reports.

Validation of spatial data is accomplished using
ArcGIS 9.x (ESRI, Inc.). Because SODN_Bird-
Comm_be.mdb is maintained as an Access data-
base, it can be imported directly into ArcCata-
log (ArcGIS, ESRI, Inc.) to create a shapefile.
The UTM coordinate values stored in the data-

base for point locations will then be compared
to the original GPS coordinates. The process
of verifying, editing, validating, and certifying
spatial data will follow the same process as for
other electronic data.

5.4 Metadata procedures

Metadata will be developed using the NPS I&M
Dataset Catalog (Version 3) and the ArcCata-
log (ESRI, Inc.) metadata module in conjunc-
tion with the NPS Metadata Tools & Editor.
For tabular datasets, all database objects (e.g.,
tables, fields) will be defined and documented
in a data dictionary or in Section 5 of a Federal
Geographic Data Committee (FGDC)-compli-
ant metadata file (see Appendix 7 for example).
FGDC-compliant metadata (including the NPS
profile) will be created for all spatial data. In ad-
dition, alocal dataset catalog record will be cre-
ated for the project database. Both spatial and
non-spatial metadata records for non-sensitive
data will be uploaded to the NR-GIS Meta-
data Database and Data Store where they will
be available to the public. All metadata records
will be updated as needed whenever additional
data are collected and added to the database.

5.5 Data archival procedure

After all data for a field season have been en-
tered, verified, validated, and certified, the Ac-
cess database will be archived on a secure server
with regularly scheduled back-ups. A complete
copy of the database also will be archived pri-
or to any database version changes. To ensure
data compatibility with other existing or newly
developed software programs, each database
table will be exported to an ASCII file using
the Access_to_ASCII utility (developed by the
Northern Colorado Plateau Network). These
ASCII files are stored in the same folder with
the native database format file. All archived files
will be designated as “read-only.”

Once the data have been archived, any changes
made to data values must be documented in the
editlog database table. From that point forward,
paper field-data sheets will not be altered; field
data will be reconciled to the database through
the use of the edit log. Any editing of archived
data will be accomplished jointly by the project
manager and data manager.

Certified and archived non-sensitive data will
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be posted to the NR-GIS Data Server, where
they may be downloaded for research and
management applications. Other datasets, in-
cluding those containing sensitive data, may be
requested in writing from the SODN data man-
ager. Sensitive data will be released only with a
signed confidentiality agreement.

6 Reporting and Analysis
6.1 Reporting

Annual reports will contain information on
the number of sites and frequency of sampling
in SODN parks, as well as relative-abundance
summaries (see SOP #8). The functions neces-
sary to complete annual reports can be easily
carried out by existing network staff, who will
complete annual reports by March 31 of the year
following data collection (refer to SOP #9 for
details on report structure and style). Once data
are entered and certified (SOP #7), we anticipate
that preparation of each annual report will take
approximately one week, though the amount
of time will depend on the number and type of
automated functions (currently under develop-
ment) that can be built into the database. Annual
reporting of environmental features will take
more time after the first year, though summary
statistics can be used in successive years pro-
vided no appreciable changes in these charac-
teristics have occurred. After the first 3-5 years
of data collection, we will conduct a complete
review of the program that will include density
estimation and sample-size evaluation. This re-
view will determine if the sampling design is
appropriate for meeting the program’s goal and
objectives. If not, the design will be changed. Af-
ter the design is finalized, detailed reports will
be produced every five years. These reports will
include appropriate estimates of density, occu-
pancy, as well as relative abundance and trend
assessment in these parameters.

6.2 Density and occupancy data
analysis

A critical component of any long-term moni-
toring program is consistent, systematic data
analysis. In addition, it is important that data
analysis protocols be flexible to accommodate
better approaches as they become available.
Data presentation (visualization) and time-se-
ries analysis are two approaches that we may
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use as the size and sophistication of the data-
base increases. Our general approach to trend
estimation will be to test for temporal trends in
all parameters using a mixed-model, repeated-
measures ANOVA. SOP #8 provides a general
overview of our (1) approach to producing
species lists and relative abundance estimates
for annual reporting, (2) tools used to estimate
density and occupancy, and (3) approaches to
detecting trends and evaluating program ef-
fectiveness. Further development of the ap-
proaches to data analysis will take place in July
2006, and be incorporated into the next version
of this protocol.

7 Personnel Requirements
and Training

7.1 Roles and responsibilities

The project manager will implement this proto-
col and report to either the SODN I&M coor-
dinator or ecologist. Due to the specialization
of the work, it will be important for the project
manager to be well-versed in all aspects of the
protocol, especially with how to conduct land-
bird surveys. Ideally, the project manager will
assist with data collection throughout the field
season. The project manager is responsible for
advertising field positions, reviewing applicant
resumes, conducting interviews, and making

Mountain chickadee
(Parus gambeli)
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Northern harrier (Circus
cyaneus).

hiring decisions. Hiring and payroll can also
be conducted with the assistance of the SODN
program administrator. Full-time field person-
nel (observers) will consist of a crew leader and
one or more technicians. The crew leader will
report directly to the project manager and will
oversee the technician(s). The crew leader will
begin work approximately two weeks prior to
the start of training sessions and continue to
work for two weeks after the field season ends.
Data entry will be conducted by the field per-
sonnel during the field season and will be over-
seen by the project manager.

Project and data managers will share the re-
sponsibility of long-term data management.
Throughout the field season, the project man-
ager will be responsible for providing the origi-
nal data forms and copies of the databases to
the network data manager. At the end of the
field season the project manager is responsible
for directing a thorough review of all data en-
tered. The data manager is responsible for de-
signing, archiving, securing, and disseminating
program data. In collaboration with the project
manager, the data manager will also develop
forms for data collection and other database
features for quality assurance and automation.
The bulk of this task will be done prior to the
start of the first field season, and we antici-
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pate that the automated reporting will become
more refined each year. After all data have been
cleared for quality assurance, the project man-
ager will summarize, analyze, and report data
to the coordinator and/or ecologist.

7.2 Qualifications and training

Having qualified, competent observers is
one of the most essential components for the
long-term success of this program. This point
cannot be overemphasized. Numerous stud-
ies have shown that bias among observers can
confound estimates of population trends of
songbird populations (Sauer et al. 1994; Kend-
all et al. 1996; Link and Sauer 1998; Diefenbach
etal. 2003). In addition to being able to identify
birds visually, field observers must be proficient
at identifying birds aurally, because many spe-
cies are detected by sound only (Ramsey and
Scott 1981). Further, the ability to precisely
estimate distance to birds that are rarely seen
is an essential skill (Buckland et al. 2004). To
ensure rigor and consistency in data collection,
we will hire only qualified observers (see SOP
#2). We will then train them at the beginning of
each field season and will periodically test each
observer’s ability to identify and estimate dis-
tances to birds.
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The importance of hiring well-qualified ob-
servers for counting efforts in southern Arizona
is particularly important because of high spe-
cies richness, high proportion of congeneric,
similar species, and presence of species that
are not found in other parts of the U.S. Further,
bird densities in some areas, such as riparian ar-
eas, are among the highest in the U.S. (Caroth-
ers et al. 1974), thereby reinforcing the need to
hire observers with prior experience surveying
in the Sonoran Desert or who have consider-
able bird-survey experience in general. Based
on interviews with local biologists (Courtney
Conway and Chris Kirkpatrick) and our own
experience, wages of at least $13/hr are essen-
tial to attract well-qualified candidates for this
program.

In addition to bird surveys, sampling for en-
vironment features is another important re-
sponsibility of observers. Ideally, these person-
nel would be familiar with the common shrub
and tree species in the Sonoran Desert region.
In the event that observers do not have these
skills, the project manager will train them. It
may be necessary to use SODN I&M staff who
have expertise in plant identification to assist
with environmental data collection.

8 Operational
Requirements

8.1 Annual workload and field
schedule

Observer training will begin in the third week
of March, and surveys will take place from ap-
proximately March 21 to July 1, depending on
the parks being surveyed. In most years, sur-
veys will end sooner than July 1. For years when
all parks are surveyed, we will begin surveys at
lower elevation parks and survey higher eleva-
tion parks as the season progresses (see 4.2 Sea-
sonal Timing of Surveys). We will complete en-
vironmental sampling throughout the season as
time allows and conduct it as close to the time
of bird sampling as possible in each park, so
that these measurements represent conditions
during surveys. Estimates of the annual survey
effort (days) are based on monitoring all sites in
all parks and the number of transects/groups
of points, all of which are surveyed four times
each season (Table 8.1).

Table 8.1. Estimates of annual survey effort.

Park unit DEV

Casa Grande Ruins National Monument 4
Chiricahua National Monument 28
Coronado National Memorial 12
Fort Bowie National Historic Site 12
Gila Cliff Dwellings National Monument 12
Montezuma Castle National Monument 20
Organ Pipe Cactus National Monument 56
Saguaro National Park 92
Tonto National Monument 12
Tumacacori National Historical Park 8
Tuzigoot National Monument 8

8.2 Facility and equipment needs

Bird surveys involve low-impact, passive sam-
pling that requires only limited equipment
needs and minimal office space and resources.
The only capital equipment item is a vehicle.
The list of personal field equipment needed for
the project is itemized in SOP #1 and includes
binoculars, laser rangefinders, and GPS units.
Most required equipment will be specific to the
landbird effort; therefore, few arrangements
are required for sharing equipment with other
SODN monitoring efforts (e.g., water quality).
We will not provide housing to observers (un-
fortunately, this is likely to be a major impedi-
ment toward attracting qualified candidates).
Prior to the beginning of each field season, we
will investigate housing options at parks.

8.3 Startup costs and budget

Field-equipment costs in the first year of the
project will be approximately $5,000-6,000,
which assumes that each observer already owns
an appropriate pair of binoculars. Additional
costs may be incurred if the network purchases
binoculars. There will be cost savings if some of
the needed equipment is already available at the
network office (e.g., GPS units). After the first
year, we anticipate that field equipment costs
will be approximately $750 annually to replace
lost, damaged, or dated equipment.

We anticipate that landbird monitoring will
cost approximately $30,000 annually for sur-
veys conducted in each year, and an additional
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Pygmy nuthatch (Sitta
pygmaea).

$10,000 every 3-5 years for surveys in higher
elevation areas. This figure excludes the cost of
overseeing the project (Table 8.3). At the time
of this writing (May 2007), there are no per-
sonnel at the SODN office who can conduct
bird surveys; therefore, all technical expertise
will be hired from outside the program. Based
on our assessment of the market for qualified
observers (see 7.2 Qualifications and Training),
we will pay approximately $13-14 per hour. For
this analysis, we are assuming that we will hire
observers through the University of Arizona,
which has employee-related expenses of 10.5%
and overhead cost of 17.5%. Some expense
may be saved if existing park staff, particularly
those at ORPI, can assist with surveys.

8.4 Collaboration

We suggest expanding the spatial scope of this
protocol to areas outside parks, so as to place
park management and resources in a regional
context. Further, considerable financial and ad-
ministrative efficiencies will be gained by part-
nering with other agencies and organizations
with similar goals. At the time of this writing,
there are a number of other biological monitor-
ing initiatives occurring in the greater Sonoran
Desert region (RECON Environmental 2006).
If these programs choose to monitor the same
parameters as outlined in this protocol narra-
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tive, then great efficiency may be realized by
implementing collective monitoring using the
same field personnel and equipment, thereby
saving money on administration and data col-
lection. A good example of such collaboration
is now occurring between the Northern Colo-
rado Plateau Network and the Rocky Moun-
tain Bird Observatory (Bennetts et al. 2005). If
collaboration with outside partners occurs, it
is imperative that this protocol be followed, at
least on SODN lands.

9 Procedure for Revising
the Protocol and
Program Review

9.1 Revising the protocol

We have divided this sampling protocol into a
protocol narrative and 11 separate SOPs. The
protocol narrative is a general overview of the
protocol that provides the history and justifica-
tion for the program and an overview of sam-
pling methods. The protocol narrative will only
be revised if major changes are made to the
protocol. The SOPs, in contrast, are very spe-
cific step-by-step instructions for performing a
each task. They are expected to be revised more
frequently than the protocol narrative.

Careful documentation of such revisions, in-
cluding a library of previous versions, is es-
sential for maintaining consistency in data col-
lection, analyses, and reporting. To summarize
changes, the monitoring database for each
component contains a field to identify the pro-
tocol version used to gather and analyze data.
The steps for changing any aspect of the proto-
colare outlined in SOP #11. Each SOP contains
a revision history log that should be completed
each time an SOP is revised to explain why
changes were made, and to assign a new ver-
sion number to the revised SOP. New versions
of SOPs and the protocol narrative should be
archived in the appropriate folder of the SODN
protocol library.

9.2 Program review

We suggest that a thorough analysis of the data
from this project be undertaken after the first
3-5 years and every 10 years thereafter. An ini-
tial 3-5-year review is essential and should in-
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volve extensive quantitative analyses to evalu-
ate the efficiency of the program design, results,
and ability to meet the stated goals and objec-
tives. A component of the review will involve
recommended revisions to the program, with
explicit justification. Products from this effort
will be trend assessment of population param-
eters, variance partitioning and power analysis
(Supplement A), and an assessment of sampling
methods and spatial inferences. Also, new ana-
lytical techniques or tools may become avail-
able that have important application to these
data. For example, advances in multi-species
and multi-year occupancy estimation proce-
dures and both parametric and Bayesian ana-
lytical tools will certainly become more refined
(Darryl MacKenzie, pers. comm.). Because the
program review will take considerably more
time and expertise than the network currently
has, we suggest that the network contract a suit-
able reviewer with the appropriate skills and
experience.
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This SOP describes the procedures to be fol-
lowed prior to when observers are hired,
trained, and conducting surveys. Pre-season
planning such as creating schedules and or-
ganizing equipment facilitates the completion
of both bird and environmental monitoring
work and allows for budget planning. All of the
equipment and supplies listed in Table 1.01.1
should be organized and made ready for the
field season, and copies of the field-data forms
in Appendix B should be made. In early March
of each year, prior to the field season, all ob-
servers should review the entire protocol, in-
cluding SOPs. Review of bird identification by
sight and sound is particularly important and is
covered in SOP #2.

General Preparation and Review

As the person responsible for all aspects of
preparations for the field season, the project
manager will:

1. Post job positions in appropriate outlets
by late November of the year prior to the
field season (see SOP #2).

2. Review protocol narrative and all SOPs.

Understand the goals and procedures of
the monitoring program and begin prepa-
rations for training and field surveys. Dis-
cuss with appropriate I&M personnel any
proposed or recent changes to the sampling
design or survey protocol. If a change has
been implemented since the last field sea-
son, be sure that all field forms, databases,
and appropriate sections in relevant SOPs
have been updated.

Begin preparations. Discuss the season’s
objective and schedules with I&M person-
nel. Meet in early December to discuss hir-
ing needs and budget, to begin developing
atimeline and field schedule, and to outline
responsibilities of individual observers.

Contact parks. Contact appropriate park
personnel to discuss any changes in their
policy for researchers or specific condi-
tions that may have changed since the last
field season (e.g., fires that may have af-
fected sites or areas may have closed). Con-
tact with park personnel may be especially
important at Organ Pipe Cactus NM and
Coronado NM because of the border-se-
curity situation in those parks. Also,
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Table 1.01.1. List of equipment for conducting landbird and associated surveys.

Category/

Bird survey

Survey type

Item

Binoculars

Laser rangefinder
Pocket weather station
Garmin76S

Tape recorder

Digital watch or timer

Handheld walkie-talkie
radios

Clipboard

Rolls of flagging

Bird field guides

Bird song CD/MP3 tracks

Number
needed*

1
1

Description

10 x 50, 8 x 40 or similar
magnification
1,000-yd range

Kestrel 3000
GPS unit

Small, handheld mini-cassette

Small units with 2-3 km range

Sibley’s Guide to Western Birds

Contains songs and calls of
most species

Notes/Purpose

To be provided by observer

Establishing distance to birds

Measuring air temperature,
relative humidity

Recording unknown bird songs
and calls

Communication between field
workers

Marking points and gear. One
color unique to each observer

Available in I&M office in Tucson

Data forms: VCP Many

Notebooks 3 Small 4" x 6" For recording notes

Extra batteries Many  AAtype For GPS unit
Envwolnmental English clinometer 1 Hill slope
sampling

Spherical densiometer 1 Estimating canopy cover

Locating subplots, placing photo
Compass 1 ID boards, locating canopy
measurement sites

1.27-cm x 1-m PVC pipe 1 Measuring slope

1.78-m rope 1 Marking plot boundaries

5.0-m rope 1 Marking plot boundaries

Surveying pins for 1.78-m

3

and 5-m rope

2-megapixel or larger digital -, Fixed focal length is ideal

camera with a 50-mm lens

Photo point ID board 1 Photo point

Cover pole 1 Photo point

Small bungee cord 2 Photo point
Environmental Plants of Arizona field guide 1 Reference

sampling
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Table 1.01.1. List of equipment for conducting landbird and associated surveys, cont.

Sﬁ?\igﬁc;/yp/e Item r':leuer:;:gi Description Notes/Purpose
General Pencils 5-10 No. 2
equipment Sharpie permanent markers 2
Data form: Incidental
observations Many
Extra batteries for all . At least one backup set for each
equipment Variable piece of equipment
Plot-descriptions sheets 1
First-aid kit 1
Flagging tape 1 roll
Personal Insect repellent
items** Sunscreen
Day pack
Sunhat or baseball hat
Pocketknife

Water bottles

*Number needed are per observer.

**To be supplied by observers.
When preparing for the field season, each survey crew should have at least one backup of all major equipment.

discuss housing availability and needs with
appropriate parks. Fill out web-based per-
mit requests.

Review field notes from previous year.
At the end of each field season, crew lead-
ers will write a brief (3-5 page) report on
the field season, which will include a dis-
cussion on the general field conditions of
the year, access issues to sites, notes about
observers if there were problems, and sug-
gestions for improving the efficiency of the
program. Review these reports and follow
up on any proposed changes, particularly
those related to access issues. Suggested
changes to the protocol will be collected in
each of the first five years, but substantial
changes to the protocol should only be in-
stituted after the 3-5-year review.

Print and review the Sonoran Desert
Network species list. This list is included
as Appendix A. Review the species most
likely to be encountered in each park.

Generate a list of point coordinates for
all points. See SOP #4 for a list of UTM
coordinates. Include GIS-generated points
for new sites and a list of the actual marker

10.

11.

12.

coordinates for previously sampled sites.

Print maps of each site and include with
transect/group write-up. Ask the network
data manager for assistance in printing
these maps.

Print and copy the field-data forms. The
field-data forms are included in Appendix B.
Print approximately 5% of these forms onto
Rite-in-the-Rain® paper.

Upload waypoints onto the GPS units.
Waypoints (the latitude and longitude
[UTM] coordinates for each survey point)
should be uploaded via computer. Alter-
natively, they can be manually entered into
GPS units before the start of the field sea-
son, or entered in the field (SOP #4). Note
that manually entering coordinates intro-
duces an extra source of error and should
be avoided, if possible.

Calibrate instruments such as Kestrel
pocket weather meters and laser range-
finders and replace batteries at the begin-
ning of the season.

Enroll observers in CPR/first-aid
course. Organize a one-day CPR/first-aid
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and/or wilderness first-aid course for all
observers. These courses are taught regu-
larly by the Southern Arizona Chapter of
the American Red Cross (http://www.saz-
redcross.org). Also, observers would ben-
efit from attending a half-day field-safety
course taught by Cecil Schwalbe (cecils@
srnr.arizona.edu) at the USGS/UA School
of Natural Resources. This course is typi-
cally held in each March.

13. Provide observers with training CDs or
MP3s. After formal acceptance of posi-
tions, each observer should receive a copy
of the bird song/call training CDs or MP3
tracks.

Scheduling Field Work

1. Monitoring efforts at SODN parks will re-
quire a field crew of at least two observers.
To ensure safety, all observers will work in
the same general area each day. Observ-
ers will survey 5-10 points each morning
(grouped as a transect or independently
placed points, termed “sites”) and sites
will be surveyed four times each season.
Observers will typically be asked to work
a schedule consisting of five days on, two
days off. However, observers will occasion-
ally be asked to survey one extra day each
week during the peak of the breeding sea-
son (mid-April to mid-May).

2. Preliminary field schedules will be drawn

up prior to the beginning of surveys and
observer training. Surveys at parks will
be asynchronous; surveying will begin as
early as March 1 in Organ Pipe Cactus NM
and as late at early May at Gila Cliff Dwell-
ings NM. Survey schedules should include
some extra time for make-up surveys due
to cancellation of surveys (about 5% of
surveys in the Sonoran Desert region are
cancelled, primarily due to wind; Brian
Powell, unpublished data).

3. Because of the possibility for the need of a

ranger escort at many parts of both Organ
Pipe Cactus NM and Coronado NM, the
park contact person must be notified at
least four weeks prior to surveys to ensure
that rangers are able to accompany observ-
ers. Scheduling that far in advance may be
difficult because of inevitable changes in
field surveys. Therefore, it will be impera-

tive to maintain scheduling flexibility in
parks and areas that do not require coordi-
nation with law-enforcement personnel.

4. Environmental sampling should only be
done on points already sampled for birds
or after the morning survey is completed.
In most cases, environmental sampling can
be conducted at approximately two points
following each survey morning. Because
our survey crews will be working in close
proximity, it should be fairly easy for crews
to meet up after the completion of the bird
surveys to start environmental sampling.
Environmental sampling will begin in
2008.

Organizing Supplies and Equipment

See Table 1.01.1. for a list of equipment needed
prior to commencing field work. At least one
month prior to the beginning of each field
season, the project manager should tally all
equipment and inspect and test it for damage
and calibration. All expensive equipment (laser
rangefinders and Kestrel pocket weather sta-
tions) should be painted fluorescent colors to
facilitate relocation.

Suggested Readings and Audio
References

These resources will be made available in the
1&M office in Tucson:

Baicich, P. J.,and C. J. O. Harrison. 1997. A
guide to the nests, eggs, and nestlings of
North American Birds. San Diego, Ca.:
Academic Press.

Colver, K. J., D. Stokes, and L. Stokes. 1999.
Stokes field guide to bird songs. New York:
Time Warner.

Epple, A. O., and L. E. Epple. 1995. Plants of
Arizona. Helena, Mont.: Falcon Press.

Keller, G. A. 2001. Bird songs of southeastern
Arizona and Sonora, Mexico. Ithaca, N.Y.:
Macaulay Library of Natural Sounds,
Cornell Laboratory of Ornithology.

Sibley, D. A. 2003. The Sibley field guide to
birds of western North America. New
York: Alfred A. Knopf.
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SOP #2: Hiring and Training Observers

Version 1.02 (May 4, 2007)

Revision History Log

Previous Revision

Version # date Author

Changes made

Section and
paragraph

Reason for change

New
Version #

This SOP explains the procedures for hiring
and training bird-survey personnel (observ-
ers). Accurate, consistent data collection begins
with the hiring process, followed by a rigorous
training program. Training should ensure that
all observers are able to identify, by sight and
sound, >90% of bird species expected to be
encountered in SODN parks and >80% of bird
species that have reasonable potential to occur
in the area. It is also essential that observers are
able to accurately and consistently estimate dis-
tances to birds and follow standard operating
procedures to ensure data quality across time.
Observers must be prepared both mentally and
physically for the extreme heat and difficult ter-
rain of SODN parks.

Hiring Observers

Qualifications and attributes

The most essential element for the collection
of high-quality data is well-trained and experi-
enced observers. Given the high level of vari-
ability associated with bird surveys in general,
it is imperative that known sources of error,
such as that related to observer skill, be mini-
mized (Kepler and Scott 1981; Thomas 1996;
Diefenbach et al. 2003). The importance of
hiring well-qualified observers and training
them cannot be overemphasized; excellent ob-
servers obtain species estimates within 90% of
the total species known to be present and es-
timate abundance within 80% accuracy (Ralph
et al. 1993). Hiring observers with significant
field-survey experience in the Sonoran Desert
region will be a challenge for the program. In
our experience, there is a lack of well-qualified

candidates who know all or most of the species
in the region and who have experience with
distance sampling.

In point-transect counts, most birds are record-
ed aurally. Therefore, it is important to hire ob-
servers with good hearing ability to ensure con-
sistent data collection (Ramsey and Scott 1981).
Though the analysis of distance-sampling and
occupancy data can account for differences in
observer skill, the ability to model these differ-
ences has limitations. Potential observers with
serious hearing loss (> 20 dB) should not be
hired unless they have their hearing corrected
to 10 dB using hearing aids (Kepler and Scott
1981).

In addition to their skill, experience, and hear-
ing ability, observers must be in excellent physi-
cal condition and be able to thrive in difficult
field conditions. The physical and psychologi-
cal demands of surveying in the extreme heat
of the Sonoran Desert should not underesti-
mated; even the most skilled observer is of no
use if s/he is unable to cope with difficult field
conditions. Certification as a Wilderness First
Responder (or in wilderness first Aid) and in
CPR s also an asset.

Hiring process

As outlined in the protocol narrative, our cur-
rent assessment of the market for skilled ob-
servers in the Sonoran Desert region indicated
that wages of $13-14/hr should be considered
the minimum starting wage. To attract the
most-qualified candidates, it will be important
to disseminate job announcements by no later
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than early December to appropriate outlets,
including physical job boards at the School of
Natural Resources at the University of Arizona,
e-mail listservs within the scientific community
of Tucson and Phoenix, and the following web-
sites:

*  Ornithological newsletter: http://www.
aou.org/jobs/

«  Texas A&M Wildlife Science job board:
http://www.wfsc.tamu.edu/jobboard/in-
dex.htm

+  Society for Conservation Biology job data-
base: http://www.conbio.org/jobs.

During the applicant review process, it will be
important to give priority to those candidates
with considerable experience conducting multi-
species bird surveys in the region and, secondly,
to candidates with distance-sampling experi-
ence. Our experience shows that distance esti-
mation can be learned in a few days, but learn-
ing the songs and calls of the 200 or so species
that are likely to be encountered during surveys
of SODN parks takes considerably more time.
We also recommend that those responsible for
hiring consider candidates with excellent expe-
rience in other regions of North America, and
who, based on information from past employ-
ers, have a demonstrated exceptional ability to
learn songs and calls of new species.

Hiring personnel should interview all well-
qualified candidates at least once and call three
references. As mentioned earlier, particular at-
tention should be paid to the experience of the
observer, his/her ability to learn new calls, his/
her physical abilities to withstand difficult field
conditions, and his/her overall attitude. Our
experience informs us that an observer with a
positive and enthusiastic attitude makes a bet-
ter crew member and is most adaptable to chal-
lenging field conditions.

Training Observers

This training program emphasizes correct
identification of species and distance estima-
tion and promotes accuracy and consistency in
data collection among observers. In particular,
we try to calibrate observers so that they have
comparable skills in identifying species, are es-
timating the numbers seen or heard in the same
way, and are recording data in a consistent for-

mat. For observers who are already competent
at identifying birds by sight and sound, the
need for training may be minimal; experienced
observers usually recalibrate quickly. If the
program is fortunate enough to hire all expe-
rienced observers for a season, then the train-
ing program that we propose will improve their
skills. No observer is exempt from the training
program.

The following section outlines the tasks to be
completed during the five-day training period.
We summarized much of this material from
Peitz et al. (2004) and Bennetts et al. (2005). Fu-
ture versions of this SOP may include a more
detailed training program.

1. Prepare for the training program. The
project manager or hired cooperator will
act as instructor. The instructor must pre-
pare training materials, itineraries, field
gear, and set up distance courses before the
training program begins. Along with the
training program, a variety of other tasks
will have to be completed in preparation
for fieldwork. Thus, it is crucial that in-
structors prepare well in advance and bud-
get their time appropriately.

2. Send each observer bird song/call CDs
or MP3s. Once hiring paperwork is initi-
ated, it will be important that observers
receive the song/call training CDs or MP3
tracks that include the most likely species
to be encountered in SODN parks. These
materials have been compiled by SODN
staff and are available at the I&M office in
Tucson.

3. Issue field gear before training begins.
See SOP #1 (Preparing for the Field Season
and Equipment Needed) for a list of field
equipment. Provide a copy of this proto-
col to all trainees, along with field gear and
other training materials, before training be-
gins. Ensure that observers examine the list
of necessary personal gear (listed in SOP
#1) and have all the appropriate equip-
ment by the time fieldwork starts. Ensure
that trainees are informed and prepared for
the training and survey events; everyone
should bring binoculars, warm clothing (if
appropriate), pocket field guides, hats, and
other appropriate equipment for each day
of training. Have field technicians read Ke-
pler and Scott (1981) for a detailed discus-
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sion of training observers and Chapter 2 of
Bibby et al. (2000) for a general discussion
of the sources of error in bird surveys.

Have all crewmembers participate in a
five-day landbird-survey and distance-
estimation training program. Observers
from previous seasons normally do not
need as much training in bird identifica-
tion skills as new observers. However, all
observers must attend the entire training
course each year. Experienced observers
can assist with training less-experienced
observers. Experienced observers also will
continue practicing distance estimation,
working on identification of birds by call
notes and partial songs, and generally im-
proving their identification skills.

Conduct training in areas similar to
those encountered during surveys. Con-
duct the majority of the five-day training
program in areas with similar topography
and communities to those encountered
during surveys. We recommend areas close
to Tucson, such as Cienega Creek Preserve,
Sabino Canyon, Rincon Creek, and even
Tumacédcori NHP. While it emphasizes
distance estimation, the initial objective
of the training program is to maximize the
trainees’ exposure to the species most like-
ly to be encountered during the surveys.
Discuss personal techniques for distance
estimation, dealing with busy points, fly-
overs, moving birds, potentially confusing
scenarios, and bird species and behaviors
that are encountered in similar areas. It is
important to recognize that training ses-
sions early in the season will fail to detect
all of the species that will be encountered
later in the season. This is especially true in
the riparian areas, as most of the riparian-
obligate species are Neotropical migrants.
Therefore, it will be important to discuss
common species that are likely to be en-
countered later in the season.

Focus on distance estimation during the
first days of training. The five-day training
session occurs immediately before the field
season, when many landbirds are returning
to their nesting grounds. Emphasize dis-
tance estimation during the first 2-3 days
of training. Construct distance-estimation
training courses in a variety of areas and
topographical gradients. The importance

of accurate distance estimation cannot
be overemphasized and training has been
found to improve accuracy considerably
(Kepler and Scott 1981).

7. Emphasize field safety procedures and
issues. Discuss emergency safety proce-
dures and important safety issues for the
Sonoran Desert region, most notably heat
exposure. It is recommended that all field
personnel take a one-day CPR/first-aid
course and/or the field-safety course of-
fered through the School of Natural Re-
sources at the University of Arizona. A
field-safety instruction booklet is currently
being developed by the network.

8. Review dominant trees and shrubs. The
environmental-characteristics component
of field sampling also will be covered and
it will be important to use a small portion
of the time during the five-day training ses-
sion to familiarize observers with the com-
mon trees and shrubs of the region.

Establishing a distance training course

Each early-morning training session should be
devoted to learning the songs and calls of birds
in the training area. After a few hours of general
birding, we recommend setting up one or two
distance-training courses. Over the five-day
training period, we recommend establishing
courses in a variety of field conditions, such as
uplands, riparian areas, and areas with differ-
ent slopes and obstructions. The first course
should be set up in a flat, open area. Here are
the directions for setting up a course:

1. Begin by placing flagging at 10 m, 25 m, 50
m, and 100 m from a central point and hav-
ing observers estimate distances to trees,
rocks, and flagging from that central point.

2. Have each observer place flagging at 4-5
locations visible from the central point,
and then have everyone in the group re-
cord distances to each flag in a field book.
Distances should be estimated to the near-
est meter. Then, use a laser rangefinder to
measure the distance to each flag, and have
each person compare their initial estimate
to the actual distance. Repeat this exercise
at several sites until observers can consis-
tently estimate distances to within 10-15%
of the actual distance. For objects within 20
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m of the station, observers should be able
to accurately estimate distances to within 1
m of the true distance.

The majority of birds are usually heard but
not seen, and estimating distances to birds
that are only heard is often the greatest
source of error in landbird surveys. With
all observers at the central point, have each
observer estimate the distance to vocalizing
birds pointed out by the instructor. Hori-
zontal distances should be estimated as if a
plumb bob was lowered to the ground from
the bird’s location. Observers should visu-
ally identify the tree or branch where they
think the bird is, and estimate the horizon-
tal distance to an object that they can see
directly below where they think the bird is
vocalizing from.

Half of the group should place themselves
at various distances away from the central
point, and quietly wait until a bird vocal-
izes near them. Place reference markers at
measured distances from the central point
to help these “spotters” estimate the dis-
tance between the central point and birds
that vocalize. The other half of the group
should remain at the central point, and es-
timate the distance to any birds that vocal-
ize. The observer closest to the bird should
then indicate where the bird was vocalizing
from and, if necessary, the distance to the
point directly under the bird should be
measured from the central point. This is
a slow but important part of the training,
and should be repeated until observers
have experience with estimating distances
to a number of different species.

Simultaneous counts: Divide observersinto
groups and have them conduct eight-min-
ute counts from the same location. At the
end of each count, have the observers com-
pare notes and discuss any discrepancies
in the species detected and the estimated
distances to them. Remember that the dis-
tance to where the bird was first detected
should be recorded. For example, if a bird
flies towards the central point, the distance
where it was first heard or seen is recorded,
not the closest distance or where it lands.
Continue these simultaneous counts until
there is consistency among observers in
species and distances recorded. If insuffi-
ciencies are discovered at the group level,

they should be addressed with further
training and courses. Individual observ-
ers with significant differences should be
trained further.

General timeline for the training program

1.

Day 1. Begin outdoors and introduce the
project. During the first day of training, in-
troduce trainees to the context and goals
of the project; to distance-sampling tech-
niques, including the basic assumptions
and statistical theory; and to the fundamen-
tals of our sampling design, methods, and
protocol. Take the group for a walk around
the immediate area and review the birds
that are encountered along the way. Spend
the remainder of the day in the field on the
first distance-training course. This course
will be visually based and topographically
flat.

Days 2-3. Continue working on distance
estimation and incorporate auditory
distance estimation. It will be difficult to
conduct more than two distance-training
courses in one day, considering the time
required for set-up and completion of the
course. As a break between distance-train-
ing courses, walk through different areas
and practice bird identification, using la-
ser rangefinders to continually reinforce
distance estimation. Continue using visual
distance courses until all trainees are con-
sistently estimating within 10-15% of the
actual distance. Once this goal has been
achieved, begin to estimate distances to
singing birds. After trainees achieve an av-
erage of +10% accuracy for auditory detec-
tions, incorporate distance estimation into
practice counts.

Days 4-5. Begin practicing counts, em-
phasizing exposure to unusual species
or species with difficult identification.
Schedule training in a variety of areas, con-
tinuing to maximize exposure to as many
species as possible. Walk through various
community types and continually “quiz”
trainees individually. Separate into small
groups (combining experienced observers
with novice trainees, if possible) and begin
to practice eight-minute counts and record
results on the actual field-data forms. At
the end of each count, compare species
lists. Reinforce identification skills and sce-
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narios likely to be encountered in the field,
focusing on problem species that are com-
monly missed or confused by the trainees.
Continue estimating distances, using laser
rangefinders (and pacing when necessary).

General rules and miscellaneous count
issues

General rules for observers to follow during
surveys:

» Look/listen everywhere. Be sure to look
up regularly, particularly in areas with tall-
er trees like riparian areas and especially
if you are wearing a hat. Be sure to look
and listen in all directions approximately
equally.

e Stand at points. Do not sit or kneel, as
this can reduce the number of individuals
recorded by decreasing visibility and audi-
bility.

* No pishing. Do not attract birds to you.
Pishing is permissible after the count in or-
der to attempt to identify an individual that
was not identifiable on the count. Do not
add other individuals that were otherwise
not counted doing the eight-minute count
period.

» Noguessing. Never guess on the identity of
a bird. Instead, use an unknown code (e.g.,
unidentified sparrow: UNSP) for those in-
dividuals you’re not sure about. However,
recording a lot of unidentified birds is an
indication that you need to learn/practice
more before performing surveys.

» Practice. Practice in the general area prior
to formal counts and be familiar with the
songs and calls of all species found in the
area.

Miscellaneous issues to be aware of when con-
ducting the bird counts, and how to deal with
them:

e “Listening through” window species.
It is not unusual for observers to “listen
through” (not detect) a particular common
species because they are habituated to it.
Mourning dove is a common window spe-
cies.

* Airplane (and other) noise. If audibility
of birds is reduced by mechanical noise,

observers should interrupt the count and
restart when noise abates and add time to
the end to make an eight-minute count.
Obviously, a timepiece that permits stop-
ping and restarting from the stop point is
of great value.

o Swamping. There are potentially times
when so many birds are detectable that the
observer is unable to keep up with record-
ing them. This happens often in riparian
areas. If this occurs, it is important to rec-
ognize how distance sampling works. Es-
timates of density using distance sampling
are quite sensitive to observations close to
the point and less so at great distances from
the point. Thus, if “swamping” occurs, ob-
servations close to the point should be the

priority.

Collecting environmental data

Environmental sampling will take place after
the end of bird sampling each morning and
after the end of the bird-sampling field season
in 2008. Training for collecting environmental
data will take place for two days prior to the
start of the bird surveys and after the five-day
bird survey training session.

1. Each field personnel should read SOP #6.

2. The project manager should construct ap-
proximately three cover poles prior to the
start of the field season.

3. Once in the field, observers should spend
time learning the dominant trees and
shrubs of riparian and upland vegetation
communities and practice estimating cover
classes of different vegetation types and
groundcover categories.

4. The project manager should be familiar
with all aspects of the protocol and be able
to teach other observers how to use a cli-
nometer and laser rangefinder, assess top-
ographic position, identify cover types, as-
sess horizontal vegetation cover, and assess
cover using Daubenmire cover classes.

5. Because of the rather subjective nature
of estimating many of the environmental
variables, it is critical that observers prac-
tice estimating these variables until there is
virtual consensus among group members.




40

Landbird Monitoring Protocol and SOPs for the Sonoran Desert Network

Literature Cited

Bennetts, R. E., A. Schrag, and S. Wolff. 2005.
Cooperative bird monitoring plan and
protocol for the Greater Yellowstone Net-
work of parks. Version 1.00. Unpublished
protocol.

Bibby, C. J., N. D. Burgess, D. A. Hill, and S.
Mustoe. 2000. Bird census techniques.
Second edition. London, U.K.: Academic
Press.

Diefenbach, D. R., D. W. Brauning, and J. A.
Mattice. 2003. Variability in grassland bird
counts related to observer differences and
species detection rates. Auk 120:1168-
1179.

Kepler, C. B., and J. M. Scott. 1981. Reducing
bird count variability by training observ-
ers. Studies in Avian Biology 6:366-371.

Peitz, D. G., S. G. Fancy, L. P. Thomas, G. A.
Rowell, and M. D. Debacker. 2004. Bird
monitoring protocol for Agate Fossil Beds

National Monument, Nebraska, and
Tallgrass Prairie National Preserve, Kan-
sas. Unpublished protocol to the Prairie
Cluster Prototype Monitoring Program,
National Park Service, U.S. Department of
the Interior.

Ralph, C.]J., G. R. Geupel, P. Pyle, T. E. Martin,

and D. F. DeSante. 1993. Handbook of
field methods for monitoring landbirds.
General Technical Report PSW-GTR-144.
USDA Forest Service, Pacific Southwest
Research Station, Albany, California.

Ramsey, F. L., and J. M. Scott. 1981. Tests of

hearing ability. Studies in Avian Biology
6:341-345.

Thomas, L. 1996. Monitoring long-term

population change: Why are there so many
analysis methods? Ecology 77:49-58.




Section 2: Standard Operating Procedures 41

SOP #3: GPS Unit Operation

Version 1.02 (May 4, 2007)

Revision History Log

Previous | Revision Author Changes made Section and Reason for change New
Version # date 9 paragraph 9 Version #
1.01 May 4, Brian Eliminate section on Pocket PC was not used 1.02

2007 Powell pocket PC or needed in 2007.

This SOP describes the procedures for using a
Garmin 76S GPS unit, which are used to navi-
gate to and between bird survey points.

GPS Unit Setup

Prior to going into the field, it will be neces-
sary for all observers to read and understand
the Garmin manual that accompanies the 76S
GPS unit. During the five-day training session
at the beginning of the field season, the project
manager will be responsible for ensuring that
all observers are competent in operating the
unit. The following is a step-by-step guide for
unit operation.

1. Confirm that GPS data output is in
“NMEA” format.

2. Press Menu button twice on the 76S to
reach main menu.

3. Select Setup.

h kkkkk

4. Use rocker keypad to reac , confirm
“*is “NMEA” and not “GARMIN”.

5. Confirm ***is “UTM”.
6. Highlight Coordinate System.

7. Press enter. The Coordinate System
screen has a listing of available projections.
If UTM is not selected, select it now and
press enter. Datum should always be set to
NAD 1983 (Conus). “Zone” should be set
to 12 for all parks except Gila Cliff Dwell-
ings NM, which is Zone 13.

8. To change the Zone, highlight this option,
then press the right arrow.

9. A menu listing all possible zones will ap-
pear.

10. Use the arrow pad to scroll to the appro-
priate zone. Once you have selected the
proper Zone, press enter.

11. Upon returning to the main projection
menu ensure that the Datum is still set to
NAD 1983 (Conus). If this is not the case
scroll down to Datum and press the right
arrow. Scroll through the list until you have
selected NAD 1983 (Conus). Press enter.

12. Scroll down to Altitude reference. This
should be set to “HAE”. If all of the in-
formation is correct press enter a second
time.

Appendix 3.01.1. Glossary of
Important GPS Unit Terms

Elevation Mask: Sets cut-off elevation for sat-
ellites (the unit will not gather positions from
satellites lower than the degree set). This should
be aminimum of one degree above the Base Sta-
tion Mask, with 15 degrees recommended. This
is most important during the planning stages. If
you are working in locations with obstructions,
you can set the mask higher so that only those
satellites higher in the sky will be used for data
collection. You also can allow for these situa-
tions by checking the azimuth position of satel-
lites in Quick Plan.
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SNR Mask: Signal strength or signal-to-noise
ratio. If it is too high, you will not get good data.
The range is 0-99. If you raise the SNR mask,
you can receive more satellites, but the data is
not as good. The default is 6.

PDOP Mask: Position dilution of precision.
This is an indication of the accuracy of the cal-
culated position based on the location of the
satellites in the constellation. If satellite posi-
tions do not allow the use of coordinate geom-
etry, then accurate ground locations can not be
triangulated from them. <4 = very good; 5-8 =
adequate; >8 = inadequate.

Julian Date: Day of the year between the range
of 1 and 365. For example, the Julian date for
February 2 is #33. February 2 is the calendar
date.

Feature: The units on which you collect data.
Examples include buildings, woodlots, roads,
trails, etc.

Attributes: Descriptive characteristics of fea-
tures.

Differential Correction: Increases the accu-
racy of the data files by correcting errors asso-
ciated with the satellites. (See Pathfinder Office
help-differential GPS).

BoB: Beacon-on-a-Belt is a real-time correc-
tion receiver.
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SOP #4: Establishing and Marking Bird-Survey Points

Version 1.02 (May 4, 2007)

Revision History Log

Previous Revision Section and

Version # date Author Changes made paragraph Reason for change

New
Version #

This SOP explains the procedures used for designating sites and outlines a series of decision rules
for establishing points and transects. The UTMs for sites are located in Table 4.01.1 (next page).
Most of these sites were established in March/April 2007.

Establishing Transects and Points

The location of most transects has been established (Table 4.01.1). Observers should have the UTM
coordinates loaded onto their GPS units and use them to navigate to the start of each transect. Ob-
servers should place one 40-cm piece of flagging tape at each bird-survey point along the transect.
Each piece of flagging tape will remain at the point for the duration of the field season and will
be taken down by the last observers to visit the point in that field season. When placing flagging,
observers should identify, using a permanent marker, what point is being marked, and write: “NPS
bird monitoring program.”
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in
Sonoran Desert Network parks.

Point Established
name Type UTM_X UTM_Y in 2007
Casa Grande Ruins U-1 Upland 449799 3650680 YES
National Monument U-10 Upland 450162 3651310 YES
U-11 Upland 450514 3651311 YES
u-2 Upland 450147 3650681 YES
u-3 Upland 450492 3650686 YES
U-6 Upland 450344 3651009 YES
u-7 Upland 449992 3651027 YES
U-8 Upland 449635 3651016 YES
uU-9 Upland 449812 3651310 YES
Chiricahua National BON-1 Riparian 652148 3542651 NO
Monument BON-2  Riparian 652380 3542746 NO
BON-3 Riparian 652631 3542746 NO
BON-4 Riparian 652874 3542685 NO
BON-5 Riparian 653114 3542617 NO
BON-6 Riparian 653359 3542663 NO
BON-7 Riparian 653600 3542622 NO
BON-8 Riparian 653855 3542587 NO
U-1 Upland 654401 3540799 NO
uU-10 Upland 653164 3544346 NO
U-11 Upland 659411 3540860 NO
u-12 Upland 657620 3542961 NO
u-13 Upland 654385 3543364 NO
u-14 Upland 659523 3541933 NO
U-15 Upland 653044 3545343 NO
u-16 Upland 654308 3542337 NO
u-17 Upland 658755 3542804 NO
u-18 Upland 655327 3541711 NO
uU-19 Upland 654160 3545131 NO
u-2 Upland 654069 3540067 NO
u-20 Upland 654293 3542838 NO
U-21 Upland 653712 3542573 NO
u-22 Upland 658410 3543893 NO
U-23 Upland 652313 3544829 NO
u-24 Upland 654282 3541747 NO
U-25 Upland 658450 3543497 NO
uU-26 Upland 653892 3545478 NO
u-27 Upland 653294 3545202 NO
U-28 Upland 658072 3542272 NO
U-29 Upland 656280 3542291 NO
u-3 Upland 659758 3541429 NO

U-30 Upland 655266 3543122 NO
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

::r';‘: Type  UTMX UTMLY Es;‘:';'(')so';ed
Chiricahua National U-31 Upland 653327 3543533 NO
Monument, cont. U-32 Upland 656656 3542306 NO

U-33 Upland 652170 3545162 NO
uU-34 Upland 660434 3540713 NO
U-35 Upland 658560 3543157 NO
U-36 Upland 652162 3544335 NO
u-37 Upland 655489 3542872 NO
U-38 Upland 656828 3540066 NO
U-39 Upland 652300 3543181 NO
u-4 Upland 655080 3542206 NO
uU-40 Upland 657658 3541653 NO
uU-5 Upland 652484 3544004 NO
U-6 Upland 658160 3541870 NO
u-7 Upland 657097 3542776 NO
u-8 Upland 654638 3542788 NO
U-9 Upland 653783 3542030 NO
Coronado National RIP-1 Riparian 570948 3468176 NO
Memorial RIP-2 Riparian 570705 3468125 NO
RIP-3 Riparian 570463 3468185 NO
RIP-4 Riparian 570231 3468277 NO
RIP-5 Riparian 569998 3468370 NO
RIP-6 Riparian 569749 3468404 NO
RIP-7 Riparian 569497 3468411 NO
RIP-8 Riparian 569251 3468460 NO
U-1 Upland 573057 3467400 NO
u-10 Upland 572483 3467789 NO
U-11 Upland 571953 3467380 NO
u-12 Upland 573298 3467823 NO
U-13 Upland 571340 3468516 NO
u-14 Upland 573364 3468697 NO
U-15 Upland 572174 3469329 NO
u-16 Upland 573618 3467223 NO
u-17 Upland 573031 3469305 NO
u-18 Upland 571564 3468044 NO
u-19 Upland 572622 3467322 NO
u-2 Upland 572627 3468442 NO
u-20 Upland 573759 3468671 NO
U-21 Upland 571565 3469148 NO
u-22 Upland 573602 3466938 NO
u-23 Upland 573291 3468222 NO

u-24 Upland 573723 3467649 NO
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

::r':: Type  UTM_X UTM_Y Es;‘:g'(')ﬁ;ed
Coronado National U-25 Upland 571250 3469756 NO
Memorial, cont. U-3 Upland 571003 3467904 NO
U-4 Upland 570891 3468363 NO
U-5 Upland 570988 3466863 NO
u-6 Upland 572264 3467292 NO
u-7 Upland 572663 3469018 NO
u-8 Upland 572275 3467976 NO
u-9 Upland 571992 3467865 NO
Fort Bowie National SPN-1 Riparian 647071 3557641 YES
Historic Site SPN-2 Riparian 646823 3557671 YES
SPN-3 Riparian 646596 3557774 YES
SPN-4 Riparian 646391 3557919 YES
SPN-5 Riparian 646372 3558168 YES
SPN-6 Riparian 646618 3558226 YES
SPN-7 Riparian 646846 3558332 YES
SPN-8 Riparian 646893 3558578 YES
Up-10 Upland 643453 3558345 YES
Up-11 Upland 647378 3557403 YES
Up-12 Upland 644125 3558261 YES
Up-13 Upland 646197 3558110 YES
Up-14 Upland 645858 3558611 YES
Up-15 Upland 646186 3558400 YES
Up-16 Upland 643138 3558264 YES
Up-17 Upland 645200 3557724 YES
Up-18 Upland 645933 3558340 YES
Up-19 Upland 645038 3558096 YES
Up-2 Upland 645581 3557939 YES
Up-20 Upland 646183 3557773 YES
Up-3 Upland 646539 3557310 YES
Up-4 Upland 647671 3557214 YES
Up-5 Upland 646770 3557442 YES
Up-6 Upland 643851 3558185 YES
Up-7 Upland 646114 3558716 YES
Up-8 Upland 647533 3557677 YES
Up-9 Upland 645533 3558247 YES
Gila Cliff Dwellings RIP-1 Riparian 754838 3680090 NO
National Monument RIP-2 Riparian 754613 3680207 NO
RIP-3 Riparian 754426 3680354 NO
RIP-4 Riparian 754169 3680400 NO
RIP-5 Riparian 753964 3680632 NO

RIP-6 Riparian 753761 3680798 NO
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

:::::_ Type  UTM.X UTM_Y Es;‘:g'(')ﬂ;ed
Gila Cliff Dwellings U-1 Upland 754551 3679746 NO
National Monument, U-10 Upland 754772 3679435 NO
cont. U-11 Upland 754117 3680368 NO
U-12 Upland 753846 3679886 NO
U-13 Upland 754373 3679535 NO
U-14 Upland 753884 3680467 NO
U-15 Upland 754065 3679577 NO
U-2 Upland 753724 3679291 NO
U-3 Upland 754107 3679911 NO
U-4 Upland 754466 3680044 NO
U-5 Upland 754148 3679153 NO
U-6 Upland 754734 3680187 NO
U-7 Upland 753682 3680077 NO
U-8 Upland 753672 3679702 NO
U-9 Upland 754501 3679109 NO
Montezuma Castle R-1-1 Riparian 422677 3829646 YES
National Monument- R-1-2 Riparian 422589 3829892 YES
Castle Unit R-1-3  Riparian 422715 3830236 YES
R-1-4 Riparian 423012 3830219 YES
R-1-5 Riparian 423152 3829994 YES
R-1-6 Riparian 423365 3829846 YES
R-2-1 Riparian 423628 3829855 YES
R-2-2 Riparian 423850 3829999 YES
R-2-3 Riparian 423885 3830263 YES
R-2-4 Riparian 423681 3830431 YES
R-2-5 Riparian 423462 3830560 YES
R-2-6 Riparian 423278 3830787 YES
Up-1 Upland 423008 3830906 YES
Up-11 Upland 422480 3830393 YES
Up-13 Upland 422603 3830612 YES
Up-17 Upland 423550 3829737 YES
Up-18 Upland 422418 3829734 YES
Up-2 Upland 424023 3829693 YES
Up-24 Upland 422739 3830376 YES
Up-25 Upland 423318 3829619 YES
Up-26 Upland 424020 3829942 YES
Up-27 Upland 422785 3830789 YES
Up-28 Upland 423777 3829627 YES
Up-3 Upland 422965 3830521 YES
Up-4 Upland 423164 3830359 YES

Up-5 Upland 423081 3829742 YES
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

Established
UTM_X UTM_Y in 2007
Montezuma Castle Up-7 Upland 422869 3829900 YES
National Monument-
Castle Unit, cont. Up-9 Upland 423585 3830087 YES
Montezuma Castle R-1 Riparian 429733 3833941 YES
National Monument-Well  g_» Riparian 429948 3834028 YES
unit R-3 Riparian 430200 3834059 YES
R-4 Riparian 430439 3834101 YES
R-5 Riparian 430697 3834071 YES
R-6 Riparian 430927 3834108 YES
R-7 Riparian 431129 3834246 YES
Up-1 Upland 430186 3834717 YES
Up-10 Upland 430182 3834454 YES
Up-2 Upland 431198 3834472 YES
Up-3 Upland 430982 3834735 YES
Up-4 Upland 430435 3834425 YES
Up-5 Upland 430619 3834641 YES
Up-7 Upland 430832 3834369 YES
Up-8 Upland 431249 3834782 YES
Up-9 Upland 430434 3834810 YES
Organ Pipe Cactus R-1-1 Upland 335374 3546195 YES
National Monument R-1-2 Upland 335465 3545874 YES
R-1-3 Upland 335740 3545841 YES
R-1-4 Upland 336026 3545778 YES
R-1-5 Upland 336300 3545746 YES
R-1-6 Upland 336592 3545699 YES
R-1-7 Upland 336848 3545821 YES
U-1-1 Upland 330030 3548928 YES
U-1-2 Upland 330384 3548911 YES
U-12-1 Upland 317577 3563115 YES
U-12-2 Upland 317902 3562944 YES
U-12-3 Upland 318192 3562750 YES
U-12-4 Upland 318501 3562580 YES
U-12-5 Upland 318784 3562369 YES
U-12-6 Upland 319089 3562191 YES
U-12-7 Upland 319395 3561998 YES
U-1-3 Upland 330736 3548896 YES
uU-1-4 Upland 331088 3548882 YES
U-1-5 Upland 331646 3548821 YES
U-1-6 Upland 331994 3548770 YES
uU-1-7 Upland 332341 3548709 YES

u-4-1 Upland 330311 3563892 YES




Section 2: Standard Operating Procedures 49

Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

Point Established
name Type  UTM.X UTMY ~ 000
Organ Pipe Cactus U-4-2 Upland 330664 3563915 YES
National Monument, U-4-3 Upland 331027 3563955 YES
cont. U-4-4 Upland 331359 3563850 YES
U-4-5 Upland 331701 3563763 YES
U-4-6 Upland 332042 3563676 YES
U-4-7 Upland 332385 3563590 YES
U-5-1 Upland 336188 3558806 YES
U-5-2 Upland 335849 3558889 YES
U-5-3 Upland 335509 3558975 YES
U-5-4 Upland 335164 3559045 YES
U-5-5 Upland 334824 3559131 YES
U-5-6 Upland 334489 3559230 YES
U-5-7 Upland 334147 3559315 YES
Saguaro National Park—  008-1 Upland 535227 3556784 YES
Rincon Mountain District  gpg-2 Upland 535207 3556534 YES
008-3 Upland 535192 3556286 YES
008-4 Upland 535173 3556038 YES
008-5 Upland ~ 535157 3557888 YES
008-6 Upland 535135 3555542 YES
008-7 Upland 535117 3555295 YES
009-1 Upland 525016 3559243 YES
009-2 Upland 525266 3559289 YES
009-3 Upland 525515 3559324 YES
009-4 Upland 525762 3559359 YES
009-5 Upland 526010 3559402 YES
009-6 Upland 526257 3559439 YES
009-7 Upland 526506 3559472 YES
112-1 Upland 526003 3558474 YES
112-2 Upland 526193 3558324 YES
112-3 Upland 526372 3558196 YES
112-4 Upland 526578 3558024 YES
112-5 Upland 526592 3557775 YES
112-6 Upland 525808 3558630 YES
112-7 Upland 525608 3558781 YES
115-1 Upland 527717 3562406 YES
115-2 Upland 527597 3562184 YES
115-3 Upland 527512 3561964 YES
115-4 Upland 527419 3561730 YES
115-5 Upland 527318 3561504 YES
115-6 Upland 527839 3562623 YES

115-7 Upland 527964 3562840 YES
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

Point Established
name Type  UTMX UTMY ~ 00
Saguaro National 139-1 Upland 528894 3563097 YES
Park-Rincon Mountain 139 Upland 529102 3563242 YES
District, cont. 1393 Upland 529308 3563374 YES
139-4 Upland 529517 3563516 YES
139-5 Upland 528681 3562968 YES
139-6 Upland 529665 3563722 YES
LRC-1 Riparian 535856 3554747 YES
LRC-2 Riparian 535608 3554786 YES
LRC-3 Riparian 535347 3554872 YES
LRC-4 Riparian 535090 3554932 YES
LRC-5 Riparian 534861 3555038 YES
LRC-6 Riparian 534632 3555172 YES
LRC-7 Riparian 536100 3554809 YES
LRC-8 Riparian 536345 3554870 YES
Saguaro National 204-1 Upland 483386 3571990 YES
Park-Tucson Mountain - 04-2 Upland 483468 3572224 YES
District 2043 Upland 483544 3572477 YES
204-4 Upland 483616 3572710 YES
204-5 Upland 483310 3571743 YES
204-6 Upland 483219 3571509 YES
204-7 Upland 483750 3572931 YES
204-8 Upland 483948 3573098 YES
212-1 Upland 484370 3568709 YES
212-2 Upland 484604 3568640 YES
212-3 Upland 484862 3568584 YES
212-4 Upland 485105 3568534 YES
212-5 Upland 484095 3568744 YES
212-6 Upland 485350 3568467 YES
213-1 Upland 480552 3571560 YES
213-2 Upland 480785 3571494 YES
213-3 Upland 481031 3571413 YES
213-4 Upland 481264 3571328 YES
213-5 Upland 481499 3571246 YES
213-6 Upland 480328 3571673 YES
213-7 Upland 480113 3571783 YES
238-1 Upland 484872 3579208 YES
238-2 Upland 485102 3579235 YES
238-3 Upland 485358 3579254 YES
238-4 Upland 485612 3579287 YES
238-5 Upland 484723 3579407 YES

238-6 Upland 484465 3579416 YES
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Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

Point Established
name Type  UTMX UTMY 000
Saguaro National 239-1 Upland 478263 3570188 YES
Park-Tucson Mountain -~ 39.> Upland 478131 3570400 YES
District, cont. 2393 Upland 478003 3570616 YES
239-4 Upland 477873 3570825 YES
239-5 Upland 478396 3569974 YES
239-6 Upland 478555 3569777 YES
239-7 Upland 478786 3569666 YES
239-8 Upland 479035 3569681 YES
Tonto National RIP-1 Riparian 489804 3723173 NO
Monument RIP-2 Riparian 489623 3722975 NO
RIP-3 Riparian 489554 3722713 NO
RIP-4 Riparian 489521 3722438 NO
RIP-5 Riparian 489411 3722218 NO
RIP-6 Riparian 489393 3721976 NO
U-1 Upland 489226 3723217 NO
U-10 Upland 489638 3724070 NO
U-11 Upland 489136 3723663 NO
U-12 Upland 489511 3723041 NO
U-13 Upland 490509 3723317 NO
U-14 Upland 490430 3723881 NO
U-15 Upland 489093 3724001 NO
U-16 Upland 489125 3724331 NO
U-17 Upland 490327 3723537 NO
U-18 Upland 490277 3724360 NO
U-19 Upland 489896 3724029 NO
U-2 Upland 490017 3723670 NO
U-20 Upland 489667 3724335 NO
U-3 Upland 490583 3722796 NO
U-4 Upland 490517 3724189 NO
U-5 Upland 489566 3723447 NO
U-6 Upland 489825 3722985 NO
U-7 Upland 490400 3722994 NO
u-8 Upland 490010 3723364 NO
U-9 Upland 489325 3724131 NO
Tumacacori National A-1 Upland 495418 3492600 YES
Historical Park A-2 Upland 495377 3492184 YES
M-1 Upland 495202 3492565 YES
M-2 Upland 495187 3493564 YES
M-3 Upland 495326 3492964 YES
M-4 Upland 495182 3493199 YES

RIP-1 Riparian 495634 3493003 YES




52 Landbird Monitoring Protocol and SOPs for the Sonoran Desert Network

Table 4.01.1. UTM coordinates for the location of landbird monitoring sites in SODN
parks, cont.

POt fype  UTMX  UTMLY ES;‘:‘;’&@“
Tumacacori National RIP-2 Riparian 495196 3493960 YES
Historical Park, cont. RIP-3 Riparian 495478 3494018 YES
RIP-4 Riparian 4955472 3493577 YES
RIP-5 Riparian 495717 3492430 YES
RIP-6 Riparian 495724 3492711 YES
RIP-7 Riparian 495303 3494204 YES
RIP-8 Riparian 495692 3493808 YES
Tuzigoot National Est-1 Riparian 406045 3847602 YES
Monument Est-2 Riparian 406225 3847677 YES
Est-3 Riparian 406480 3847612 YES
Est-4 Riparian 406634 3847796 YES
Est-5 Riparian 406662 3848042 YES
Est-6 Riparian 406587 3848289 YES
Est-7 Riparian 406666 3848503 YES
Wst-1 Riparian 406461 3848382 YES
Wst-2 Riparian 406413 3848630 YES
Wst-3 Riparian 406289 3848877 YES
Wst-4 Upland 406109 3848694 YES
Wst-5 Upland 406133 3848482 YES
Wst-6 Upland 406192 3848255 YES
Wst-7 Upland 406076 3848003 YES

This list does not include higher-elevation sites at Saguaro NP-Rincon Mountain District or alternative sites for
monitoring in Saguaro NP and Organ Pipe Cactus NM. Those points will be established in 2006 and incorporated in
later versions of the protocol.
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SOP #5: Conducting the Bird Survey

Version 1.02 (May 4, 2007)

Revision History Log

Previous | Revision Author Changes made Section and Reason for change New
Version # date 9 paragraph 9 Version #
1.01 3/21/2007 | Brian Changed information Version 1.01 information | 1.02
Powell collected during count was too onerous for
(i.e., detection type, sex) observers

This SOP provides step-by-step instructions for
conducting landbird counts at SODN parks us-
ing the point-transect method (Buckland et al.
2001). It describes the procedure for collecting
data and filling in the data form, “SODN Point-
transect Landbird Surveys” (Appendix B) and
explains how to complete the “Incidental De-
tections” data form.

Procedures Prior to Going in the
Field for a Survey Day or Trip

1.

If the transect/point has been sampled pre-
viously in the season, determine the point
sequence and conduct the survey in the
opposite direction. The field crew leader
will maintain a log of the order of survey
points, so consult him/her about the cor-
rect survey order.

Make certain that your UTM coordinates
(NADS83 datum) for that transect/points
are in the GPS unit. As a backup, bring a list
of UTM coordinates for each point. If nec-
essary, UTM coordinates can be entered
manually.

Organize equipment for the following
morning’s survey (see SOP #1). Prepare
food and personal gear to facilitate a timely
departure from camp or trailhead. Bring
appropriate gear, including extra water and
a first-aid kit, every day.

If the survey is in a remote area, make ar-

rangements to camp near the first survey
point on the previous night, or know how
to get to the first point by walking in the
dark (only along trails or washes).

Consult weather reports. Canceling sur-
veys during the breeding season is rare in
our region but strong storms can occur.
Unless there are extreme conditions pre-
dicted for the morning surveys (i.e., strong
winds and/or heavy rain), we recommend
that observers attempt to conduct a sur-
vey. Counts should not be conducted if
wind strength on the Beaufort Scale is a
sustained 4 or greater (see Table 5.01.1),
or if it is raining hard (rain code >4; Table
5.01.2). If you encounter these conditions,
wait until the weather improves or cancel
the sampling for that day and try again on
another day. Consider performing vegeta-
tion sampling or data entry on days when
surveys are canceled.

Sampling will occur in the morning, begin-
ning as soon as it is light enough to see a
distance of at least 200 m and ending no
later than 3% hours after official sunrise
(Table 5.01.3). Try to arrive at the first point
while it is still dark so that the count can be-
gin as soon as it is light enough to see. Sing-
ing rate for most species is usually highest
before or near official sunrise and then de-
clines slowly over the next few hours.
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Table 5.01.1. Codes (Beaufort scale) used to record Table 5.01.3. Sunrise times for Phoenix, Arizona.
wind strength during bird counts.

Wind . .
code Explanation Day March  April
0 Calm, smoke rises vertically (<2 km/h) 6:57 6:16 >:40 >:19 0:22

6:56 6:15 5:39 5:19 5:22
6:54 6:14 5:38 5:19 5:23

1 Smoke drifts (2-5 km/h)

5 Light breeze felt on face, leaves rustle (6-12

km/h) 6:53 612 537 519 523
3 Leaves and twigs in constant motion (13-19 6:52 6:11 5:36 5:18 5:23

km/h) 6:51 6:10 5:35 5:18 5:24

Small branches move, raises loose paper, dust 6:49 6:10 5:35 5:18 5:24
4 .

rises (20-29 km/h) 6:48 6:07 534 518 525
5 Fresh breeze, small trees sway (30-39 km/h) 6:47 6:06 5:33 518 5:25
6 Strong breeze, Iarge branches moving, wind 6:46 6:05 5-32 5:18 5:26

whistles (40-50 km/h) 644 6:03 531 518 597

6:43 6:02 5:30 5:18 5:27
6:42 6:01 5:30 5:18 5:28
6:40 6:00 5:29 5:18 5:28
6:39 5:58 5:28 5:18 5:29
6:38 5:57 5:27 5:18 5:30
6:36 5:56 5:27 5:18 5:30

Table 5.01.2. Codes used to record precipitation
codes during bird counts.

Precipitation

A_\AA_\AA_\AA
O 0 4 O s W -0 © 0N s~ WwN =

Explanation
code 6:35 5:55 5:26 5:18 5:31
0 No precipitation 6:34 5:53 5:25 5:18 5:31
1 Mist or fog 20 6:32 5:52 5:25 5:18 5:32
2 Light drizzle 21 6:31 5:51 5:24 5:19 5:33
3 Light rain 22 6:30 5:50 5:24 5:19 5:33
4 Heavy rain; difficult to hear birds; 23 6:28 5:49 5:23 5:19 5:34
discontinue count 24 6:27 5:48 5:23 5:19 5:35
5 Snow 25 6:26 5:47 5:22 5:20 5:35
26 6:24 5:45 5:22 5:20 5:36
27 6:23 5:44 5:21 5:20 5:37
28 6:22 5:43 5:20 5:20 5:37
29 6:20 5:42 5:20 5:21 5:38
30 5:41 5:20 5:21 5:39
31 5:20 5:40
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Information Recorded at the
Beginning of Each Survey

7. Once you arrive at the first point, begin the
count as soon as possible, but wait at least
one minute to calm your heartbeat if hiking
to the point was strenuous. If hiking was
extremely strenuous, rest away from the
point (e.g., 100 m) for a few minutes, then
continue to the point. At the first point on
each survey day, fill in the survey informa-
tion at the top of the form. At the first and
last survey points, fill in the survey condi-
tion data.

Survey information

«  Park: Four-letter park code. See Table 1 in
protocol narrative for park codes.

+  Transect/Group (site): Unique identifier
for the collection of points on the day’s
survey.

« Date (mm/dd/yyyy): Write in the month
(2 digits), day (2 digits) and year (4 dig-
its) in the format shown. Examples are
05/02/2006 and 06/25/2006.

+  Observer initials: Fill in the three initials
of the person conducting the counts using
capital letters. If you do not have a middle
name, then put an underscore for your
middle initial. Examples would be BFP for
Brian F. Powell and D_A for Debbie An-
gell.

est degree. The thermometer should be
placed above the ground and allowed to
adjust to ambient air temperature. Use
Kestrel 3000 or similar device.

Wind (0-6): Record the wind code (0
through 6; Table 5.01.2) as it applies to the
strength of the wind during the first and
last eight-minute count. Record the aver-
age wind conditions for each count, not the
maximum condition (e.g., periods of gusty
winds).

Humidity (%): Record percent relative
humidity as measured by Kestrel 3000 or
similar device.

Cloud cover (%): Visual estimate of the per-
cent cloud cover, rounded off to the near-
est 10%. This should be a number between
0 (no clouds) and 100 (complete overcast).
If there are patches of clouds in different
areas of the sky, try to picture gathering all
of them together into one part of the sky
and recording what percent of cloud cover
that would represent.

Precipitation (0-5): Record the appropri-
ate code (Table 5.01.3).

Noise (0-3): Record the noise code (Table
5.01.4) that applies to background-noise
conditions during the count, as affects your
ability to hear birds. Cicadas are often a
considerable disturbance in our parks and
are usually loud near the end of some sur-
veys.

Survey conditions
The following information must be filled in at
'Fhe beginning and ?Fld of each_ survey morn- Table 5.01.4. Codes used to record level of
ing. For each condition there is a “/” on the background noise as it affects observer’s ability to
data form. Conditions at the beginning of each hear birds.
survey are written to the left of the dash and
conditions at the end of the survey are written Noise :
Explanation
to the right of the dash. For example, “Temp. code :
(°C) 13/17” indicates the temperature at the Quiet; normal background noises; no

beginning of the survey was 13°C and the tem- interference
perature at the end of the survey was 17°C. To

allow for the proper calibration of the weather
instrument (e.g., Kestrel 3000), place it away

from the ground and your body (e.g., hanging 2
from a shrub).

Low noise; might be missing some high-
pitched songs/calls of distant birds

Medium noise; detection radius is probably
substantially reduced

High noise; probably detecting only the
loudest/closest birds

+  Temp(erature) (0C): Record the ambient
temperature during the eight-minute count
in degrees Celsius, rounded off to the near-
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Approaching Points and Beginning
the Count

8.

10.

11.

12.

Navigate to the first point using the GPS
unit (see SOP #3). If you observe a bird
close to the point that flushes as a result of
you approaching, you should record the
bird’s initial distance from the point on the
data form. The reason for this is that a criti-
cal assumption of the distance-sampling
method is that birds at or very close to (e.g.,
<5-10 m) the point center will always be
detected, i.e., g(0) = 1. Use a separate line
for each individual flushed as you would
for species observed during the eight-min-
ute active period but do not write anything
in the “Minute” field.

Conduct the point as a “snapshot” in time.
The survey results should represent the
actual distribution of the birds relative to
the point. The underlying theory of dis-
tance sampling requires that each point be
recorded as close to a “snapshot in time”
as possible. Some movement is acceptable,
as long as a bird is only counted once and
the observer does not cause movement.
Any birds that flush upon approaching the
point, or birds that seem to be attracted by
the presence of the surveyors, should be
noted in the comments.

Use a laser rangefinder to estimate distanc-
es to birds whenever possible; the closer
the bird, the more accurate the distance
estimation should be.

Use a digital watch with a timer set at eight
(8) minutes. Begin the survey by starting
the timer. A watch type that signals the pas-
sage of each one minute interval is ideal be-
cause you will note the minute in which the
detection takes place. Stop the count at the
end of the eighth minute. Observers from
past surveys have had a tendency to “pack”
observations made after the eighth minute
into that minute (see Supplement B). This
practice is not permitted by the protocol;
there are opportunities to record birds ob-
served after the eighth minute (see below).

Conduct the eight-minute count without
interruption, being sure to fill in all the
fields for each bird/flock detected. Occa-
sionally, aircraft noise can be loud and can
last for up to 30 seconds. In these instances,

13.

increase the count period by the amount of
time for which the count was disturbed.
If excessive noise interrupts the count for
more than two minutes, then start the sur-
vey again after the disturbance has passed.

Once you have started your watch and
begun the eight-minute counting period,
record all birds heard or seen during the
eight minutes, regardless of their distance
from the center of the point (more on the
types of detections is outlined below).

At each point, you will record the following in-
formation only once:

Point: Unique identifier for that point.

Start Time (hhmm): Write in the time us-
ing the hour and minute format for military
time. Fill in all four digits. Examples are
0630 (6:30 am) and 0802 (8:02 am).

The following information will be recorded for
each bird or group of birds observed during the
eight-minute active period:

Species: Record the four-character code for
the species detected. Examples are BEVI
for Bell’s vireo, BHCO for brown-headed
cowbird, and BHGR for black-headed
grosbeak. Codes for species known to oc-
cur at Sonoran Desert Network parks are
listed in Table 5.01.7 (see end of this SOP)
and in Appendix A of this protocol. If no
birds are detected during an eight-minute
count, you should enter data for the first
line of the form and record the code “ND”
(No Detections) in the Species column.
Birds that you can not positively identify to
species should be recorded using the pre-
fix “UN” (e.g., UNBI for unknown bird,
UNSP for unknown sparrow).

Minute (1-8): Record the minute in which
the bird (or group of birds) was first de-
tected. Minute 1 is from 0-60 seconds. By
recording this information, we can com-
pare the data to those collected by other
researchers (e.g., BBS counts) that use oth-
er time intervals to conduct counts. Also,
these data can be used to model detection
probability (Farnsworth et al. 2002).

Distance (m): Record the horizontal dis-
tance in meters between the point center
(where you are standing), and the location
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of the bird where you first detect it. Use a
laser rangefinder whenever possible to get
as accurate a distance as possible. Do not
round off numbers to the nearest five me-
ters; estimate the distance to the nearest
meter. If you cannot see the bird, estimate
the distance to some object (tree, bush,
rock) where you think the bird is located.
If the bird is flying directly at you and then
lands nearby, record the distance to where
you first saw it flying toward you, not the
distance to where it landed. For species
that occur in clusters or flocks, record the
distance from the observer to the center of
the flock. If a bird is high in a tree, imagine
dropping a plumb bob from the bird down
to the ground, and measure the horizontal
distance to that spot on the ground. Indi-
cate flyovers (birds that fly above the top of
the vegetation canopy, never touch down
in your field of view, and do not appear to
be foraging, displaying, or behaving in any
other way that might suggest a link to the
habitat below them) by writing “F” in the
distance column.

Detect(ion) type: The detection type cor-
responds to the first detection of that indi-
vidual (Table 5.01.5). If a male was first ob-
served visually, then later was heard singing,
add “A” next to the “V” code (i.e., “V/A”).
The detection type code will be used later
in various analyses. For example, distances
to birds that are seen are probably more
accurate than those to birds that are only
heard. Recording the detection type makes
it possible to develop distance histograms
to compare birds seen versus those that are
only heard.

Flock size: For most observations, each in-
dividual bird will be treated independently
as a separate observation (i.e., line on the
data form), but for species that usually oc-
cur in clusters or flocks, the appropriate
unit is the cluster or flock size, and not the
individual bird. For example, quail almost
always occur in coveys of 1040 birds. If
you observe a covey of 40 quail during a
count, it is not appropriate to record 40
distances and treat them as independent
observations in the analysis. For flocking
species, record the distance to the center
of the flock and the number of birds in the
flock, rather than the distance to each indi-

Table 5.01.5. Codes used to record detection type

during bird surveys.

Code Description

V
A

Visual detection
Auditory detection

B or V/A Both visual and auditory

vidual bird.

Sex: Most detections will be of singing
males, but visual detections of birds are
important to note if the species is sexually
dimorphic. For auditory observations this
cell will remain blank, but note gender for
visual observations when it is possible to
note the difference. Options: M = Male; F
= Female; MF = pair. Note: there is no op-
tion for “unknown” because all observers
should know the difference between male
and female in sexually dimorphic species.
If you see a flock in which there are mul-
tiple males and females, note in comments
column.

Age (Class): Detections are assumed to be
adults, but if juveniles are observed, put Ju-
venile (“]”); otherwise, leave blank.

Prev(ious) point: Place an “X” in this col-
umn if the bird was already detected at a
previous point. Bias caused by repeated
counting of the same individual from more
than one point is usually small unless re-
peated counting is common during a sur-
vey (Buckland et al. 2001, 37) or in cases
where a rare bird is counted from multiple
points (Nelson and Fancy 1999). Record-
ing whether a bird is thought to have been
counted at a previous point allows the
data to be analyzed in two different ways,
depending on which is most appropriate.
Some authorities say that you should not
count a bird if you think it was already re-
corded from another point. Others argue
that you should always count each bird
detected, even if it was probably detected
previously. By placing an “X” in this col-
umn for those cases in which you think the
bird has already been counted from an-
other point, you allow future investigators
the option of analyzing data using either
approach.

Comments: Record any comments that
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Table 5.01.6. Breeding behavior codes used to note breeding observations.

Code Explanation

CN  Carrying nesting material (e.qg., stick, grass, mud, cobwebs. This applies for all species except some species of wrens
(cactus, Bewick’s, house, marsh) and verdins.

NB Nest building seen at actual nest site, excluding some species of wrens (see above), woodpeckers, and verdins.

DD  Distraction displays. Defense of unknown nest or young or injury feigning. Used if adult bird is seen trying to lead
people away from nest or young (e.g., killdeer broken-wing act, Cooper’s hawk diving at you). Does not include
agitated behavior.

UN  Used nest or eggshells found. Use only when identification is unmistakable. Do not use for species that build multiple
nests in a breeding season, such as cactus wrens and verdins.

FL  Recently fledged young of altricial species incapable of sustained flight or downy young of precocial species restricted
to the natal area by dependence on adults or limited mobility. Note: barely fledged blackbirds and swallows may fly
considerable distances. Presence of young cowbirds confirms both cowbird and host.

ON  Occupied nest indicated by adult entering or leaving nest in circumstances indicating an occupied nest, including
those in high trees, cliffs, cavities, and burrows where the contents of the nest and incubating brood cannot be seen.

CF  Adults seen carrying food, excluding raptors, corvids, roadrunners, and shrikes.

FY  Adults feeding recently fledged young. Young cowbirds begging food confirm both the cowbird and the host.

FS  Adult carrying fecal sac.

NE  Nest with eggs found. Be careful with identification unless you see adult. Cowbird eggs confirm both the cowbird and
the host.

NY  Nest with young seen or heard. Use when you see or hear the young. Cowbird chick in the nest confirms both the

cowbird and the host.

Aft
14.

15.

16.

seem appropriate and might affect the qual-
ity of the data. Also record any breeding
behavior that may be observed using the
standard Breeding Bird Atlas Codes (Table
5.01.6). If you locate a nest, indicate what
plant species it is in and note the number
of eggs and the number of brown-headed
cowbird eggs, if appropriate or feasible.

er the eight-minute active period

Observations made after the eighth minute
are called outside count-period observa-
tions (OCPOs) and are noted by first draw-
ing a short line after the end of the count.
Then, record all information as you would
during the count, but put an “X” through
the “Minute” field.

Review the data form and fill in all fields on
the data form before departing for the next
point. Also, search the area to ensure that
no equipment is left behind.

Navigate to the next point. Use the GPS
to attain a bearing to the next point and
hike to it at a reasonable pace, stopping to
observe any unusual species or unknown
calls or songs. We have designed the length

17.

of each survey to accommodate some OC-
POs; pilot data for this project indicated
that 10% more species were noted while
traveling between points (see Appendix
B).

Record observations of birds not recorded
on the count but near to the point as you
travel between points. For recordkeeping
purposes, it is important to attribute an
observation to a point. For example, if you
are traveling between two points and ob-
serve a bird 50 m from the point you just
left, attribute the observation to the point
you just left as in step 14 above. However,
if you observe a bird 200 m from the point
you left and that bird is only 50 m from the
point that you are approaching, make a
note of this bird in the margin. If this bird
was not flushed by you on your approach
to the point, it may be observed during the
eight-minute active period (and your note
in the margin can be ignored and erased).
If the bird is not observed during the ac-
tive period, use the notes in the margin to
note this bird at the end of the count as you
would an OCPO (step 14).
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18. Indicate the start of a new point by draw-
ing a line all the way across the data form. If
observations from one point span multiple
pages, be sure to include (“cont.”) next to
the point number at the top of the next

page.

19. Record observations of other notable flora
and fauna (mammals, reptiles and amphib-
ians, and fish) on a separate “Incidental
Observations” data form (Appendix B).

At the End of Each Survey Day

20. Spend some time (at least 30 minutes) go-
ing back over the entire transect or parts of
the transect to look for species that were
not recorded during the survey. Note those
species at the end of the point-transect data
form and note the point and distance from
the point where you made the observation.
This is much like the OCPOs made while
traveling between points (Step 17).

21. Review the data forms and fill in the “Page
__of ” section in the upper right-hand
corner of each data form.

22. Be sure to note survey conditions at the
end of the survey.

23. Compare vocalizations with known bird
sounds on tapes to identify all unknown
bird species recorded in the field. If a spe-
cies is seen in the field and you noted char-
acteristics (in field notebook) but it was
not identified, it should be identified at this
time using reference materials.

24. Ifyou are far from the transect and observe
an unusual bird, note it on the data form
“Incidental Observations” (see Appendix
B).

25. Proof all data and update daily field notes
after returning to the camp or trailhead.
Contact your supervisor to indicate if you
completed the transect, in what order, and
to report any unusual conditions.

Recording Incidental Observations

When observers are within or near a park unit
and not conducting a point-transect survey and
observe a bird in an unusual location or exhib-
iting breeding behavior, we encourage them to
record “incidental” observations. These ob-

servations are recorded onto the appropriate
data form (Appendix B). Unique observations
of other taxa are encouraged if the observer is
confident of his/her identification skills.

The following information is recorded on each
Incidental Observations data form. Many of
these fields are the same as those for the point-
transect count, we do not repeat the informa-
tion here:

General information: to be recorded at the
top of each data form only once.

1. Observer initials: three-letter initials of ob-
server.

2. Year: Four numbers (e.g., 2007; not “07”)

Individual observations: all fields should be
filled out the best of the observer’s ability.

1. Taxon: taxonomic class; most commonly
used. Bird is assumed unless otherwise in-
dicated (plant, fish, herp, mammal).

3. Park: four-letter park or unit code (e.g.,
TUMA).

4. Date: mm/dd format.

5. Time: record as 24-hour time (e.g., 3:17pm
=1517).

6. Species: use four-letter species codes (see
Appendix A or Table 5.01.7) for birds or
write out entire name for other groups.

7.  Number of individuals: number of animals
seen (of same species, sex, and age).

8. Sex: M = male or F = female (if known).

9. Age class: ] = juvenile, S = subadult, or A =
adult (if known).

10. UTM coordinates: using NAD83 datum.

11. Comments: Any comments unique or rel-
evant to the detection. Include nesting
codes for birds (Table 5.01.6).
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Table 5.01.7. List of four-letter codes for the most-common species in Sonoran Desert Network parks.

Code Common name Code Common name

ABTO Abert's towhee BUOR Bullock’s oriole

ACWO Acorn woodpecker BUOW Burrowing owl

AMCO American coot BUSH Bushtit

AMKE American kestrel CACW Cactus wren

AMPI American pipit CAFI Cassin’s finch

AMRO American robin CAGO Canada goose

AMWI American widgeon CAHU Calliope hummingbird
ANHU Anna’s hummingbird CAKI Cassin’s kingbird

ATFL Ash-throated flycatcher CANT Canyon towhee
AUWA Audubon’s warbler CANW Canyon wren

AZWO Arizona woodpecker CARW Carolina wren

BAEA Bald eagle CASP Cassin’s sparrow
BANS Bank swallow CAVI Cassin’s vireo

BARS Barn swallow CBHA Common black-hawk
BBFL Buff-breasted flycatcher CBTH Curve-billed thrasher
BBLH Broad-billed hummingbird CEDW Cedar waxwing
BBWD Black-bellied whistling duck CFPO Cactus ferruginous pygmy-ow!
BCFL Brown-crested flycatcher CHRA Chihuahuan raven
BCHU Black-chinned hummingbird CHSP Chipping sparrow
BCSP Black-chinned sparrow CITE Cinnamon teal

BEKI Belted kingfisher CLNU Clark’s nutcracker
BETH Bendire’s thrasher CLSwW Cliff swallow

BEVI Bell’s vireo COFL Cordilleran flycatcher
BEWR Bewick’s wren COGD Common ground-dove
BGGN Blue-gray gnatcatcher COHA Cooper's hawk

BHCO Brown-headed cowbird COHU Costa’s hummingbird
BHGR Black-headed grosbeak COME Common merganser
BLGR Blue grosbeak COMO Common moorhen
BLPH Black phoebe CONI Common nighthawk
BLVU Black vulture COPW Common poorwill
BNOW Barn owl CORA Common raven

BNST Black-necked stilt COYE Common yellowthroat
BRBL Brewer’s blackbird CRTH Crissal thrasher

BRCR Brown creeper DCCO Double-crested cormorant
BROC Bronzed cowbird DCFL Dusky-capped flycatcher
BRSP Brewer’s sparrow DEJU Dark-eyed junco

BRTI Bridled Titmouse DUFL Dusky flycatcher
BTGN Black-tailed gnatcatcher EAME Eastern meadowlark
BTLH Broad-tailed hummingbird EAPH Eastern phoebe

BTPI Band-tailed pigeon ELOW Elf owl

BTSP Black-throated sparrow ELTR Elegant trogon

BTYW Black-throated gray warbler EUST European starling
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Table 5.01.7. List of four-letter codes for the most-common species in Sonoran Desert Network parks, cont.

Code Common name Code Common name

EVGR Evening grosbeak LASP Lark sparrow

FEHA Ferruginous hawk LAZB Lazuli bunting

FLOW Flammulated owl LBWO Ladder-backed woodpecker
FOSP Fox sparrow LEGO Lesser goldfinch

GAQU Gambel’s quail LENI Lesser nighthawk

GBHE Great blue heron LEOW Long-eared owl

GCSP Golden-crowned sparrow LEWO Lewis's woodpecker
GHJU Gray-headed Junco LISP Lincoln’s sparrow

GHOW Great horned owl LOSH Loggerhead shrike

GIFL Gilded flicker LUHU Lucifer's hummingbird
GIWO Gila woodpecker LUWA Lucy's warbler

GKIN Green kingfisher MAHU Magnificent hummingbird
GOEA Golden eagle MALL Mallard

GRCA Gray catbird MAWR Marsh wren

GREG Great egret MECH Mexican chickadee

GRFL Gray flycatcher MEJA Mexican jay

GRHA Gray hawk MERL Merlin

GRPE Greater pewee MGWA MacGillivray's warbler
GRRO Greater roadrunner MOBL Mountain bluebird

GRVI Gray vireo MOCH Mountain chickadee
GRWA Grace’s warbler MODO Mourning dove

GTGR Great-tailed grackle MONQ Montezuma quail

GTTO Green-tailed towhee NAWA Nashville warbler

GWTE Green-winged teal NBTY Northern beardless-tyrannulet
HAFL Hammond’s flycatcher ND No detections at point
HAWO Hairy woodpecker NOCA Northern cardinal

HETA Hepatic tanager NOFL Northern flicker

HETH Hermit thrush NOGO Northern goshawk
HEWA Hermit warbler NOHA Northern harrier

HOFI House finch NOMO Northern mockingbird
HOLA Horned lark NOPA Northern parula

HOOR Hooded oriole NOPO Northern pygmy-owl
HOSP House sparrow NOWA Northern waterthrush
HOWR House wren NRWS Northern rough-winged swallow
HRSH Harris's hawk NSWO Northern saw-whet owl
HUVI Hutton’s vireo OCWA Orange-crowned warbler
INBU Indigo bunting OLWA Olive warbler

INDO Inca dove ORJU Oregon junco

JUTI Juniper titmouse OSFL Olive-sided flycatcher
KILL Killdeer OSPR Osprey

LAGO Lawrence’s goldfinch PABU Painted bunting

LARB Lark bunting PARE Painted redstart
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Table 5.01.7. List of four-letter codes for the most-common species in Sonoran Desert Network parks, cont.

Code Common name Code Common name

PBGR
PEFA

PHAI
PIUA
PIS
PLVI
PRFA
PSFL
PSIU
PUMA
PYNU
PYRR
RBGR
RBNU
RCKI
RCSP
RECR
RFWA
RNDU
RNSA
RODO
ROWR
RSFL
RTBE
RTHA
RUHU
RWBL
RWSP
SACR
SAPH
SASP
SATH
SBFL
SCOR
SCQuU
SNEG
SORA
SOSP
SOVI
SPOW
SPSA
SPTO

Pied-billed grebe
Peregrine falcon
Phainopepla

Pinyon Jay

Pine siskin

Plumbeous vireo
Prairie falcon
Pacific-slope flycatcher
Pink-sided junco
Purple martin

Pygmy nuthatch
Pyrrhuloxia
Rose-breasted grosbeak
Red-breasted nuthatch
Ruby-crowned kinglet
Rufous-crowned sparrow
Red crossbill
Red-faced warbler
Ring-necked duck
Red-naped sapsucker
Rock dove

Rock wren
Red-shafted flicker
Rose-throated becard
Red-tailed hawk
Rufous hummingbird
Red-winged blackbird
Rufous-winged sparrow
Sandhill crane

Say's phoebe

Sage sparrow

Sage thrasher
Sulphur-bellied flycatcher
Scott’s oriole

Scaled quail

Snowy egret

Sora

Song sparrow

Solitary vireo type
Spotted owl

Spotted sandpiper
Spotted towhee

SSHA
STIA

SUTA
SWHA
SWTH
TOSO
TOWA
TRSW
TUVU
UMME
UNAM
UNBL
UNBU
UNCA
UNEM
UNFL
UNHU
UNMY
UNOR
UNOW
UNPI
UNPO
UNRA
UNSO
UNBI
UNSW
UNTA
UNTH
UNTY
UNWA
UNWO
USPA
VABU
VASW
VEFL
VERD
VESP
VGSW
VIRA
VIWA
WAVI
WBNU

Sharp-shinned hawk
Steller's jay

Summer tanager
Swainson’s hawk
Swainson’s thrush
Townsend's solitaire
Townsend's warbler
Tree swallow

Turkey vulture
Unknown meadowlark
Unknown Ammodramus sp.
Unknown blackbird
Unknown bunting
Unknown cardinal
Unknown empidinax flycatcher
Unknown flicker
Unknown hummingbird
Unknown myiarchus
Unknown oriole
Unknown owl
Unknown picoides
Unknown pygmy owl
Unknown raven
Unknown screech-ow!
Unknown bird
Unknown swallow spp.
Unknown tanager spp.
Unknown thrasher
Unknown tyrranus
Unknown warbler
Unknown woodpecker
Unknown sparrow
Varied bunting

Vaux's swift

Vermilion flycatcher
Verdin

Vesper sparrow
Violet-green swallow
Virginia rail

Virginia's warbler
Warbling vireo
White-breasted nuthatch
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Table 5.01.7. List of four-letter codes for the most-common species in Sonoran Desert Network parks, cont.

Code Common name

WCSP
WEBL
WEFL
WEKI
WEME
WES)J
WESO
WETA
WEWP
WFIB
WHSO
WIFL
WISA
WITU

White-crowned sparrow
Western bluebird
Western flycatcher
Western kingbird
Western meadowlark
Western scrub-jay
Western screech-owl
Western tanager
Western wood-pewee
White-faced Ibis
Whiskered screech-owl
Willow flycatcher
Williamson'’s sapsucker
Wild turkey

Code Common name

WIWA Wilson's warbler

WPWI Whip-poor-will

WTSP White-throated sparrow
WTSW White-throated swift
WWDO White-winged dove
YBCH Yellow-breasted chat
YBCU Yellow-billed cuckoo
YEJU Yellow-eyed junco

YHBL Yellow-headed blackbird
YRWA Yellow-rumped warbler

YTVI Yellow-throated vireo
YWAR Yellow warbler
ZTHA Zone-tailed hawk
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SOP #6: Documenting Environmental Features
at Landbird Survey Points

Version 1.02 (May 2, 2007)

Revision History Log

Previous | Revision Author Changes made Section and Reason for change New
Version # date paragraph Version #
This SOP gives step-by-step instructions for and 4 are located 36.6 m from the point,
characterizing environmental features at land- and at 120° angles from one another (i.e.,
bird survey points in SODN parks. It describes Subplot 2 is at 0°, subplot 3 is at 120°, sub-
the procedure for locating points and noting plot 4 is at 240°). This plot layout is based
environmental features within 75 m of each on work by Herrick et al. (2005), which was
bird survey point using the data form, “Bird in turn modified from the USFS Forest In-
Survey Point Location and Environmental At- ventory and Analysis (USFS 2003).
tributes within 75 m.” This protocol also cov- .
ers establishment of four subplots and explains From t,he survey point, a.number of broad-
how to measure and estimate vegetation and scale site attributes Wlt,hln, ,75 m are noted:
groundcover data at each plot using the data slope (degrees 'anq'varlablhty), aspect (dg-
form, “Bird Survey Point Environmental Fea- grees and Var.lablhty), top ographic posi-
tures: Subplots” (see Appendix B). Portions of tion, and dominant vegetation types.
this protocol, including text and figures, were At each subplot, a number of vegetation
adapted from Bennetts et al. (2005). features are noted or measured: canopy
cover, horizontal vegetation coverage,
Overview dominant woody plant species in the over-
) ‘ _ story and understory, groundcover type,
1. Environmental sampling will take place and foliar cover in the understory. The size
after the conclusion of VCP surveys each
day and/or at the end of the field season.
We will spend approximately two days — Figure 6.01.1.
prior to the initiation of the bird surveys in P Layout of
March training observers to conduct envi- f\ j environmental
ronmental sampling. Environmental sam- Aot 1:2 2 0° characteristics
pling at the 75-m-plot level will take place ot s I plots at each bird
in 2007; sampling at the subplots will begin Aziuth 1-4 = 240° ey | & Bl Sopmrbon: survey point,
in 2008. P Sonoran Desert
- g s Network parks.
2. Environmental features are estimated for A ,
a large (75-m-radius) plot centered on the . e ez Tl t?écl)ugég; l;:émk
bird survey point, as well as on four per- s / )'I// ““{1'& H‘\1 o modified from USES
manent subplots within each plot (Figure AN Y, \__/ ' (2003).

6.01.1). Subplot 1 is centered on the bird
survey point. The centers of subplots 2, 3,
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Figure 6.01.2.
Diagram of
how to measure
slope using a

clinometer and 1-
m sighting poles.

of the subplots will vary depending on the
measurements or estimations, with most
measurements being made within a five-
meter radius of the subplot center. Pho-
tographs will be taken at each of the four
subplots.

5. See SOP #1 for list of field equipment
needed for conducting environmental
sampling.

General Information

The following information will be entered at
the top of each data form for environmental
sampling (“Bird Survey Point Environmental
Features: Subplots” and “Bird Survey Point
Location and Environmental Features: 75-m
Plots”; Appendix B).

+  Park Code: A four-letter alpha code unique
to each park. See Table 1 in the protocol
narrative for list of park unit codes.

+  Date: Month/day/year; mm/dd/yyyy.

«  Observer initials: The initials for the first,
middle, and last name of each person in the
field crew collecting data.

¢+ Transect/Group (site): Identification of the
transect/group in which point is located.

+ Point ID: The permanent identification
code assigned to each bird survey point.

Plot Attributes

The following information will be recorded on
the “Bird Survey Point Location and Environ-
mental Features: 75-m Plots” data form and
will be recorded only once at each point. This
information gives a subjective determination of
the physical characteristics within 75 m of each

-
sight line -~
~
///
. ///
Clinometer <&
-7 )Slope

1-m

point. Prior to estimating these characteristics,
use a laser rangefinder to determine the edge of
the 75-m-radius plot.

Slope: Slope of the ground across the entire
75-m-radius plot is measured using an English
clinometer. For slope measurements, use two
poles of equal length (1 m) to sight between and
read slope directly off the left-hand scale (de-
grees slope) of the clinometer (Figure 6.01.2).
The poles should be positioned at a distance
great enough to capture the average slope of
the land across the 75-m-radius plot. Slope is
measured in degrees the first time a plot is mea-
sured and is not recorded in subsequent years.
Note: this information also can be derived from
digital elevation models if the model is fine res-
olution (e.g., <10 m). This should be done when
such products are available.

«  Slope variability: Circle high, medium, or
low to describe the up-and-down variabil-
ity in slope across the entire 75-m-radius
plot.

+  Aspect: The slope direction of the 75-m-
radius plot. Compass readings will be taken
with the declination set at 0°. Aspect is re-
corded from 0° to 359°, with 360° recorded
as 0°. Aspect is measured when the plot is
established and is not recorded in subse-
quent years.

«  Aspect variability: Circle high, medium, or
low to describe the variability in the direc-
tion of the slope across the entire 75-m-ra-
dius plot.

« Topographic position: Describes the loca-
tion of the point relative to its local posi-
tion on the earth’s surface. As with slope,
this may be derived from digital elevation
models. For this application, ArcGIS ex-
tensions such as Topographic Position In-
dex are available (http://www.jennessent.
com/arcview/tpi.htm).

o Level: Level top of a plateau, valley
floor, or shoreline representing the
former position of an alluvial plain,
lake, or shore.

o Lower-slope: Inner, gently-inclined
surface at the base of a slope, gener-
ally concave in surface profile. This in-
cludes toe slope, the outermost gently
inclined surface at the base of a slope,
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commonly gentle and linear in surface
profile.

o Mid-slope (transportational mid-
slope): Intermediate slope position.

o Upper-slope (shoulder slope): Upper-
most inclined surface at the top of a
slope, typically convex in profile.

o Escarpment/face: Sloping or vertical
side of a stream bank or former steam
bank.

o Ledge (terrace, step-in slope): Nearly
level shelf interrupting a steep slope or
cliff face.

o Crest (interfluve, summit, ridge): Lin-
ear top of a ridge, hill or mountain; the
elevated area between two drainage-
ways that sheds water to the drainage-
ways.

o Depression: Bowl-shaped or similarly
depressed area.

o Draw: Depressed, V-shaped drainage
that carries water toward a stream.

Cover Type

An ocular estimate of the percent coverage of
major vegetation community types and other
land-cover types on the 75-m-radius plot. Use
modified Daubenmire cover classes to indicate
abundance (Table 6.01.1).

Vegetation type: Six dominant vegetation
communities are listed on the sheet, and
space to add others is provided. You can
record multiple cover classes, all of which
should add up to close to 100%.

o Sonoran Desert upland: Palo verde
and mixed cacti associations.

o Xeroriparian wash: Dominated by tall
mesquite and netleaf hackberry along
ephemeral washes. Usually little stand-
ing water. Usually bounded by So-
noran Desert upland and semi-desert
grasslands.

0 Mesic riparian wash or river: Mesic
vegetation such as cottonwood, wil-
low, Arizona sycamore, and velvet ash.
Often with areas with some standing
water.

Table 6.01.1. Cover is estimated using modified
Daubenmire cover classes.

Cover

Explanation
class

0 None present

0-1 % coverage of measured variable
2-5 % coverage of measured variable
6-25 % coverage of measured variable
26-50 % coverage of measured variable
51-75 % coverage of measured variable
76-95 % coverage of measured variable
96-100 % coverage of measured variable

~N OO Ul N —

o Semi-desert grassland: Perennial
warm-season grasses with few shrubs,
typically with oak trees in the washes
at higher elevations.

o Oak forest and woodland: Tall oaks
and pinyon pine, with some ponderosa
pine in draws.

o Conifer Forest: Mixed conifer forest of
pine, Douglas-fir, and Gambel’s oak.

«  Other cover types: An ocular estimate of
the percent of ground covered by:

o Roads: paved and unpaved;
o Pasture: abandoned agricultural fields;

o Standing water: only if it is permanent
(e.g., stock tank); and

o Stream or river: Permanent.

«  Plot notes: This is the place to record your
comments on the 75-m-radius plot. Indi-
cate any recent disturbance or any feature
outside the plot that you think may influ-
ence the bird community. Examples of dis-
turbance include fire, trash, or structures.
Features that you think may influence the
bird community may include a riparian
area, active farming or ranching, or hous-
ing development.

Subplot Information

This information will be collected at each of the
four subplots and is recorded on the data form,
“Bird Survey Point Environmental Features:
Subplots”. The size of the subplot will vary de-
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A 2
4
3
oo
Cover pole with 1D
Board is placed at 101
— along each transect
1 0
2400 120

Park: SAGU
-} | pate: 7/13/06

: Bird point: SAGUO003

Subplot: 1-3
(1-X)

Figure 6.01.3.
Location of photo points

in relation to subplots (A).

Observer stands at the
center of each subplot
and the cover pole with
ID board (B) is placed

10 m from the center of
the subplot at the same
azimuth as the subplot
from the center of the
bird point. Photo point ID
board is made of erasable
“"white board” and is
drilled with holes for
bungee attachment.

pending on the type of information obtained.
Once at the subplot, record the permanent
identification number (1, 2, 3, or 4). Subplot 1
is positioned at the bird survey point. The re-
maining three subplots are located 36.6 m from
the bird survey point and 120° apart, starting
from 0° azimuth (see Figure 6.01.1). To navigate
to each subplot, start at the center of subplot 1.
Set the compass to the correct angle and walk
36.6 m. To determine the exact distance, use
a 50-m tape or laser rangefinder. If using the
rangefinder, obtain a distance between observ-
ers or use the photo ID board (Figure 6.01.3),
which offers a good target for accurate read-
ings.

Photographs

Photographs provide an important documen-
tation of vegetation change at points as well as a
tool for relocating subplots. Observers will take
four photographs per bird survey point (one at
each subplot) (Figure 6.01.3.) according the fol-
lowing procedures:

1) Place the “cover pole” (see Table 6.01.2;
used as a reference point for scale as well
as to direct the framing of the photo) 10 m
from the plot center along the transect be-
ing photographed (Figure 6.01.3). The di-
rection of the photo is the same as the line
walked to get to the subplot. For subplot 1,
the direction is 0°.

2) DPlace the completed “Photo Point ID
Board” at the lowest unobstructed point
on the cover pole using a small bungee

cord on the top and bottom of the board.

3) Stand at the center of the subplot and cen-
ter the camera’s viewfinder on the 1-m
marker of the cover pole. This will ensure
that all photos are of similar reference (Fig-
ure 6.01.4). Take photograph.

4) Circle “Y” on data form to indicate that
you have taken the photograph for that
subplot.

5) At the end of each field day, download the
photographs onto a laptop computer.

Canopy cover

Canopy cover is a good measure of the amount
of foliage in an overstory. Canopy cover is
measured using a spherical densiometer (For-
estry Suppliers Spherical Crown Densiometer,
concave model, Forestry Suppliers, Inc., Jack-
son MS) consisting of a concave mirror with
24 one-quarter-inch squares engraved on the
surface (Figure 6.01.5). Take four densiometer
readings 1 m from each subplot center, one in
each of the cardinal directions. Hold the instru-
ment level over the center stake, and 12-18" in
front of body, at breast height, so that your head
is just outside the grid area. Assume four equal-
ly-spaced dots in each square of the grid and
systematically count dots equivalent to quarter-
square canopy cover. Remember that there are
atotal of 96 quarter-squares represented on the
mirror. That is, if you count canopy openings
rather than canopy closure, subtract from 96 to
obtain canopy coverage. The number of dots
covered by canopy will be converted to percent
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Figure 6.01.4.
Centering the
camera viewfinder
on the 1-m marker
of the cover pole.

Table 6.01.2. How to construct a cover pole for measuring horizontal vegetation coverage.

Materials Construction -—.I.
2 m (783 in) of 1-in (2.5-cm) 1. Cut the 1-in (2.5-cm) diameter pipe into two 1-m (39%-in) .-_m
diameter PVC pipe lengths. R

One male-threaded PVC coupling 2. Attach male coupling to pipe, using the cleaner, primer, and
One female-threaded PVC coupling glue.
PVC pipe cleaner, primer, and glue |3- Repeat process with other pipe half and female coupling. what are these?
One aluminum 34-in (1.9-cm) wide |4 Connect two halves at coupling.
tent stake 5. Measure and trim the connected pipe back to a 2-m (7834-in)
One 1-in (2.5-cm) diameter PVC length
tube cap 6. Drill one hole each at 1 inand at 2 in (2.5 and 5 cm) above
Masking tape the bottom of the pipe. Each hole should be Y in (6.4 mm)
in diameter.

Enamel paint (white, fluorescent
orange, black) 7. Cover all holes, except for the one at the 2-in (5-cm) level,

using the masking tape.

Spar-urethane glossy varnish
8. Drill two Ya-in holes into the tent spike in the area that will be

E
p.oxyl . - between the end of pipe and the 2-in hole.
Drill with Ya-in (6-mm) drill bit o )
Hacksaw 9. Insert tent spike into the bottom of the pipe so that at least 3

in of the spike protrudes below the end of the pipe (in areas
with very loose topsoil, increase protruding spike length).

10. Using masking tape, seal the bottom of the pipe to hold the
spike in place and inject epoxy into one of the open holes
until epoxy reaches the 2-in level.

11. Let epoxy dry, with spike straight in the pipe.

12. Using masking tape and paint, paint alternating 10-cm
segments white and black, with every fifth section painted
fluorescent orange.

13. Once dry, coat with spar-urethane to avoid scratches and UV
degradation of paint colors.
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Figure 6.01.5. Spherical densiometer
(A) showing a dot count of 20 (B).

Images courtesy of Forestry Suppliers, Inc.

iy
&

Leveling
bubble

canopy coverage during the data summary pro-
cess.

Horizontal vegetation cover

The cover-pole (construction described in
Table 6.01.2) method provides information on
visual obstruction from foliage and is a good
measure of vertical vegetation structure in the
understory. The method described here is simi-
lar to methods that have been used historically
for research and monitoring, such as a Robel
pole, cover board, vegetation-profile board,
or density board (methods from Herrick et al.
2005). An estimate of cover volume will be tak-
en at each subplot from two observation angles
using the following procedure:

1. Position the cover pole vertically at the
center of the subplot (Figure 6.01.6).

2. Stand 5 m from the cover pole along the
line from the transect center.

3. Using a “sighting pole” or other device to
maintain a constant observation height,
note whether or not each band is covered
by vegetation.

4. Record the number of bands that are cov-
ered by vegetation (maximum 20). A band
is considered covered by vegetation if at
least 25% of the band is visually obstructed
by vegetation.

5. Repeats steps 2-4, standing 5 m from the
cover pole in the opposite direction along
the transect.

6. Repeat steps 1-5 for each subplot.

Dominant species in the overstory

Record up to five species with individuals that
are >3 m tall within 10 m of the subplot center.
If there are more than five species within 10 m,
record only the five most common. Species are
recorded using codes from the USDA plants
database (http://plants.usda.gov). If a species
can not be identified in the field, observers
should collect representative vegetation, take a
photograph, and consult with an expert as soon
as possible. The correct identification should
be entered in the appropriate field as soon as
possible to prevent loss of information. In ad-
dition to recording the species, you will record:

«  Cover estimate: The visual estimate of the
relative percent of the total overstory oc-
cupied by that species in each subplot. Es-
timates are projections of the amount of
canopy taken by the species as if viewed
from above (not to be confused with foli-
age volume, which takes into account the
heights of the trees and the vertical size of
the canopy) regardless of the density of the
canopy. If more than five species are in the
plot, also indicate the percent cover of all
the other species combined. Cover esti-
mates should always add to 100%, regard-
less of the number of species or trees.

« # trees: Number of stems of that species
that originate from within 10 m of the plot
center or that have >50% of their canopy
within the plot center. A species with mul-
tiple stems arising from the same base (e.g.,
mesquite and palo verde) is recorded as
only a single individual.
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A Subplot 2

Cover Pole

Subplot 4

Subpiot 3

Dominant species in the understory

Record up to five species of woody plants with
individuals that are <3 m tall within 5 m of the
subplot center. If there are more than five spe-
cies within 5 m, record only the five most com-
mon. Species are recorded using codes from
the USDA plants database (http://plants.usda.
gov). If a species can not be identified in the
field, observers should collect representative
vegetation, take a photograph, and consult with
an expert as soon as possible. The correct iden-
tification should be entered in the field as soon
as possible to prevent loss of information. In
addition to recording the species, you will re-
cord:

«  Cover estimate: The visual estimate of the
relative percent of the total understory
occupied by that species in each subplot.
Estimates are projections of the amount
of canopy taken by the species as if viewed
from above, regardless of the density of the
shrub. For example, an acacia plant within
a 1-m radius receives the same cover esti-
mate as a prickly pear cactus of the same
radius. If more than five species are in the
plot, also indicate the percent cover of all
the other species combined. Cover esti-
mates should always add to 100%, regard-
less of the number of species or stems.

«  Subplot notes: This space is provided to
record your comments on a 10-m radius
plot.

Ground cover
An ocular estimate of ground cover is made

within 1.8 m of each subplot center. Cover of
the ground surface is estimated within modi-
fied Daubenmire cover classes (Table 6.01.1). If
a cover category is not present in the plot, en-
ter a 0 for that parameter; do not leave empty
records. Percent ground cover is estimated for
the following parameters:

«  Leaf litter: Leaf litter, excluding grasses.

«  QGrass litter: Grass and grass-like plant lit-
ter.

«  Bare soil: Soil surface not covered by litter,
plant, or rock.

«  Bare rock: Visible rocks.

« Woody debris: Ground covered by woody
debris including twigs and stems.

«  Unvegetated: 100 minus total basal cover
of the vegetation (percent).

Foliar cover

An ocular estimate of foliar cover is made with-
in 1.8 m of each subplot center. The estimate
is a vertical projection of foliar cover onto the
ground surface. Cover is estimated using modi-
fied Daubenmire cover classes (Table 6.01.1). If
a cover category is not present in the plot, enter
a 0 for that parameter; do not leave empty re-
cords. Percent foliar cover is estimated for the
following parameters:

«  Perennial grasses: All grasses but annual
grasses.

« Annual grasses: All grasses but perennial
grasses.

Figure 6.01.6.

A cover pole is
placed at each
subplot center.

The number of
bands covered
by vegetation is
recorded from
a distance of 5
m at opposite
directions along
the transect
azimuth.
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«  Forbs: Herbaceous vascular plants.

«  Cactus: All cactus.

«  Succulents: Succulents, agave, and yucca.
*  Moss and fern: Mosses and ferns.

« Woody shrubs and vines: Woody shrubs
and vines rooted in the plot.

« Total foliar cover: Vertical projection of
total foliar cover of living vegetation (less
than 1.5 m in height) onto the ground sur-
face.
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SOP #7: Data Management

Version 1.02 (May 5, 2007)

Revision History Log

Previous Revision

Version # date Author
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Section and
paragraph

Reason for change

New
Version #

This Standard Operating Procedure (SOP) doc-
uments the Microsoft Access database SODN _
BirdComm and provides instructions for data
entry, data verification and validation, and
database administration for the data collected
under the bird monitoring protocol for the So-
noran Desert Network (SODN). This SOP also
documents the database tables (including look-
up tables) and standardized queries (in devel-
opment) used for basic data summaries. This
SOP has been developed in accordance with
strategies and guidance for data processing and
quality assurance/quality control (QA/QC) for
the SODN (Angell 2005).

Bird Monitoring Database

Metadata

Metadata for the bird monitoring database was
developed using NPS Dataset Catalog Version
3 and the NPS Metadata Tools & Editor within
ArcCatalog (ESRI, Inc.). For further guidance
on these applications, refer to the SODN Data-
set Catalog Data Entry Guidelines (in develop-
ment), SODN Metadata Development Guide-
lines (in development), and the NPS NR-GIS
Data Store instructions at http://science.nature.
nps.gov/nrdata/docs/metahelp/metahelp.cfm.
Appendix 7.01.3 contains a preliminary Federal
Geographic Data Committee-compliant meta-
data file for the bird community monitoring da-
tabase created with Dataset Catalog. Appendix
7.01.4 contains the HTML version of the meta-
data that will be made available in the NR-GIS
Metadata and Data Store, which can be accessed
at http://science.nature.nps.gov/nrdata//.

Data model

Microsoft Access 2002 is the primary software
environment for managing data for bird com-
munities and associated environmental fea-
tures. The database comprises a front-end file
and a back-end file that are linked using the
Backend Linking Utility in the database. The
front-end file, SODN_BirdComm.mdb, acts as
the user interface into the back-end database
and contains the forms, queries, and VBA code
for the application. The back-end file, SODN_
BirdComm_be.mdb, contains the actual data
tables. This configuration facilitates improve-
ments and revisions to the database front-end
application without altering the actual data
structure or any of the data records in the back-
end data tables.

Figure 7.01.1 displays the primary relationships
among the bird data tables in the database. The
primary table for storing bird observation re-
cords is tbl_Bird Detections_Data. The table
contains one record for each individual bird or
flock of birds recorded during an eight-minute
count, including data such as species, distance
from observer, age, and sex. For each eight-
minute count, a single record in tbl_Locations
stores location information (e.g., X and Y coor-
dinates), and a single record in tbl_Events stores
date and time information. The Locations and
Events tables are standardized tables that are
shared with the environmental data tables, as
well as other SODN monitoring protocol da-
tabases. Figure 7.01.1 also includes tbl_ Event_
Conditions, which has a 1:1 relationship with
tbl_Events. For each eight-minute bird count, a
single record in tbl_Event_Conditions stores in-
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Figure 7.01.1. Data model (entity relationship diagram) for the landbird data tables in the SODN_BirdComm database.

The primary data table is tbl_Bird_Detections_Data, which stores one record for each individual or flock of birds
detected. For each eight-minute count, a single record is stored in the standardized tables for locations (tbl_Locations)
and events (tbl_Events), which are shared with other SODN monitoring protocol databases. (Note: Not all tables in the
database are shown).

formation that is relevant to the bird monitor-
ing protocol, such as survey-specific weather
and background-noise information.

Figure 7.01.2 displays the primary relationships
among the multiple tables that store environ-
mental-features records. The table tbl_Subplot_
Veg Data contains general vegetative-cover
information for each of the four subplots as-
sociated with each bird-survey point. This table
acts as the focal point to which the other data
tables containing information such as domi-
nant overstory and understory cover are linked.
As mentioned above, the Locations and Events
tables are standardized tables that are shared
with other monitoring protocols. Figure 7.01.2
also includes tbl_ Land_Cover_Data, which has
a many-to-one relationship with tbl_Locations.
Records in this table store general landcover in-
formation for each bird-survey point.

Data Entry and Handling

Data entry into the project database will be per-
formed by the bird-survey personnel (observ-
ers), and will take place as soon as possible af-
ter it is collected—preferably, at least once each
week (initiation of data entry until after the
end of field season is not acceptable). Keeping
current with data-entry and verification tasks
helps to ensure that any errors or problems are
caught and corrected as close to the time of
data collection as possible, while events are still
fresh in the observers’ minds.

After one day (or another logical period of time)
of data collection, observers will enter data into
the database and verify them according to the
procedures in this SOP. If the data meet overall
network and protocol-specific quality require-
ments (as determined by the database manager
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Figure 7.01.2. Data model (entity relationship diagram) for the environmental-features data tables in the
SODN_BirdComm database.

The table tbl_Subplot_Veg_Data contains general vegetative-cover information and acts as the focal point

to which the other habitat data tables are linked. The Locations and Events tables are standardized tables
that are shared with other SODN monitoring protocols. (Note: Not all tables in the database are shown.)

or project manager), data collection will con- 4) Bird data

tinue. If data quality is not acceptable, the proj-
ect manager will provide additional training to
observers and repeat the data-entry trial and
quality test. If data quality does not improve to
meet standards after the second trial, the proj-
ect manager should examine other aspects of
the protocol for factors that may be contribut-
ing to the difficulty in meeting data-quality re-
quirements.

Data entry is accomplished using a series of
forms addressing the different types of data
collected during landbird surveys. The typical
flow for data entry should proceed as follows:

1) Sites
2) Locations

3) Events

5) Environmental data
6) Incidental observations

(Note: The front-end for the database has not
yet been developed. Screenshots of the data-
entry forms will be included in future versions

of this SOP.)

Procedures

1) As soon as possible after returning from
the field, make a copy of each original field
datasheet on acid-free paper. Review each
copy for clarity and completeness; ensure
that all values are readable and that nothing
has been cut off at the edges of the copy. Be
sure the copies are dark enough. Because
data will be written in pencil, you may need
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2)

3)

4)

to manually adjust the darkness of the cop-
ies so the values are clear. The copies will
be used for data entry, so it is very impor-
tant that they are clear and legible. After
each datasheet is copied, date and initial
the “Copied by” space provided on the
copy using a fine-tipped blue marker.

Archive the original field datasheets in ar-
chival-quality folders (organized by point
sequence within each park) in the file cabi-
net (located in the I&M office in Tucson)
designated for the landbird monitoring
protocol.

Proofread the copied datasheets, ensur-
ing that they are filled out completely. Al-
though all datasheets should have been re-
viewed for completeness in the field, some
errors may still be present. Some omissions
or deficiencies may not be identified until
all the datasheets have been reviewed as a

group.

a) Mark any corrections or changes on
the copy of the datasheet with a fine-
tipped red marker. Draw a line through
the incorrect value and write the cor-
rect value beside it. Do not erase or
obliterate the original entry; it must
remain legible. The reason for the cor-
rection/change should be documented
in the margins or comments section of
the datasheet copy.

b) Date and initial the datasheet in the
“Proofread by” space provided using a
fine-tipped blue marker.

Enter the data using the data-entry forms
in the SODN_BirdComm.mdb front-end
database. These forms are structured to
closely resemble the field datasheets, and
drop-down pick lists facilitate the easy
transfer of information from the datasheet
to the database.

a) Enter all information on the datasheet
into the corresponding fields on the
digital data-entry forms.

b) If corrections/changes have been made
in red marker, enter those values into
the database instead of the original re-
corded values.

c) Record any questions about data val-
ues on a separate notepad, and consult

with the project manager or data man-
ager to resolve these issues.

d) Visually review each record immedi-
ately after input to ensure that all fields
have been completed and that there
are no obvious input errors.

e) After all the information from a data-
sheet has been entered and visually
reviewed, date and initial the “Entered
by” space provided using a fine-tipped
blue marker.

5) After all data (or a test group of data) have
been entered into the database, proceed
with data verification.

Photographs taken at the habitat subplots are
downloaded at the end of each field day and
stored as data photos in the Photographs folder
in the Bird Community Dynamics workspace
on the active network server.

Data Verification and Editing

Data verification should immediately follow
data entry. Verification consists of checking the
accuracy of the digital data against the original
source documents (i.e., paper field-data forms).
Although the goal of data entry is to achieve
100% accuracy, this is rarely accomplished.
However, to minimize transcription errors in
the final dataset, our policy is to verify 100%
of the records to their original source. After
any required corrections have been made, the
project manager reviews 10% of the records a
second time, and the results of that comparison
are reported in the Quality section of the meta-
data.

Two technicians should perform data verifica-
tion whenever possible, and the following pro-
cedures assume that two technicians are par-
ticipating in the review.

Procedures

1) After data entry has been completed, print
out all the records from the database in a
format that matches the source documents
as closely as possible to facilitate the com-
parison of values. Report forms are in de-
velopment.

2) Technician #1 reads data from the source
documents, and Technician #2 verifies
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3)

4)

5)

6)

that the data on the printout matches the
source. Note that Technician #1 cannot
be the technician who originally entered
the data, but s/he may act as Technician #2.
Technician #2 should be on the lookout
for duplicate records, missing records, and
misspellings, as well as incorrect values.

a) When an error on the printout is
found, mark the correction on the
printout, not on the source document.
Using a fine-tipped red marker, draw
a line through the incorrect entry and
write the correct value beside it. Do
not erase or obliterate the incorrect
entry; it must remain legible.

b) Record any notes that might be useful
or questions about any data values/en-
tries on a separate notepad, and con-
sult with the project manager or data
manager to resolve these issues.

c) Aftereachsource documentis verified,
Technician #1 uses a fine-tipped blue
marker to date and initial the “Verified
by” space provided.

d) After all source documents have been
verified, Technician #2 uses a fine-
tipped blue marker to date and initial
the “Verified by” space provided on
the first page of the printout.

Before making any edits to the data, create
abackup copy of the database and store the
copy in the appropriate folder in the proj-
ect workspace. Retaining a backup copy
facilitates recovery if irreparable mistakes
are made during the editing process.

Correct the errors noted in red on the
printout using the digital data-entry
form(s). Make each correction separately
(i.e., avoid doing a Search and Replace that
might have unintended consequences).

After each correction is made, use a fine-
tipped green marker to OK the red mark
on the printout, but do not obliterate the
incorrect entry. Continue until all identi-
fied errors are corrected in the digital data-
base.

Double-check the printout for any errors
that were missed (red mark without green
OK).

7) Using a fine-tipped green marker, date and
initial the “Corrected by” space provided
on the first page of the printout to show
that all errors have been corrected.

8) Keep the printout with the field datasheets
to serve as direct evidence of completion
of data entry, verification, and editing. Give
the field datasheets and the printout to the
project manager, who will review 10% of
the data for accuracy and document the re-
sults for the metadata record.

If only one technician is available for data veri-
fication, then that technician completes all the
steps above. However, note that the review
must be performed by a technician other than
the one who originally entered the data.

Data Validation and Certification

Even when data are correctly transcribed from
field-data forms, they may not be accurate or
logical. Data validation consists of reviewing
digital data for range and logic errors. Although
certain validation routines are built into the da-
tabase itself via the data-entry forms and que-
ries, the project manager or another person
familiar with the data should further review the
dataset for range and logic errors. Histograms,
line plots, and basic statistics can reveal these
types of errors. In some cases, outlying values
may prove to be valid. Note any such correct
but extreme values that are confirmed. Include
this information in the dataset documentation
to save other users from checking the same val-
ues.

After validation and final corrections, the proj-
ect manager uses a blue fine-tipped marker to
date and initial the “Validated by” space pro-
vided on the first page of the printout. S/he cer-
tifies the dataset by completing all sections of
the Project Data Certification Form (Appendix
7.01.5) and notifies the data manager that it is
ready for archiving and storage.

Procedures

(Note: Specific validation methods have not yet
been determined. They will be included in the
next version of this SOP.)

ESRI ArcGIS 9.x is used to validate spatial data
residing in the digital database. UTM coor-
dinate values stored in the database for point
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locations are compared to the original GPS co-
ordinates.

Spatial-Data Procedures

These procedures were adapted from Peitz et
al. (2004):

1) Open an ArcCatalog session and create a
new Database Connection.

2) Select Microsoft Jet 4.0 OLE DB under the
Provider tab.

3) Go to the Connection tab and browse to the

Access database to which you are trying to
link.

4) Check Allow saving password and select
Test connection. If the connection succeeds,
click Okay. All tables and queries within
the Access database should now be acces-
sible and viewable from ArcCatalog.

5) To create a coverage from the spatial coor-
dinates stored in Access, start an ArcMap
session and load the table tbl_Locations.

6) Go to Tools > Add X,Y data. Select tbl_Lo-
cations and the fields X Coord and Y_Co-
ord in the Add X, Y, data form.

7) Edit the Coordinate system by clicking the
Edit button. Choose Select coordinate sys-
tem, then open the Projected Coordinate
Systems folder. Open the UTM folder, then
open the NADS3 folder and select UTM
Zone 12N for all SODN parks except Gila
Cliff Dwellings NM (Zone 13N).

8) Click Apply; the point locations should
load into ArcMap.

9) Compare this layer to base maps (DRGs,
DOQQs, etc.) and/or the original GPS
data.

Database Administration

Data editing/maintenance

All data edited using this protocol are subject to
the following three caveats:

1) Only make changes that improve or update
the data while maintaining data integrity.

2) Once archived, document any changes
made to the dataset.

3) Beprepared torecover from mistakes made
during editing.

The project manager and data manager work to-
gether on any edits to archived data. After data
have been archived, there will be no altering of
the original or copied field data forms. Track
changes in tbl_Data_Edits Log. Each change
will be documented in this table and be accom-
panied by an explanation that includes pre- and
post-edit data descriptions. The data manager
will print a copy of the Data Edit Report and
file with the field datasheets. Field datasheets
will be reconciled to the database using the edit
log and reports.

Data organization

SODN monitoring projects produce large
quantities of data, as well as ever-multiply-
ing files and folders to store and manage these
products. A well-organized digital-file struc-
ture is critical to avoiding confusion and po-
tential data corruption (i.e., data that cannot
be located are of no use). Each project (e.g.,
water quality, climate, landbirds) uses a similar
folder structure on the active network server
(Figure 7.01.3). The Bird_Community Dynam-
ics_Index document provides information on
the contents of the folders and contains links
to other information relevant to the project.
Data collected for one year or one season are
transferred following certification to a similarly
structured workspace on the archive server and
designated as “read-only”.

Version control

Before making any major revisions to either
the front- or back-end databases, the data
manager will store a copy to allow tracking of
changes over time and to ensure that only the
most current version is used in any analyses.
The file name for the bird-monitoring database
includes a number appended to the file name
that indicates the version of the database (e.g.,
SODN_BirdComm_v1-0.mdb). Versioning of
archived datasets is handled by adding an eight-
digit number to the file name that represents
the date the copy of the dataset is made. The
number is formatted as yyyymmdd (yyyy=year,
mm=month, dd=day). For example, before re-
vising SODN_BirdComm_v1-0_be.mdb on July
22,2006, store a copy as SODN_BirdComm_v1-
0_be_20060722.mdb. The current version of




Section 2: Standard Operating Procedures

79

=

L} Bird_Community_Dynamics

File Edit \iew Favorites Tools  Help

BEI

[+ |Z) Mon_Spatial_Mata
|C5) Spatial_Data
= [ =) Photographs
¥ [ Data_Phatos
[# [ 7)) Miscellaneous_Photos
# [ Photo_Metadata = |
# [C7) Woucher_Photos
|Z) Presentations
) Reports
= ) Resources
# [5) Phatas
# ) References
# [C3) Border_Impacts
® |5 Climate [ne |
< |2

@ Back ~ () ﬁ P ) Search ‘IL Falders ' w’ X
fddress (|2 v:\Bird_Community_Dynamics v Go
Faolders X [Admin
= 5 vital_signs on ‘inpsodnz@00sery (v:) | :;‘Mnalyss
~ I)Data
Bir_Cuality R
=1 |23 Bird_Caommunity_Cynamics -i_'_‘|Presentat|ons
= ) Admin -ﬂReports
-_"| Agreements_Contracks [DResources
=) Budget @Bird_Community_Dynamics_Index.doc
) Progress_Reports Bird_CDmmunity_Dynamics_Project_Log.doc
[=7) Proposal
(3 Bnalysis
= |2 Data

Figure 7.01.3. Recommended file organization structure for the bird-community monitoring project.

the database does not have the eight-digit date
appended to the name. The data manager will
notify frequent users of the data about the up-
dates and provide a copy of the most recent ar-
chived version.

Data catalogs and backup

After a dataset has passed all the quality-assur-
ance procedures specified in this SOP and has
been certified by the project manager, the I&M
Dataset Catalog entry is finalized and complet-
ed metadata are uploaded to the NPS NR-GIS
Metadata and Data Store.

An electronic version of the dataset, in read-
only format, will be maintained on the network
archive server and in the NR-GIS Data Store,
and a copy of the dataset stored on CD/DVD
will be placed in the SODN media cabinet. Ex-
ternal hard-drive backups of all databases on
the network archive server will be made every
two months and stored in a fireproof cabinet.
External backups of all databases on the net-
work active (working) server will be made daily

(Monday-Friday).

Data Availability

Certified archived datasets for which all QA/
QC has been completed and that do not con-
tain sensitive information are available for re-
search and management applications from the
NR-GIS Metadata and Data Store. Metadata
only are posted for datasets containing sensi-
tive information, and any release of these data
requires a signed data sharing/confidential-
ity agreement. A written request is required
for a sensitive dataset; a data request form (in
development) may be downloaded from the
network website at http://www1.nature.nps.
gov/im/units/sodn/data.htm. This request form
(or another written format including all the re-
quired information) may be submitted via elec-
tronic or regular mail to:
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Network Data Manager

NPS Sonoran Desert Network
7660 E. Broadway Blvd., Suite 303
Tucson, AZ 85710
Deborah_Angell@nps.gov
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Appendix 7.01.1. Documentation of Database Tables for the SODN Landbird Monitoring
Database

The following information on database tables is provided in support of this SOP and serves as documentation of the
landbird-monitoring database design.

Location and event tables

Table: tbl_Locations
Description: Sampling unit (point) locations.

Fields: 17
Field name Data type Field size Field description
Location_ID dbGUID 16 Auto-generated unique location identifier
Site_ID dbGUID 16 Link to tbl_Sites (FK)
Loc_Name dbText 100 Name of the location (point)
Slope_deg dbinteger 2 Slope of ground in degrees across the entire 75-meter-radius plot
Slope_Var dbText 10 Slope variability across the entire 75-meter-radius plot
Aspect_deg dbinteger 2 Slope direction (aspect) of the entire 75-meter-radius plot
Aspect_Var dbText 10 Aspect (direction of slope) variability across the entire 75-meter-radius plot
Topo_Position dbText 25 Topographic position of the point relative to its local position on the earth’s
surface
Loc_Notes dbMemo 0 General notes on the location
X_Coord dbDouble 8 X coordinate
Y_Coord dbDouble 8 Y coordinate
Coord_Units dbText 10 Coordinate distance units
Coord_System dbText 20 Coordinate system
UTM_Zone dbText 3 UTM zone
Datum dbText 5 Datum of mapping ellipsoid
Est_H_Error dbSingle 4 Estimated horizontal accuracy
Accuracy_Notes  dbText 255 Positional accuracy notes

Table: tbl_Sites
Description: Location aggregations (transects and groups) of sampling point locations.

Fields: 8
Field name Data type Field size Field description
Site_ID dbGUID 16 Auto-generated unique site identifier
Unit_Code dbText 4 Park, monument, or network code
Site_Type dbText 25 Type of site (Transect or Group; points located along a transect are dependent;
points within a group are independent)
Site_Name dbText 100 Unigue name or code for a site
Site_Desc dbText 255 Description of a site
Site_Notes dbMemo 0 General notes on the site
Project_Code dbText 50 Project code; for linking information with other datasets and applications or to

aggregate multiple databases for integrated analysis
Meta_MID dblLong 4 Link to NR-GIS Metadata Database (metadata for spatial dataset)
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Table: tbl_Event_Conditions
Description: Sampling event conditions.
Fields: 13

Field name Data type Field size  Field description

Event_ID dbGUID 16 Link to tbl_Events (FK)

Start_Temp_degC dbinteger 2 Temperature in degrees Celsius at the start of the sampling period
End_Temp_degC dbinteger 2 Temperature in degrees Celsius at the end of the sampling period
Start_Wind dbText 1 Wind speed at the start of the sampling period

End_Wind dbText 1 Wind speed at the end of the sampling period

Start_RH_pct dbinteger 2 Percent relative humidity at the start of the sampling period
End_RH_pct dbinteger 2 Percent relative humidity at the end of the sampling period
Start_Cloud_pct dbinteger 2 Percent cloud cover at the start of the sampling period
End_Cloud_pct dbinteger 2 Percent cloud cover at the end of the sampling period
Start_Precip dbText 1 Precipitation condition at the start of the sampling period
End_Precip dbText 1 Precipitation condition at the end of the sampling period
Start_Noise dbText 1 Noise level at the start of the sampling period

End_Noise dbText 1 Noise level at the end of the sampling period

Table: tbl_Event_Groups
Description: Event aggregations (e.g., seasons, trips).

Fields: 7
Field name Data type Field size  Field description
Event_Group_ID dbGUID 16 Auto-generated unique event group identifier
Start_Date dbDate 8 Starting date of the event group
End_Date dbDate 8 Ending date of the event group
Event_Group_Name  dbText 100 Event group (e.g., season, trip) name
Event_Group_Desc dbText 255 Event group description
Event_Group_Notes  dbMemo 0 Event group notes
Event_Group_Report  dbText 255 Trip report, link to trip report, or trip report name

Table: tbl_Events
Description: Sampling events; unique combination of when and where (sampling point) data were collected.
Fields: 7

Field name Data type Fieldsize  Field description

Event_ID dbGUID 16 Auto-generated unique sampling event identifier
Location_ID dbGUID 16 Link to tbl_Locations (FK)

Event_Group_ID dbGUID 16 Link to tbl_Event_Groups (FK)

Protocol_ID dblong 4 Link to tbl_Protocols (FK)

Visit_Num dbinteger 2 Number of data collection visit to this point in a year/season
Start_Date dbDate 8 Starting date of the event

Start_Time dbDate 8 Starting time of the event
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Bird data tables

Table: tbl_Bird_Detections_Data
Description: Bird detection information.

Fields: 13

Field name Data type Field size Field description

Detection_ID dbGUID 16 Auto-generated unique bird detection identifier

Event_ID dbGUID 16 Link to tbl_Events (FK)

AOU_Bird_Code dbText 6 AOU (American Ornithological Union) code for the bird species; usually first
two letters of first and second words in common name

Minute dbText 1 Minute, within the eight-minute count, in which the bird(s) was first
detected; ‘X" indicates an incidental observation outside the eight-minute
counts

Flyover dbBoolean 1 Indicates that the bird was observed flying above the top of the vegetation
canopy

Distance_m dbInteger 2 Distance in meters between observer and the location of the bird where it
was first detected; '-9999' indicates a Flyover

OCP_Obs dbBoolean 1 Indicates that the bird(s) was observed outside of the eight-minute count
period

Detection_Type  dbText 3 Type of detection corresponding to the first detection of the individual

Flock_Size dbinteger 2 Number of individuals in a flock; enter “1" for an individual bird

Sex dbText 2 Sex of individual(s) detected

Age_Class dbText 2 Age class of the individual(s) detected

Previous_Point dbBoolean 1 Indicates whether this bird was detected at a previous point

Detection_Notes dbText 255 Additional comments made by the observer

Table: tbl_Breeding Behavior_Data
Description: Breeding behavior(s) observed for a bird at a sampling point.

Fields: 3
Field name Data type  Field size Field description
Behavior_ID dbGUID 16 Auto-generated unique breeding behavior identifier
Detection_ID dbGUID 16 Link to tbl_Bird_Detections_Data (FK)

Behavior_Type dbText 2 Breeding behavior(s) observed for a bird detected at a point
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Habitat data tables

Table: tbl_Dominant_Overstory_Data
Description: Dominant overstory species within vegetation subplots.

Fields: 5
Field name Data type Field size  Field description
Overstory_ID dbGUID 16 Auto-generated unique dominant overstory species identifier
Subplot_ID dbGUID 16 Link to tbl_Subplot_Veg_Data (FK)
Plant_Code dbText 50 Code for plant species greater than or equal to 3 meters tall
Cover_Est_pct dbinteger 2 Relative percent of the total overstory cover occupied by the plant species in
10-meter subplot
Num_Stems dbinteger 2 Number of stems of the plant species within 10-meter subplot

Table: tbl_Dominant_Understory_Data
Description: Dominant understory species within vegetation subplots.

Fields: 4
Field name Data type Field size Field description
Understory_ID dbGUID 16 Auto-generated unique dominant understory species identifier
Subplot_ID dbGUID 16 Link to tbl_Subplot_Veg_Data (FK)
Plant_Code dbText 50 Code for plant species less than 3 meters tall
Cover_Est_pct dbinteger 2 Relative percent of the total understory cover occupied by the plant species

in the 10-meter subplot

Table: tbl_Foliar_Cover_Data
Description: Foliar cover within vegetation subplots; based on modified Daubenmire cover classes.

Fields: 10
Field name Data type Field size  Field description
Foliar_Cover_ID dbGUID 16 Auto-generated unique foliar cover identifier
Subplot_ID dbGUID 16 Link to tbl_Subplot_Veg_Data (FK)
Perennial_Grass dbText 1 Cover class for perennial grass in 1.8-meter subplot
Annual_Grass dbText 1 Cover class for annual grass in 1.8-meter subplot
Forbs dbText 1 Cover class for forbs in 1.8-meter subplot
Cactus dbText 1 Cover class for cactus in 1.8-meter subplot
Succulents dbText 1 Cover class for succulents in 1.8-meter subplot
Moss_Fern dbText 1 Cover class for moss and fern in 1.8-meter subplot
Shrubs_Vines dbText 1 Cover class for woody shrubs and vines in 1.8-meter subplot
1

Total_Foliar_Cover  dbText Vertical projection of total foliar cover of living vegetation (less than 1.5 min

height) onto the ground surface in 1.8-meter subplot
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Table: tbl_Ground_Cover_Data
Description: Ground cover within vegetation subplots; based on modified Daubenmire cover classes.
Fields: 8

Field name Data type Field size  Field description

Ground_Cover_ID  dbGUID 16 Auto-generated unique ground cover identifier

Subplot_ID dbGUID 16 Link to tbl_Subplot_Veg_Data (FK)

Leaf_Litter dbText 1 Cover class for leaf litter in 1.8-meter subplot

Grass_Litter dbText 1 Cover class for grass litter in 1.8-meter subplot

Bare_Soil dbText 1 Cover class for bare soil in 1.8-meter subplot

Rock dbText 1 Cover class for rock in 1.8-meter subplot

Woody_Debris dbText 1 Cover class for woody debris in 1.8-meter subplot

Unvegetated dbText 1 Cover class for unvegetated ground surface in 1.8-meter subplot

Table: tbl_Land_Cover_Data
Description: Vegetation and other land cover types data for the 75-meter habitat plot.

Fields: 4
. Data . . . ..
Field name Field size  Field description
type
Land_Cover_ID dbGUID 16 Auto-generated unique land cover type identifier
Location_ID dbGUID 16 Link to tbl_Locations (FK)
Land_Cover_Type  dbText 30 Major vegetation community and other land use types on the 75-meter plot
Cover_Class dbText 1 Modified Daubenmire cover class based on ocular estimate of percent

coverage of major vegetation community and other land use types

Table: tbl_Subplot_Veg Data
Description: Vegetation subplot data.

Fields: 10
Field name Data type Field size Field description
Subplot_ID dbGUID 16 Auto-generated unique vegetation subplot identifier
Event_ID dbGUID 16 Link to tbl_Events (FK)
Subplot_Num dbinteger Number assigned to the subplot (1-4)

2
Photo_Taken dbBoolean 1 Indicates whether a photo was taken of the subplot
Canopy_Cvr_N dbinteger 2 Densiometer count for canopy cover facing north
Canopy_Cvr_E dbinteger 2 Densiometer count for canopy cover facing east
Canopy_Cvr_S dbinteger 2
Canopy_Cvr_W dbinteger 2
Horiz_Veg_Cvr_A  dbinteger 2

Densiometer count for canopy cover facing south
Densiometer count for canopy cover facing west

Number of bands on the cover pole that are covered by vegetation (direction
A)

Horiz_Veg_Cvr_B dbinteger 2 Number of bands on the cover pole are covered by vegetation (direction B)
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Incidental data tables

Table: tbl_Incidental Data
Description: Incidental species detections data (not observed during point transect surveys).

Fields: 8

Field name Data type Field size Field description

Incidental_Data_ID dbGUID 16 Auto-generated unique incidental species detection identifier
Incidental_Event_ID dbGUID 16 Link to tbl_Incidental_Events (FK)

Taxon dbText 6 Taxonomic class

Species_Code dbText 6 Code for species detected incidentally

Num_Indiv dbinteger 2 Number of individuals of a single species detected

Sex dbText 2 Sex of individual(s) detected

Age_Class dbText 1 Age class of the individual(s) detected

Incidental_Obs_Notes dbText 255 Comments about individual(s) detected

Table: tbl_Incidental Data_Locations
Description: Incidental species detections locations.

Fields: 10
Field name Data type Field size Field description
Incidental_Loc_ID dbGUID 16 Auto-generated unique incidental data location identifier
Incidental_Data_ID dbGUID 16 Link to tbl_Incidental_Data (FK)
X_Coord dbDouble 8 X coordinate
Y_Coord dbDouble 8 Y coordinate
Coord_Units dbText 10 Coordinate distance units
Coord_System dbText 20 Coordinate system
UTM_Zone dbText 3 UTM zone
Datum dbText 5 Datum of mapping ellipsoid
Est H_Error dbSingle 4 Estimated horizontal accuracy
Accuracy_Notes dbText 255 Positional accuracy notes

Table: tbl_Incidental Events
Description: Incidental species observations.

Fields: 4
Field name Data type Field size  Field description
Incidental_Event_ID dbGUID 16 Auto-generated unique incidental event identifier
Unit_Code dbText 4 Park, monument, or network code
Detection_Date dbDate 8 Date of species detection

Detection_Time dbDate 8 Time of species detection




Section 2: Standard Operating Procedures 87

Reference tables

Table: tbl_Contacts
Description: Contact data for project-related personnel.

Fields: 17
Field name 212 Fi_eld Field description
type size
Contact_ID dbText 50 Unique contact identifier (auto-generated concatenation of Last_Name_
First_Name)
Last_Name dbText 25 Last name
First_Name dbText 25 First name
Middle_Init dbText 1 Middle initial
Organization dbText 50 Organization or employer
Position_Title dbText 50 Title or position description
Address_Type dbText 8 Address (mailing, physical, both) type
Address dbText 50 Street address
Address2 dbText 50 Address line 2, suite, apartment number
City dbText 50 City or town
State_Code dbText 2 State or province
Zip_Code dbText 10 Zip code
Country dbText 10 Country
Email_Address dbText 50 E-mail address
Work_Phone dbText 15 Phone number
Work_Extension dbText 10 Phone extension

Contact_Notes dbText 100 Contact notes
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Table: tbl_ITIS Bird_List

Description: ITIS Bird Species List.

Fields: 28

Field name Data type Field size Field description

Symbol

Common_Name
Scientific. Name

Genus
Specific_Epithet
Authority
Infrasp_Rank
Infrasp_Epithet
Infrasp_Authority
Full_Name

TSN

Kingdom

Order

Family
Neotropical_Migrant

Non_Native
ESA
ESA_Date
Crit_Hab
BLM
USFS
NESL
Mex_Fed
WSCA
APF
USFWS
G_Rank
S_Rank

dbText

dbText
dbText

dbText
dbText
dbText
dbText
dbText
dbText
dbText

dblLong
dbText
dbText
dbText
dbBoolean

dbBoolean
dbText
dbDate
dbText
dbText
dbText
dblLong
dbText
dbText
dbText
dbText
dbText
dbText

6

50
50

30
30
50
10
30
50
255

20
25
25

50

50
50
50

50
50
50
50
50
50

Code representing a bird species. Usually first two letters of first and second
words in common name. Assigned by American Ornithological Union in
2003.

Accepted common name from ITIS

Concatenation of the accepted Genus, Specific_Epithet, and Infrasp_Epithet
(if applicable)

Accepted genus from ITIS

Accepted specific epithet from ITIS

Authority for the scientific bionomial from ITIS
Subspecific taxonomic category from ITIS
Subspecific epithet from ITIS

Authority for the subspecific epithet from ITIS

Concatenation of Genus, Specific_Epithet, Infrasp_Epithet (if applicable),
and Authority

Taxonomic Serial Number from ITIS
Accepted kingdom from ITIS
Accepted order from ITIS
Accepted family from ITIS

Species of birds, all or part of whose populations breed north of the Tropic
of Cancer and winter south of that line (Rappole 1995: 173-182).

Indicates if a species is not native to the area in which it was found.
Endangered Species Act conservation listing.

Date of ESA listing.

Indicates whether there is a Critical Habitat designation by the ESA.
Bureau of Land Management conservation listing.

U.S. Forest Service conservation listing.

Navajo Endangered Species List listing.

Mexican Federal Endangered Species List listing.

Wildlife of Special Concern in Arizona listing.

Arizona Partners in Flight listing.

U.S. Fish and Wildlife Service; BCC - Bird of Conservation Concern
Global Ranking

State Ranking
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Table: tbl_ITIS_Veg List
Description: ITIS Vegetation Species List.
Fields: 27

Field name Data type FsliiI: Field description

Symbol dbText 50 USDA Plants database four-letter code

Common_Name dbText 255 Accepted common name from ITIS

Scientific_ Name dbText 50 Concatenation of the accepted Genus, Specific_Epithet, Infrasp_Rank, and
Infrasp_Epithet

Genus dbText 30 Accepted genus from ITIS

Specific_Epithet dbText 30 Accepted specific epithet from ITIS

Authority dbText 50 Authority for the scientific bionomial from ITIS

Infrasp_Rank dbText 10 Subspecific taxonomic category from ITIS

Infrasp_Epithet dbText 30 Subspecific epithet from ITIS

Infrasp_Authority dbText 50 Authority for the subspecific epithet from ITIS

Full_Name dbText 255 Concatenation of Genus, Specific_Epithet, Authority, Infrasp_Rank,
Infrasp_Epithet, and Infrasp_Authority

TSN dbLong 4 Taxonomic Serial Number from ITIS

Kingdom dbText 20 Accepted kingdom from ITIS

Family dbText 40 Accepted family name from ITIS

Nativity dbText 10 Plant’s nativity status in the United States from the USDA PLANTS database

Growth_Habit dbText 50 Plant growth form as defined by the USDA PLANTS database

Duration dbText 10 Plant’s normal life span by the USDA PLANTS database

ESA dbText 50 Endangered Species Status

ESA_Date dbDate 8 Date of listing

Crit_Hab dbText 50 Critical Habitat

BLM dbText 50 Bureau of Land Management

USFS dbText 50 U.S. Forest Service

NESL dbText 50 Navajo Endangered Species List

Mex_Fed dbText 50 Mexican Status

WSCA dbText 50 Wildlife Species of Special Concern: AZ Game and Fish

NPL dbText 50 Arizona Native Plant Law

G_Rank dbText 50 Global Ranking

S_Rank dbText 50 State Ranking

Table: tbl_Parks
Description: Parks and management subunits within the Sonoran Desert Network.

Fields: 2
. Field . ..
Field name Data type size Field description
Unit_Code dbText 4 Park, monument, or network code

Unit_Name dbText 100 Park, monument, or network full name
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Table: tbl_Protocols
Description: Monitoring protocols that govern sampling events.
Fields: 4

Field name Data type Field size Field description

Protocol_ID dbLong 4 Auto-generated unique protocol identifier
Protocol_Name  dbText 100 Name of the protocol governing the event
Protocol_Version dbText 10 Version of the protocol governing the event
Effective_Date  dbDate 8 Date the protocol version was adopted for network use

Metadata tables

Table: tbl_Data_Edits_Log
Description: History of edits to data values.

Fields: 9
Field name Data type Field size Field description
Data_Edit_ID dbGUID 16 Auto-generated unique data edit identifier
Db_Meta_ID dbGUID 16 Link to tbl_DB_Meta (FK)
Edit_Date dbDate 8 Date of data edit
Edit_Type dbText 12 Type of edit performed on the data
Edit_Reason dbMemo 0 Reason for the data edit
Table_Edited dbText 30 Name of table in which data were edited
Fields_Edited dbText 255 Names of fields in which data were edited
Records_Edited  dbText 255 Description of the records that were edited
Edit_Details dbMemo 0 Edit details

Table: tbl_Db_Meta
Description: Database description and links to I&M metadata tools.

Fields: 5
Field name Data type Field size Field description
Db_Meta_ID dbGUID 16 Auto-generated unique database identifier
Db_Name dbText 50 Name of the database
Db_Desc dbMemo 0 Description of the database purpose
Meta_MID dblong 4 Link to NR-GIS Metadata Database
DSC_GUID dbLong 4 Link to I&M Dataset Catalog desktop metadata tool

Table: tbl_Db_Revisions
Description: Database revision history data.
Fields: 5

Field name Data type Field size Field description

Revision_ID dbText 10 Database revision (version) number
Db_Meta_ID dbGUID 16 Link to tbl_DB_Meta (FK)
Revision_Date  dbDate 8 Database revision date

Revision_ dbMemo 0 Reason for the database revision
Reason

Revision_Desc  dbMemo 0 Revision description
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Look-up tables

Table: tlu_Breeding Behaviors
Description: Breeding behaviors.

Fields: 2
Field name Data type Field size Field description
Behavior_Code dbText 2 Code indicating a breeding behavior
Behavior_Desc dbText 35 Breeding behavior description

Table: tlu_Cover_Classes
Description: Modified Daubenmire cover classes.

Fields: 2
Field name DETERYY o) Field size Field description
Cover_Code dbText 1 Code indicating modified Daubenmire cover class
Cover_Class dbText 12 Cover class percentage range

Table: tlu_Detection_Types
Description: Types of bird detections.

Fields: 2
Field name Data type Field size Field description
Detection_Code dbText 3 Code indicating type of bird detection
Detection_Desc dbText 50 Detection type description

Table: tlu_Edit_Types
Description: Types of data edits.

Fields: 2
Field name Data type Field size Field description
Data_Edit_Type dbText 12 Type of edit made
Edit_Type_Desc dbText 50 Data edit type description

Table: tlu_Growth_Habits
Description: Plant growth habits.

Fields: 2
Field name Data type Field size Field description
Growth_Habit dbText 15 Plant growth habit
Habit_Definition dbText 200 Growth habit definition

Table: tlu_Land_Cover_Types
Description: Land cover types.

Fields: 2
Field name Data type Field size Field description
Land_Cover_Type dbText 30 Type of land cover

Land_Cover_Desc dbText 125 Land cover type description
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Table: tlu_Noise_Levels
Description: Background noise levels.
Fields: 2

Field name Data type Field size  Field description
Noise_Level_Code  dbText 1 Code indicating noise level
Noise_Level_Desc dbText 75 Noise level description

Table: tlu_Precipitation_Types

Description: Precipitation types.

Fields: 2
Field name Data type Field size  Field description
Precip_Code dbText 1 Code indicating precipitation type
Precip_Desc dbText 60 Precipitation description

Table: tlu_Topo_Positions
Description: Topographic positions.

Fields: 2
. Data . . . .
Field name Field size  Field description
type
Topo_Position dbText 25 Topographic position
Topo_Position_Desc  dbText 255 Topographic position description

Table: tlu_Wind_Speeds
Description: Wind speeds.

Fields: 2
Field name Data type Field size  Field description
Wind_Code dbText 1 Code indicating wind speed
Wind_Speed dbText 75 Wind speed description based on Beaufort scale

Cross-reference tables

Table: xref Edits_Contacts
Description: Cross-reference table between data edits and contacts.

Fields: 3
Field name 218 Field size  Field description
type
Data_Edit_ID dbGUID 16 Link to tbl_Data_Edits_Log
Contact_ID dbText 50 Link to tbl_Contacts
Edit_Role dbText 16 The contact’s role in the data edit

Table: xref_Events_Contacts
Description: Cross-reference table between events and contacts.

Fields: 4
Field name Data type Field size Field description
Event_ID dbGUID 16 Link to tbl_Events or tbl_Incidental_Events
Contact_ID dbText 50 Link to tbl_Contacts
Contact_Role dbText 30 The contact’s role in the sampling event
Experience_Level dbText 6 The contact’s level of experience or confidence related to their role in the

sampling event
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Table: xref Revisions Contacts
Description: Cross-reference table between database revisions and contacts.

Fields: 3
Field name Data type Field size Field description
Revision_ID dbText 50 Link to tbl_Db_Revisions
Contact_ID dbText 50 Link to tbl_Contacts
Revision_Role dbText 18 The contact’s role in the revision
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Appendix 7.01.2. Documentation of Database Queries for the SODN Landbird Monitoring
Database

The following information on standardized database queries that extract basic data summaries is provided in support of
this SOP.

Query:
Description:
SOL:

[ Front-end database is under development |
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Appendix 7.01.3. Text FGDC Metadata for the SODN Landbird Monitoring Database

(text created using NPS Dataset Catalog Version 3).

NPS_Information:
Metadata_Purpose: NPS
Metadata_Purpose: DataCat
NPS_Unit_Information:
NPS_Unit_AlphaCode: SODN
NPS_Unit_Type: Network
NPS_Organization_Code:
Datacat_Information:
Dataset_GUID: {guid {D7D4BCEQ-56E7-4D77-
ABCD-14F9E4FFEE9A}}
Dataset_Extent:
Extent Description: Coverage: IN , LOCATION:
Sonoran Desert Network
UTMBound:
UTMWest:
UTMEdast:
UTMNorth:
UTMSouth:
UTMZone: 11
UTMDatum: Other
Subject:
Priority: High
Dataset_Quality_Code:
Data_Type: DIGDB
Data_At_Park: No
File Location: V:\Bird Community Dynamics\Data\
Non_Spatial _Data\Processed_Data\SODN_Bird-
Comm.mdb
Dataset_Catalog URL:
DSC_Link:
LinkType:
LinkDesc:
Program_Information:
Related_Information:
Related_Name: Dataset Catalog Project ID
Related_Contact:
Contact_Information:
Contact_Person Primary:
Contact_Person: Angell, Deborah
Contact_Organization: National Park Service, So-
noran Desert Inventory & Monitoring Network
Contact_Position: Network Data Manager
Contact_Address:
Address_Type: mailing and physical
Address: 7660 E. Broadway Blvd., Suite 303
City: Tucson
State_or_Province: AZ
Postal_Code: 85710
Country: USA
Contact_Voice Telephone: (520) 731-3420, Ext. 1#
Contact_Facsimile Telephone: (520) 546-7601

Contact_Electronic_Mail Address: Deborah_An-
gell@nps.gov
Hours_of Service: 8:00 am - 4:30 pm, Monday
- Friday
Contact_Instructions: Please use e-mail when pos-
sible.
Related_Short_Name:
Related_Description: The Project ID value from the
NPS Dataset Catalog desktop application.
Related Key:
Related_Key_Name: ProjectID
Related_Key_Value: Project ID = WM-BirdComm
Identification_Information:
Citation:

Citation_Information:

Originator: NPS, Sonoran Desert Network
Publication_Date:
Title: Bird Community Dynamics Monitoring Data-
base for Sonoran Desert Network Parks

Edition: 1.00
Geospatial Data Presentation_Form: Database
Online Linkage:
NatureBib_Key_ID:

Description:

Abstract: The database contains bird community moni-
toring data and associated habitat data for parks
in the Sonoran Desert Network. Bird communi-
ties are monitored at permanent sampling loca-
tions using the point transect method (formerly
known as the variable circular plot, or VCP,
method). Information on each bird or flock of
birds detected includes species, distance from
observer, age, sex, and flock size. Associated
habitat data are collected in a 75-m radius plot
centered on the bird survey point, with addition-
al vegetative measurements made on 4 subplots
within the larger plot.

Purpose: To determine annual changes in species com-
position, abundance, and productivity of land
birds in grassland, riparian, and upland commu-
nities in Sonoran Desert Network parks.

Language of Dataset:

Supplemental_Information: Back-end database for bird
community dynamics monitoring.

Time Period_of Content:

Time_Period_Information:

Range_of Dates/Times:
Beginning Date: 2007
Currentness_Reference: New
Status:
Progress: In Work
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Maintenance_and_Update_Frequency: As Needed
Spatial Domain:
Description_of Geographic_Extent:
Bounding Coordinates:
West_Bounding Coordinate: -116.997
East_Bounding Coordinate: -121.646
North_Bounding Coordinate: 41.3885
South_Bounding Coordinate: 34.9317
Keywords:
Theme:
Theme Keyword_Thesaurus: None
Theme Keyword: Animal Studies
Theme Keyword: point transect method
Theme Keyword: monitoring
Theme Keyword: birds
Place:
Place_Keyword_Thesaurus: National Park System
Unit Code Thesaurus
Place_Keyword: TUZI
Place_Keyword: ORPI
Place_Keyword: CAGR
Place_Keyword: CHIR
Place_Keyword: SODN
Place_Keyword: CORO
Place_Keyword: FOBO
Place_Keyword: GICL
Place_Keyword: MOCA
Place_Keyword: SAGU
Place_Keyword: TONT
Place_Keyword: TUMA
Place:
Place_Keyword_Thesaurus: National Park System
Unit Name Thesaurus
Place_Keyword: Chiricahua National Monument
Place_Keyword: Organ Pipe Cactus National Monu-
ment
Place_Keyword: Coronado National Memorial
Place_Keyword: Fort Bowie National Historic Site
Place_Keyword: Gila Cliff Dwellings National Monu-
ment
Place_Keyword: Montezuma Castle National Monu-
ment
Place_Keyword: Saguaro National Park
Place_Keyword: Tonto National Monument
Place_Keyword: Tumacacori National Historical Park
Place_Keyword: Tuzigoot National Monument
Place_Keyword: Sonoran Desert Network
Place_Keyword: Casa Grande Ruins National Monu-
ment
Access_Constraints: Public access denied
Use_Constraints: Yes, T&E Species
Point_of Contact:
Contact_Information:
Contact_Person_Primary:

Contact_Person: Angell, Deborah
Contact_Organization: National Park Service, So-
noran Desert Inventory & Monitoring Network
Contact_Position: Network Data Manager
Contact_Address:
Address_Type: mailing and physical
Address: 7660 E. Broadway Blvd., Suite 303
City: Tucson
State_or_Province: AZ
Postal_Code: 85710
Country: USA
Contact_Voice_Telephone: (520) 731-3420, Ext. 1#
Contact_Facsimile Telephone: (520) 546-7601
Contact_Electronic_Mail _Address: Deborah_Angell@
nps.gov
Hours_of Service: 8:00 am - 4:30 pm, Monday - Friday
Contact_Instructions: Please use e-mail when pos-
sible.
Security_Information:
Security_Classification_System: Dataset Catalog Secu-
rity Classification
Security_Classification: Sensitive
Security_Handling Description: Public access denied
Cross_Reference:
Citation_Information:
Originator: Powell, B.F. et al.
Publication_Date: 2006
Title: Bird Monitoring Protocol for Sonoran Desert
Network Parks
Edition: 1.00
Publication_Information:
Publication_Place: Tucson, AZ
Publisher: NPS, Sonoran Desert Network
Online Linkage:
NatureBib_Key_ID:
NPS_Citation_Type: doc
Native_Dataset_Format:
Data_Quality_Information:
Attribute_Accuracy:
Attribute_Accuracy_Report:
Quantitative_Attribute_Accuracy_Assessment:
Attribute_Accuracy_Value: Not defined
Attribute_Accuracy Explanation:
Logical Consistency_Report:
Completeness_Report: No monitoring data have been
collected yet.
Lineage:
Spatial_Data_Organization_Information:
Direct_Spatial_Reference_ Method:
Entity_and_Attribute_Information:
Detailed_Description:
Entity Type:
Entity Type Label: tbl Bird Detections Data IN
SODN_BirdComm_be.mdb , (N/A)
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Entity_Type_Definition: Bird detection information.,
Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Detection_ID
Attribute_Definition: Auto-generated unique bird
detection identifier; Field Type= dbGUID, Field
Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Event_ID
Attribute_Definition: Link to tbl_Events (FK); Field
Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: AOU_Bird_Code
Attribute_Definition: AOU (American Ornithologi-
cal Union) code for the bird species; usually first
two letters of first and second words in common
name; Field Type= dbText, Field Size= 6.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Minute
Attribute_Definition: Minute, within the 8-minute
count, in which the bird(s) was first detected; X’
indicates an incidental observation outside the 8-
minute counts; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Flyover
Attribute_Definition: Indicates that the bird was
observed flying above the top of the vegetation
canopy; Field Type= dbBoolean, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Distance_m
Attribute_Definition: Distance in meters between ob-
server and the location of the bird where it was
first detected; *-9999’ indicates a Flyover; Field
Type= dblnteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: OCP_Obs
Attribute_Definition: Indicates that the bird(s) was
observed outside of the §-minute count period;
Field Type= dbBoolean, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Detection_Type
Attribute_Definition: Type of detection correspond-
ing to the first detection of the individual; Field
Type= dbText, Field Size= 3.
Attribute_Definition_Source: Not Defined

Attribute:
Attribute_Label: Flock_Size
Attribute_Definition: Number of individuals in a flock;
enter “1” for an individual bird detection; Field
Type= dblnteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Sex
Attribute_Definition: Sex of individual(s) detected;
Field Type= dbText, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Age_Class
Attribute_Definition: Age class of the individual(s)
detected; Field Type= dbText, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Previous_Point
Attribute_Definition: Indicates whether this bird was
detected at a previous point; Field Type= db-
Boolean, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Detection_Notes
Attribute_Definition: Additional comments made by
the observer; Field Type= dbText, Field Size=
255.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type_Label: tbl_Breeding Behavior_Data IN
SODN_BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Breeding behavior(s) ob-
served for a bird at a sampling point., Microsoft
Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Behavior_ID
Attribute_Definition: Auto-generated unique breeding
behavior identifier; Field Type= dbGUID, Field

Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Detection_ID

Attribute_Definition: Link to tbl_Bird_Detections_
Data (FK); Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Behavior_Type

Attribute_Definition: Breeding behavior(s) observed
for a bird detected at a point; Field Type= dbText,
Field Size=2.

Attribute_Definition_Source: Not Defined
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Detailed_Description:
Entity Type:
Entity_Type Label: tbl_Contacts IN SODN_Bird-
Comm_be.mdb, (N/A)
Entity_Type Definition: Contact data for project-re-
lated personnel., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Contact_ID
Attribute_Definition: Unique contact identifier (auto-
generated concatenation of Last Name_First_
Name); Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Last Name
Attribute_Definition: Last name; Field Type= dbText,
Field Size= 25.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: First Name
Attribute_Definition: First name; Field Type= dbText,
Field Size= 25.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Middle_Init
Attribute_Definition: Middle initial; Field Type= db-
Text, Field Size=1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Organization
Attribute_Definition: Organization or employer; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Position_Title
Attribute_Definition: Title or position description;
Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Address_Type
Attribute_Definition: Address (mailing, physical, both)
type; Field Type= dbText, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Address
Attribute_Definition: Street address; Field Type= db-
Text, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Address2
Attribute_Definition: Address line 2, suite, apartment
number; Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined

Attribute:
Attribute_Label: City
Attribute_Definition: City or town; Field Type= db-
Text, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: State_Code
Attribute_Definition: State or province; Field Type=
dbText, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: Zip_Code
Attribute_Definition: Zip code; Field Type= dbText,
Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Country
Attribute_Definition: Country; Field Type= dbText,
Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Email_Address
Attribute_Definition: E-mail address; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Work_Phone
Attribute_Definition: Phone number; Field Type=
dbText, Field Size= 15.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Work_Extension
Attribute_Definition: Phone extension; Field Type=
dbText, Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Contact_Notes
Attribute_Definition: Contact notes; Field Type= db-
Text, Field Size= 100.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity Type Label: tbl_Data Edits L.og IN SODN_
BirdComm_be.mdb, (N/A)
Entity_Type_Definition: History of edits to data val-
ues., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Data_Edit_ID
Attribute_Definition: Auto-generated unique data edit
identifier; Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
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Attribute_Label: Db_Meta ID
Attribute_Definition: Link to tbl_DB_Meta (FK); Field
Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Edit Date
Attribute_Definition: Date of data edit; Field Type=
dbDate, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Edit_Type
Attribute_Definition: Type of edit performed on the
data; Field Type= dbText, Field Size=12.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Edit Reason
Attribute_Definition: Reason for the data edit; Field
Type= dbMemo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Table Edited
Attribute_Definition: Name of table in which data
were edited; Field Type= dbText, Field Size= 30.
Attribute Definition_Source: Not Defined
Attribute:
Attribute_Label: Fields_Edited
Attribute_Definition: Names of fields in which data
were edited; Field Type= dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Records_Edited
Attribute_Definition: Description of the records that
were edited; Field Type= dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Edit_Details
Attribute_Definition: Edit details; Field Type= db-
Memo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tbl Db_Meta IN SODN_Bird-
Comm_be.mdb , (N/A)
Entity_Type Definition: Database description and
links to I&M metadata tools., Microsoft Access
Entity_Type Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Db_Meta ID
Attribute_Definition: Auto-generated unique database
identifier; Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Db_Name

Attribute_Definition: Name of the database; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Db_Desc
Attribute_Definition: Description of the database pur-
pose; Field Type= dbMemo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Meta MID
Attribute_Definition: Link to NR-GIS Metadata Data-
base; Field Type= dbLong, Field Size= 4.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: DSC_GUID
Attribute_Definition: Link to I&M Dataset Catalog
desktop metadata tool; Field Type= dbLong,
Field Size= 4.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type Label: tbl Db_Revisions IN SODN _
BirdComm_be.mdb, (N/A)
Entity Type Definition: Database revision history
data., Microsoft Access
Entity Type Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Revision_ID
Attribute_Definition: Database revision (version)
number; Field Type= dbText, Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Db_Meta ID
Attribute_Definition: Link to tbl_DB_Meta (FK); Field
Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Revision_Date
Attribute_Definition: Database revision date; Field
Type= dbDate, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Revision_Reason
Attribute_Definition: Reason for the database revision;
Field Type= dbMemo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Revision Desc
Attribute_Definition: Revision description; Field
Type= dbMemo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
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Entity_Type Label: tbl Dominant Overstory Data
IN SODN_BirdComm_be.mdb , (N/A)
Entity Type_Definition: Dominant overstory species
within vegetation subplots., Microsoft Access
Entity Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Overstory ID
Attribute_Definition: Auto-generated unique domi-
nant overstory species identifier; Field Type=
dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Subplot_ID
Attribute_Definition: Link to tbl_Subplot_Veg Data
(FK); Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Plant Code
Attribute_Definition: Code for plant species greater
than or equal to 3 meters tall; Field Type= db-
Text, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Cover_Est_pct
Attribute_Definition: Relative percent of the total
overstory cover occupied by the plant species in
10-meter subplot; Field Type= dbInteger, Field
Size=2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Num_Stems
Attribute_Definition: Number of stems of the plant
species within 10-meter subplot; Field Type=
dblInteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type Label: tbl Dominant Understory_Data
IN SODN_BirdComm_be.mdb , (N/A)
Entity _Type_Definition: Dominant understory species
within vegetation subplots., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Understory_ID
Attribute_Definition: Auto-generated unique domi-
nant understory species identifier; Field Type=
dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Subplot_ID
Attribute_Definition: Link to tbl_Subplot_Veg Data
(FK); Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Plant Code
Attribute_Definition: Code for plant species less than
3 meters tall; Field Type= db'lext, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: Cover Est_pct
Attribute_Definition: Relative percent of the total
understory cover occupied by the plant species
in the 10-meter subplot; Field Type= dbInteger,
Field Size= 2.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type_Label: tbl_Event Conditions IN SODN_
BirdComm_be.mdb, (N/A)
Entity Type_Definition: Sampling event conditions.,
Microsoft Access
Entity Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Event_ID
Attribute_Definition: Link to tbl_Events (FK); Field
Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Start Temp_degC
Attribute_Definition: Temperature in degrees Celsius
at the start of the sampling period; Field Type=
dblnteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: End Temp_degC
Attribute_Definition: Temperature in degrees Celsius
at the end of the sampling period; Field Type=
dblnteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Start_Wind
Attribute_Definition: Wind speed at the start of the
sampling period; Field Type= db'lext, Field Size=
1

Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: End_Wind
Attribute_Definition: Wind speed at the end of the
sampling period; Field Type= db'lext, Field Size=
1

Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Start RH_pct
Attribute_Definition: Percent relative humidity at the
start of the sampling period; Field Type= dbInte-
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ger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: End RH_pct
Attribute_Definition: Percent relative humidity at the
end of the sampling period; Field Type= dbInte-
ger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Start_Cloud_pct
Attribute_Definition: Percent cloud cover at the start
of the sampling period; Field Type= dblnteger,
Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: End_Cloud_pct
Attribute_Definition: Percent cloud cover at the end
of the sampling period; Field Type= dblnteger,
Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Start_Precip
Attribute_Definition: Precipitation condition at the
start of the sampling period; Field Type= dbText,
Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: End_Precip
Attribute_Definition: Precipitation condition at the
end of the sampling period; Field Type= dbText,
Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Start Noise
Attribute_Definition: Noise level at the start of the
sampling period; Field Type= dbText, Field Size=
1

Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: End_Noise
Attribute_Definition: Noise level at the end of the
sampling period; Field Type= dbText, Field Size=
1

Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tbl_Event Groups IN SODN_
BirdComm_be.mdb , (N/A)
Entity Type_Definition: Event aggregations (e.g., sea-
sons, trips)., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Event_Group_ID

Attribute_Definition: Auto-generated unique event
group identifier; Field Type= dbGUID, Field

Size=16.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Start_Date

Attribute_Definition: Starting date of the event group;
Field Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Date

Attribute_Definition: Ending date of the event group;
Field Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Name

Attribute_Definition: Event group (e.g., season, trip)
name; Field Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event Group_Desc

Attribute_Definition: Event group description; Field
Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Notes

Attribute_Definition: Event group notes; Field Type=
dbMemo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Report

Attribute_Definition: Trip report, link to trip report, or
trip report name; Field Type= dbText, Field Size=
255.

Attribute_Definition_Source: Not Defined

Detailed_Description:
Entity Type:

Entity Type Label: tbl_Events IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Sampling events; unique
combination of when and where (sampling
point) data were collected., Microsoft Access

Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb

Attribute:

Attribute_Label: Event_ID

Attribute_Definition: Auto-generated unique sampling
event identifier; Field Type= dbGUID, Field

Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Location_ID
Attribute_Definition: Link to tbl_Locations (FK);
Field Type= dbGUID, Field Size= 16.




102  Landbird Monitoring Protocol and SOPs for the Sonoran Desert Network

Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Event_Group_ID

Attribute_Definition: Link to tbl_Event Groups (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Protocol ID

Attribute_Definition: Link to tbl_Protocols (FK); Field
Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Visit. Num

Attribute_Definition: Number of data collection visit
to this point in a year/season; Field Type= dbIn-
teger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Date

Attribute_Definition: Starting date of the event; Field
Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Time

Attribute_Definition: Starting time of the event; Field
Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Detailed_Description:
Entity_Type:

Entity_Type Label: tbl_Foliar Cover Data IN
SODN_BirdComm_be.mdb, (N/A)

Entity Type_Definition: Foliar cover within vegetation
subplots; based on modified Daubenmire cover
classes., Microsoft Access

Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb

Attribute:

Attribute_Label: Foliar Cover_ID

Attribute_Definition: Auto-generated unique foliar
cover identifier; Field Type= dbGUID, Field

Size=16.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Subplot_ID

Attribute_Definition: Link to tbl_Subplot_Veg Data
(FK); Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Perennial Grass

Attribute_Definition: Cover class for perennial grass
in 1.8-meter subplot; Field Type= dbText, Field

Size=1.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Annual_Grass
Attribute_Definition: Cover class for annual grass in
1.8-meter subplot; Field Type= dbText, Field
Size=1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Forbs
Attribute_Definition: Cover class for forbs in 1.8-me-
ter subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Cactus
Attribute_Definition: Cover class for cactus in 1.8-me-
ter subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Succulents
Attribute_Definition: Cover class for succulents in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Moss_Fern
Attribute_Definition: Cover class for moss and fern
in 1.8-meter subplot; Field Type= dbText, Field
Size=1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Shrubs_Vines
Attribute_Definition: Cover class for woody shrubs
and vines in 1.8-meter subplot; Field Type=
dbText, Field Size=1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Total_Foliar_Cover
Attribute_Definition: Vertical projection of total foliar
cover of living vegetation (less than 1.5 m in
height) onto the ground surface in 1.8-meter
subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity Type Label: tbl_Ground Cover_Data IN
SODN_BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Ground cover within vegeta-
tion subplots; based on modified Daubenmire
cover classes., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Ground_Cover_ID
Attribute_Definition: Auto-generated unique ground
cover identifier; Field Type= dbGUID, Field
Size= 16.
Attribute_Definition_Source: Not Defined
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Attribute:
Attribute_Label: Subplot_ID
Attribute_Definition: Link to tbl_Subplot_Veg Data
(FK); Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Leaf Litter
Attribute_Definition: Cover class for leaf litter in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Grass_Litter
Attribute_Definition: Cover class for grass litter in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Bare_Soil
Attribute_Definition: Cover class for bare soil in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Rock
Attribute_Definition: Cover class for rock in 1.8-meter
subplot; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Woody_Debris
Attribute_Definition: Cover class for woody debris
in 1.8-meter subplot; Field Type= dbText, Field

Size=1.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Unvegetated
Attribute_Definition: Cover class for unvegetated
ground surface in 1.8-meter subplot; Field Type=
dbText, Field Size=1.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tbl Incidental Data IN SODN _
BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Incidental species detec-
tions data (not observed during point transect
surveys)., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Incidental Data_ID
Attribute_Definition: Auto-generated unique inci-
dental species detection identifier; Field Type=
dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Incidental Event ID

Attribute_Definition: Link to tbl_Incidental_Events
(FK); Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Taxon
Attribute_Definition: Taxonomic class; Field Type=
dbText, Field Size= 6.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Species_Code
Attribute_Definition: Code for species detected inci-
dentally; Field Type= dbText, Field Size= 6.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Num_Indiv
Attribute_Definition: Number of individuals of a
single species detected; Field Type= dbInteger,
Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Sex
Attribute_Definition: Sex of individual(s) detected;
Field Type= dbText, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Age Class
Attribute_Definition: Age class of the individual(s)
detected; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Incidental_Obs_Notes
Attribute_Definition: Comments about individual(s)
detected; Field Type= dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type_Label: tbl_Incidental Data Locations
IN SODN_BirdComm_be.mdb, (N/A)
Entity_Type_Definition: Incidental species detections
locations., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Incidental_Loc_ID
Attribute_Definition: Auto-generated unique inciden-
tal data location identifier; Field Type= dbGUID,
Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Incidental_Data_ID
Attribute_Definition: Link to tbl_Incidental_Data
(FK); Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
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Attribute_Label: X_Coord
Attribute_Definition: X coordinate; Field Type= db-
Double, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Y_Coord
Attribute_Definition: Y coordinate; Field Type= db-
Double, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Coord_Units
Attribute_Definition: Coordinate distance units; Field
Type= dbText, Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Coord_System
Attribute_Definition: Coordinate system; Field Type=
dbText, Field Size= 20.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: UTM_Zone
Attribute_Definition: UTM Zone; Field Type= dbText,
Field Size= 3.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Datum
Attribute_Definition: Datum of mapping ellipsoid;
Field Type= dbText, Field Size= 5.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Est_ H_Error
Attribute_Definition: Estimated horizontal accuracy;
Field Type= dbSingle, Field Size= 4.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Accuracy_Notes
Attribute_Definition: Positional accuracy notes; Field
Type= dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:

Entity_Type_Label: tbl_Incidental Events IN SODN_

BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Incidental species observa-
tions., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Incidental Event ID
Attribute_Definition: Auto-generated unique inciden-
tal event identifier; Field Type= dbGUID, Field
Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Unit_Code
Attribute_Definition: Park, monument, or network
code; Field Type= dbText, Field Size= 4.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Detection_Date
Attribute_Definition: Date of species detection; Field
Type= dbDate, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Detection_Time
Attribute_Definition: Time of species detection; Field
Type= dbDate, Field Size= 8.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type_Label: tbl_ITIS_Bird_List IN SODN_
BirdComm_be.mdb , (N/A)
Entity_Type_Definition: ITIS Bird Species List., Mi-
crosoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Symbol
Attribute_Definition: Code representing a bird spe-
cies. Usually first two letters of first and second
words in common name. Assigned by American
Ornithological Union in 2003.; Field Type= db-
Text, Field Size= 6.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Common_Name
Attribute_Definition: Accepted common name from
ITIS; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Scientific Name
Attribute_Definition: Concatenation of the accepted
genus specific epithet ( and infrasp epithet if ap-
plicable); Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Genus
Attribute_Definition: Accepted genus from ITIS; Field
Type= dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Specific_Epithet
Attribute_Definition: Accepted specific epithet from
ITIS; Field Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Authority

Attribute_Definition: Authority for the scientific
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bionomial from ITIS; Field Type= dbText, Field
Size=50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Infrasp_Rank
Attribute_Definition: Subspecific taxonomic category
from ITIS; Field Type= dbText, Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Infrasp_Epithet
Attribute_Definition: Subspecific epithet from ITIS;
Field Type= dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Infrasp_Authority
Attribute_Definition: Authority for the subspecific
epithet from ITIS; Field Type= dbText, Field

Size=50.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute Label: Full Name
Attribute_Definition: Concatenation of genus, specific
epithet (infrasp epithet) authority; Field Type=
dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: TSN
Attribute_Definition: Taxonomic Serial Number from
ITIS; Field Type= dbLong, Field Size= 4.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Kingdom
Attribute_Definition: Accepted kingdom from ITIS;
Field Type= dbText, Field Size= 20.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Order
Attribute_Definition: Accepted oder from ITIS; Field
Type= dbText, Field Size= 25.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Family
Attribute_Definition: Accepted family from ITIS; Field
Type= dbText, Field Size= 25.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Neotropical _Migrant
Attribute_Definition: Species of birds, all or part of
whose populations breed north of the Tropic of
Cancer and winter south of that line (Rappole
1995: 173-182).; Field Type= dbBoolean, Field
Size=1.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Non_Native
Attribute_Definition: Indicates if a species is not native
to the area it was found.; Field Type= dbBoolean,
Field Size=1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: ESA
Attribute_Definition: Endangered Species Act conser-
vation listing.; Field Type= dbText, Field Size=
50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: ESA_Date
Attribute_Definition: Date of ESA listing.; Field Type=
dbDate, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Crit Hab
Attribute_Definition: Indicates whether there is a
Critical Habitat designation by the ESA.; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: BLM
Attribute_Definition: Bureau of Land Management
conservation listing.; Field Type= dbText, Field

Size=50.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: USFS
Attribute_Definition: U.S. Forest Service conservation
listing.; Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: NESL
Attribute_Definition: Navajo Endangered Species List
listing.; Field Type= dbLong, Field Size= 4.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Mex_Fed
Attribute_Definition: Mexican Federal Endangered
Species List listing.; Field Type= dbText, Field

Size=50.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: WSCA

Attribute_Definition: Wildlife of Special Concern in
Arizona listing.; Field Type= dbText, Field Size=
50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: APF

Attribute_Definition: Arizona Partners in Fight listing.;
Field Type= dbText, Field Size= 50.
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Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: USFWS
Attribute_Definition: U.S. Fish and Wildlife Service;
BCC - Bird of Conservation Concern; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: G_Rank
Attribute_Definition: Global Ranking; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: S_Rank
Attribute_Definition: State Ranking; Field Type= db-
Text, Field Size= 50.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type Label: tbl ITIS Veg List IN SODN_
BirdComm_be.mdb , (N/A)
Entity Type_Definition: ITIS Vegetation Species List.,
Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Symbol
Attribute_Definition: USDA Plants database four letter
code; Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Common_Name
Attribute_Definition: Accepted common name from
ITIS; Field Type= dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Scientific_ Name
Attribute_Definition: Concatenation of the accepted
genus specific epithet (and infrasp rank and
epithet if applicable); Field Type= dbText, Field
Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Genus
Attribute_Definition: Accepted genus from ITIS; Field
Type= dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Specific_Epithet
Attribute_Definition: Accepted specific epithet from
ITIS; Field Type= dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined

Attribute:
Attribute_Label: Authority

Attribute_Definition: Authority for the scientific
bionomial from ITIS; Field Type= dbText, Field
Size=50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Rank

Attribute_Definition: Subspecific taxonomic category
from ITIS; Field Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Epithet

Attribute_Definition: Subspecific epithet from ITIS;
Field Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Authority

Attribute_Definition: Authority for the subspecific
epithet from ITIS; Field Type= dbText, Field

Size=50.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Full Name
Attribute_Definition: Concatenation of genus, specific
epithet, authority, infrasp_rank, infrasp_epithet,
infrasp_authority; Field Type= dbText, Field
Size=255.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: TSN
Attribute_Definition: Taxonomic Serial Number from
ITIS; Field Type= dbLong, Field Size= 4.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Kingdom
Attribute_Definition: Accepted kingdom from ITIS;
Field Type= dbText, Field Size= 20.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Family
Attribute_Definition: Accepeted family name from
ITIS; Field Type= dbText, Field Size= 40.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Nativity
Attribute_Definition: Plant’s nativity status in the
United States by the USDA PLANTS database;
Field Type= dbText, Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Growth_Habit
Attribute_Definition: Plant growth form as defined
by the USDA PLANTS database; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
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Attribute:
Attribute_Label: Duration
Attribute_Definition: Plant’s normal life span by the
USDA PLANTS database; Field Type= dbText,
Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: ESA
Attribute_Definition: Endangered Species Status; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: ESA_Date
Attribute_Definition: Date of Listing; Field Type=
dbDate, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Crit_Hab
Attribute_Definition: Critical Habitat; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: BLM
Attribute_Definition: Bureau of Land Management;
Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: USFS
Attribute_Definition: U.S. Forest Service; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: NESL
Attribute_Definition: Navajo Endangered Species List;
Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Mex_Fed
Attribute_Definition: Mexican Status; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: WSCA
Attribute_Definition: Wildlife Species of Special Con-
cern: AZ Game and Fish; Field Type= dbText,
Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: NPL
Attribute_Definition: Arizona Native Plant Law; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: G_Rank

Attribute_Definition: Global Ranking; Field Type=
dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: S Rank
Attribute_Definition: State Ranking; Field Type= db-
Text, Field Size= 50.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tbl Land Cover Data IN SODN_
BirdComm_be.mdb, (N/A)
Entity_Type_Definition: Vegetation and other land
cover types data for the 75-meter habitat plot.,
Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Land_Cover_ID
Attribute_Definition: Auto-generated unique land
cover type identifier; Field Type= dbGUID, Field

Size=16.
Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Location_ID
Attribute_Definition: Link to tbl_Locations (FK);
Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: Land_Cover Type
Attribute_Definition: Major vegetation community
and other land use types on the 75-meter plot;
Field Type= dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Cover_Class
Attribute_Definition: Modified Daubenmire cover
class based on ocular estimate of percent cover-
age of major vegetation community and other
land use types; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type Label: tbl Locations IN SODN_Bird-
Comm_be.mdb, (N/A)
Entity_Type_Definition: Sampling unit (point) loca-
tions., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Location_ID
Attribute_Definition: Auto-generated unique location
identifier; Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
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Attribute:
Attribute_Label: Site_ID
Attribute_Definition: Link to tbl_Sites (FK); Field
Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Loc_Name
Attribute_Definition: Name of the location (point);
Field Type= dbText, Field Size= 100.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Slope_deg
Attribute_Definition: Slope of ground in degrees
across the entire 75-meter-radius plot; Field
Type= dblnteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Slope_Var
Attribute_Definition: Slope variability across the entire
75-meter-radius plot; Field Type= dbText, Field
Size=10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Aspect_deg
Attribute_Definition: Slope direction (aspect) of the
entire 75-meter-radius plot; Field Type= dbInte-
ger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Aspect_Var
Attribute_Definition: Aspect (direction of slope) vari-
ability across the entire 75-meter-radius plot;
Field Type= dbText, Field Size= 10.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Topo_Position
Attribute_Definition: Topographic position of the
point relative to its local position on the earth’s
surface; Field Type= dbText, Field Size= 25.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Loc_Notes
Attribute_Definition: General notes on the location;
Field Type= dbMemo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: X_Coord
Attribute_Definition: X coordinate; Field Type= db-
Double, Field Size= 8.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Y_Coord
Attribute_Definition: Y coordinate; Field Type= db-
Double, Field Size= 8.

Attribute_Definition_Source: Not Defined
Attribute:

Attribute_Label: Coord_Units

Attribute_Definition: Coordinate distance units; Field
Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Coord_System

Attribute_Definition: Coordinate system; Field Type=
dbText, Field Size= 20.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: UTM_Zone

Attribute_Definition: UTM Zone; Field Type= dbText,
Field Size= 3.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Datum

Attribute_Definition: Datum of mapping ellipsoid;
Field Type= dbText, Field Size=5.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Est H_Error

Attribute_Definition: Estimated horizontal accuracy;
Field Type= dbSingle, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Accuracy_Notes

Attribute_Definition: Positional accuracy notes; Field
Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Detailed_Description:
Entity_Type:

Entity_Type_Label: tbl_Parks IN SODN_BirdComm
be.mdb , (N/A)

Entity Type_Definition: Parks and management
subunits within the Sonoran Desert Network.,
Microsoft Access

Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb

Attribute:

Attribute_Label: Unit_Code

Attribute_Definition: Park, monument, or network
code; Field Type= db'lext, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Unit_Name

Attribute_Definition: Park, monument, or network full
name; Field Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Detailed_Description:
Entity_Type:

Entity Type Label: tbl_Protocols IN SODN_Bird-

Comm_be.mdb, (N/A)
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Entity Type_Definition: Monitoring protocols that
govern sampling events., Microsoft Access

Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb

Attribute:

Attribute_Label: Protocol_ID

Attribute_Definition: Auto-generated unique protocol
identifier; Field Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Protocol_Name

Attribute_Definition: Name of the protocol governing
the event; Field Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Protocol_Version

Attribute_Definition: Version of the protocol govern-
ing the event; Field Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Effective_Date

Attribute_Definition: Date the protocol version was
adopted for network use; Field Type= dbDate,
Field Size= 8.

Attribute Definition_Source: Not Defined

Detailed_Description:
Entity Type:

Entity_Type Label: tbl_Sites IN SODN_BirdComm
be.mdb, (N/A)

Entity Type_Definition: Location aggregations (tran-
sects and groups) of sampling point locations.,
Microsoft Access

Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb

Attribute:

Attribute_Label: Site_ID

Attribute_Definition: Auto-generated unique site iden-
tifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Unit_ Code

Attribute_Definition: Park, monument, or network
code; Field Type= dbText, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Site_Type

Attribute_Definition: Type of site (Transect or Group;
points located along a transect are dependent;
points within a group are independent); Field
Type= dbText, Field Size= 25.

Attribute_Definition_Source: Not Defined

Attribute:
Attribute_Label: Site_Name
Attribute_Definition: Unique name or code for a site;

Field Type= dbText, Field Size= 100.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Site_Desc
Attribute_Definition: Description of a site; Field Type=
dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Site_Notes
Attribute_Definition: General notes on the site; Field
Type= dbMemo, Field Size= 0.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Project_Code
Attribute_Definition: Project code; for linking infor-
mation with other data sets and applications or
to aggregate multiple databases for integrated
analysis; Field Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Meta MID
Attribute_Definition: Link to NR-GIS Metadata Data-
base (metadata for spatial data set); Field Type=
dbLong, Field Size= 4.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type Label: tbl_Subplot Veg Data IN
SODN_BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Vegetation subplot data.,
Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Subplot_ID
Attribute_Definition: Auto-generated unique vegeta-
tion subplot identifier; Field Type= dbGUID,
Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Event_ID
Attribute_Definition: Link to tbl_Events (FK); Field
Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Subplot Num
Attribute_Definition: Number assigned to the subplot
(1-4); Field Type= dbInteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Photo_Taken
Attribute_Definition: Indicates whether a photo was
taken of the subplot; Field Type= dbBoolean,
Field Size=1.
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Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Canopy_Cvr N
Attribute_Definition: Densiometer count for canopy
cover facing north; Field Type= dbInteger, Field
Size=2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Canopy_Cvr_E
Attribute_Definition: Densiometer count for canopy
cover facing east; Field Type= dbInteger, Field
Size=2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Canopy_Cvr_S
Attribute_Definition: Densiometer count for canopy
cover facing south; Field Type= dblInteger, Field
Size=2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Canopy_Cvr W
Attribute_Definition: Densiometer count for canopy
cover facing west; Field Type= dbInteger, Field
Size=2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Horiz_Veg Cvr_A
Attribute_Definition: Number of bands on the cover
pole that are covered by vegetation (direction A);
Field Type= dblInteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Horiz_Veg Cvr_B
Attribute_Definition: Number of bands on the cover
pole that are covered by vegetation (direction B);
Field Type= dblInteger, Field Size= 2.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type Label: tlu_Breeding Behaviors IN
SODN_BirdComm_be.mdb, (N/A)
Entity Type_Definition: Breeding behaviors., Micro-
soft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:

Attribute_Label: Behavior_Code
Attribute_Definition: Code indicating a breeding be-
havior; Field Type= dbText, Field Size= 2.

Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Behavior_Desc
Attribute_Definition: Breeding behavior description;
Field Type= dbText, Field Size= 35.

Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type_Label: tlu_Cover_Classes IN SODN_
BirdComm_be.mdb, (N/A)
Entity Type_Definition: Modified Daubenmire cover
classes., Microsoft Access
Entity Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Cover_Code
Attribute_Definition: Code indicating modified
Daubenmire cover class; Field Type= db'lext,
Field Size=1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Cover_Class
Attribute_Definition: Cover class percentage range;
Field Type= dbText, Field Size=12.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type_Label: tlu_Detection_Types IN SODN_
BirdComm_be.mdb, (N/A)
Entity Type_Definition: Types of bird detections.,
Microsoft Access
Entity Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Detection_Code
Attribute_Definition: Code indicating type of bird
detection; Field Type= dbText, Field Size= 3.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Detection_Desc
Attribute_Definition: Detection type description; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity Type Label: tlu_Edit Types IN SODN_Bird-
Comm_be.mdb, (N/A)
Entity_Type_Definition: Types of data edits., Micro-
soft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Data_Edit_Type
Attribute_Definition: Type of edit made; Field Type=
dbText, Field Size= 12.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: Edit_Type_Desc
Attribute_Definition: Data edit type description; Field
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Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tlu_Growth_Habits IN SODN _
BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Plant growth habits., Micro-
soft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Growth Habit
Attribute_Definition: Plant growth habit; Field Type=
dbText, Field Size= 15.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Habit_Definition
Attribute_Definition: Growth habit definition; Field
Type= dbText, Field Size= 200.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tlu_Land_Cover_Types IN
SODN_BirdComm_be.mdb, (N/A)
Entity Type_Definition: Land cover types., Microsoft
Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Land_Cover Type
Attribute_Definition: Type of land cover; Field Type=
dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Land_Cover Desc
Attribute_Definition: Land cover type description;
Field Type= dbText, Field Size=125.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity_Type Label: tlu_Noise Levels IN SODN _
BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Background noise levels.,
Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Noise_Level Code
Attribute_Definition: Code indicating noise level;
Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Noise_Level Desc
Attribute_Definition: Noise level description; Field

Type= dbText, Field Size= 75.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type Label: tlu_Precipitation_Types IN
SODN_BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Precipitation types., Micro-
soft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Precip_Code
Attribute_Definition: Code indicating precipitation
type; Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Precip_Desc
Attribute_Definition: Precipitation description; Field
Type= dbText, Field Size= 60.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type Label: tlu_Topo_Positions IN SODN _
BirdComm_be.mdb, (N/A)
Entity_Type_Definition: Topographic positions., Mi-
crosoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Topo_Position
Attribute_Definition: Topographic position; Field
Type= dbText, Field Size= 25.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Topo_Position_Desc
Attribute_Definition: Topographic position descrip-
tion; Field Type= dbText, Field Size= 255.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type Label: tlu_ Wind_Speeds IN SODN_
BirdComm_be.mdb, (N/A)
Entity_Type_Definition: Wind speeds., Microsoft
Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Wind_Code
Attribute_Definition: Code indicating wind speed;
Field Type= dbText, Field Size= 1.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute Label: Wind_Speed
Attribute_Definition: Wind speed description based
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on Beaufort scale; Field Type= dbText, Field
Size=75.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type_Label: xref Edits_Contacts IN SODN_
BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Cross-reference table be-
tween data edits and contacts., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Data_Edit_ID
Attribute_Definition: Link to tbl_Data_Edits_Log
(FK); Field Type= dbGUID, Field Size= 16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Contact_ID
Attribute_Definition: Link to tbl_Contacts (FK); Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Edit_Role
Attribute_Definition: The contact’s role in the data
edit; Field Type= dbText, Field Size= 16.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity Type:
Entity Type_Label: xref Events_Contacts IN SODN_
BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Cross-reference table be-
tween events and contacts., Microsoft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Event_ID
Attribute_Definition: Link to tbl_Events or tbl_Inci-
dental Events; Field Type= dbGUID, Field Size=
16.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Contact_ID
Attribute_Definition: Link to tbl_Contacts; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Contact_Role
Attribute_Definition: The contact’s role in the sam-
pling event; Field Type= dbText, Field Size= 30.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Experience Level
Attribute_Definition: The contact’s level of experience
or confidence related to their role in the sam-

pling event; Field Type= dbText, Field Size= 6.
Attribute_Definition_Source: Not Defined
Detailed_Description:
Entity_Type:
Entity_Type_Label: xref Revisions_Contacts IN
SODN_BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Cross-reference table be-
tween database revisions and contacts., Micro-
soft Access
Entity_Type_Definition_Source: IN SODN_Bird-
Comm_be.mdb
Attribute:
Attribute_Label: Revision_ID
Attribute_Definition: Link to tbl_Db_Revisions; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Contact_ID
Attribute_Definition: Link to tbl_Contacts; Field
Type= dbText, Field Size= 50.
Attribute_Definition_Source: Not Defined
Attribute:
Attribute_Label: Revision_Role
Attribute_Definition: The contact’s role in the revi-
sion; Field Type= dbText, Field Size= 18.
Attribute_Definition_Source: Not Defined
Distribution_Information:
Distributor:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Angell, Deborah
Contact_Organization: National Park Service, So-
noran Desert Inventory & Monitoring Network
Contact_Position: Network Data Manager
Contact_Address:
Address_Type: mailing and physical
Address: 7660 E. Broadway Blvd., Suite 303
City: Tucson
State_or_Province: AZ
Postal _Code: 85710
Country: USA
Contact_Voice_Telephone: (520) 731-3420, Ext. 1#
Contact_Facsimile Telephone: (520) 546-7601
Contact_Electronic_Mail _Address: Deborah_Angell@
nps.gov
Hours_of Service: 8:00 am - 4:30 pm, Monday - Friday
Contact_Instructions: Please use e-mail when pos-
sible.

Resource_Description: SODN, WM-BirdComm Bird
Community Dynamics Monitoring Database for
Sonoran Desert Network Parks

Distribution_Liability: The National Park Service shall
not be held liable for improper or incorrect use
of the data described and/or contained herein.
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These data and related graphics (if available)
are not legal documents and are not intended
to be used as such. The information contained
in these data is dynamic and may change over
time. The data are not better than the original
sources from which they were derived. It is the
responsibility of the data user to use the data
appropriately and consistent within the limita-

tions of geospatial data in general and these data

in particular. Any related graphics (if available)
are intended to aid the data user in acquiring

relevant data; it is not appropriate to use related

graphics as data. The National Park Service
gives no warranty, expressed or implied, as to

Contact_Address:
Address_Type: mailing and physical
Address: 7660 E. Broadway Blvd., Suite 303
City: Tucson
State_or_Province: AZ
Postal Code: 85710
Country: USA
Contact_Voice_Telephone: (520) 731-3420, Ext. 1#
Contact_Facsimile Telephone: (520) 546-7601
Contact_Electronic_Mail Address: Deborah_Angell@
nps.gov
Hours_of_Service: 8:00 am - 4:30 pm, Monday - Friday
Contact_Instructions: Please use e-mail when pos-
sible.

Metadata_Standard Name: FGDC
Metadata_Standard_Version: FGDC-STD-001-1998
Metadata_Extensions:
Online_Linkage: http://nrdata.nps.gov/profiles/NPS _
Profile.xml
Profile Name: NPS NR and GIS Metadata Profile

the accuracy, reliability, or completeness of these
data. It is strongly recommended that these data
are directly acquired from an NPS server and
not indirectly through other sources which may
have changed the data in some way. Although
these data have been processed successfully on
a computer system at the National Park Service,
no warranty expressed or implied is made re-
garding the utility of the data on another system
or for general or scientific purposes, nor shall the
act of distribution constitute any such warranty.
This disclaimer applies both to individual use of
the data and aggregate use with other data. All
World Wide Web addresses were valid when this
metadata was created.
Standard Order Process:
Digital Form:
Digital Transfer Information:
Format_Name: Microsoft Access 2002 database (mdb
file)
Transfer Size:1.91
Digital Transfer Option:
Online_Option:
Computer_Contact_Information:
Network Address:
Network Resource Name:
Fees: Free
Ordering Instructions: I&M (Contact Name)
Technical Prerequisites: Does data need to be convert-
ed? None
Metadata_Reference Information:
Metadata_Date: 20060626
Metadata_Review_Date: 20060626
Metadata_Contact:
Contact_Information:
Contact_Person_Primary:
Contact_Person: Angell, Deborah
Contact_Organization: National Park Service, So-
noran Desert Inventory & Monitoring Network
Contact_Position: Network Data Manager
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Appendix 7.01.4. HTML Version of FGDC Metadata File for the SODN Landbird Monitoring

Database

Metadata also available as - [Parseable text] - [XML]

Metadata

«  NPS_Information

« Identification_Information

« Data_Quality_Information

+  Spatial Data_Organization_Information
+ Entity_and_Attribute_Information

« Distribution_Information

*  Metadata_Reference_Information

NPS_Information:

Metadata_Purpose: NPS

Metadata_Purpose: DataCat

NPS_Unit_Information:

NPS_Unit_AlphaCode: SODN

NPS_Unit_Type: Network

NPS_Organization_Code:

Datacat_Information:

Dataset_ GUID: {guid {D7D4BCE0-56E7-4D77-ABCD-
14F9E4AFFEE9A}}

Dataset_Extent:

Extent_Description: Coverage: IN , LOCATION: Sonoran
Desert Network

UTMBound:

UTMWest:

UTMEast:

UTMNorth:

UTMSouth:

UTMZone: 11

UTMDatum: Other

Subject:

Priority: High

Dataset_Quality_Code:

Data_Type: DIGDB

Data_At_Park: No

File_Location: V:\Bird_Community_Dynamics\Data\Non_
Spatial_Data\Processed_Data\SODN_Bird-
Comm.mdb

Dataset_Catalog URI:

DSC_Link:

LinkType:

LinkDesc:

Program_Information:

Related_Information:

Related_Name: Dataset Catalog Project ID

Related _Contact:

Contact_Information:

Contact_Person_Primary:

Contact_Person: Angell, Deborah

Contact_Organization: National Park Service, Sonoran
Desert Inventory & Monitoring Network

Contact_Position: Network Data Manager

Contact_Address:

Address_Type: mailing and physical

Address: 7660 E. Broadway Blvd., Suite 303

City: Tucson

State_or_Province: AZ

Postal_Code: 85710

Country: USA

Contact_Voice_Telephone: (520) 731-3420, Ext. 1#

Contact_Facsimile_Telephone: (520) 546-7601

Contact_Electronic_Mail_Address: Deborah_Angell@nps.
gov

Hours_of_Service: 8:00 am - 4:30 pm, Monday - Friday

Contact_Instructions: Please use e-mail when possible.

Related_Short_Name:

Related_Description: The Project ID value from the NPS
Dataset Catalog desktop application.

Related_Key:

Related_Key_Name: ProjectID

Related_Key_Value: Project ID = WM-BirdComm

Identification_Information:

Citation:

Citation_Information.:

Originator: NPS, Sonoran Desert Network

Publication_Date:

Title: Bird Community Dynamics Monitoring Database
for Sonoran Desert Network Parks

Edition: 1.00

Geospatial_Data_Presentation_Form: Database

Online_Linkage:

NatureBib_Key_ID:

Description:

Abstract: The database contains bird community monitor-
ing data and associated habitat data for parks in
the Sonoran Desert Network. Bird communities
are monitored at permanent sampling locations
using the point transect method (formerly known
as the variable circular plot, or VCP, method). In-
formation on each bird or flock of birds detected
includes species, distance from observer, age, sex,
and flock size. Associated habitat data are col-
lected in a 75-m radius plot centered on the bird
survey point, with additional vegetative measure-
ments made on 4 subplots within the larger plot.

Purpose: To determine annual changes in species compo-
sition, abundance, and productivity of land birds
in grassland, riparian, and upland communities in




Section 2: Standard Operating Procedures

115

Sonoran Desert Network parks.

Language_of Dataset:

Supplemental_Information: Back-end database for bird
community dynamics monitoring.

Time_Period_of Content:

Time_Period_Information:

Range_of Dates/Times:

Beginning Date: 2007

Currentness_Reference: New

Status:

Progress: In Work

Maintenance_and_Update_Frequency: As Needed

Spatial Domain:

Description_of Geographic_Extent:

Bounding Coordinates:

West_Bounding Coordinate: -116.997

East Bounding Coordinate: -121.646

North_Bounding Coordinate: 41.3885

South_Bounding Coordinate: 34.9317

Keywords:

Theme:

Theme_Keyword_Thesaurus: None

Theme_Keyword: Animal Studies

Theme_Keyword: point transect method

Theme_Keyword: monitoring

Theme_Keyword: birds

Place:

Place_Keyword _Thesaurus: National Park System Unit
Code Thesaurus

Place_Keyword: TUZI

Place_Keyword: ORPI

Place_Keyword: CAGR

Place_Keyword: CHIR

Place_Keyword: SODN

Place_Keyword: CORO

Place_Keyword: FOBO

Place_Keyword: GICL

Place_Keyword: MOCA

Place_Keyword: SAGU

Place_Keyword: TONT

Place_Keyword: TUMA

Place:

Place_Keyword _Thesaurus: National Park System Unit
Name Thesaurus

Place_Keyword: Chiricahua National Monument

Place_Keyword: Organ Pipe Cactus National Monument

Place_Keyword: Coronado National Memorial

Place_Keyword: Fort Bowie National Historic Site

Place_Keyword: Gila Cliff Dwellings National Monument

Place_Keyword: Montezuma Castle National Monument

Place_Keyword: Saguaro National Park

Place_Keyword: Tonto National Monument

Place_Keyword: Tumacacori National Historical Park

Place_Keyword: Tuzigoot National Monument

Place_Keyword: Sonoran Desert Network

Place_Keyword: Casa Grande Ruins National Monument

Access_Constraints: Public access denied

Use_Constraints: Yes, T&E Species

Point _of Contact:

Contact_Information:

Contact_Person_Primary:

Contact_Person: Angell, Deborah

Contact_Organization: National Park Service, Sonoran
Desert Inventory & Monitoring Network

Contact_Position: Network Data Manager

Contact_Address:

Address_Type: mailing and physical

Address: 7660 E. Broadway Blvd., Suite 303

City: Tucson

State_or_Province: AZ

Postal_Code: 85710

Country: USA

Contact_Voice_Telephone: (520) 731-3420, Ext. 1#

Contact_Facsimile_Telephone: (520) 546-7601

Contact_Electronic_Mail_Address: Deborah_Angell@nps.
gov

Hours_of Service: 8:00 am - 4:30 pm, Monday - Friday

Contact_Instructions: Please use e-mail when possible.

Security_Information:

Security_Classification_System: Dataset Catalog Security
Classification

Security_Classification: Sensitive

Security_Handling Description: Public access denied

Cross_Reference:

Citation_Information:

Originator: Powell, B.F. et al.

Publication_Date: 2006

Title: Bird Monitoring Protocol for Sonoran Desert Net-
work Parks

Edition: 1.00

Publication_Information:

Publication_Place: Tucson, AZ

Publisher: NPS, Sonoran Desert Network

Online_Linkage:

NatureBib_Key ID:

NPS_Citation_Type: doc

Native_Dataset_Format:

Data_Quality_Information:

Attribute_Accuracy:

Attribute_Accuracy_Report:

Quantitative_Attribute Accuracy Assessment:

Attribute_Accuracy Value: Not defined

Attribute_Accuracy_Explanation:

Logical_Consistency_Report:

Completeness_Report: No monitoring data have been col-
lected yet.
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Lineage:

Spatial_Data_Organization_Information:

Direct_Spatial_Reference_Method:

Entity_and_Attribute_Information:

Detailed_Description:

Entity_Type:

Entity_Type_Label: tbl Bird Detections Data IN SODN_
BirdComm_be.mdb , (N/A)

Entity_Type_Definition: Bird detection information., Mi-
crosoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm _
be.mdb

Attribute:

Attribute_Label: Detection_ID

Attribute_Definition: Auto-generated unique bird detec-
tion identifier; Field Type= dbGUID, Field Size=
16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_ID

Attribute_Definition: Link to tbl_Events (FK); Field Type=
dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: AOU_Bird_Code

Attribute_Definition: AOU (American Ornithological
Union) code for the bird species; usually first
two letters of first and second words in common
name; Field Type= dbText, Field Size= 6.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Minute

Attribute_Definition: Minute, within the 8-minute count, in
which the bird(s) was first detected; ‘X’ indicates
an incidental observation outside the 8-minute
counts; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Flyover

Attribute_Definition: Indicates that the bird was observed
flying above the top of the vegetation canopy;
Field Type= dbBoolean, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Distance_m

Attribute_Definition: Distance in meters between observer
and the location of the bird where it was first de-
tected; 9999’ indicates a Flyover; Field Type=
dblInteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: OCP_Obs

Attribute_Definition: Indicates that the bird(s) was ob-
served outside of the 8-minute count period;
Field Type= dbBoolean, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Detection_Type

Attribute_Definition: Type of detection corresponding to
the first detection of the individual; Field Type=
dbText, Field Size= 3.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Flock_Size

Attribute_Definition: Number of individuals in a flock;
enter “1” for an individual bird detection; Field
Type= dblnteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Sex

Attribute_Definition: Sex of individual(s) detected; Field
Type= dbText, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Age Class

Attribute_Definition: Age class of the individual(s) detect-
ed; Field Type= dbText, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Previous_Point

Attribute_Definition: Indicates whether this bird was de-
tected at a previous point; Field Type= dbBool-
ean, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Detection_Notes

Attribute_Definition: Additional comments made by the
observer; Field Type= db'lext, Field Size= 255.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity Type Label:  tbl Breeding Behavior Data
SODN_BirdComm_be.mdb , (N/A)

Entity_Type_Definition: Breeding behavior(s) observed for
a bird at a sampling point., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Behavior 1D

Attribute_Definition: Auto-generated unique breeding
behavior identifier; Field Type= dbGUID, Field
Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Detection_ID

Attribute_Definition: Link to tbl_Bird_Detections_Data

IN
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(FK); Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Behavior_Type

Attribute_Definition: Breeding behavior(s) observed for a
bird detected at a point; Field Type= dbText, Field
Size= 2.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label: tbl Contacts IN SODN_BirdComm _
be.mdb, (N/A)

Entity_Type_Definition: Contact data for project-related
personnel., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Contact_ID

Attribute_Definition: Unique contact identifier (auto-
generated concatenation of Last Name First_
Name); Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Last Name

Attribute_Definition: Last name; Field Type= dbText, Field
Size=25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: First_ Name

Attribute_Definition: First name; Field Type= dbText, Field
Size=25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Middle_Init

Attribute_Definition: Middle initial; Field Type= dbText,
Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Organization

Attribute_Definition: Organization or employer; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Position_Title

Attribute_Definition: Title or position description; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Address_Type

Attribute_Definition: Address (mailing, physical, both)
type; Field Type= dbText, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Address

Attribute_Definition: Street address; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Address2

Attribute_Definition: Address line 2, suite, apartment num-
ber; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: City

Attribute_Definition: City or town; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: State_Code

Attribute_Definition: State or province; Field Type= db-
Text, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Zip_Code

Attribute_Definition: Zip code; Field Type= dbText, Field
Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Country

Attribute_Definition: Country; Field Type= dbText, Field
Size=10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Email _Address

Attribute_Definition: E-mail address; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Work _Phone

Attribute_Definition: Phone number; Field Type= dbText,
Field Size= 15.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Work Extension

Attribute_Definition: Phone extension; Field Type= db-
Text, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Contact_Notes

Attribute_Definition: Contact notes; Field Type= dbText,
Field Size= 100.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tbl Data Edits Log IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: History of edits to data values.,
Microsoft Access
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Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Data_Edit_ID

Attribute_Definition: Auto-generated unique data edit
identifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Db_Meta_ID

Attribute_Definition: Link to tbl_DB_Meta (FK); Field
Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Edit_Date

Attribute_Definition: Date of data edit; Field Type= db-
Date, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Edit_Type

Attribute_Definition: Type of edit performed on the data;
Field Type= dbText, Field Size=12.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Edit_Reason

Attribute_Definition: Reason for the data edit; Field Type=
dbMemo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Table_Edited

Attribute_Definition: Name of table in which data were ed-
ited; Field Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Fields_Edited

Attribute_Definition: Names of fields in which data were
edited; Field Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Records_Edited

Attribute_Definition: Description of the records that were
edited; Field Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Edit_Details

Attribute_Definition: Edit details; Field Type= dbMemo,
Field Size= 0.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tbl_ Db_Meta IN SODN_BirdComm _
be.mdb, (N/A)

Entity_Type_Definition: Database description and links to
1&M metadata tools., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_

be.mdb

Attribute:

Attribute_Label: Db_Meta_ 1D

Attribute_Definition: Auto-generated unique database
identifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Db_Name

Attribute_Definition: Name of the database; Field Type=
dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Db_Desc

Attribute_Definition: Description of the database purpose;
Field Type= dbMemo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Meta_ MID

Attribute_Definition: Link to NR-GIS Metadata Database;
Field Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: DSC_GUID

Attribute_Definition: Link to I&M Dataset Catalog desk-
top metadata tool; Field Type= dbLong, Field
Size=4.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tbl Db_Revisions IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Database revision history data.,
Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Revision_ID

Attribute_Definition: Database revision (version) number;
Field Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Db_Meta_ID

Attribute_Definition: Link to tbl_ DB_Meta (FK); Field
Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Revision_Date

Attribute_Definition: Database revision date; Field Type=
dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Revision_Reason

Attribute_Definition: Reason for the database revision;
Field Type= dbMemo, Field Size= 0.
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Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Revision_Desc

Attribute_Definition: Revision description; Field Type=
dbMemo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: tbl Dominant Overstory_Data IN
SODN_BirdComm_be.mdb, (N/A)

Entity_Type_Definition: Dominant overstory species with-
in vegetation subplots., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm
be.mdb

Attribute:

Attribute_Label: Overstory _ID

Attribute_Definition: Auto-generated unique dominant
overstory species identifier; Field Type= dbGUID,
Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Subplot_ID

Attribute_Definition: Link to tbl_Subplot_Veg Data (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Plant. Code

Attribute_Definition: Code for plant species greater than or
equal to 3 meters tall; Field Type= dbText, Field
Size=50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Cover_Est_pct

Attribute_Definition: Relative percent of the total overstory
cover occupied by the plant species in 10-meter
subplot; Field Type= dblInteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Num_Stems

Attribute_Definition: Number of stems of the plant species
within 10-meter subplot; Field Type= dblnteger,
Field Size= 2.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: tbl Dominant Understory_Data IN
SODN_BirdComm_be.mdb, (N/A)

Entity_Type Definition: Dominant understory species
within vegetation subplots., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm
be.mdb

Attribute:

Attribute_Label: Understory_ID

Attribute_Definition: Auto-generated unique dominant un-

derstory species identifier; Field Type= dbGUID,
Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Subplot_ID

Attribute_Definition: Link to tbl _Subplot_Veg Data (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Plant_Code

Attribute_Definition: Code for plant species less than 3 me-
ters tall; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Cover_Est_pct

Attribute_Definition: Relative percent of the total under-
story cover occupied by the plant species in the
10-meter subplot; Field Type= dblnteger, Field
Size= 2.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: tbl_Event_Conditions IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type Definition: Sampling event conditions., Mi-
crosoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm
be.mdb

Attribute:

Attribute_Label: Event_ID

Attribute_Definition: Link to tbl_Events (FK); Field Type=
dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Temp_degC

Attribute_Definition: Temperature in degrees Celsius at the
start of the sampling period; Field Type= dblInte-
ger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Temp_degC

Attribute_Definition: Temperature in degrees Celsius at the
end of the sampling period; Field Type= dblInte-
ger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start. Wind

Attribute_Definition: Wind speed at the start of the sam-
pling period; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Wind

Attribute_Definition: Wind speed at the end of the sam-
pling period; Field Type= dbText, Field Size= 1.
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Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start RH_pct

Attribute_Definition: Percent relative humidity at the start
of the sampling period; Field Type= dblnteger,
Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_RH_pct

Attribute_Definition: Percent relative humidity at the end
of the sampling period; Field Type= dblnteger,
Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Cloud_pct

Attribute_Definition: Percent cloud cover at the start of
the sampling period; Field Type= dbInteger, Field
Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Cloud_pct

Attribute_Definition: Percent cloud cover at the end of the
sampling period; Field Type= dblnteger, Field
Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Precip

Attribute_Definition: Precipitation condition at the start of
the sampling period; Field Type= dbText, Field
Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Precip

Attribute_Definition: Precipitation condition at the end of
the sampling period; Field Type= dbText, Field
Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Noise

Attribute_Definition: Noise level at the start of the sam-
pling period; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Noise

Attribute_Definition: Noise level at the end of the sampling
period; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tbl_Event Groups IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Event aggregations (e.g., seasons,
trips)., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm _

be.mdb

Attribute:

Attribute_Label: Event_Group_ID

Attribute_Definition: Auto-generated unique event group
identifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Date

Attribute_Definition: Starting date of the event group; Field
Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: End_Date

Attribute_Definition: Ending date of the event group; Field
Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Name

Attribute_Definition: Event group (e.g., season, trip) name;
Field Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Desc

Attribute_Definition: Event group description; Field Type=
dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Notes

Attribute_Definition: Event group notes; Field Type= db-
Memo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_Report

Attribute_Definition: Trip report, link to trip report, or
trip report name; Field Type= db'lext, Field Size=
255.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity _Type Label: tbl Events IN SODN_BirdComm_
be.mdb, (N/A)

Entity_Type_Definition: Sampling events; unique combi-
nation of when and where (sampling point) data
were collected., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Event 1D

Attribute_Definition: Auto-generated unique sampling
event identifier; Field Type= dbGUID, Field Size=
16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Location_ID
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Attribute_Definition: Link to tbl _Locations (FK); Field
Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_Group_ID

Attribute_Definition: Link to tbl_Event_Groups (FK); Field
Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Protocol ID

Attribute_Definition: Link to tbl _Protocols (FK); Field
Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Visit. Num

Attribute_Definition: Number of data collection visit to
this point in a year/season; Field Type= dbInteger,
Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Date

Attribute_Definition: Starting date of the event; Field Type=
dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Start_Time

Attribute_Definition: Starting time of the event; Field Type=
dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label: tbl Foliar Cover Data IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type Definition: Foliar cover within vegetation
subplots; based on modified Daubenmire cover
classes., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Foliar_ Cover ID

Attribute_Definition: Auto-generated unique foliar cover
identifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Subplot_ID

Attribute_Definition: Link to tbl_Subplot_Veg Data (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Perennial Grass

Attribute_Definition: Cover class for perennial grass in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Annual Grass

Attribute_Definition: Cover class for annual grass in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Forbs

Attribute_Definition: Cover class for forbs in 1.8-meter
subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Cactus

Attribute_Definition: Cover class for cactus in 1.8-meter
subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Succulents

Attribute_Definition: Cover class for succulents in 1.8-me-
ter subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Moss_Fern

Attribute_Definition: Cover class for moss and fern in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Shrubs_Vines

Attribute_Definition: Cover class for woody shrubs and
vines in 1.8-meter subplot; Field Type= dbText,
Field Size=1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Total_Foliar Cover

Attribute_Definition: Vertical projection of total foliar cov-
er of living vegetation (less than 1.5 m in height)
onto the ground surface in 1.8-meter subplot;
Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tbl_ Ground_Cover Data IN SODN_
BirdComm_be.mdb, (N/A)

Entity Type Definition: Ground cover within vegetation
subplots; based on modified Daubenmire cover
classes., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Ground_Cover ID

Attribute_Definition: Auto-generated unique ground cover
identifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Subplot_ID

Attribute_Definition: Link to tbl_Subplot_Veg Data (FK);
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Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Leaf Litter

Attribute_Definition: Cover class for leaf litter in 1.8-meter
subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Grass_Litter

Attribute_Definition: Cover class for grass litter in 1.8-me-
ter subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Bare_Soil

Attribute_Definition: Cover class for bare soil in 1.8-meter
subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Rock

Attribute_Definition: Cover class for rock in 1.8-meter sub-
plot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Woody_Debris

Attribute_Definition: Cover class for woody debris in 1.8-
meter subplot; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Unvegetated

Attribute_Definition: Cover class for unvegetated ground
surface in 1.8-meter subplot; Field Type= dbText,
Field Size=1.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: tbl_Incidental Data IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Incidental species detections data
(not observed during point transect surveys).,
Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm _
be.mdb

Attribute:

Attribute_Label: Incidental _Data_ID

Attribute_Definition: Auto-generated unique incidental
species detection identifier; Field Type= dbGUID,
Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Incidental _Event ID

Attribute_Definition: Link to tbl_Incidental_Events (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Taxon

Attribute_Definition: Taxonomic class; Field Type= dbText,
Field Size= 6.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Species_Code

Attribute_Definition: Code for species detected inciden-
tally; Field Type= dbText, Field Size= 6.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Num_Indiv

Attribute_Definition: Number of individuals of a single
species detected; Field Type= dblnteger, Field
Size=2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Sex

Attribute_Definition: Sex of individual(s) detected; Field
Type= dbText, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Age Class

Attribute_Definition: Age class of the individual(s) detect-
ed; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Incidental_Obs_Notes

Attribute_Definition: Comments about individual(s) de-
tected; Field Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:
Entity Type Label: tbl Incidental Data Locations
SODN_BirdComm_be.mdb , (N/A)
Entity_Type_Definition: Incidental species detections loca-
tions., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Incidental Loc_ID

Attribute_Definition: Auto-generated unique incidental
data location identifier; Field Type= dbGUID,
Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Incidental _Data_ID

Attribute_Definition: Link to tbl_Incidental_Data (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: X_Coord

Attribute_Definition: X coordinate; Field Type= dbDouble,
Field Size=8.

Attribute_Definition_Source: Not Defined

IN
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Attribute:

Attribute_Label: Y_Coord

Attribute_Definition: Y coordinate; Field Type= dbDouble,
Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Coord_Units

Attribute_Definition: Coordinate distance units; Field
Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Coord_System

Attribute_Definition: Coordinate system; Field Type= db-
Text, Field Size= 20.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: UTM_Zone

Attribute_Definition: UTM Zone; Field Type= dbText,
Field Size= 3.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Datum

Attribute_Definition: Datum of mapping ellipsoid; Field
Type= dbText, Field Size= 5.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Est H_Error

Attribute_Definition: Estimated horizontal accuracy; Field
Type= dbSingle, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Accuracy_Notes

Attribute_Definition: Positional accuracy notes; Field
Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label:tbl_Incidental EventsINSODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Incidental species observations.,
Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Incidental Event ID

Attribute_Definition: Auto-generated unique incidental
event identifier; Field Type= dbGUID, Field Size=
16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Unit_Code

Attribute_Definition: Park, monument, or network code;
Field Type= dbText, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Detection_Date

Attribute_Definition: Date of species detection; Field Type=
dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Detection_Time

Attribute_Definition: Time of species detection; Field
Type= dbDate, Field Size= 8.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tbl ITIS Bird List IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: ITIS Bird Species List., Microsoft
Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Symbol

Attribute_Definition: Code representing a bird species.
Usually first two letters of first and second words
in common name. Assigned by American Orni-
thological Union in 2003.; Field Type= dbText,
Field Size= 6.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Common_Name

Attribute_Definition: Accepted common name from ITIS;
Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Scientific Name

Attribute_Definition: Concatenation of the accepted genus
specific epithet (and infrasp epithet if applicable);
Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Genus

Attribute_Definition: Accepted genus from ITIS; Field
Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Specific_Epithet

Attribute_Definition: Accepted specific epithet from ITIS;
Field Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Authority

Attribute_Definition: Authority for the scientific bionomial
from ITIS; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Rank
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Attribute_Definition: Subspecific taxonomic category from
ITIS; Field Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Epithet

Attribute_Definition: Subspecific epithet from ITIS; Field
Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Authority

Attribute_Definition: Authority for the subspecific epithet
from ITIS; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Full_Name

Attribute_Definition: Concatenation of genus, specific epi-
thet (infrasp epithet) authority; Field Type= db-
Text, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: TSN

Attribute_Definition: Taxonomic Serial Number from ITIS;
Field Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Kingdom

Attribute_Definition: Accepted kingdom from ITIS; Field
Type= dbText, Field Size= 20.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Order

Attribute_Definition: Accepted oder from ITIS; Field Type=
dbText, Field Size= 25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Family

Attribute_Definition: Accepted family from ITIS; Field
Type= dbText, Field Size= 25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Neotropical Migrant

Attribute_Definition: Species of birds, all or part of whose
populations breed north of the Tropic of Cancer
and winter south of that line (Rappole 1995: 173-
182).; Field Type= dbBoolean, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Non_Native

Attribute_Definition: Indicates if a species is not native to
the area it was found.; Field Type= dbBoolean,
Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: ESA

Attribute_Definition: Endangered Species Act conserva-
tion listing.; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: ESA_Date

Attribute_Definition: Date of ESA listing.; Field Type= db-
Date, Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Crit_Hab

Attribute_Definition: Indicates whether there is a Critical
Habitat designation by the ESA.; Field Type= db-
Text, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: BLM

Attribute_Definition: Bureau of Land Management con-
servation listing.; Field Type= dbText, Field Size=
50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: USFS

Attribute_Definition: U.S. Forest Service conservation list-
ing.; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: NESL

Attribute_Definition: Navajo Endangered Species List list-
ing.; Field Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Mex_Fed

Attribute_Definition: Mexican Federal Endangered Species
List listing.; Field Type= dblext, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: WSCA

Attribute_Definition: Wildlife of Special Concern in Ari-
zona listing.; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: APF

Attribute_Definition: Arizona Partners in Fight listing.;
Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: USFWS

Attribute_Definition: U.S. Fish and Wildlife Service; BCC
- Bird of Conservation Concern; Field Type= db-
Text, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: G_Rank

Attribute_Definition: Global Ranking; Field Type= dbText,




Section 2: Standard Operating Procedures

125

Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: S_Rank

Attribute_Definition: State Ranking; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label: tbl ITIS Veg List IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: ITIS Vegetation Species List., Mi-
crosoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Symbol

Attribute_Definition: USDA Plants database four letter
code; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Common_Name

Attribute_Definition: Accepted common name from ITIS;
Field Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Scientific Name

Attribute_Definition: Concatenation of the accepted genus
specific epithet (and infrasp rank and epithet if
applicable); Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Genus

Attribute_Definition: Accepted genus from ITIS; Field
Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Specific_Epithet

Attribute_Definition: Accepted specific epithet from ITIS;
Field Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Authority

Attribute_Definition: Authority for the scientific bionomial
from ITIS; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Rank

Attribute_Definition: Subspecific taxonomic category from
ITIS; Field Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Epithet

Attribute_Definition: Subspecific epithet from ITIS; Field

Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Infrasp_Authority

Attribute_Definition: Authority for the subspecific epithet
from ITIS; Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Full_Name

Attribute_Definition: Concatenation of genus, specific epi-
thet, authority, infrasp_rank, infrasp_epithet, in-
frasp_authority; Field Type= dbText, Field Size=
255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: TSN

Attribute_Definition: Taxonomic Serial Number from ITIS;
Field Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Kingdom

Attribute_Definition: Accepted kingdom from ITIS; Field
Type= dbText, Field Size= 20.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Family

Attribute_Definition: Accepeted family name from ITIS;
Field Type= dbText, Field Size= 40.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Nativity

Attribute_Definition: Plant’s nativity status in the United
States by the USDA PLANTS database; Field
Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Growth_Habit

Attribute_Definition: Plant growth form as defined by the
USDA PLANTS database; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Duration

Attribute_Definition: Plant’s normal life span by the USDA
PLANTS database; Field Type= dbText, Field
Size=10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: ESA

Attribute_Definition: Endangered Species Status; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: ESA_Date
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Attribute_Definition: Date of Listing; Field Type= dbDate,
Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Crit_Hab

Attribute_Definition: Critical Habitat; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: BLM

Attribute_Definition: Bureau of Land Management; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: USFS

Attribute_Definition: U.S. Forest Service; Field Type= db-
Text, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: NESL

Attribute_Definition: Navajo Endangered Species List;
Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Mex_Fed

Attribute_Definition: Mexican Status; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: WSCA

Attribute_Definition: Wildlife Species of Special Concern:
AZ Game and Fish; Field Type= dbText, Field
Size=50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: NPL

Attribute_Definition: Arizona Native Plant Law; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: G_Rank

Attribute_Definition: Global Ranking; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: S_Rank

Attribute_Definition: State Ranking; Field Type= dbText,
Field Size= 50.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tbl Land Cover Data IN SODN_
BirdComm_be.mdb , (N/A)

Entity_Type_Definition: Vegetation and other land cover

types data for the 75-meter habitat plot., Micro-
soft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Land_Cover_ID

Attribute_Definition: Auto-generated unique land cover
type identifier; Field Type= dbGUID, Field Size=
16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Location_ID

Attribute_Definition: Link to tbl_Locations (FK); Field
Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Land_Cover_Type

Attribute_Definition: Major vegetation community and
other land use types on the 75-meter plot; Field
Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Cover_Class

Attribute_Definition: Modified Daubenmire cover class
based on ocular estimate of percent coverage of
major vegetation community and other land use
types; Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: tbl_Locations IN SODN_BirdComm _
be.mdb, (N/A)

Entity_Type_Definition: Sampling unit (point) locations.,
Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Location_ID

Attribute_Definition: Auto-generated unique location
identifier; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Site_1D

Attribute_Definition: Link to tbl_Sites (FK); Field Type=
dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Loc_Name

Attribute_Definition: Name of the location (point); Field
Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Slope_deg

Attribute_Definition: Slope of ground in degrees across the
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entire 75-meter-radius plot; Field Type= dblnte-
ger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Slope_Var

Attribute_Definition: Slope variability across the entire
75-meter-radius plot; Field Type= dbText, Field
Size=10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Aspect_deg

Attribute_Definition: Slope direction (aspect) of the en-
tire 75-meter-radius plot; Field Type= dbInteger,
Field Size=2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Aspect_Var

Attribute_Definition: Aspect (direction of slope) variabil-
ity across the entire 75-meter-radius plot; Field
Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Topo_Position

Attribute_Definition: Topographic position of the point
relative to its local position on the earth’s surface;
Field Type= dbText, Field Size= 25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Loc_Notes

Attribute_Definition: General notes on the location; Field
Type= dbMemo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: X_Coord

Attribute_Definition: X coordinate; Field Type= dbDouble,
Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Y_Coord

Attribute_Definition: Y coordinate; Field Type= dbDouble,
Field Size= 8.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Coord_Units

Attribute_Definition: Coordinate distance units; Field
Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Coord_System

Attribute_Definition: Coordinate system; Field Type= db-
Text, Field Size= 20.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: UTM_Zone

Attribute_Definition: UTM Zone; Field Type= dbText,
Field Size= 3.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Datum

Attribute_Definition: Datum of mapping ellipsoid; Field
Type= dbText, Field Size=5.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Est H_Error

Attribute_Definition: Estimated horizontal accuracy; Field
Type= dbSingle, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Accuracy_Notes

Attribute_Definition: Positional accuracy notes; Field
Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tbl Parks IN SODN_BirdComm_
be.mdb , (N/A)

Entity_Type_Definition: Parks and management subunits
within the Sonoran Desert Network., Microsoft
Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Unit_Code

Attribute_Definition: Park, monument, or network code;
Field Type= dbText, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Unit_ Name

Attribute_Definition: Park, monument, or network full
name; Field Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label: tbl_Protocols IN SODN_BirdComm_
be.mdb , (N/A)

Entity_Type_Definition: Monitoring protocols that govern
sampling events., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Protocol ID

Attribute_Definition: Auto-generated unique protocol
identifier; Field Type= dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Protocol Name

Attribute_Definition: Name of the protocol governing the
event; Field Type= dbText, Field Size= 100.
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Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Protocol_Version

Attribute_Definition: Version of the protocol governing the
event; Field Type= dbText, Field Size= 10.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Effective_Date

Attribute_Definition: Date the protocol version was ad-
opted for network use; Field Type= dbDate, Field
Size=8.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tbl_Sites
be.mdb, (N/A)

Entity_Type_Definition: Location aggregations (transects
and groups) of sampling point locations., Micro-
soft Access

Entity_Type_Definition_Source: IN SODN_BirdComm _
be.mdb

Attribute:

Attribute_Label: Site_ID

Attribute_Definition: Auto-generated unique site identifier;
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Unit_Code

Attribute_Definition: Park, monument, or network code;
Field Type= dbText, Field Size= 4.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Site_Type

Attribute_Definition: Type of site (Transect or Group;
points located along a transect are dependent;
points within a group are independent); Field
Type= dbText, Field Size= 25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Site_Name

Attribute_Definition: Unique name or code for a site; Field
Type= dbText, Field Size= 100.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Site_Desc

Attribute_Definition: Description of a site; Field Type= db-
Text, Field Size= 255.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Site_Notes

Attribute_Definition: General notes on the site; Field Type=
dbMemo, Field Size= 0.

Attribute_Definition_Source: Not Defined

Attribute:

IN SODN_BirdComm_

Attribute_Label: Project_Code

Attribute_Definition: Project code; for linking information
with other data sets and applications or to aggre-
gate multiple databases for integrated analysis;
Field Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Meta_ MID

Attribute_Definition: Link to NR-GIS Metadata Data-
base (metadata for spatial data set); Field Type=
dbLong, Field Size= 4.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tbl Subplot_Veg Data IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type_Definition: Vegetation subplot data., Micro-
soft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Subplot_ID

Attribute_Definition: Auto-generated unique vegetation
subplot identifier; Field Type= dbGUID, Field
Size=16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Event_1D

Attribute_Definition: Link to tbl_Events (FK); Field Type=
dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Subplot_Num

Attribute_Definition: Number assigned to the subplot (1-
4); Field Type= dbInteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Photo_Taken

Attribute_Definition: Indicates whether a photo was tak-
en of the subplot; Field Type= dbBoolean, Field
Size=1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Canopy_Cvr_N

Attribute_Definition: Densiometer count for canopy cover
facing north; Field Type= dblnteger, Field Size=
2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Canopy_Cvr_E

Attribute_Definition: Densiometer count for canopy cover
facing east; Field Type= dbInteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:
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Attribute_Label: Canopy_Cvr_S

Attribute_Definition: Densiometer count for canopy cover
facing south; Field Type= dblnteger, Field Size=
2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Canopy_Cvr_W

Attribute_Definition: Densiometer count for canopy cover
facing west; Field Type= dbInteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Horiz_Veg Cvr_A

Attribute_Definition: Number of bands on the cover pole
that are covered by vegetation (direction A); Field
Type= dblnteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Horiz_Veg Cvr_B

Attribute_Definition: Number of bands on the cover pole
that are covered by vegetation (direction B); Field
Type= dblnteger, Field Size= 2.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label: tlu Breeding Behaviors IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type_Definition: Breeding behaviors., Microsoft
Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Behavior_Code

Attribute_Definition: Code indicating a breeding behavior;
Field Type= dbText, Field Size= 2.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Behavior_Desc

Attribute_Definition: Breeding behavior description; Field
Type= dbText, Field Size= 35.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type Label: tlu_Cover Classes IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Modified Daubenmire cover
classes., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Cover_Code

Attribute_Definition: Code indicating modified Dauben-
mire cover class; Field Type= dbText, Field Size=
1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Cover_Class

Attribute_Definition: Cover class percentage range; Field
Type= dbText, Field Size=12.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity _Type Label: tlu_Detection_Types IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Types of bird detections., Micro-
soft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Detection_Code

Attribute_Definition: Code indicating type of bird detec-
tion; Field Type= dbText, Field Size= 3.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Detection_Desc

Attribute_Definition: Detection type description; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tlu_Edit Types
Comm_be.mdb, (N/A)

Entity_Type_Definition: Types of data edits., Microsoft Ac-
cess

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Data_Edit_Type

Attribute_Definition: Type of edit made; Field Type= db-
Text, Field Size= 12.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Edit_Type_Desc

Attribute_Definition: Data edit type description; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tlu_Growth Habits IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Plant growth habits., Microsoft
Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Growth_Habit

Attribute_Definition: Plant growth habit; Field Type= db-
Text, Field Size= 15.

Attribute_Definition_Source: Not Defined

IN SODN_Bird-
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Attribute:

Attribute_Label: Habit_Definition

Attribute_Definition: Growth habit definition; Field Type=
dbText, Field Size= 200.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tlu Land_Cover Types IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type_Definition: Land cover types., Microsoft Ac-
cess

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Land_Cover _Type

Attribute_Definition: Type of land cover; Field Type= db-
Text, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Land_Cover_Desc

Attribute_Definition: Land cover type description; Field
Type= dbText, Field Size= 125.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity Type Label: tlu Noise_Levels IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Background noise levels., Micro-
soft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Noise_Level Code

Attribute_Definition: Code indicating noise level; Field
Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Noise_Level Desc

Attribute_Definition: Noise level description; Field Type=
dbText, Field Size= 75.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type Label: tlu_Precipitation Types IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type_Definition: Precipitation types., Microsoft
Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Precip_Code

Attribute_Definition: Code indicating precipitation type;
Field Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Precip_Desc

Attribute_Definition: Precipitation description; Field Type=
dbText, Field Size= 60.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tlu_Topo_Positions IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Topographic positions., Microsoft
Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Topo_Position

Attribute_Definition: Topographic position; Field Type=
dbText, Field Size= 25.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Topo_Position_Desc

Attribute_Definition: Topographic position description;
Field Type= dbText, Field Size= 255.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity Type Label: tlu_Wind_Speeds IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Wind speeds., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Wind_Code

Attribute_Definition: Code indicating wind speed; Field
Type= dbText, Field Size= 1.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Wind_Speed

Attribute_Definition: Wind speed description based on
Beaufort scale; Field Type= dbText, Field Size=
75.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity Type:

Entity_Type_Label: xref Edits_Contacts IN SODN_Bird-
Comm_be.mdb, (N/A)

Entity_Type_Definition: Cross-reference table between
data edits and contacts., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm_
be.mdb

Attribute:

Attribute_Label: Data_Edit_ID

Attribute_Definition: Link to tbl Data Edits Log (FK);
Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined
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Attribute:

Attribute_Label: Contact_ID

Attribute_Definition: Link to tbl _Contacts (FK); Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: EAit._ Role

Attribute_Definition: The contact’s role in the data edit;
Field Type= dbText, Field Size= 16.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: xref Events_Contacts IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type Definition: Cross-reference table between
events and contacts., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm
be.mdb

Attribute:

Attribute_Label: Event_ID

Attribute_Definition: Link to tbl_Events or tbl_Incidental
Events; Field Type= dbGUID, Field Size= 16.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Contact_ID

Attribute_Definition: Link to tbl_Contacts; Field Type= db-
Text, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Contact_Role

Attribute_Definition: The contact’s role in the sampling
event; Field Type= dbText, Field Size= 30.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Experience_Level

Attribute_Definition: The contact’s level of experience or
confidence related to their role in the sampling
event; Field Type= dbText, Field Size= 6.

Attribute_Definition_Source: Not Defined

Detailed_Description:

Entity_Type:

Entity_Type_Label: xref Revisions_Contacts IN SODN_
BirdComm_be.mdb, (N/A)

Entity_Type_Definition: Cross-reference table between da-
tabase revisions and contacts., Microsoft Access

Entity_Type_Definition_Source: IN SODN_BirdComm
be.mdb

Attribute:

Attribute_Label: Revision_ID

Attribute_Definition: Link to tbl Db_Revisions; Field
Type= dbText, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Contact_ID

Attribute_Definition: Link to tbl_Contacts; Field Type= db-
Text, Field Size= 50.

Attribute_Definition_Source: Not Defined

Attribute:

Attribute_Label: Revision_Role

Attribute_Definition: The contact’s role in the revision;
Field Type= dbText, Field Size= 18.

Attribute_Definition_Source: Not Defined

Distribution_Information:

Distributor:

Contact_Information:

Contact_Person_Primary:

Contact_Person: Angell, Deborah

Contact_Organization: National Park Service, Sonoran
Desert Inventory & Monitoring Network

Contact_Position: Network Data Manager

Contact_Address:

Address_Type: mailing and physical

Address: 7660 E. Broadway Blvd., Suite 303

City: Tucson

State_or Province: AZ

Postal_Code: 85710

Country: USA

Contact_Voice_Telephone: (520) 731-3420, Ext. 1#

Contact_Facsimile_Telephone: (520) 546-7601

Contact_Electronic_Mail_Address: Deborah_Angell@nps.
gov

Hours_of Service: 8:00 am - 4:30 pm, Monday - Friday

Contact_Instructions: Please use e-mail when possible.

Resource_Description: SODN, WM-BirdComm Bird
Community Dynamics Monitoring Database for
Sonoran Desert Network Parks

Distribution_Liability: The National Park Service shall
not be held liable for improper or incorrect use
of the data described and/or contained herein.
These data and related graphics (if available) are
not legal documents and are not intended to be
used as such. The information contained in these
data is dynamic and may change over time. The
data are not better than the original sources from
which they were derived. It is the responsibil-
ity of the data user to use the data appropriately
and consistent within the limitations of geospa-
tial data in general and these data in particular.
Any related graphics (if available) are intended
to aid the data user in acquiring relevant data; it
is not appropriate to use related graphics as data.
The National Park Service gives no warranty, ex-
pressed or implied, as to the accuracy, reliability,
or completeness of these data. It is strongly rec-
ommended that these data are directly acquired
from an NPS server and not indirectly through
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other sources which may have changed the data
in some way. Although these data have been pro-
cessed successfully on a computer system at the
National Park Service, no warranty expressed or
implied is made regarding the utility of the data
on another system or for general or scientific pur-
poses, nor shall the act of distribution constitute
any such warranty. This disclaimer applies both to
individual use of the data and aggregate use with
other data. All World Wide Web addresses were
valid when this metadata was created.

Standard_Order_Process:

Digital Form:

Digital_Transfer_Information:

Format_Name: Microsoft Access 2002 database (mdb
file)

Transfer_Size: 1.91

Digital_Transfer_Option:

Omnline_Option:

Computer_Contact_Information:

Network_Address:

Network_Resource_Name:

Fees: Free

Ordering Instructions: I&M (Contact Name)

Technical_Prerequisites: Does data need to be converted?
None

Metadata_Reference_Information:

Metadata_Date: 20060626

Metadata_Review_Date: 20060626

Metadata_Contact:

Contact_Information:

Contact_Person_Primary:

Contact_Person: Angell, Deborah

Contact_Organization: National Park Service, Sonoran
Desert Inventory & Monitoring Network

Contact_Position: Network Data Manager

Contact_Address:

Address_Type: mailing and physical

Addpress: 7660 E. Broadway Blvd., Suite 303

City: Tucson

State_or_Province: AZ

Postal_Code: 85710

Country: USA

Contact_Voice_Telephone: (520) 731-3420, Ext. 1#

Contact_Facsimile_Telephone: (520) 546-7601

Contact_Electronic_Mail_Address: Deborah_Angell@nps.
gov

Hours_of Service: 8:00 am - 4:30 pm, Monday - Friday

Contact_Instructions: Please use e-mail when possible.

Metadata_Standard_Name: FGDC

Metadata_Standard_Version: FGDC-STD-001-1998

Metadata_Extensions:

Online_Linkage: ~ <http://nrdata.nps.gov/profiles/NPS_
Profile.xml>
Profile_Name: NPS NR and GIS Metadata Profile

Generated by mp version
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Appendix 7.01.5. SODN Project Data Certification Form for the SODN
Landbird Monitoring Database

Project Data Certification Form

Data certification is the stage in project data management confirming that the data: 1) have under-
gone and passed quality-assurance checks; 2) are complete for the period of record; and 3) are fully
documented and ready for archiving, posting, and distribution as appropriate. Certification is not
intended to and does not imply that the data are completely free of errors or inconsistencies that
may or may not have been detected during quality assurance reviews.

1) Certification date:
2) Certified by:
Title:
Affiliation:
3) Project code:
Project title:
4) Range of dates for certified data:
Description of data being certified:

5) List the parks included in the certified data set, and provide any park-specific details about this
certification:

Park Details

6) This certification refers to data in accompanying files. Check all that apply, and indicate file
names and current locations to the right:

Database file(s):

Spatial data layer(s):

Other (specify):

Certified data are already in the master version of a park, SODN, or NPS database.
Please indicate the database system(s):

7) Do the certified data include any sensitive information (e.g., southwestern willow flycatcher nest
sites, cave locations, rare plant locations) that may put resources at greater risk if released to
the public?

No Yes
Details:

8) Description of data processing and quality assurance measures. (Note: These may be cut and
pasted from corresponding sections of the protocol and/or SOPs.)

9) Results and summary of quality assurance reviews, explain the steps taken to resolve problems
encountered during data processing and quality reviews.
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SOP #8: Data Summary and Analysis

Version 1.02 (May 5, 2007)

Revision History Log

Previous Revision

Version # date Author

Changes made

Section and
paragraph

Reason for change

New
Version #

This SOP provides an overview of the proce-
dures to be used for analyzing point-transect
and associated environmental data for landbird
monitoring in SODN parks. Annual reports
will include species lists as well as information
on species richness and relative abundance of
each bird species in each park. This SOP also
reviews approaches and tools to be used during
a program-review process that will occur every
five years and involve density, occupancy, and
trend estimation.

Annual Data Summary and Analysis

Parameters that we have selected for annual
summary will provide simple descriptive infor-
mation on the occurrence and distribution of
birds. The most basic statistics to be included
in annual reports will summarize survey effort,
relative abundance of each species, and com-
munity-level parameters such as species rich-
ness. In the future, we will incorporate auto-
mated functions into the database to allow data
summaries at various spatial scales for several
applications. Annual reports will conform to
the standards outlined in SOP #9.

Survey effort

An appendix to each annual report will sum-
marize the number of points and transects
surveyed within each park and the number of
visits to each (see Supplement B, Table 1, for ex-
ample). Annual reports will also contain a table
within the text that summarizes total survey ef-
fort within each park and across the network.
We will also include a map detailing the loca-

tion of all points that we survey.

Population and community parameters

In annual reports, we will summarize the fol-
lowing parameters:

« Relative abundance: the total number of
individuals observed of each species scaled
by survey effort. Survey effort will equal the
number of points multiplied by the num-
ber of visits.

«  Observed species richness: the number of
species observed during surveys during a
specific time period.

« Estimated species richness: corrects for
species that are present but undetected by
modeling detections with use of a capture-
recapture model (Williams et al. 2002) and
thereby can improve naive estimates of ob-
served species richness. We will estimate
species richness using a bootstrap method
in which points are resampled with re-
placement. The model output provides an
estimate of the mean number of species
present, standard errors, and 95% confi-
dence intervals.

Automated report functions: Birds

We will summarize data with use of a database
script called BirdMonitoring that is currently
under construction. Once opened, BirdMoni-
toring will display a number of automated ana-
lytical tools to calculate survey effort and the
parameters discussed above. All of the auto-
mated functions will use all data collected at a
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point (i.e., regardless of the distance from the
point) except those birds that were not identi-
fied to species. Summaries will be performed at
various spatial scales. Ed Debevec (Institute of
Arctic Biology, University of Alaska, Fairbanks)
developed the R code for many of these appli-
cations; these codes will be modified and incor-
porated into the database in late 2007.

Environmental data

Procedures for documenting environmental
features at bird-survey points are described in
SOP #6. We will collect data every five years at
the spatial scale of the point (75-m radius) and
subplot (various radii). Below, we discuss ap-
proaches for summarizing these data at both
spatial scales.

75-m plot scale

We will subdivide summary data for environ-
mental features within 75 m of survey points
into “permanent” and “semi-permanent” fea-
tures. We consider permanent features to be
those that will not change over the course of the
monitoring program: topographic position, as-
pect, and slope. We will measure these features
only once and assign values to a permanent
table in the database. We consider cover type to
be a semi-permanent feature that is unlikely to
change except over longer time periods.

Subplot scale

Most of the environmental data associated
with each bird point will be collected at four
subplots (see SOP #6, Figure 6.01.1); these data
characterize vegetation and groundcover fea-
tures. We will estimate and report all vegetation
data for each point such that variation among
subplots can provide estimates of precision. We
will measure ground cover and foliage cover as
percents and report means * 1 SD for each cat-
egory. Similarly, canopy cover will be converted
to a percent and reported as mean + 1 SD.

We will summarize data on dominant plant
species in both the understory and overstory by
calculating total-cover estimates and stem den-
sity, adding results from each subplot for each
species and presenting data from the most- to
least-dominant species based on cover. Pho-
tographs for each subplot will be incorporated
into the database but will not be a component

of the data analysis. Rather, these images will
serve to relocate plots and in interpretation.

Automated report functions:
Environmental data

Environmental data will be summarized via au-
tomated functions embedded within the data-
base. These automated functions are now being
developed. For permanent features, summary
statistics will be listed as means + SD for con-
tinuous factors and as percentages by category
for categorical data.

Parameter Estimation

The goals of this monitoring program are to
detect trends in density, occupancy, and rela-
tive abundance of birds. This section provides
a general guideline for calculating parameter
estimates and assessing trend over time, and
includes discussion of computer software that
is now used to estimate these parameters and
test for trends. We have omitted step-by-step
instructions for using software because rapid
advances in these tools are expected to occur
before density and occupancy parameters are
calculated and trends assessed after the 3-5-
year program review.

Density

We will estimate density at various spatial and
temporal scales:

1. Annually for common species at some
parks.

2. Annually for species within each vegetation
community among all parks combined.

3. During longer time intervals (2-5 yrs) for
rarer species that require a greater number
of detections to generate estimates at scales
one and two.

The Distance program is the software package
of choice for density estimation based on dis-
tance sampling methods (Thomas et al. 2005).
The theoretical foundation and practical appli-
cation of the program are discussed by Buck-
land et al. (2001, 2004); these references are
essential reading for anyone who plans to use
Distance.

In the last three years, there have been dramatic
improvements in the functionality and user in-
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terface of Distance. Recent versions can now
interface with the statistical-analysis software
R. There are also built-in GIS capabilities in the
Distance program. Future versions will accom-
modate design-based estimates of abundance
that are applicable to this project, power analy-
sis, and a better GIS interface. Further, the Dis-
tance development website continues to host
many modules for data analysis and presenta-
tion, many of which may useful for our purpos-
es. Finally, the interface with R will produce an
abundance of analytical modules for density es-
timation, graphical presentation, and trend de-
tection. As a result, this SOP will be revised af-
ter the fourth field season to incorporate these
new features into a comprehensive “cookbook”
for parameter estimation and trend detection
using the most up-to-date tools.

Occupancy

There are currently two software programs
in use for occupancy estimation: Presence
(MacKenzie et al. 2002) and MARK (White and
Burnham 1999). At this time, we advocate use
of Presence because MARK is more complicat-
ed to learn and there are likely to be significant-
ly more advances in Presence in the next few
years, including application of both maximum
likelihood and Bayesian estimation methods.

Trend detection

There are many statistical software packages
available for trend analysis. The open-source
statistical package R is becoming increasingly
popular for statistical computing and graphics.
R includes an effective data-handling and stor-
age facility; a suite of operators for calculations
on arrays; a large, coherent, integrated collec-
tion of intermediate tools for data analysis;
graphical facilities for data analysis; and display
either on-screen or in hard copy. For our pur-
poses, statisticians at the University of Alaska—
Fairbanks, Alaska Center for Environmental
Statistics, are developing a software package
for R to analyze data for trend detection (called
Trends and Abundance Monitoring). This
package will be modified to analyze data for the
SODN, and we will develop a complete SOP
on exporting data into R, running the analyses,
and presenting results.

Procedures for Detecting Trends

These will be developed in the future. Thomas
et al. (2004) provides an excellent overview of
trend detection in bird counts.

General Approaches to Variance
Partitioning and Determining
Program Effectiveness

Estimating abundance and occupancy at vari-
ous spatial and temporal scales is not the ul-
timate goal of the landbird-monitoring pro-
gram. Rather, our goal is detect trends in these
parameters over time. The program design
that we advocate appears to be a reasonable
tradeoftf between the amount of information
gained and financial cost. However, we will not
know if our objective of detecting meaningful
changes in landbird monitoring parameters has
been reached until a thorough review of the
program takes places after 3 to 5 years. To fa-
cilitate that evaluation, we have created a gen-
eral framework for variance partitioning that
informs our ability to detect trends. We give
an example of this approach in Supplement A.
This work derives from the pioneering work of
Scott Urquart, Thomas Kincaid, and others at
the EMAP program (see Urquhart and Kincaid
1999; Kincaid et al. 2004).

We have designed the program to allow for the
partitioning of variance that we address in Sup-
plement A. We will visit the same sites each year
and visit each site multiple times each season.
We suggest that these data be used for variance
partitioning according to the methods outlined
in Kincaid et al. (2004), who used SAS to parti-
tion variance. We were able to do the same in
the program JMP using the Variability Chart
function for equal sample sizes (equal number
of within-season visits).

Additional Applications for Bird
Monitoring Data: Creating Bird-
habitat Associations

Data collected from this monitoring program
can provide invaluable information on a range
of important topics in addition to param-
eter estimation and trend detection. Assum-
ing that these data are collected continuously,
they would represent one of the most inten-
sive landbird monitoring efforts in the greater
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Sonoran Desert region. These data could then
be used to build habitat-associations models
that would facilitate identification of impor-
tant landscape variables, identify target species
for conservation, and build predictive models
(e.g., Macfaden and Capen 2002; Manley et al.
2004). Other areas of investigation may include
determining changes in bird communities
(abundance, distribution, composition) in re-
sponse to changes in environmental character-
istics (e.g., Krueper et al. 2003). Guidance for
building bird-habitat relationships is beyond
the scope of this protocol; we refer the reader
to (Morrison et al. 1998) for myriad approaches
to this topic (McGarigal et al. 20005 Scott et al.
2002).
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SOP #9: Report Compilation

Version 1.02 (May 5, 2007)

Revision History Log

New
Version #

Previous Revision Section and

Version # date Author Changes made paragraph Reason for change

Formal reports submitted to the SODN should be written and formatted in accordance with the In-
structions for Authors and other guidelines for NPS Natural Resource Publications found at http://
www.nature.nps.gov/publications/NRPM/index.cfm.
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SOP #10: Post-Field-Season Procedures

Version 1.02 (May 5, 2007)

Revision History Log

New
Version #

Section and
paragraph

Previous Revision

Version # date Author

Changes made Reason for change

This SOP explains procedures that all observ-
ers for the landbird monitoring program for the
SODN should be familiar with and follow after
the field season is completed.

Procedures

1.

Clean and repair all equipment before re-
turning it to the project manager. Only
the project manager or another appointed
person will return equipment to the appro-
priate location in the SODN I&M office in
Tucson. Prior to that, all returned equip-
ment will be inspected for damage and any
missing equipment will be noted for the
next field season. All reference manuals
should be re-shelved on their appropri-
ate bookshelf. Other reference materials
and extra data forms need to be filed in
their appropriate filing cabinet. Clean the
insides and outsides of all vehicles used in
the field.

The project manager will be responsible
for ensuring that each observer completes
an exit questionnaire prior to their leaving
the project. Information obtained from ob-
servers may inform protocol modifications
and assist with refining the management of
the program. If some of the questions per-
tain to sensitive information, observers can
opt not to answer them and, instead, will
be given a chance to discuss them person-
ally with the project manager or other ap-
propriate person in the SODN I&M office.
Observers should be encouraged to answer
the following in as much detail as possible:

Do you have any knowledge of unusual
conditions over the course of the season
(e.g., insect activity) that may have affected
the bird communities?

Do you have any information about site-
specific impacts that we should know
about?

What are your feelings about the expecta-
tions placed on you, the amount of work,
and the field conditions? Can you suggest
ways to improve the experience for future
observers?

Did you have any personal or professional
difficulties with other observers or man-
agement personnel?

Do you have any suggestions for improve-
ments to the design of the program or field
effort?

Would you consider returning next year?
Please explain.
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SOP #11: Revising the Protocol

Version 1.02 (May 5, 2007)

Revision History Log

Previous Revision
Version # date

Author Changes made

Section and
paragraph

Reason for change

New
Version #

This SOP explains how to make changes to the
landbird monitoring protocol narrative and as-
sociated SOPs for SODN parks. Personnel who
edit the protocol narrative or any of the SOPs
need to be familiar with this SOP in order to
identify and use the most current methodolo-
gies for revision. This SOP was adapted from
Peitz et al. (2004).

Procedures

1. The protocol narrative and accompanying
SOPs for landbird monitoring at SODN
parks incorporate the most sound meth-
odologies for collecting and analyzing
bird and associated environmental data.
However, all protocols, regardless of how
sound, require editing as new and different
information becomes available. Required
edits should be made in a timely manner,
with appropriate reviews undertaken.

2. Alleditsrequire review for clarity and tech-
nical soundness. Small changes or addi-
tions to existing methods will be reviewed
by SODN I&M personnel and knowledge-
able cooperators. If substantial changes in
methods warrant consideration, then an
outside review is required. Regional and
national NPS staff with familiarity in avian
research and data analysis should be used
as reviewers. Experts in avian research and
statistical methodologies outside of the
NPS also will be utilized in the review pro-
cess.

3. A revision history log accompanies the
Protocol Narrative and each SOP. Changes

made to the protocol narrative or an SOP
should be noted in those documents only.
Version numbers increase incrementally
by hundredths (e.g., version 1.01, 1.02,
1.03) for minor changes. Major revisions
should be designated with the next whole
number (e.g., version 2.0, 3.0, 4.0). In the
revision history log, record the previous
version number, date of revision, author
of the revision, what changes were made,
where changes were made (sections and
paragraphs), the reason for making the
changes, and the new version number.

Inform the data manager about changes to
the protocol narrative or SOP so the new
version number can be incorporated into
the metadata of the project database. The
data manager may have to edit the database
to accompany changes in the protocol nar-
rative and SOPs. Changes to the protocol
narrative must also be noted at the top of
the point-transect data form.

Post new versions of affected protocol nar-
rative and/or SOPS on the Internet and for-
ward copies to all individuals with previous
versions.

Literature Cited
Peitz, D. G., S. G. Fancy, L. P. Thomas, G. A.

Rowell, and M. D. Debacker. 2004. Bird
monitoring protocol for Agate Fossil
Beds National Monument, Nebraska and
Tallgrass Prairie National Preserve, Kan-
sas. Unpublished protocol to the Prairie
Cluster Prototype Monitoring Program,
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Appendix B. Field-Data Forms

Revision History Log

Previous Revision Section and

Version # date Author Changes made paragraph Reason for change

New
Version #

This appendix includes field-data forms for recording (1) bird detections, (2) environmental fea-
tures, (3) location data and broad-scale environmental data at each bird-count point, and (4) inci-
dental observations. A portion of these datasheets should be copied onto Rite-in-the-Rain® paper.
The landbird database will have data-entry screens that are similar to these data forms.

1. SODN Point-transect Landbird Surveys. Use these forms for conducting eight-minute point-
transect counts. (Second form is to be printed on the back of the first).

2. Environmental Features at Survey Points: Subplots. Used for recording environmental features
at each of four subplots associated with each bird-survey point.

3. Environmental Features at Survey Points: 75-m Plots. This form should be filled out the first
time a point is established. The data form will provide clear directions to accessing sites from
known locations and for recording environmental features within 75 m of bird-survey points.

4. Incidental Detections Data Form. This form is used for recording observations outside of the
point-transect count period.

5. Establishing New Sites. This form is used when adding new sites or changing the location of an
established site.
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SODN Point-transect Landbird Surveys Page of
Park code: Transect/Group: Visit # Protocol Version ,
Copied:
Date (mm/dd/ : / / Observer (3-letter code):
( Yyyy) ver ( ) Entered:
Conditions: Temp. (°C) / Wind (0-6): / Humidity (%) /
Proofed:
Cloud % / Precipitation (0-5 / Noi /
oud cover (%) recipitation (0-5) oise Verified:
[«)] -
L |z e | 8| & | 2 -
€ = : 3 & bt 2 5| O| =
° v Species c > v} X o " = Comments
o S s 4] 3 o =)} ()
o (a] A e < a
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SODN Point-transect Landbird Surveys

Page of
Park code: Transect/Group:
Date (mm/dd/yyyy): / / Observer (3-letter code):
) o +
(= = . = c - ) x o] o
° - Species c S kv X o = 3 Comments
a s s g 3 ] o ]
V) 8 = < a
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Point Transect Data Form: Categories, Definitions, and Descriptions

Wind
Wind code | Explanation
0 Calm, smoke rises vertically (<2 km/h)
1 Smoke drifts (2-5 km/h)
2 Light breeze felt on face, leaves rustle (6-12 km/h)
3 Leaves and twigs in constant motion (13-19 km/h)
4 Small branches move, raises loose paper, dust rises (20-29 km/h)
5 Fresh breeze, small trees sway (30-39 km/h)
6 Strong breeze, large branches moving, wind whistles (40-50 km/h)
Precipitation
Precipitation code | Explanation
0 No precipitation
1 Mist or fog
2 Light drizzle
3 Light rain
4 Heavy rain; difficult to hear birds; discontinue count
5 Snow
Background noise
Noise code | Explanation
0 Quiet; normal background noises; no interference
1 Low noise; might be missing some high-pitched songs/calls of distant birds
2 Medium noise; detection radius is probably substantially reduced
3 High noise; probably detecting only the loudest/closest birds

Detection type

Code | Description

V Visual detection
A Auditory detection
B or V/A | Both visual and auditory
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Breeding codes

Code | Explanation

CN Carrying nesting material (e.g., stick, grass, mud, cobwebs. This applies for all species except some species of wrens
(cactus, Bewick's, house, marsh) and verdins.

NB Nest building seen at actual nest site, excluding some species of wrens (see above), woodpeckers, and verdins.

DD Distraction displays. Defense of unknown nest or young or injury feigning. Used if adult bird is seen trying to lead
people away from nest or young (e.qg., killdeer broken-wing act, Cooper's hawk diving at you). Does not include
agitated behavior.

UN Used nest or eggshells found. Use only when identification is unmistakable. Do not use for species that build
multiple nests in a breeding season, such as cactus wrens and verdins.

FL Recently fledged young of altricial species incapable of sustained flight or downy young of precocial species
restricted to the natal area by dependence on adults or limited mobility. Note: barely fledged blackbirds and
swallows may fly considerable distances. Presence of young cowbirds confirms both cowbird and host.

ON Occupied nest indicated by adult entering or leaving nest in circumstances indicating an occupied nest, including
those in high trees, cliffs, cavities, and burrows where the contents of the nest and incubating brood cannot be
seen.

CF Adults seen carrying food, excluding raptors, corvids, roadrunners, and shrikes.

FY Adults feeding recently fledged young. Young cowbirds begging food confirm both the cowbird and the host.

FS Adult carrying fecal sac.

NE Nest with eggs found. Be careful with identification unless you see adult. Cowbird eggs confirm both the cowbird
and the host.

NY Nest with young seen or heard. Use when you see or hear the young. Cowbird chick in the nest confirms both the

cowbird and the host.
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SODN Landbird Monitoring:

Environmental Features at Survey Points (Subplots) Page of
Park code: Date (mm/dd/yyyy): / / Copied:
Observer (3-letter code): Transect/Group: Point ID: Entered:
SUBPLOT: Photos Taken: Yes  No Proofed.
CANOPY COVER: (maximum = 96)  N) F) S) W) Verified:
HORIZONTAL VEGETATION COVERAGE (cover pole from 5 m): Obs. A Obs. B
Dominant species in overstory Dominant species in understory
(>3-m height; 10-m radius plot) (<3-m height; 5-m radius plot)
Species C9ver # trees Species Cover estimate
estimate

Other Other

Totals 100% Totals 100%
GROUND COVER (1.8 m plot) FOLIAR COVER (1.8 m plot)

Type Cover class Type Cover class Type Cover class

Leaf litter Perennial grass Moss and fern

Grass litter Annual grass Shrubs & vines

Bare soil Forbs Total foliar cover

Rock Cactus

Woody debris Succulents

Unvegetated

Subplot notes:

Modified Daubenmire cover classes.

(G Explanation

class
0 None present
1 0-1% coverage of measured variable
2 2-5% coverage of measured variable
3 6-25% coverage of measured variable
4 26-50% coverage of measured variable
5 51-75% coverage of measured variable
6 76-95% coverage of measured variable
7 96-100% coverage of measured variable
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SODN Landbird Monitoring: Page of

Environmental Features at Survey Points (75-m plots) Copied
opied:

Park code: Date (mm/dd/yyyy): / / Entered:

Observer (3-letter code): Point ID: Proofed:

Description of how to get to point or transect from known location: Verified:

UTM coordinates (NAD 83, Zone 12): UTMX: UTMY:

POINT ATTRIBUTES: (75-m radius from center)

Slope (0): Slope variability:  high  med low Aspect(o):
Aspect Variability:  high  med low

Topographic position:

Level Lower-slope Mid-slope Upper-slope  Escarpment/face Ledge Crest Depression Draw

COVER TYPE

Vegetation type Cover class  |Vegetation type Cover class Other cover types Cover class
Sonoran Desert upland Conifer forest Road

Xeroriparian wash Other Pasture (ag field)

Mesic riparian wash Other Standing water

Semidesert grassland Stream

Oak forest and woodland

Plot notes:

Modified Daubenmire cover classes.

cccl’:g Explanation
0 None present
1 0-1% coverage of measured variable
2 2-5% coverage of measured variable
3 6-25% coverage of measured variable
4 26-50% coverage of measured variable
5 51-75% coverage of measured variable
6 76-95% coverage of measured variable
7 96-100% coverage of measured variable

Attach copy of 7.5 minute USGS quad map
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SODN Landbird Monitoring:
Establishing New Sites

Park code: Date (mm/dd/yyyy): / /

Observer (3-letter code): Plot ID:

Description of how to get to point or transect from known location:

Download date:

Uploaded to all units?:

Y N

UTM coordinates (NAD 83, Zone 12):

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Point: UTMX: UTMY:

Park code: Date (mm/dd/yyyy): / /
Observer (3-letter code): Plot ID:

Description of how to get to point or transect from known location:

UTM coordinates (NAD 83, Zone 12):

Point: UTMX: UTMY:
Point: UTMX: UTMY:
Point: UTMX: UTMY:
Point: UTMX: UTMY:
Point: UTMX: UTMY:
Point: UTMX: UTMY:
Point: UTMX: UTMY:
Point: UTMX: UTMY:

Point: UTMX: UTMY:
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Section 4

Supplements

Supplement A: Sample Size and Power for Trend in
Landbird Density Estimation

Version 1.02 (May 5, 2007)

Revision History Log

Previous | Revision Section and New
. Author Changes made Reason for change .
Version # date paragraph Version #
Introduction log-based confidence intervals around density
Determining the effort ired to estimat estimates, making it a useful tool for planning
N elirr#mng ce tor req}tlnre do estumate a monitoring programs (Buckland et al. 2001);
P 0111.1? 10;1 p:zljrarpe °h SUc a,st ensity, 1s 5= e larger the confidence interval, the lower
sg.lbls Wt e? 1389188711; & ta r:loln lz%r(;zg %Zoglr arri our ability to detect trends (i.e., lower statisti-
'Eh'l S t.e la' ’ ta 1; ¢ ad d .)' ! d(')u cal power). Conversely, the smaller the confi-
f 'S 1at asfsfesimen %ggl ¢ e51g1}an " dence interval, the greater our ability to detect
Orm COst, LTt expended on Samping May  ren g, yet more samples are needed to obtain
be inadequate to meet program objectives.
The number of samples
needed, and the frequency
with which they are mea- i _ " -
sured, are often the most 2 / I P Y A .
important. (.:onsiderat.ions 3 - / ol o :3 . u}f ,J ] s y J
when designing a monitor- 2 = I e |58 £ o =
ing program, because they £ g i g & N e
- — 2 L — - 2 i L o b—[ _
greatly influence program 5 =71 / o ot 83 ¢ © o o 3
cost. In the proposed pro- £ / o e £ il I = ~—L‘ {
gram, our primary goal is | — #{° e = 212 ¥ \_T TR T -
to derive annual estimates 2 4 . —~* 7 2 | \_ N — o>
. i _ . L
of density for a subset of < = i ”JJJ__:‘/__/— el <8 =V I s 5

species, yet the number of
samples required depends,
in part, on the desired
level of precision of these
estimates (see Figure A.1
and Thomas et al. 2005).
The coefficient of varia-
tion (CV) is an estimate of
precision used to calculate

0o0s

015

Coefficient of variation

015

Coefficient of variation

Figure A.1. (left) The number of years required to monitor so that power to detect a log-
linear population trend is 0.9 (assuming two-tailed t-test and a = 0.1).

Annual rate of change (1-A) is a typical range of values that we would expect for most bird
populations. See text for description of coefficient of variation. (right) The relative size of the
population after the number of years from (left). Note difference in y axis between two figures.
From Thomas et al. (2004:103).
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higher precision. For example, with a target CV
of 15%, it would take approximately 19 years to
detect a 2% annual change in density (power =
0.9 and a = 0.10). In contrast, by increasing CV
to 25% it would take six additional years to de-
tect the same change.

Prospective power analysis can aid the effi-
ciency of a monitoring program by providing
an understanding of the tradeoffs between ef-
fort, cost, and the magnitude and probability
of a trend that can be detected. During power
analysis, these design elements can each be var-
ied to determine a range of appropriate designs
for meeting the desired objective (see Gerro-
dette 1987; Steidl et al. 1997; Gibbs et al. 1998).
Statistical power is the probability of correctly
rejecting a null hypothesis (i.e., no trend) that
is false. Power analysis has four interrelated
components: (1) power, (2) sample size, (3) o
or the Type I error rate (probability of incor-
rectly concluding a trend has occurred when
one has not), and (4) effect size or magnitude of
the trend of interest (e.g., a 2% annual change).
The expected sampling variance (¢*) or coef-
ficient of variation (o/u) is incorporated into
power analyses and has an important effect on
power; high variance leads to lower power or
higher estimates of sample sizes needed to ob-
tain precise estimates. In general, the ability to
detect a trend is a function of the magnitude of
the trend, variation around the trend line, and
the amount of time or leverage over which the
trend is assessed.

In this supplement, we assess the effects of
variation around a trend line on power. More
specifically, we assess whether initial density
estimates at a specified level of precision are
adequate for monitoring population trends by
accounting for inter-annual (temporal) varia-
tion in estimates that, when high, can obscure
trends that are actually occurring (Type II er-
ror) and result in lower power. Many planning
efforts use a single estimate of variance—usu-
ally a combination of spatial and short-term,
within-season temporal variance (process vari-
ation) and sampling error—to estimate power
and calculate sample sizes. Without additional
information, combining both process and sam-
pling variation into one estimate of variance is
areasonable approach when designing a moni-
toring program if no other information is avail-
able. However, assessing each component of
variance separately will augment efficiency, be-

cause each type of variance, and its magnitude,
can have important consequences on trend
detection (Urquhart et al. 1998; Kincaid et al.
2004; Sims et al. 2006).

To determine the efficacy of a range of potential
designs with varying effort to monitor landbirds
in Sonoran Desert Network (SODN) parks, we
used pilot data collected at these parks to esti-
mate density at various levels of precision for a
subset of species. Using these data, we estimat-
ed the number of species in each of several veg-
etation communities for which density can be
estimated across a range of encounter rates. We
then used data from one park for which mul-
tiple years of data were available to determine
the magnitude of each component of variance
and its influence on statistical power and trend
detection. Based on these analyses, we deter-
mined that a sufficient number of species can
be monitored with the resources available, but
sampling effort must be partitioned strategical-
ly to obtain sufficient samples to estimate some
species, especially those with low encounter
rates. This information will inform both our ini-
tial sampling effort and suggest ways to analyze
data after the first 3-5 years after the program
is implemented to determine if the program is
meeting its stated objectives.

Methods

Study area

The Sonoran Desert Network includes 11
national parks in southern Arizona and New
Mexico (see protocol narrative). The area is
known for high diversity of plants and animals
as a result of varied biogeographic affinities of
species in the region, including those of the
Sonoran, Chihuahuan, and Mojave deserts,
Rocky Mountains, Sierra Madre Occidental,
and Great Plains (McLaughlin 1986). Other
important factors that influence diversity in-
clude a range of topographic, geologic, edaph-
ic, and climatic factors, and variable land-use
histories (Marshall et al. 2000). Taken together,
these physical and biological factors make the
network parks representative of the diverse
landscape in which they are embedded.

Five dominant vegetation communities are
found in SODN parks, separated by elevation
(see Whittaker and Niering 1965). Sonoran
Desert upland occurs at the lowest elevations
and is dominated by mixed cactus, paloverde,
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creosote (Larrea tridentata), and bursage (Am-
brosia spp.). Sonoran Desert upland transitions
to semi-desert grasslands dominated by peren-
nial grasses and, in most parks, by mesquite and
other short trees and shrubs. Valley-bottom
semi-desert grasslands make up small portions
of only two parks (Chiricahua National Mon-
ument and Coronado National Memorial).
Pine-oak forest and woodland, dominated by
four species of oak (Quercus spp.), juniper, and
pinyon pine occur above semi-desert grassland
and are common in four parks. Mixed conifer
forests dominated by fir (Abies spp.), ponderosa
and Apache pine (Pinus spp.), and some Gam-
bel oak (Quercus gambelii) occur in the highest-
elevation areas. Broadleaf riparian woodlands,
dominated by cottonwood and willow (Populus
spp.), sycamore (Platanus wrightii), and dense
understory, are located along perennial streams
and rivers and are bordered by Sonoran Desert
upland and pine-oak forest and woodland in
many SODN parks.

Data analysis: Initial sample-size estimation
and allocation of effort

We used data collected at nine SODN parks be-
tween 2001 and 2005 (see Powell et al. 2006).
Data were collected using the point-transect
survey method, which employs distance sam-
pling from fixed survey points (Buckland et al.
2001), each spaced 250 m apart along transects.
Survey effort from 2001-2005 did not include
Organ Pipe Cactus National Monument or
Montezuma Castle National Monument, both
of which received thorough inventories prior
to recent efforts and employed different survey
methodologies. Because some parks were vis-
ited for two consecutive years, we randomly se-
lected data from a single year within each park
to eliminate the possibility that variation in our
estimates resulted from among-year changes
in abundance. The resulting dataset included
1,413 station visits at 50 point transects, total-
ing 19,790 bird detections of 190 species. We
further reduced the dataset by considering
only those species that were summer breeding
residents within SODN parks (7 = 107), leaving
a total of 19,479 bird detections. Because the
proportion of effort among parks and vegeta-
tion communities during this pilot study was
similar to that which we propose, these data
were adequate to evaluate the efficacy of allo-
cating survey effort.

When estimating population parameters, pre-
cision and sampling efficiency are higher when
considered within groupings that reflect their
inherent organization in nature (Krebs 1999).
Therefore, we stratified transects by vegetation
communities as patterns of bird species occur-
rence varied among communities: (1) upland
and (2) riparian transects in desert scrub/grass-
land and (3) upland and (4) riparian transects
in woodland/forest.

The survey design for the landbird monitoring
program (see protocol narrative) uses many of
the same sampling elements that were used in
the pilot effort, most notably the use of survey
stations arranged in transects and multiple re-
visits to the same transects within each field sea-
son. From these pilot data we sought to deter-
mine the number of station visits (K; the number
of stations multiplied by the number of visits)
needed to estimate density. First, we calculated
encounter rates as the total number of detec-
tions of a species divided by K. We excluded
detections of birds that were flying over points
and birds detected outside of the eight-minute
count period. While not always appropriate for
monitoring population trends because they are
uncorrected for detectability (Williams et al.
2002), encounter rates are useful for assessing
sample-size requirements for density estima-
tion (Buckland et al. 2001). The relationship
between encounter rates and the number of
samples required to estimate density is provided
by the following formula (Buckland et al. 2001):

| b Ky
L) U
Equation 1.1.

where cv(p) is the desired coefficient of varia-
tion or level of precision for the estimate of
density, and K /n,is the inverse of the encoun-
ter rate determined from pilot data. Note that
b is a variance-inflation parameter equal to the
number of detections () multiplied by the CV
of the density estimate [cv(p)] that can be de-
termined with pilot data. Although the value
of b is often between 2 and 4 (Eberhardt 1978)
and often assumed to be 3 for planning point-
transect surveys (Buckland et al. 2001), we esti-
mated b to provide more precise estimates of K
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Figure A.2. Effect of coefficient of variation on precision of
density estimates for a hypothetical species with density of
50 birds/km?.

Note that the lower confidence limit is smaller than upper confidence
limit; see Equation 1.2.

and to guide future planning efforts.

We used Distance Version 5 (Thomas et al.
2005) to calculate density and cv(p) for a sub-
set of species with varying encounter rates. We
considered detections and effort only within
those vegetation types in which each species
was known to breed, and excluded data from
vegetation types where species occurred as
migrants. This resulted in four groups of spe-
cies: (1) those found across all vegetation types
combined, (2) those found at high elevations
(woodland/forest and high-elevation riparian)
or (3) low elevation desert/grassland, and (4)
those restricted to low-elevation riparian areas.
When using Distance, we fit both uniform and
half-normal key functions with cosine, simple
polynomial, and hermite polynomial series ex-
pansions to distance data of each species and
selected models with the lowest AIC (Akaike
information criterion; goodness of fit measure).
We truncated 1-5% of observations farthest
from count stations to improve model fit and
placed detection data in intervals if histograms
of detection distances indicated heaping.

To estimate the relationship between encoun-

ter rates and K, we selected 28 species with at
least 30 detections across a range of variation in
numbers of detections and patterns of occur-
rence among vegetation communities. Encoun-
ter rates varied from 0.032 to 0.960; effort var-
ied from 328 to 1,413 point visits within each
community. We plotted encounter rates of all
28 species versus K (from Equation 1.1) at three
levels of precision (10, 15,and 20% CV) and se-
lected the function that best fit these data as in-
dicated by the lowest possible residual variation
at each level of precision. Because we suspected
that detectability could be an important covari-
ate in the relationship between encounter rates
and K, we assessed this relationship using both
quadratic and linear regression. To estimate de-
tectability, we determined the relationship be-
tween effective detection radius (e.g., distance
at which detectability equals 0.5) for the 28 spe-
cies for which density and detectability were es-
timated and mean detection distance. Because
both variables were highly correlated (» = 0.98,
P < 0.0001), we used mean detection distance
for all 107 species as a covariate.

To determine the most efficient allocation of
sample effort for our monitoring program, we
used these equations to predict K for all 107
species. We considered two levels of proposed
sampling effort: one with 2,324 station visits
(full program) and another with half this effort
(reduced program). As a starting point, we sub-
divided this effort to yield 1,833 station visits in
desert/grasslands, 432 in low-elevation ripar-
ian areas, 920 in high-elevation riparian areas,
and 488 station visits in woodland/forests. This
allocation of effort was roughly proportional
to the spatial coverage of vegetation types and
similar to that from the pilot surveys; therefore,
it required no adjustment in encounter rates
due to among-vegetation differences for each
species. We then predicted K using expected
encounter rates and determined the number
of species within each type for which density
could be estimated with CV equal to 15%. We
chose 15% because it presented a reasonable
tradeoff between the overly restrictive (and
therefore expensive) 10% and 20%, which may
only be appropriate for detecting large changes
in populations. As an example, an increase in
CV from 15% to 20% results in a 20% increase
in the width of confidence intervals around
density estimates (Figure A.2). Using these cal-
culations, we were able to estimate the number
of species in each vegetation community and
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reallocate sampling effort according to these
results. By reallocating effort among vegetation
types, we were able to evaluate the efficacy of
a number of potential program designs, each
with a specified level of effort..

Variance partitioning

We used data from Organ Pipe Cactus National
Monument (ORPI; NPS 1998) to determine if
our initial estimates of sample size derived in
the previous section were appropriate. Spe-
cifically, those estimates incorporate only spa-
tial variance and one component of temporal
(within-year) variance. Using data from ORPI,
we were able to estimate two additional sources
of temporal variance that may affect the preci-
sion of trend estimates.

In its most simple form, variance about the
trend line (f) is expressed as:

var(B) = W

Equation 1.2.

This model can be expanded to incorporate
components of variance from a multi-site, year,
and visit model of variance partitioning. In an
analysis of variance frameworks, there are four
types of variance that can be estimated for land-
birds (Lewis 1978; Urquhart et al. 1998; Kincaid
et al. 2004). Population or spatial variance (c?,)
represents difference in abundance among sites
as the result of site-specific factors such as veg-
etation and elevation. Year-to-year (coherent;
Larson et al.) temporal variance (czy) is varia-
tion among years at all sites combined, and is a
result of regional phenomena such as produc-
tivity and survivorship and broad-scale climatic
conditions, such as a wet or dry year. Ephemer-
al, or site-x year variance, (¢*) is independent,
year-to-year variance, whereby abundance at
each site tracks local resources independently
of other sites and is a result of local factors such
as rainfall, changes in land use, fire, or measures
of habitat quality. If multiple measurements are
not taken within each year at the same sites,
this type of variance cannot be partitioned and
it becomes part of ¢*. Residual (6% ), the fourth
type of variance, is made up of variance that is
not explained by other components, including
both process and sampling variance. Residual

variance is an important source of variation in
wildlife monitoring and includes within-season
variance, observer bias, data handling, and mis-
cellaneous errors.

These four types of variance can be used to ex-
pand Equation 1.2 to:

(0

2 Gez-i— r

s 2 v
+Gy+

SR YR

Equation 1.3.

where s = number of sites, y = number of years,
and v = number of within-season visits.

At ORPI, nine transects were surveyed three
times per year from mid- to late February to
early May in 2000, 2002, and 2003. Each tran-
sect had eight points spaced approximately 500
m apart. Detections of each bird were noted
in 50-m distance bands, and all data were col-
lected by the same skilled observer. We used
this dataset because it was the only one that had
multiple within-season visits across >2 years.
The bird community at ORPI is very similar to
that of other parks in the network that have So-
noran Desert upland vegetation communities
and were included in the previous analyses.

For this analysis, we used nine focal species:
black-tailed gnatcatcher, black-throated spar-
row, verdin, northern mockingbird, Gila wood-
pecker, curve-billed thrasher, house finch,
cactus wren, and phainopepla. These species
are all common resident breeders, chosen be-
cause they were present throughout the survey
window each year. We used all detection data
from within the first three distance bands (i.e.,
<150 m). We assumed that detectability among
transects was not a significant source of error
(which we tested using Analysis of Variance
(ANOVA) and found no statistically significant
differences; B. Powell, unpublished data). Also,
we assumed that plot-specific detectability
did change among years—a phenomenon that
seems unlikely in such a short time period.

To partition variation into its constituent com-
ponents, we first detrended the data by tak-
ing the mean encounter rate for each transect
across years and subtracting annual estimates
of encounter rates for each year. Detrend-
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Cpw =0, +C.+0.+0;
cl=MS,
62 _ MS& _MSe
Ny x Nv
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7 Ns x Nv
2 MSe_MSr
o, =—-"—-"=
Nv
Equation 1.4.

ing ensures that differences among years are
reflected in o (Kincaid et al. 2004). Next, we
summed the number of detections for each of
three inter-annual visits to each transect and
transformed these count data using log + 1 to
better meet the assumptions of normality. We
then calculated variance components with
ANOVA using the Variability Chart function in
the statistical program JMP. As a result, we cal-
culated the variance components of Equation
1.3 (next page) as from Lewis (1978), where
MS = mean squares from Equation 1.3. We par-
titioned the sum of squares (SS) from ANOVA
to MS by SS/df.

Power analysis

We used each of the four types of variance out-
lined in the previous section to estimate power
of trend detection for three species at ORPI
that exemplified extreme differences in types
of variance. These species represented a range
of total variance in relation to their mean en-
counter rate (black-tailed gnatcatcher = 48%;
black-throated sparrow = 63%; phainopepla =
130%). Using the open-source statistical power
analysis package R (Version 2.2.1; script “pow-
er.fcn” included in this protocol), we varied ef-
fect size (1-3% annual change in density) and
sample size. We maintained o = 0.10 through-
out to guard against Type II errors. Using these
initial estimates of power, we then simulated
sampling designs that approximated our ef-
fort. We simulated power by varying the per-
cent contributions of each of three sources of
variance (ephemeral, year, and residual) while
holding the other two sources constant at 0%.
We did not include site variance in this simula-
tion exercise because it has little or no effect on
trend detection when the sampling design in-

cludes revisits to the same sites over time (Kin-
caid et al. 2004), as was the case with our design
(see protocol narrative).

Results

Initial sample-size estimation

Of the 107 species that occur as breeders within
the SODN parks we considered, 31 were found
across all vegetation communities, and 33, 25,
10, and 8 were restricted to high elevations, low
elevations, low-elevation riparian areas, and
both low-elevation riparian areas and high el-
evations, respectively (Table A.1; see end of this
SOP). Mean encounter rates did not vary sys-
tematically among vegetation communities (F,
101 = 1.34,P=0.26, ANOVA) yet encounter rates
tended to be higher at low elevations (mean *
SE =0.27 £ 0.04) and in low-elevation riparian
areas (0.25 £ 0.07) and lower at high elevations
(0.14 + 0.04). Encounter rates among all com-
munities averaged 0.20 * 0.02. Within the veg-
etation communities in which each occurred,
encounter rates were high for Gambel’s quail
(0.97), Gila woodpecker (1.04), Bell’s vireo
(0.75), cactus wren (0.83), and Bewick’s wren
(0.74), moderate for summer tanager (0.39),
brown-crested flycatcher (0.35), and song spar-
row (0.28), and low for Abert’s towhee (0.09),
cordilleran flycatcher (0.09), and hermit thrush
(0.09).

For the 28 species for which we estimated den-
sity and cv(p ), density (£ CV) varied from 0.003
+ 0.283 to 0.355 * 0.116 individuals/ha (Table
A2; see end of this SOP). As expected, there
was a strong linear relationship between en-
counter rates and cv(b) (£,,=4.57, P < 0.0001),
with each one-unit increase in encounter rate
resulting in a 0.21 £ 0.05 (x SE) decrease in cv(
D). The scaling parameter b averaged 3.23 *
0.15 (= SE), with 50% of values ranging from
2.60 to 4.00 (range = 2.04-4.84). The scaling pa-
rameter increased linearly with both encounter
rate and density (¢,, > 2.69, P < 0.012); each
one-unit increase in encounter rate resulted in
a 1.54 + 0.57 increase in b, whereas each one-
unit increase in density resulted in a 4.14 +1.47
increase in b.

The relationship between encounter rates and
K (i.e., the number of point visits) was best de-
scribed by a reciprocal model with the form K
=1/a(n/K,) + b, where a and b are coefficients
that are constant (Figure A.3). This relation-
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Figure A.3. Relationship between encounter rate and the number
of point visits required to estimate density at three levels of
precision using distance sampling.

Relationships were determined using detection data and effort from a

sample of 28 bird species detected during pilot surveys during 1,413 point
counts within nine Sonoran Desert Network parks between 2000 and 2005.
Prediction equations for each curve follow a reciprocal relationship K = 1/a(n0/
KO) + b where a and b are coefficients that are constant. Coefficient b equals
2.258 x 10-5, 5.306 x 10-5, or 9.093 x 10-5 and coefficient a equals 0.00269,
0.00662, or 0.0118, at CV 10, 15, and 20% respectively.
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ship is simply the reciprocal of a standard
least-squares regression equation, where a is
the slope and b is the y-intercept, and is simi-
lar to a power function, K = a(n,/K)’, where b
is a scaling component equal to the slope from
linear regression in log-log space and a is the
y-intercept in log space. To determine K re-
quired to estimate density at cv(p) of 10, 15,
and 20%, we evaluated the model coeflicient b
as 2.258 x 10, 5.306 x 1073, or 9.093 x 103, and
the model coefficient a as 0.00269, 0.00662, or
0.0118, respectively, depending on the desired
CV. Detectability, as indexed by mean detection
distance, did not describe any variation in K (P
> 0.77), and was therefore not included in the
model.

Using our initial scenario of 2,324 station vis-
its allocated, as indicated above, we were able
to estimate density with CV of 15% for 45 of

the 107 species (42%) using the full program
and 25 species (23%) for the reduced program
(Table A.1). These species, however, were not
equally distributed among species groups. For
the full program, density was estimable at CV
15% for more species that occurred across all
vegetation types (65%) and those that occurred
exclusively at low elevations (60%) than for spe-
cies at high elevations (12%) or in low-elevation
riparian areas (20%). The minimum number of
observations required to estimate density at CV
15% across all species was 77 (encounter rate =
0.04 detections per eight-minute count).

The K required to estimate density with CV 10
and 20% varied widely from those at CV 15%.
For the 31 species that occurred across all veg-
etation types, for example, 2.26 times more ef-
fort was required, on average, to estimate den-
sity with CV 10% than that for CV 15%, yet

Black-tailed gnatcatcher

Black-throated sparrow

Verdin

Northern mockingbird

Gila woodpecker

— Site Figure A.4. Percent
=1 Year variance attributed to
[ EEN Interaction each of the four main
[ Residual sources of error from
ANOVA models, Organ
. Pipe Cactus National
l Monument.
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Curve-billed thrasher
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Figure A.5. Left: Statistical power curves for 1-3% annual change in abundance for three species from
Figure A.4. Right: Effect of varying the number of visits and number of sites on our ability to detect trends.
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only 43% less effort was required to estimate
CV 20%.

Variance partitioning and power analysis

The percent of total variance attributable to
each of the four sources of variance showed
strikingly different patterns among species
(Figure A.4). For all but two species, year and
ephemeral variance accounted for less vari-
ance than both site and residual variance. The
percent variance explained by site ranged from
0% for the black-tailed gnatcatcher to 62% for
the phainopepla. Conversely, residual variance
ranged from 76% for the black-tailed gnat-
catcher to 20% for the phainopepla. Residual
variance made up >40% of the total variance
for seven of the nine species. Most notably, site
variance for phainopepla made up 67% of the
total variance for the species, and ephemeral
and year variances made up only 14% of the to-
tal variance. By contrast, 40% of total variance
for the black-throated sparrow was made up of
ephemeral and year variances.

Different sources of variance and varying sam-
pling strategies influenced power to detect
temporal trends in abundance, as illustrated
by three of the species we investigated (Figure
A.5). Power to detect trends in abundance was
greatest for the black-tailed gnatcatcher and
approximately four times less (averaged among
designs) for the black-throated sparrow (Figure
A.5). Power was intermediate for the phainope-
pla, despite the fact that the total variance was
>2 times that for the black-throated sparrow.

Power simulations for a hypothetical species
with a mean encounter rate of 1.0 indicated that
site variance had an overwhelming effect on
power (Figure A.6). When we evaluated each
of the three sources of variance separately, so
that each equaled 10% of the mean encounter
rate, we found that we could detect a 3% an-
nual change (power = 0.8) after five years with
residual variance alone, after eight years with
ephemeral variance alone, and after 21 years
with year variance alone. Even with only 1%
of the encounter rate attributable to year vari-
ance, the ability to detect a 3% annual change in
abundance could be realized after nine years.

Discussion

When designing any monitoring effort, deter-

mining the effort needed to estimate popula-
tion parameters and detect changes in these
parameters over time is essential. Monitoring
programs may not be worth pursuing if the lev-
el of effort required exceeds available financial
resources. We attempted to address these issues
for the SODN landbird monitoring program by
using pilot data recently collected within parks.
First, we investigated the sample sizes necessary
to obtain initial estimates of density across sev-
eral levels of precision for species that occurred
in four vegetation community types present in
the parks. Next, we used a long-term dataset to
partition variance components and investigate
power to detect trends.

Program feasibility

Efforts to estimate the number of point vis-
its needed to estimate density indicated that a
reasonable number of species could be moni-
tored with the effort facilitated by an annual
program budget of $24,000, but few of these
species were in high-elevation communities
(Table A.1). Based on these findings and on
recent clarification of the budget, we suggest
reallocating survey effort among the different
communities. Our overall suggestion, based on
sampling efficiency, logistical constraints, and
anticipated budget levels, is to reduce sampling
at high elevations to once every 3-5 years, un-
less additional resources can be obtained. One
reason for this suggestion is that in most SODN
parks (Chiricahua NM, Coronado NM, Gila
Cliff Dwellings NM, and Saguaro NP) high-el-
evation areas had much lower encounter rates
than other communities, and therefore would
require roughly twice as many point visits to
obtain the same encounter rates as at low eleva-
tions. This lower encounter rate, coupled with
the steep terrain and long travel time among
points in most parks (see Supplement B),
means that these surveys are ineflicient when
compared to those conducted in low-elevation
areas.

Despite these challenges, high-elevation com-
munities are particularly susceptible to change
due to global climate change and increases in
the number and severity of wildland fires. Cli-
mate change, in particular, will likely alter the
structure of forest communities at highest el-
evations in the near term (Allen and Breshears
1998). If these changes are realized, we expect
them to occur over longer time periods (15-50
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Figure A.6. Simulation of landbird monitoring data to show the relative influence of different types of
variance components on statistical power (using code “Power.fcn”).

Dashed line = year variance; dotted line = ephemeral variance; solid line = residual variance. Each simulation involves holding

the three other variance components at 0% of total variance. Site variance was not included because the sampling design we
chose involves revisits to the same sites and therefore site variance does not affect our ability to detect trends. For all figures: K
= 0.10; trend = 3% annual change; number of sites = 20, number of visits = 3.
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years), with corresponding changes to bird spe-
cies abundance and community composition.
Therefore, allocating sufficient effort to ob-
tain precise estimates of abundance every 3-5
years seems prudent to balance the high cost
of sampling and the need to detect changes in
bird parameters. Further, obtaining additional
funds from other sources may facilitate more
frequent sampling in these areas.

The annual budget for bird surveys will likely
be fixed at $20-25K/year for the first few years,
with additional fundsneeded duringyears when
surveying occurs at high elevations. At low el-
evations, we will allocate effort that would have
gone to high-elevation areas to increase num-
ber of sites and revisits in riparian areas (Table
A.1). The focus on these areas seems justified
because of their regional importance and be-
cause of conservation concern for many ripar-
ian-obligate species. Even after reallocating ef-
fort, it may only be possible to estimate density
with a CV of 20% or greater for some species.
Increasing precision of density estimates can
also be accomplished by further stratifying ri-
parian areas to maximize encounters of species
of conservation value, particularly those that
inhabit mesoriparian areas. We have attempted
to accomplish this in the spatial sample design.

Other sampling design choices

We determined that we could estimate biologi-
cally meaningful changes in abundance of a suf-
ficient number of species in select communities
to warrant implementation of the monitoring
protocol. Yet, based on other analyses (Figure
A.5), it seems our initial estimates of sample
size may be somewhat naive, particularly for
those species that exhibit significant year vari-
ance (Figure A.6). In light of this natural phe-
nomenon, which no amount of extra sampling
can remedy, our ability to detect trends may be
compromised. We refer the reader to Larson et
al. (2001) for a detailed discussion of the differ-
ent types of variation and their consequences
for trend detection. In short, the addition of
more monitoring sites and/or visits can increase
trend detection, but only to a point, because the
numerator becomes dominated by time. Even
more important from a program-design per-
spective is that if year variance is significant,
then there is little that can be done except wait
for time to pass.

Sample occasion (year)

1 X[ x| x| x| x| x| x|x]x
2 X X

3 X X

4 X X
5 X X
6 X

7 X X

8 X X

9 X X
10 X X
11 X

Our analysis was based on data from a single
park. Unfortunately, we do not have data to
inform us of how many species in our moni-
toring region experience the different types of
variance we investigated, and to what degree. In
fact, to our knowledge, there are no published
manuscripts that assess the effects of different
sources of variance on trend detection for birds
(but see Harding et al. 2005 for single-species
example).

Because variance has such an important influ-
ence on trend detection and cost, we chose a
sampling design that will inform this variance
partitioning effort in future years. Specifically,
we will err on the side of oversampling for
the first few years to capture these sources of
variance and enable a thorough review after
3-5 years. These analyses will help to refine our
sampling design. More specifically, we will use
these data to investigate use of panel designs
(e.g., Urquhart et al. 1998; McDonald 2003)
for some communities, such as uplands. There
are numerous types of panel designs involving
various combinations of either revisiting the
same sites in a repeating pattern or visiting all
new sites each year. The most common panel
design, the augmented serial alternating de-
sign, for example, involves annual visitation to
a small number of sites, and annual sampling of
a larger number of sites on an annual repeat-
ing pattern of 2-10 years (Figure A.7). These
designs were not selected because they involve
complicated, even uncertain analyses, but are
expected to be refined in the future.

In addition to the variance partitioning and

Figure A.7. Typical
panel design used in
long-term monitoring
programs.
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power analyses explored in this effort, we also
suggest a more thorough analysis of residual
variance that can be controlled by modifying
the protocol. For example, if the amount of
variance attributed to observers is unacceptably
high, then it may be appropriate to investigate
ways to reduce this type of variance by hiring
more-skilled observers. Within-season variance
may also be an important source of variation
(Link et al. 1994) that can be appropriately con-
trolled by shifting the survey window. Miscel-
laneous errors include incorrect identification,
data handling, and analytical errors, which can
be controlled through quality-control and qual-
ity-assurance procedures.

Finally, it is worth noting that we excluded anal-
ysis of the three other parameters of interest
that can be evaluated using the same sampling
design and survey methods: occupancy, relative
abundance, and species richness (see protocol
narrative). Though we recommend analyses of
these parameters, we focused our initial effort
on density because it is the most desirable pa-
rameter. If it was determined that we could de-
rive only a few density estimates, then we would
have concentrated on other parameters or cho-
sen not to pursue further development of the
landbird-monitoring protocol.
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Table A.1. Number of surveys (point visits) needed for initial estimates of density with 15% confidence
intervals on density estimates, Sonoran Desert Network parks.

Point visits for initial Species adequately
proposed program 5 S ‘3 monitored by effort
Community  Species Full Reduced § g E B
(48K/ 24K/ EST  Ful  Reduced
VCED) VEED) v z3¢2
All communities  Bewick’s wren 2,324 1,162 0.74 201 X X
White-winged dove 2,324 1,162 0.73 205 X X
Mourning dove 2,324 1,162 0.67 222 X X
Ash-throated flycatcher 2,324 1,162 0.61 245 X X
Spotted towhee 2,324 1,162 0.36 411 X X
Northern mockingbird 2,324 1,162 0.29 514 X X
House finch 2,324 1,162 0.28 523 X X
Canyon towhee 2,324 1,162 0.26 560 X X
Rufous-crowned sparrow 2,324 1,162 0.26 566 X X
Canyon wren 2,324 1,162 0.25 586 X X
Brown-headed cowbird 2,324 1,162 0.23 637 X X
Scott's oriole 2,324 1,162 0.22 671 X X
Cassin’s kingbird 2,324 1,162 0.21 692 X X
Ladder-backed woodpecker 2,324 1,162 0.17 846 X X
Bridled titmouse 2,324 1,162 0.10 1,365 X
Bushtit 2,324 1,162 0.10 1,410 X
Rock wren 2,324 1,162 0.10 1,410 X
Lesser goldfinch 2,324 1,162 0.10 1,439 X
Blue grosbeak 2,324 1,162 0.06 2,086 X
Blue-gray gnatcatcher 2,324 1,162 0.06 2,171 X
Black-chinned sparrow 2,324 1,162 0.06 2,363
Black-chinned hummingbird 2,324 1,162 0.05 2,502
Common raven 2,324 1,162 0.03 3,598
Say's phoebe 2,324 1,162 0.03 3,723
Purple martin 2,324 1,162 0.02 4,709
Greater roadrunner 2,324 1,162 0.02 4,815
Anna’s hummingbird 2,324 1,162 0.02 5,876
Cooper's hawk 2,324 1,162 0.02 6,042
Turkey vulture 2,324 1,162 0.02 6,405
Juniper titmouse 2,324 1,162 0.02 6,405
Red-tailed hawk 2,324 1,162 0.01 7,811
High-elevation Mexican jay 488 244 0.54 276 X
forest Black-headed grosbeak 488 244 0.50 299 X
Black-throated gray warbler 488 244 0.49 301 X
Hutton’s vireo 488 244 0.30 489 X
Hepatic tanager 488 244 0.28 519
American robin 488 244 0.25 583

Plumbeous vireo 488 244 0.21 694
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Table A.1. Number of surveys (point visits) needed for initial estimates of density with 15% confidence intervals on
density estimates, Sonoran Desert Network parks, cont.

Point visits for initial Species adequately
proposed program S ‘3 monitored by effort
Community  Species Full Reduced g E
(48K/ (24K/ ES Full Reduced
VEED) VCED) 2o
High-elevation Acorn woodpecker 488 244 0.18 792
forest, cont. Western tanager 488 244 0.16 874
Yellow-eyed junco 488 244 0.16 892
Steller’s jay 488 244 0.16 912
Painted redstart 488 244 0.15 942
Grace's warbler 488 244 0.13 1,102
House wren 488 244 0.13 1,102
Arizona woodpecker 488 244 0.12 1,147
Virginia's warbler 488 244 0.10 1,442
Cordilleran flycatcher 488 244 0.09 1,467
Hermit thrush 488 244 0.09 1,519
Mountain chickadee 488 244 0.08 1,814
Brown creeper 488 244 0.06 2,083
Red-faced warbler 488 244 0.06 2,191
Warbling vireo 488 244 0.06 2,249
Yellow-rumped warbler 488 244 0.06 2,376
Broad-tailed hummingbird 488 244 0.05 2,596
Band-tailed pigeon 488 244 0.05 2,678
Hairy woodpecker 488 244 0.04 2,860
Greater pewee 488 244 0.04 3,068
Pygmy nuthatch 488 244 0.04 3,068
Sulphur-bellied flycatcher 488 244 0.03 3,751
Red-breasted nuthatch 488 244 0.03 4,117
Solitary vireo type 488 244 0.03 4,117
Western bluebird 488 244 0.03 4,117
Olive warbler 488 244 0.03 4,329
High-elevation Dusky-capped flycatcher 920 460 0.30 491 X
riparian Western wood-pewee 920 460 0.20 716 X
Yellow-breasted chat 920 460 0.20 716 X
Northern flicker 920 460 0.19 765 X
White-breasted nuthatch 920 460 0.14 1,038
Red-winged blackbird 920 460 0.09 1,471
Black phoebe 920 460 0.02 5,557

Common ground-dove 920 460 0.02 6,060
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Table A.1. Number of surveys (point visits) needed for initial estimates of density with 15% confidence intervals on
density estimates, Sonoran Desert Network parks, cont.

Point visits for initial Species adequately
proposed program 5 S ‘3 monitored by effort
Community  Species Full Reduced & g >
(48K/ (24K/ S = Full Reduced
VCED) VCED) v z 3
Low-elevation Gila woodpecker 1,833 917 1.04 148 X X
desert/grassland  Gampel's quail 1,833 917 0.97 206 X X
Cactus wren 1,833 917 0.83 323 X X
Black-throated sparrow 1,833 917 0.55 806 X X
Low-elevation Verdin 1,833 917 0.55 262 X X
desert/grassland, | ycy's warbler 1,833 917 0.43 166 X X
cont. Northern cardinal 1,833 917 0.39 191 X X
Curve-billed thrasher 1,833 917 0.36 554 X X
Brown-crested flycatcher 1,833 917 0.35 307 X X
Phainopepla 1,833 917 0.18 426 X X
Black-tailed gnatcatcher 1,833 917 0.17 1,571 X
Pyrrhuloxia 1,833 917 0.13 7,488
Gilded flicker 1,833 917 0.10 8,816
Abert's towhee 1,833 917 0.09 675 X X
Rufous-winged sparrow 1,833 917 0.08 1,286 X
Western scrub-jay 1,833 917 0.08 2,667
Bullock’s oriole 1,833 917 0.07 1,166 X
Great-tailed grackle 1,833 917 0.06 1,866 X
House sparrow 1,833 917 0.06 1,866 X
Crissal thrasher 1,833 917 0.05 2,195
Western kingbird 1,833 917 0.04 1,798 X
Varied bunting 1,833 917 0.03 2,017
Costa’s hummingbird 1,833 917 0.02 5,157
Great horned owl 1,833 917 0.02 7,488
Montezuma quail 1,833 917 0.01 18,847
Low-elevation Bell's vireo 432 216 0.75 199 X X
riparian Summer tanager 432 216 0.39 378 X
Song sparrow 432 216 0.28 520
Yellow warbler 432 216 0.24 601
Vermilion flycatcher 432 216 0.22 666
Common yellowthroat 432 216 0.19 781
Broad-billed hummingbird 432 216 0.12 1,139
Gray hawk 432 216 0.11 1,320
Northern beardless-tyrannulet 432 216 0.09 1,622
Hooded oriole 432 216 0.08 1,735

Encounter rate is from pilot survey efforts in each community and represents the average number of detections point visit. See text for formulas for calculating
number of surveys needed. Allocation of sampling effort for “Initial proposed program” will change based on the findings of this exercise. See protocol narrative

for additional information.
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Section 4: Supplements

Supplement B: Determining Length of Count Period,
Survey Timing, and Travel Times for Application
to the SODN Landbird Monitoring Protocol

Version 1.02 (May 5, 2007)

Revision History Log

Previous | Revision Section and New
Version # date Author Changes made paragraph Reason for change Version #
Introduction all birds detected aurally or visually during an

We will employ the point-transect method
(Buckland et al. 2001; see SOP #5) to monitor
population parameters in SODN parks. Prior
to the initiation of monitoring, a number of
questions and refinements to the study design
and survey protocol need to be addressed to
maximize information gained from surveys.
Because field surveys comprise the bulk of the
program’s cost, refining the design and proto-
col can augment efficiency by reducing field
costs and allowing for greater precision in pa-
rameter estimation. Topics we seek to address
are the length of the count period, daily timing
of survey periods, and calculating travel time
between points. At the beginning of each sec-
tion, we introduce the question of interest, then
describe methods used to address those ques-
tions. We then present results and discuss ap-
plication to the landbird monitoring protocol.

For each section, we use data that were collect-
ed at nine SODN parks between 2001 and 2005
during vertebrate and vascular plant invento-
ries (Albrecht et al. 2005; Powell et al. 2005a,
2005b, 2005¢, 2005d, 2005e, 2006; Schmidt et
al. 2005a, 2005b). The point-transect method
was used in these inventory efforts to survey
diurnal birds during the peak breeding period
for most landbirds in SODN parks (mid-April
to early July). Data were collected at 282 survey
points spaced 250 m apart and placed along 58
transects (n = 2-12 points/transect; Table B.1).
Surveys at each point consisted of counting

eight-minute active count period and noting
the minute when each individual was detected.
Observers also recorded bird species detected
both before and after surveys and while mov-
ing between points (passive period), facilitat-
ing detections of secretive species that would
not have otherwise been recorded. Observ-
ers attempted to begin surveys approximately
20 minutes before local sunrise and conclude
surveys within three hours after sunrise. After
arriving at a station, observers waited between
30 and 60 seconds before beginning counts
so that birds disturbed as observers walked to
points could resume their normal activities. For
the following analyses, we used only observa-
tions of birds identified to species, and did not
include birds that were observed flying over
points.

Section 1: Length of the Count
Period

Introduction

Determining the length of time to survey at each
point has important implications for survey de-
sign. Counts of shorter duration (3-5 minutes)
enable observers to visit more points in a single
morning, but likely decrease opportunities for
observers to detect some birds due to low song
frequency or infrequent movement. Longer
surveys enable observers to detect more indi-
viduals, but are less efficient and can increase
the potential for double counting because they
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Table B.1. Summary of bird inventory effort in Sonoran Desert Network parks, 2001-2005.

Number of visits by year

Park unit I

o
o
(o]
4

f survey

Transect name

Sl O
Bl 2001

—_

Casa Grande Ruins NM  Casa Grande
Chiricahua NM Bonita
Bonita Canyon
Bonita/Whitetail Canyons
Faraway
Little Picket
North Canyon
Rhyolite
Rhyolite/Sarah Demming Canyons
Sugarloaf/Massai
Coronado NM North
Riparian
South
Wash
Fort Bowie NHS Butterfield
East
Siphon Canyon
West
Gila Cliff Dwellings NM  Cliff Dweller Canyon
Riparian
Uplands
West Fork

Saguaro NP-Rincon MD 101, 106, 107, 111,112,113, 115, 120, 121,
125, 128, 130, 138, 139, 155, 189, 191

Auto Loop
Douglas Springs
Happy Valley Saddle

Ul Ul Ul Ul Ul

0|0 O 0 V|0 W 00 0 ~N 00 ~ ~ 00
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Lower Rincon Creek

Box Canyon

Rincon Peak

Upper Loma Verde Creek

Upper Rincon Creek
Saguaro NP-Tucson MD 204, 212, 213, 238, 239
Tonto NM Riparian
Tumacacori NHP East
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Al transects were randomly located, had four survey points, and were surveyed four times. See text for citations.
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Figure B.1. Mean percent (+ SD) of species and individuals
observed in each of the eight active-period minutes and
during the passive period, Sonoran Desert Network parks,

2001-2005.

Network parks, 2001-2005.

Differences among observers are likely attributable to differences in

Passive-period observations were those recorded before or after active  skill or ability to follow protocol.

periods.

give birds more time to move around plots;
these movements are difficult to track. To bal-
ance the trade-offs of survey efficiency and ac-
curacy, we sought to identify the optimal count
time.

Methods

To determine the optimal count time, we sum-
marized data from all 58 transects (Table B.1)
and estimated the number of species and indi-
viduals recorded during the active periods of
each count and during the passive period be-
fore and after each count. We organized data
for each of the 2,300 counts by listing the first
minute in which each species was detected,
regardless of how many times the species was
detected in subsequent minutes. For example,
if mourning doves were recorded at a point in
minutes 3, 5, and 8, we only used the observa-
tion from minute 3. We summarized data for
each transect and averaged data among tran-
sects and parks. We analyzed data similarly
to determine the total number of individuals
recorded in each minute. We summed the
number of observations for each active period
minute and for the passive period, but we did
not exclude multiple observations of the same
species.

Because the length of the active period (eight
minutes) used during bird surveys in SODN
parks was determined from expert opinion,
we wanted to evaluate the potential benefits
of reducing or extending the count period. We
therefore used simple linear regression using
the percentage of species observed in minutes
3 to 7 and excluded all detections during the
passive period. We used minutes 3 to 7 to de-
termine the slope of the regression line because
the number of new species added per minute
decreased linearly. We excluded minute 8 from
the regression model because of the tendency
for observers to “pack” observations made af-
ter minute 8 into that minute (Figure B.1). We
also excluded minutes 1 and 2 from the analysis
because the large number of observations dur-
ing those minutes overwhelmingly influenced
the slope of the regression line.

Results

Almost 50% of species recorded during eight-
minute surveys were detected in the first min-
ute (Figure B.1). As expected, the number of
new species detected in each subsequent min-
ute decreased progressively, except for minute
8. This is an almost certainly an artifact of mea-
surement error, whereby observers recorded
birds detected after the eighth minute as occur-

Figure B.2. Percent of passive-period observations by
observers with >1,500 observations each, Sonoran Desert
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ring during that minute. The tendency to pack
observations into the eighth minute did not dif-
fer among the seven primary observers (F ,,, =
0.85,P=0.53, ANOVA). Patterns in the number
of individuals recorded in each minute mir-
rored the results for species, except that there
was a much lower percentage of individuals re-
corded in minute 1 (Figure B.1). This is expect-
ed, because it was common to observe multiple
individuals of the same species throughout the
survey period, and for this analysis, we includ-
ed only the first observation of a species.

The mean percent change in the number of
species observed from minutes 3 to 7 decreased
by 1.4 % (+ 0.1 SE) per minute (¢, , = 19.0, P =
<0.001, test of slope from regression). Extrapo-
lating this to minutes 8-10, given that 5.4% of
species were detected during minute 7, only
4.0% (+ 0.1 SE) of new species would be ob-
served in minute 8, 2.7% (+ 0.1 SE); in minute
9,and 1.3% (+ 0.1 SE) in minute 10. Based on
the mean number of species detected per ac-
tive-period count (24.5 + 0.4 [SE]), we would
expect only a single new species to be observed
in minute 8 (we extrapolate to minute 8 because
of “packing” in that minute), and only a single
new species on every third visit in minute 10.

Observers recorded an additional 9.4% (+ 0.5
SE) more species along transects by including
detections during the passive period. Much of
the variation in the percent of passive-period
observations results from differences among
observers (F6’32 =6.17, P=<0.001, ANOVA; Fig-
ure B.2). Among all observers, 10 species had
>25% of their observations during the passive
period. These species often could be character-
ized as follows: (1) uncommon but conspicu-
ous and with large home ranges (raptors), (2)
passage migrants that were difficult to detect
aurally (e.g., warbling vireo, Wilson’s warbler,
and Brewer’s and chipping sparrows), and/or
(3) species that breed in the parks but which
vocalize less frequently (e.g., greater roadrun-
ner and black phoebe). By contrast, three very
conspicuous species were rarely observed only
during passive periods (<1.0% of observations;
red-winged blackbird, Gila woodpecker, and
Cassin’s kingbird).

Application to survey protocol

The eight-minute survey period used during
point-transect counts seemed to represent an

appropriate trade-off between efficiency and
accuracy. Although counts of longer duration
would add additional species, the mean num-
ber of species would have been <5%, thereby
making a longer count period inefficient. By
keeping the count to eight minutes, observers
can survey additional points each morning (see
Section 3, below).

Because there is a greater chance of counting
the same individual more than once during
longer counts and this double counting can re-
sult in significant biases in parameter estimates
(Smith et al. 1998), we advocate counts of eight-
minute duration (Scott and Ramsey 1981). One
solution to double counting could be to re-
cord only new species observed at the end of
the count period (e.g., minutes 9 and 10), yet it
seems more productive to record new species
during the passive period. Therefore, it is war-
ranted to include passive period observations
into the landbird monitoring protocol. Because
of difference among observers in the number
of species recorded during passive period, the
importance of collecting these data should be
stressed during the five-day training period at
the beginning of the season (see SOP #2).

Section 2: Daily Timing of Surveys
Introduction

Estimating population and community param-
eters requires that individuals that are present
but undetected be considered in estimation.
Because singing frequency declines as the
morning progresses, detectability and survey
efficiency also decline, which can bias param-
eter estimates. Therefore, we seek to estimate
change in the number of species and individu-
als detected as the survey morning progresses
and identify a cut-off point after which surveys
are no longer efficient.

Methods

We converted survey start times to minutes af-
ter sunrise by subtracting start times from local
sunrise times for Tucson for the date of each
survey. Start times ranged from 23 minutes be-
fore to 289 minutes after local sunrise, but we
truncated observations after 240 minutes be-
cause sample size was low after that time (Table
B.2). For some analyses and for presentation,
we classified each count as occurring within
one of nine 30-minute time periods that start-
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Table B.2. Summary of survey effort in each half-
hour survey period, Sonoran Desert Network parks,
2001-2005.

Table B.3. Regression coefficients and test for
regression slopes for the number of individuals on
each survey (all species) as a function of the time
(minute) before and after sunrise, from multiple
linear regression, Sonoran Desert Network parks,
2001-2005.

Number of counts
in time period

Minutes from
sunrise

Time

period

1 -30 to sunrise 186 .
Estimate

2 1-30 471 Park unit
3 31-60 508 Mean SE
4 61-90 514 CHIR -0.022 0.004 -6.53 >0.001
5 91-120 396 CORO -0.019 0.005 -3.91 >0.001
6 121-150 330 FOBO -0.015 0.005 -2.80 0.006
7 151-180 124 GICL -0.002 0.007 0.24 0.814
8 181-210 47 SAGU-RMD -0.019 0.004 -5.19 >0.001
9 211-241 27 TUMA -0.018 0.008 -2.36 0.019

TUZI -0.003 0.005 -0.72 0.472

T-tests indicate the slope of the estimate is significantly different from zero.
Only parks with >100 surveys are included in this analysis. See text for other
explanatory variables included in the models.

ed 30 minutes before sunrise. The number of
counts in each 30-minute period varied, with
most surveys taking place between sunrise and
150 minutes after sunrise (Table B.2). After 150
minutes, the number of surveys was small.

Table B.4. Regression coefficients and test for
regression slopes for the number of individuals of
the most-common species (n > 500 observations
each) as a function of the time from sunrise, from
multiple linear regression, Sonoran Desert Network
parks, 2001-2005.

Asresponse variables, we summarized the num-
ber of individuals and species detected at each
point. We tested for changes in both responses
as a function of count start time, while adjust-
ing for the influence of four covariates, using
multiple linear regression. Because count start
time was the variable of interest, we sought to
determine its influence after accounting for the
influences of year, Julian date, park, and ob-

Estimate

Mean SE

Species

Ash-throated

server. Finally, we used the same procedure to flycatcher -0.0003  0.0004 -0.78  0.433
test for the infl f start ti th -
con IO The INTUERED OF Stalt HIme On Tac M Bewick’s wren 00013 0.0004 -327  0.001
ber of individuals of common species.
Cactus wren -0.0015 0.0005 -2.68 0.008
Gambel’s quail -0.0022 0.0021 -1.02 0.305
Results Gil dpeck 0.0010 0.0006 -1.61 0.108
a woodpecker -0. . -1, :
The number of individuals detected across time raw i E
decreased by 0.022 + 0.002 per minute across House Ilnc 0.0007  0.0003 -0.82 0.413
the survey period (7, ,,, =-11.19, P = <0.001). Mourning dove -0.0018  0.0005 -3.38 0.001
We found similar patterns for species richness Northern cardinal -0.0012  0.0005 -2.18  0.029
(regression coefficient = -0.013 + 0.0013 [SE]; Verdin 0.0002 0.0004 0.60 0.546
) 2g0 =93, P = <0.001). Similarly, we found sta- White-winged dove  -0.0013  0.0005 -2.22  0.027

tistical differences among half-hour time peri-
ods (t-test graphically displayed as 95% CI; Fig-

ure B.3). The influence of survey timing varied ~ ing many individuals. However, the general pat-

considerably among parks, after accounting for
other variables (Table B.3). Surveys from two
of the seven parks did not show a significant
decline in the number of observations after
sunrise, indicating that surveys in those parks
might have been extended longer without miss-

tern of decline shown in Figure B.3 holds for
this analysis. On average, we found a mean
decline among the seven parks of 0.84 + 0.324
(SE) individuals per % hour after sunrise.

The prevailing pattern of fewer individuals de-
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Figure B.3. Mean number of individuals and species
observed as a function of time from sunrise, all parks and
species, Sonoran Desert Network parks, 2001-2005.

Larger confidence intervals from the last two time periods are a result
of small sample size (see Table B.1).

tected with increasing time from sunrise for all
species was similar to that for the most-com-
mon species recorded at all parks (Table B.4).
For six of the 10 species we assessed, the num-
ber of individuals detected declined as a func-
tion of time after sunrise (P < 0.05). For two
species, verdin and house finch, the number of
individuals observed seemed to increase as the
morning progressed, though the results were
not statistically significant (Figure B.4). Among
all species, we found an average decline of 0.06
+ 0.04 individuals per minute after sunrise,
equivalent to a decrease of 4% per hour.

Application to survey protocol

Detectability is one of the most important
considerations when designing monitoring
programs for wildlife. Failure to detect a spe-
cies when it is present (false absence) can lead
to biased estimates of population parameters.
In general, the number of birds observed de-
clined as the morning progressed (Tables B.2,
B.3; Figure B.3). However, most of our surveys
occurred within three hours of sunrise, and the
decrease in number of individuals did not seem
to be biologically significant. Therefore, surveys
within three hours of sunrise did not seem to
affect overall observation rates for most species
such that surveys within four hours of sunrise
might be appropriate. However, the number of
species observed as a function of season, time

of day, locations, and observer explained very
little variation in the number of individuals for
the most-common species (Table 2.3; mean R?
=0.13; range = 0.05-0.33), suggesting that other
factors, such as vegetation features, contributed
more strongly to the number of individuals ob-
served. Sufficient data may be available at the
time of the five-year review to more accurately
model detection rates as a function of time of
day and other factors for a wider range of spe-
cies. Data from projects that survey in morn-
ings and extend those surveys further into the
breeding season may also be valuable to guide
survey timing. Sources of data for these analy-
ses may be available from the Southern Colo-
rado Plateau Network, which plans to survey
15-20 points per morning.

To more accurately assess the influence of time
of day on detection rates, we will collect data
that allow for better optimization of survey
timing and establish cut-off times after which
surveys are ineffective for some species (e.g.,
Calladine et al. 1999). In particular, for each
bird detected, we will indicate how individuals
were detected (i.e., song, call, visual, or combi-
nation) so as to understand how counts later
in the morning influence detection of singing
males, which is the index used for density esti-
mation. Singing frequency in relation to breed-
ing phenology has been well studied for some
species (Wilson and Bart 1985; Gutzwiller et al.
1997; Amrhein et al. 2004) and is often related
to timing of breeding; most singing occurs early
in the nesting cycle and declines thereafter. By
collecting the right type of information, such as
survey minute, type of detection, and daily tim-
ing of surveys, future reviewers will be able to
model detectability for each species as a func-
tion of these variables (e.g., Farnsworth et al.
2002) and augment accuracy of parameter and
trend estimates.

Finally, survey methods that compensate for
lower observation rates as the morning survey
period progresses will be employed. In particu-
lar, observers will alternate the order in which
points are surveyed along transects during each
visit. Because points will be surveyed at least
four times each season, this should control for
biases from survey timing. Finally, it may be
possible to fit survey timing as a covariate when
analyzing data.
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Figure B.4. Number of detections (mean + SE) by half-hour time periods for the most common species
along Rincon Creek, Saguaro NP, 2001-2005.

See Table B.2 for definition of time periods. Statistically significant declines in the number of observations were noted
only for the brown-crested flycatcher (P = 0.05, test of slope from linear regression), whereas the verdin showed the

opposite pattern. Time period 6 = three hours after the start of surveys.
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Section 3: Estimating Travel Time
Between Survey Points

Introduction

Results from Section 2 indicate that 3% hours
after sunrise is a conservative cut-off point for
morning surveys, and that longer surveys may
be warranted in some areas and times of year.
An extension of these results would be to assess
the number of survey points that can be visited
each morning, which is a function of both the
count-period length and travel time between
survey points. For surveys along trails or roads,
walking is not hindered by vegetation or topog-
raphy, and travel time between survey points
is minimal. However, at sites far from trails,
or where distances between points are greater
than 250 m, travel time should be considered in
planning the program. In this section, we model
travel time under a variety of survey conditions,
assuming eight-minute surveys, and use this in-
formation to guide sampling design.

Methods

We used a subset of data described in previous
sections and used only data from those tran-
sects where survey points were located 250 m
apart for standardization. To estimate travel

Travel minutes/100 meters (+ 95% Cl)

10

T
L
I T
+ T
R-Desert R-Forest Riparian Trail

Community/transect type

Figure B.5. Travel time (mean + 95% Cl) per 100 m between
bird survey points by community type or transect type,
Sonoran Desert Network parks, 2001-2005.

“R" indicates transect was off-trail in either Sonoran Desert upland
or semi-desert grasslands (desert) or in chaparral/oak woodland
and forest (forest), Saguaro NP, 2001. “Riparian” transects were in
Fort Bowie NHS, Tumacécori NHP, Coronado NM, Chiricahua NM,
and Saguaro NP. “Trail” transects were in Casa Grande Ruins NM,
Tuzigoot NM, Fort Bowie NHS, and Saguaro NP.

time between points, we classified transects
into four types according to increasing dif-
ficulty of travel: riparian areas, trails, off-trails
desert, and off-trails forest. We summarized
data from seven transects along riparian areas
(n = 78 visits) and five transects along trails (7
=44). We also summarized data from transects
that were placed randomly throughout Saguaro
National Park (SAGU). These transects were
placed irrespective of their location in relation
to trails or riparian areas (see Powell et al. 2006
for descriptions of random transects). Because
of differences in vegetation communities at
random transects, we classified them based on
the dominant vegetation community as being
either desert (n = 57; Sonoran Desert uplands
and semi-desert grasslands/oak savannah) or
forest (7 = 24; manzanita/oak forest and wood-
land). Almost all transects were in uneven ter-
rain or on steep slopes, so we did not classify
transects based on these characteristics.

For each visit to a transect, we calculated to-
tal survey time by subtracting the start time at
the first survey point from the end time at the
last survey point. We then divided total survey
time by the number of survey points to calcu-
late mean survey time per point. This time in-
cluded both active survey time (eight minutes),
rest time before and after counts (two minutes
on average), and travel time. To calculate travel
time, we subtracted 10 minutes from the mean
survey time. Finally, we estimated travel time
per meter by dividing the mean travel time for
each of the four transect types by 250 (distance
between survey points).

We used these estimates to model the maximum
number of points (N ) that could be surveyed
in a single morning within 3% hrs of sunrise.
The number of points is maximized when the
following formula is closest to zero for the clos-
est integer:
N _=T-(AxB)

where T is the maximum time after which sur-
veys will no longer be conducted (210 minutes
for this exercise); A is the upper 95% confi-
dence interval (CI) for travel time between
points for the transect type of interest; and
B is the distance between survey points. We
used the upper 95% CI because it provided a
more conservative estimate; CI values averaged
11.7% greater than the mean (range = 7.4% to
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18.3%). To assist in planning, we plotted the
number of points that could be surveyed under
a range of sampling conditions by transect type
and distance between points.

Results

Travel time varied among the four types of tran-
sects (F, ,, = 91.3, P = <0.001, ANOVA), with
travel time being greater in the manzanita/oak
woodland and forest type in the Rincon Moun-
tain District of SAGU (Figure B.5) than in other
types. Travel times between random points in
desert communities were also greater than travel
timeinriparianareas,andgreaterthanalongtrails
(P < 0.001). Similarity between travel times for
riparian areas and trails was due to the ease in
walking along dry washes.

The number of points that can be surveyed
within 3% hours of sunrise ranged from 5 to
12, depending on distance between points and
the transect type (Figure B.6). The maximum
number of points can be surveyed along trails
or riparian areas (9-12 points per morning),
and the fewest in forested areas off of trails (5-7
points per morning). Extending the morning
cut-off period to four hours after sunrise adds
approximately one additional point for off-trail
or along washes.

Application to survey protocol

Travel time between points will significantly
impact the number of points that can be sur-
veyed in a morning (Figure B.6). We will use
these data during the planning process when
selecting study locations. During the planning
process, we will round up the number of points
that can be surveyed, because (1) some tran-
sects can be started approximately 15 minutes
before sunrise and (2) our calculations of travel
time were conservative (we used the upper 95%
confidence interval); actual travel time may not
be as long.

A critical assumption of these estimates is that
field workers can begin surveys at or near sun-
rise every morning. In 2001, at Saguaro Nation-
al Park, field observers were able to camp near
the beginning of each random transect on the
evening prior to surveys. Since that time, the
park has decided to forbid camping off of trails
or outside of designated campsites. Because of
safety concerns, Organ Pipe Cactus National
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Figure B.6. Estimated number of points that can be

surveyed within 3%z hours after sunrise (solid line) for three

community types/types of transects by varying distance

between points.

Data from Sonoran Desert Network parks, 2001-2005.

Monument (ORPI) also has significant camp-
ing restrictions that may influence our ability
to access monitoring sites. As a result, transect
start points at SAGU and ORPI can not be
further than a 30-minute walk from an exist-
ing trail and, ideally, would not be more than
a one-hour walk from the closest trailhead. By
parking at the closest trailhead and using trails
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or open washes, field workers can walk along
trails in the darkness, then exit the trail and
walk off-trail as it gets light. Like other aspects
of this protocol, the question of the survey tim-
ing and efficiency (including Section 2) should
be investigated during the five-year review.
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