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Abstract—The Madrean Archipelago Biodiversity Assessment (MABA) of Sky Island Alliance is an ambi-
tious project to document the distributions of all species of animals and plants in the Madrean Archipelago,
focusing particularly on northeastern Sonora and northwestern Chihuahua, Mexico. The information is
made available through MABA’s online database (madrean.org). The sources of these records are museum
collections, herbaria, scientific literature, other databases, observations, and field notes. Many observations
come from MABA expeditions to isolated mountain ranges in northeastern Sonora involving taxonomic
specialists, professors, students, and others from universities in Arizona and Sonora; and personnel from
Mexican agencies. This paper provides an analysis of the current status of species records contained within
the MABA flora and fauna databases and the significance of these records for future collection, research,

and conservation planning.

Introduction

Project Background

Since 2009, the Sky Island Alliance’s Madrean Archipelago Biodi-
versity Assessment (MABA) has been documenting the biodiversity
of the Sky Island region with the aim of supporting conservation and
scientific inquiry. The MABA project is a direct result of the Madrean
Conferences held in 1994 and 2004. These conferences convened
scientists and natural resource managers from the United States and
Mexico to discuss the biodiversity and natural resources management
of the Sky Island region (DeBano and others 1995; Gottfried and
others 2005). One conclusion from these conferences was the lack of
biodiversity dataneeded to support the management and conservation
of the Madrean Archipelago, particularly in Mexico. Documenting
the biodiversity of the Sky Island region is challenging, as the area
contains over 50 mountain ranges/mountain complexes, hundreds of
rare and localized species, and numerous habitats dispersed between
the Rocky Mountains to the north, the Sierra Madre Occidental to
the south, and the Sonoran and Chihuahuan deserts to the west and
east. Sky Island Alliance worked with programmer Ed Gilbert, the

In: Gottfried, Gerald J.; Ffolliott, Peter F.; Gebow, Brooke S.; Eskew, Lane
G.; Collins, Loa C., comps. 2013. Merging science and management in

a rapidly changing world: Biodiversity and management of the Madrean
Archipelago IIT; 2012 May 1-5; Tucson, AZ. Proceedings. RMRS-P-67.
Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station.
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SEINet flora database, Symbiota, and the Veolia Foundation to cre-
ate the MABA online database (http://www.madrean.org); since its
creation, the database has become a large repository of information
for many groups of species in the Sky Island region and includes
both vouchered specimens and observations from herbaria, museum
collections, scientific literature, and MABA’s own field expeditions.
This paper provides an analysis of the current status of species
records contained within the MABA flora and fauna databases and
the significance of these records for future collection, research, and
conservation planning.

Virtual Flora and Fauna

The MABA online database is considered a “virtual flora and fauna,”
a type of digital resource that is revolutionizing the way biodiversity
information is documented and shared. Floras and faunas refer to both
the species of plants and animals that inhabit a region as well as the
publications that describe them (Heidorn 2004). Historically, floras
and faunas have taken the form of print media and contain information
such as scientific classifications, species descriptions, illustrations,
photos, distribution maps, and identification keys. There are limita-
tions to printed media when it comes to documenting biodiversity, not
least of which are the sheer number of organisms in some taxonomic
groups; given that there are an estimated 5,300 species of flowering
plants in Madrean Pine-Oak Woodlands (Conservation International
2011), a print flora for the entire region would be impractical. Addi-
tionally, the cost and labor associated with publishing regional floras
and faunas also limit production and distribution of these works; in
2003 the estimated cost of producing a flora with 2,104 species was
$1,579,946 (Heidorn 2004).
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Web-based virtual floras overcome many of these problems: they
are less expensive, support unlimited images and species records,
allow for complex data queries, and can be corrected and updated
continually (Gilbert, unpublished presentation). Web-based flora and
fauna have taken databases, once the private domain of individual
researchers, and have extended them to be a medium for collabora-
tion between researchers and citizen scientists (Schnase and others
1997). Finally, web-based floras and faunas increase the speed at
which biodiversity data is collected and made available, a critical
factor considering how quickly species and habitats are being lost to
human activities (Heidorn 2004).

The last two decades have seen a worldwide effort to digitize her-
baria and museum collections, resulting in flora and fauna databases
containing on the order of 10* and 10° records (Soberdn and others
2002).Access to such large datasets has spurred the burgeoning field of
biodiversity informatics (Soberén and Peterson 2004), and has led to
scientific applications such as modeling species ranges and evolution-
ary analyses (Petersen and others1999; Zhong 1999); locating areas
for biodiversity exploration (Jones and Gladkov 1999; Soberén and
others 2004); prioritizing for protected areas (Godown and Peterson
2000; Kelley and others 2002), and modeling routes for the spread
of invasive species (Higgins and others 1999; Peterson 2004).

No matter how sophisticated the design of a virtual flora or fauna, it
isonly as good as the data it contains. A database with acomprehensive
set of species records allows for comparison of species lists across
sites; observation of species richness over time, including before and
after habitat modifications; and analyses such as those mentioned in
the previous paragraph (Sober6n and others 2004). Adding records
to the MABA database has been ongoing since the program began in
2009. This research reflects the status of the MABA database through
analyzing species records in reference to Sky Islands/complexes,
reporting the sources of records, and identifying which time periods
have been the most productive for collection efforts. The results of
this paper are useful for targeting areas for future collection and data
acquisition efforts and better understanding how the MABA database
can be used for research and conservation planning.

Methods
Defining Sky Island Ranges and Complexes

In order to perform count and density analyses on species data for
each Sky Island/complex, a GIS polygon layer was created defining
the physiographic boundaries of each range or complex containing
oak woodland. Generally, the boundaries of ranges or complexes
were digitized using physiographically defined mountainous features
containing contiguous or closely clustered areas of oak woodland that
were isolated from the main Sierra Madre and Rocky Mountains.
Previously created maps of the region have classified Sky Islands
exclusively on the presence of vegetation (Marshall 1957; Brown
and Lowe 1980). Range/complex borders were defined by draw-
ing along a 7 percent slope gradient threshold (see fig. 1). In areas
of ambiguous slope, borders were drawn to include 50 percent or
greater digital elevation model (DEM) cells with a 7 percent slope
gradient or higher. These boundaries emphasize the physiographic
continuity of complexes or ranges, including areas outside of the
oak woodland boundaries that are still mountainous. Physiographic
ranges and complexes were subdivided when they showed significant
gaps in oak woodland presence. These divisions were drawn along
low points of elevation in those gaps. Additionally, two ranges that
did not show oak woodlands in the Geographic Information System
(GIS) vegetation database used in this analysis, the Mule Mountains
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Figure 1—This image shows areas above 7 percent grade (white) that were
used to help digitize the boundary of Sky Island ranges and complexes.

and the Cerro Cobachi, were included based on the field experience of
Dr. Tom Van Devender. A small number of ranges and complexes that
show oak woodland connections to the Sierra Madre were included
in this analysis because of historical precedent. These “peninsulas”
of the Sierra Madre are noted in table 1.

Names of complexes were determined by combining the northern-
most and southernmost range names. Range names were acquired
from U.S. Geological Survey (USGS, 2002) and Mexican National
Institute of Statistic and Geography (INEGI) topographic maps. In
some cases, a more commonly known name was chosen over the
naming convention above. A single unhyphenated name was used for
isolated ranges and smaller subdivisions of Sky Island complexes.
Figure 2 provides a map of the Sky Island ranges/complexes used in
this analysis.

Data Acquisition and Manipulation

Species point locations and associated data were obtained by SQL
queries to the separate MABA flora and fauna databases. Queries
were made using a web-based MySQL interface to facilitate down-
loading large datasets; however, the same data can be accessed using
the MABA online database (http://www.madrean.org). Latitude and
longitude coordinates bounded queries to aregion containing Arizona,
New Mexico, Sonora, and Chihuahua. Records lacking geographic
coordinates were eliminated. Each acquired dataset was then imported
into a GIS and projected into the Albers Conformal Conic projection
using the NAD 83 datum. A spatial join was then created to link spe-
cies data with Sky Islands/complexes boundaries.

Queries were made for the six separate classes of animals: Ar-
thropoda, Aves, Mammalia, Osteichthyes, Amphibia, and Reptilia.
Amphibia and Reptilia classes were then combined. For plantrecords,
the entire database was downloaded and classified by family name
into three separate datasets for angiosperms, gymnosperms, and ferns
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Table 1—Species records by Sky Island or Sky Island complex.
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ATASCOSA - CIBUTA 2443 570 0.23 5218 214 87 6 428 ] 43 4955 753 681 686 34 229
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CERRO COBACHI 261 5 002 14 005 0 0 0 5 0 14 3 0 6 0 0
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“Density was calculated by dividing the number of records by the area in square meters.
®Indicates that the range or complex has a direct oak woodland connection to the Sierra Madre.
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Figure 2—Map depicting the Sky Island ranges and complexes used to the distribution of species record data in the Madrean Archipelago.
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and fern allies. Observations of members of the families Asteraceae,
Poaceae, and Fabaceae were then isolated from the angiosperm data.
Analysis of contributing institutions and record collection dates was
performed using data downloads from separate SQL queries. This
separate analysis contained some discrepancies between the two
querying efforts. This may be attributed to the addition of new sets
of data since the first queries were performed.

The Nature Conservancy’s Apache Highlands Ecoregion conser-
vation priorities analysis provided vegetation data for Arizona, New
Mexico, and northern Sonora and Chihuahua (Marshall and others
2004). This data combined Gap Analysis Program (GAP) vegetation
data for areas in the United States with Forest Inventory 2000 layers
for areas in Mexico. As this data terminates in the middle of Sonora,
data for more southern regions was acquired from an INEGI layer
entitled “uso del suelo y vegetacion™ (2005). Additionally, a digitized
layer of Brown and Lowe’s Biotic Communities of the Southwest
classification map (1980) was used to supplement the more modern,
digitally mapped layers. Where oak woodland data differed between
sources, the combined area of oak woodlands in all layers for the given
region was used to define Sky Islands/complexes. Digital elevation
model (DEM) data used to create the slope analysis layer is a stitched
mosaic of 90 m resolution raster imagery from NASA’s 2000 Shuttle
Radar Topography Mission (USGS 2002).

Results

General Statistics

Atotal 0f 596,681 plantand 121,355 animal records with geographic
coordinates were queried from the MABA flora and fauna databases
for the States of Arizona, New Mexico, Sonora, and Chihuahua. Of
these records, 87,134 plant and 13,278 animal records were identified
within the Sky Island/complex polygons created for this analysis.
These figures represent only 14 percednt of all records within the
states mentioned. However, as the Sky Islands/complexes only
comprise 4 percent of the area of those states, these figures show a
greater number of records within Sky Islands/complexes. Across all
Sky Islands/complexes, the average sampling effort (the number of
records/area in km?) for plants was 2.18 records/km?and 0.22 records/
km? for animals, representing a tenfold difference in sampling effort
between the MABA flora and fauna databases. When sampling effort
was compared between Sky Islands/complexes in Mexico versus
the United States, the results differed between the animal and plant
records. Note that the country label of Sky Islands/complexes that
straddled the border refers to the location of the polygon’s centroid.
Plants were better represented in the United States with an average
sampling effort of 3.98 records/km? compared with 0.87 records/km?
inMexico.Animals were better represented in Mexico with an average
sampling density of 0.35 records/km?, while the United States had
an average of 0.04 records/km?. Table 1 provides an overview of the
data generated in this analysis.

Contributing Institutions

The databases were analyzed to better understand where the majority
of records originated. Twenty-two institutions contributed tothe MABA
flora database. The University of Arizona Herbarium contributed the
most records, followed by the Arizona State University Herbarium,
MABA observations, Sonoran Desert Plants: An Ecological Atlas,
and the Desert Botanical Garden. Thirty-six institutions contributed
to the MABA fauna database. MABA contributed 13,198 records, by
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far the greatest number of observations, followed by the University
of Arizona, Arizona State University, eBird, and the University of
Texas at Arlington. Figure 3 shows the distribution of records among
contributing institutions.

Temporal Distribution of Records

Examining collection dates for species records revealed that both
the MABA flora and fauna databases were right skewed (fig. 4)
toward more modern collection dates. Seventy-five percent of all
plant records were collected after 1962 while the same percentage
of animal records was collected after 1976. The earliest plant record
in the database was an Acacia texensis collected by G. Thurber in
1851. The earliest animal record was a Rana yavapaiensis collected
by Edgar A. Mearns in 1893.

Within the MABA flora database, most ranges/complexes show
recent collection efforts; however, it appears that the Cerro Cobachi,
Sierrita, Big Hatchet, El Maviro, Las Calabazas-Martinez, and Santo
Niflo ranges have not seen collection efforts since the late to mid-
1990s. Fewer ranges within the MABA fauna database show recent
collection efforts; the Sierrita, Tortolita, Pinalefio, Cerro El Tiznado,
Mule, Cerro Cobachi,and Animas ranges do not show any new records
since the late 1990s, and the Sierrita, Tortolita, and Pinalefio ranges
do not show any records since the late 1970s. It should be noted that
the Sierrita range only showed two animal records revealed in a later
query of the database. The statistical mode of record collection dates
was calculated for each individual Sky Island/complex for flora and
fauna records separately. For plant records, 14 of the 33 Mexican Sky
Islands/complexes had modes more recent than 2000, while only 4 of
the 22 United States Sky Islands/complexes had modes more recent
than 2000. This indicates that sampling efforts in Mexico have been
more vigorous recently than those in the United States. For animal
records, 12 of the 33 Mexican Sky Islands/complexes had modes
more recent than 2000, while only 3 of the 22 United States Sky
Islands/complexes had modes more recent then than 2000. As with
plant records, this shows that the collection effort for Mexico has
been more vigorous recently.

Records by Taxa

The databases were queried based on major taxonomic groups to
better understand which groups were better sampled; conversely, this
analysis also revealed which Sky Island ranges/complexes have the
fewest number of records. In terms of overall records (both animals
and plants),the Huachuca-Patagonia complex yielded the mostrecords
with 11,104 observations. Not surprisingly, other ranges/complexes
with large numbers of records were the Dos Cabezas-Chiracahuas
(10,881 records), the Santa Catalinas (9,994 records), the Peloncillo-
Pan Duros (7,512 records), and the Santa Ritas (6,748 records). The
most poorly represented ranges/complexes were Batamote, Enmedio,
San Juan, Cerro Cobachi, and Cerro El Tiznado. Of these, Batamote
and Enmedio had no records and the remainder all had fewer than
50 records.

The animal taxa queried in the MABA fauna database were Ar-
thropoda, Aves, Mammalia, Osteichthyes (bony fish), and Amphibia/
Reptilia. There were more records for Aves than for any other class
of animals with 8,690 records, followed by Amphibia/Reptilia (2,326
records), Arthropoda (1,683 records), Osteichthyes (362 records) and
Mammalia (217 records). The top five ranges/complexes for Arthrop-
oda were the Los Ajos-La Madera, Peloncillo-Pan Duro, El Gato, San
Javier, and San Antonio-Azul. Of the 55 ranges/complexes identified
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Figure 3—Major contributing institution for the MABA fauna database (a) and the MABA flora database (b).

Note: not all contributing institutions are depicted here.

here, 40 have 10 records or fewer. The top five ranges/complexes for
Aves were the Peloncillo-Pan Duro, Los Ajos-La Madera, El Tigre,
San Antonio-Azul, and Mariquita-Elenita. While Aves was better
represented than other taxa, 29 ranges/complexes remain without bird
records. For Amphibia and Reptilia combined, the best-represented
ranges/complexes were El Tigre, Peloncillo-Pan Duro, Los Ajos-La
Madera, El Pinito, and La Huerta. Thirty-eight ranges/complexes
had 10 or fewer records for reptiles and amphibians. Osteichthyes
and Mammalia showed very few records, so comparisons between
ranges are excluded here (see table 1).

The plant groups queried in the MABA flora database were the
divisions for angiosperms, gymnosperms, and ferns and fern allies.
Angiosperms were further divided into the families Asteraceae, Poa-
ceae, and Fabaceae. All divisions had several thousand records each.
Angiosperms were best represented with 81,861 records (expected
since angiosperms include many more species than other groups),
followed by ferns and fern allies (3,135 records) and gymnosperms
(2,183 records). The angiosperm families were represented with
13,458 Asteraceae, 10,361 Poaceae, and 8,996 Fabaceae. Gymno-
sperms were least well represented with 34 ranges/complexes having
fewer than 10 records, while ferns and fern allies reflected 31 ranges/
complexes with fewer than 10 records. Angiosperms had at least 10
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records in all ranges except 3: San Juan (2 records), Batamote, and
Enmedio. Of the 55 Sky Island ranges and complexes, only 9 had
records for each taxonomic group (both animals and plants); these
were the Huachuca-Patagonias, Atascosa-Cibutas, Peloncillo-Pan
Duros,Los-Ajos-La Maderas, Galiuros, San Antonio-Azuls, El Tigre,
El Gato, and Aconchi.

Discussion

Biodiversity databases that are “extensive and exhaustive” are
important because they allow for the application of biodiversity
data to basic research and conservation planning purposes (Soberén
and others 2004). This analysis was designed to help the Sky Island
Alliance’s MABA program better understand the strengths and weak-
nesses of its flora and fauna biodiversity databases, and to inform
the next steps to improve the coverage and quality of species data. It
is also an opportunity to consider how these data can be applied for
conservation planning purposes.

Specimen records are typically biased by the spatial and temporal
distribution of collection efforts (Soberdn and Peterson 2004; Soberén
and others 2004). Biases in species location data are often attributed
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Figure 4—The distribution of species records collection dates for 5-year intervals for the MABA fauna

database (a) and the MABA flora database (b).

to proximity to roads, research stations, educational institutions, land
tenure, and cities (Soberén and others 2000). This analysis revealed
that many Sky Islands and complexes have no or very little species
data; only nine ranges contained records for all of the taxonomic
groups queried here. Additionally, there remains a large disparity in
sampling effort between the United States and Mexico. Plants are
better represented in the United States by a factor of nearly five to
one, which is likely due to actual sampling effort because of the large
network of herbaria that have provided data. Animal records are better
represented in Mexico by a factor of eight to one. This discrepancy
along with the overall better representation of plants in the database
indicates that a large number of existing animal records in museum
collections are not included in the MABA database. Therefore, add-
ing additional animal collections from museums and other sources
to the MABA database should be a priority. Additionally, any Sky
Islands/complexes lacking in species data across multiple groups of
taxa should be considered for future field collection efforts.
Biodiversity databases rely on the species collections contained in
museums and herbaria. Natural history data may become antiquated
and less useful for contemporary applications if collections are not
continually updated (Peterson and others 1998; Winker 1996). At
first glance, the distributions of record collection dates appeared to be
relatively contemporary, with 75 percent of records being collected
in the last 50 years. However, this does not account for biases in the
collection of individual taxa, which may occur when institutions
receive funding to study specific taxonomic groups or when certain
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taxa are treated with particular interest in a given period (Soberén and
others 2004). Individual Sky Islands/complexes that do not contain
records from recent years are due for new collection efforts.

The importance of continuing the collection and compilation of
species data cannot be understated. Species records from herbaria,
museum collections, and other sources are the foundation of our un-
derstanding of the biodiversity of the planet and how to conserve it
(Winker 1996). While there are remote sensing methods for assessing
areas for high biodiversity and conservation priority, the failure to
include species datain these analyses may leave unique and vulnerable
species unprotected (Brooks and others 2004). Furthermore, increased
access to species data through online databases like MABA’s, as well
as the huge increase in other sources of environmental data, has led to
innovative methods of modeling species distributions for researching
biodiversity and conservation planning purposes (Lobo and others
1997; Jones and Gladkov 1999; Soberdn and others 2004; Rebelo and
Siegfried 1992; Csuti and others 1997; Godown & Peterson 2000;
Peterson and others 2000; Kelley and others 2002; Burgess and others
2002; Chen & Peterson 2002). Combining species data with data on
climate, physiography, and other characteristics allows the modeling
of ecological niches (Soberén and Peterson 2004). The use of these
methods would help overcome some of the gaps and biases in species
data now available for the Sky Island region and contribute to a better
understanding of conservation priorities in the region.

However, before data can be used for the applications mentioned
above its quality must be assessed. Large mixed source databases
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such as MABA'’s often face difficulties in maintaining data quality.
The errors in most need of review are those related to taxonomy and
incorrect georeferencing. Taxonomic errors are somewhat mitigated
by taxonomic thesauruses that check for antiquated scientific names,
a continual challenge in a world of rapidly changing taxonomy. The
correction of georeferencing errors is more laborious and requires
cross-referencing species’ locality descriptions with their geographic
coordinates (Soberén and others 2002); although there are some
statistical tools available to help with this process (Chapman and
Busby 1994). Some assurance of quality control would improve the
confidence with which researchers and lay people could use MABA
data. Without quality control measures,

The MABA projecthas made great strides in compiling biodiversity
data within the Madrean Archipelago, both from existing collections
and from field collection efforts. There still remain numerous gaps
in the biodiversity data available for the region, further emphasiz-
ing the need for more collection efforts. Despite the lack of data for
specific areas, there remains a great deal of data that is available for
conservation and research efforts. Understanding the biodiversity of
the Madrean Archipelago will help highlight the uniqueness of the
region and protect its species for future generations.
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