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Abstract
Cajon Bonito is a perennial stream that drains the western
watershed of the Sierra San Luis, Sonora, Mexico. The Sierra
San Luis is one of dozens of mountain ranges that are
referred to as "sky islands" in a region called the Madrean
Archipelago. This landscape exhibits an enormous array of
habitats and environments that has made it one of the "mega -
biodiverse regions" of the planet. I discuss the unique setting
and qualities that make Cajon Bonito one of the most crucial
and robust corridors in this sky island archipelago. The
information and data that support this conclusion were
gathered using a unique set of protocols and field
methodologies referred to as Rapid Inventory and
Assessment (RAP). I have modified a plant species inventory
field method, the variable transect, that was developed for
use in the tropics, and I have applied it in the habitats of the
Southwest. I have also streamlined the method so that it can
be used by a single observer instead of a team. Use of this
method in the Cajon Bonito watershed provided me with a
quick source of raw, multi - dimensional sampling data. It
also provided a wealth of non -quantitative environmental
information that reveals the study site's rich natural history.

Introduction: Terra Incognita
Field Journal Entry: May 15, 1999 - I am standing knee-
deep in the cool creek, I finally look up after spending
minutes watching five different native fish species gather
in groups or scatter, often jetting back and forth to various
small pools and eddies with over -hanging horsetails. In
either direction, this portion of the canyon is relatively
straight and narrow. Cajon Bonito is hemmed in here by
steep pinkish, rhyolite walls, and above these tower immense
yellow -brown conglomerate hills. Ahead of me where I look
upstream are the linear ranks of enormous cottonwoods and

broad sycamores. Above all of this peek the dark, green
ridges of the Sierra San Luis some fifteen miles east. They
hint at cooler, drier pine -shaded groves. Down here in the
bug -saturated heat, I stand in the water that fell from the
skies to those distant slopes - this past winter, the previous?
I don't know.

I am trekking deep in this spectacular, twisting canyon whose
alternating characters are dark -shaded maple groves across
from sun -baked slopes of grasses and cacti. Down here,
through the canyon flow heat, water, humidity, rock rubble
and sands, and the organic matter shed from the lush plant
growth. All of it eventually moves beyond this sinuous
canyon through the faulted and fractured Sierra Los
Embudos and into the broad San Bernardino Valley beyond.

My attention is drawn back from those remote pine slopes
to the east, back to within the Cajon's red, white and ochre
walls. Through it flows the clear, cool blood of this
ecosystem. I step out of the flowing water and move up on
the bank to collect yet another new plant species and add it
to my growing list, Parthenocissus vitacea, Virginia
Creeper. It has erupted from the dark terrace soils and now
clambers enthusiastically over an ancient Netleaf Hackberry.
Last month my inventories did not give me a hint of this
species' existence anywhere within the study area, though I
would have expected it. Now with the magic available to a
rapidly recovering riparian system, it proves it was there all
along, just like so many other shrubs I have spotted sprouting
from the previously barren substrate in the past few days.
These were missed in my "exhaustive" inventories of the
previous months.

Cajon Bonito is full of surprises for everyone. After all, it is
only recently that any studies have been conducted here.
Nine species of native fishes have been found in Cajon
Bonito, more than any other southwestern stream. There
are no exotics. Despite the infiltration and introduction of
several exotic plant species, there is a welcome and
surprising absence of tamarisk. This is despite the fact that
it is ubiquitous along the Rio Bavispe into which Cajon
Bonito eventually flows. From over -grazed moonscape,
Cajon Bonito has rapidly revegetated itself to a diversity
and lushness rarely paralleled anywhere in the Southwest.
It has done this in just two- and -one -half years of complete
rest from cattle grazing!

My bird surveys produce phenomenal lists that exceed 100
species with each visit, many of which are incredibly
abundant for the six -kilometer stretch of the study area.
Bright crimson Vermilion Flycatchers station themselves
every hundred feet along the stream's edge to sally out after
thick clouds of insects. Wilson's Warblers are even more
abundant. Everywhere and with little letup, from the first
light of dawn until dusk, the cacophony of singing, calling,
fluttering, darting, swooping, and scuttling birds is
overwhelming.
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Each day's trek brings new challenges along this dense and
towering river of green that is tucked snugly between the
cliffs, spires, arches and hoodoos of the Sierra Los Embudos.
I pluck a sample of the vine and jam it into a field guide.
Then I resume my splashing trudge downstream towards
the "grotto." The grotto on river left cannot be seen through
the dense streamside wall of springtime green. You have to
stumble and skip across the gushing waters from moss -
covered boulders to loose logs. Above tower more gigantic
sycamores. Beneath their crowns, the middle layers are filled
with the lacy branches of Bigtooth Maples, and lower still
there is the dense growth of Poison Ivy. Virgin's Bower
vines drape themselves throughout the understory like green
tinsel. The side drainage's waters splash past neon -green
mosses, huge fallen trunks and rotting limbs which give
tentative purchase to those who seek to enter the most jewel-
like habitat of the entire canyon.

Above and ahead of the tumbling waters is the grotto. It is
the best example of a hanging garden I have seen so far in
my travels through Cajon Bonito. When I reach the plunge
pool, I'll stand at the base of a fifty -foot waterfall. Near the
bottom, a horizontal crack in the volcanic rock releases
numerous streamlets from beneath a dense curtain of
maidenhair fern, cliffbrake, monkey flowers and desert
honeysuckle. To the right and above, there is a cave from
which another water trickle emerges. Below its opening and
the overhanging cliffs are large piles of free -tail bat guano.
The musty smell mixes confusingly with the rich, sweet scent
of flowering ceanothus.

I'm not going to make it to the plunge pool to restock my
water supply this morning, though. Just as I am about to
cross the main channel to go up the side drainage to the
grotto, I hear shuffling and scratching sounds from high in
a sycamore tree near the confluence. I look up expecting to
see a coati. Instead I see a shape that is three times as big
resolve itself. Creeping down the sycamore trunk, its tawny
tail bristling and ears laid back, is a large, healthy -looking,
muscular mountain lion. I have obviously disturbed it, and
it lithely drops out of sight below the dense shrub understory.
I back off immediately, and resume my trek back down the
Cajon, bushwhacking rapidly while scanning the ground
for some tool or weapon that might grant me a little sense
of Ice Age security. I find a solid eight -foot sycamore rod
and resume my brisk pace. If I stop, I can clearly hear stream
water being splashed, twigs snapped and dry weeds being
brushed aside.

This unofficially declared chase continues for more than
two hundred meters when I sense I am no longer an
immediate object of curiosity. New rustlings came from
ahead. Approximately fifteen javelinas are heading back
upstream towards the grotto. Perhaps they will be fourteen
before the day is over. I relax a little and push through the
dense baccharis, willow and cottonwood seedlings as I
continue across the stream to the next large terrace. Then a

loud, spitting, "chiff- chiff' and snapping sticks startle me
as three Coue's White -tailed Deer bound away into the
relative safety of the hills. Overhead, a pair of Common
Black -Hawks wail their annoyance at my intrusion. This is
the third pair I have encountered this morning. A few
minutes later dozens of Gambel's Quail explode from
beneath the dense green understory of shrubs next to me.

There are more interesting creatures here in this lush miles -
long river of green and up among the enclosing hills. Cajon
Bonito is a verdant magnet and highway for animals coming
and going across the vast archipelago of sky islands that lay
like scattered stepping- stones between the tropically -
inclined Sierra Madre Occidental to the south and the boreal -
flavored Rocky Mountains to the north. These two
cordilleras are like continents, and the isolated mountains
between are the disjunct colonies their biota escape into to
thrive, survive, move on or die. Reliable reporters have
sighted wolves near Cajon Bonito and another sky island to
the south. Cajon Bonito and the Sierra San Luis hosted some
of the last populations of timber wolves and grizzly bears
in the Southwest until a few decades ago. The infrequent
sightings of jaguars and thick -billed parrots in the border
regions of the United States mean that these creatures use
this rugged range and the lush canyon below as a means of
access, even now.

These are the reasons I am drawn back again and again to
Cajon Bonito. It is so close to the U.S.- Mexico border, but
it has remained in both nations' blind spots. It has seen very
little scientific study. Despite the recent burgeoning of urban
growth along the border brought on by the NAFTA treaty,
much of northern Sonora and particularly this extreme
northern apex of the Sierra Madre are still considered
Mexico's wild frontier. Biogeographer Dave Brown of
Arizona State University reconnoitered a high mesa only a
few miles south of my present study site and found indicators
that much of the land was as pristine as when the first
Europeans entered the area. He collected plant species with
tropical affinities at 7,000 feet elevation that could not have
survived any grazing at all. The utter lack of fire suppression
in the region provides an incontrovertible template against
which fire ecologists might reliably test their paradigms.

I chose the Cajon Bonito watershed for study because I am
convinced that it is the most important corridor in the
Madrean Archipelago, and it is one of the most important
in the Southwest. So far it has been a natural history
adventure which has afforded me an experience that comes
rarely to a naturalist these days - the opportunity to study
an unknown, beautiful and significant place. This report
details some of the evidence I have gathered and how I
gathered it to support my hypothesis that Cajon Bonito's
most significant role is as a corridor for biotic interchange
in a region of mega -biodiversity. Here the values are not
endemism and rarity, but the Cajon's cosmopolitan nature.
Meanwhile, somewhere in this landscape, my "instincts"
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West side of Sierra San Luis and Cajon Bonito ridges, NE Hills near El Pinito, west side of Sierra San Luis, Sonora
Sonora, Mexico. (Walt Anderson) Mexico. (Walt Anderson)

Pinyons, oaks and junipers, Sierra San Luis, Sonora,
Mexico. (Walt Anderson)

Snow on Sierra San Luis shows fire scars, Sierra San Luis,
Sonora, Mexico. (Walt Anderson)
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tell me that "El Tigre," the spotted jaguar, saunters among
the trees and grasses on its way north to the Peloncillo
Mountains and the United States.

Cajon Bonito and the Sierra San Luis
Cajon Bonito drains a rugged series of mountains, uplands
and mesas immediately to the west of the continental divide
in the far northeastern corner of Sonora, Mexico. In this
region that includes southeastern Arizona and far
southwestern New Mexico, the Western Cordillera pinches
narrowly from the south and from the north. In between is a
series of scattered fault -block mountains isolated from one
another by broad valleys. The Cajon Bonito watershed is
enclosed by a clustered group of these topographic "islands,"
which are outliers of the Sierra Madre Occidental at its
northern apex. Above the canyon, to the east and northeast,
the Animas Valley forms a broad, grassy plain that leads to
the Sierra San Luis' northern neighbor, the Animas Range.
North of Cajon Bonito, the Guadalupe Mountains rise in
broken pieces to the larger Peloncillo Mountains. These
northern neighbors are the southern outliers of the Rocky
Mountains. The rugged, steep Sierra San Luis to the east
tower above the watershed.

This picturesque landscape is part of the Sky Islands Region.
I will refer to it often by its newest name, the "Madrean
Archipelago" (DeBano et al. 1994). Indeed these scattered
mountains resemble a vast island group in a "desert sea."
The Sonoran and Chihuahuan Deserts contribute to an
environmental ocean that isolates upland and montane biota
in the cooler, moister heights of these discrete mountains.
Canyons and long drainages play roles similar to the oceanic
currents by providing habitat and corridors for dispersal to
and among these mountain islands. The equable conditions
that maintain the forests and woodlands that host non -desert
flora and fauna have repeatedly expanded downslope into
the land occupied by shrinking deserts during the numerous
glacio -pluvials of the current Ice Age (Betancourt et al.
1990). These expansions have reduced the environmental/
ecological separations between the sky islands. Riverine and
wetland corridors sometimes provided direct conduits that
facilitated biotic interchange. Thus montane and upland
populations of flora and fauna were often genetically
refreshed, altered or reintroduced. In this manner, they
functioned like an oceanic archipelago. Ultimately these
"stepping- stone" mountains allowed for new colonizations
from the biotic "continents" of the Sierra Madre and the
Rockies.

It is as much an influence of culture perhaps as the actual
extant species lists of these sky islands that has led them to
be called the "Madrean Archipelago." To U.S. scientists
with a more northerly bent, the distinctions have been made
according to the increasing occurrences of Madrean species.
Would these sky island communities still be referred to as
"Madrean" had the push for discovery and analysis come
from the universities of Mexico? Put into a regional context

that includes the Sonoran and Chihuahuan Deserts, the more
boreal and Canadian flavors of the highest -elevation plant
communities wink out quickly as we approach the
international border. Therefore, the designation seems
justified. Certainly the Sierra San Luis and other highlands
that contribute species to Cajon Bonito are primarily
Madrean. They are in fact, in combination with the adjacent
Animas Range, the northeasternernmost extent of that region
both physiographically and floristically.

Cajon Bonito and the Sierra San Luis share much of the
same habitat and biotic richness of many of the better -known
sky islands such as the Chiricahua Mountains, the
Huachucas, the Santa Catalinas, and the Sierra de Los Ajos.
All provide haven for relicts, refugia and evolutionary/
biogeographic experimentation. The Sierra San Luis and
Cajon Bonito, though, are centered in the most
heterogeneous and geographically strategic position within
the Madrean Archipelago. My assessment of this value
matches those of other naturalists who have visited the area,
but it is still largely a qualitative assessment. (Part 2 of this
report, to be published at a later date, details my efforts to
gather data and field observations that might support these
biogeographic assertions.)

Purpose of the Study
For several years, I have studied the ecology and natural
history of sky islands. I deliberately sought out Mexican
sky islands for my graduate fieldwork in Field Natural
History, since little study has been done throughout this half
of the Madrean Archipelagic continuum (Felger and Wilson
1995). Most books and studies of the sky islands stop at the
Mexican border, so the southern half of the Sky Islands
region is largely neglected. For a naturalist, places like Cajon
Bonito and the Sierra San Luis offer the two most enticing
features of field natural history: exploration and description.

The emphases of my studies thus far have been on landscape
and habitat heterogeneity, hydrology and stream
geomorphology, and these factors' impacts upon plant and
bird diversities and abundances. Because of the unavoidable
timing of my field studies, fall, winter and early spring, I
limited my floral sampling to trees, shrubs, succulents,
woody vines and epiphytes. Despite this shortcut, I was
handicapped by the necessity of identifying and inventorying
these plant classes in their more cryptic winter conditions.
This meant that nearly half of the species would be leafless.

In order to cover as much ground and as many habitats as
possible, I chose to modify a field study format employed
by the Rapid Inventory and Assessment Program [RAP]
used by Conservation International [CI] in Neotropical
forests (Conservation International 1997). I not only
modified their protocols, but I experimented with
modifications of one of their plant sampling field methods,
the "variable transect" (Robin Foster, pers. comm. 1995).
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(These modifications and applications are discussed in the
upcoming Part 2, the Field Methods portion of this report.)

Prior Explorations and Studies
Although Spanish colonists and missionaries conducted
general explorations in the nearby region in the 16th century,
the first recorded naturalist explorations are found in the
cryptic notes of Bartlett's journal during the boundary survey
of 1848. Stephen White (1948), who conducted a botanical
study in an adjacent region, determined that the plant species
lists included in this earliest work must have come from
Guadalupe Canyon, which is approximately ten to fifteen
kilometers northwest of my study site in Cajon Bonito.
(Apparently Bartlett and the botanists did not accurately
record locations of collections).

The first studies within the Sierra San Luis and Cajon Bonito
were conducted by the U.S. Army during the Boundary
Survey of 1892 -93. That rather large group included
numerous scientists and naturalists under the leadership of
Edgar Mearns. As the survey party moved west out of Texas
to set up boundary markers, the naturalists would travel far
and wide conducting exploratory "transects of opportunity."
These included much plant and large animal collecting.
Mearns authored a 1907 report that included a detailed
discussion of the general natural history of the borderlands
by Lieutenant David Gaillard. The depth and thoroughness
of the studies conducted at any given site were limited by
the time allocated for the remainder of the military party to
survey a nearby section of the border and erect monuments.
Although Mearns and his assistants explored rather
haphazardly across either side of the border, they made
numerous return trips to various stations. They were
especially drawn to those in the Sierra San Luis and Cajon
Bonito. They remarked upon the abundant wildlife and the
great natural beauty of this area.

It is in this report, and particularly in the remarks of
Lieutenant Gaillard, that the region is first referred to as
"bare, jagged mountains rising out of the plains like islands
from the sea." Besides his surveying duties with the military
contingent of the boundary demarcation expedition, Gaillard
was a very active assistant to Mearn's naturalist explorations.
He neatly summed up the general ecology and geography
of the borderlands. He recognized the horst- graben geologic
structure of the land, commented on the mineral make -ups
of many of the mountains, and discussed the drainage
patterns of the region with several references to Cajon
Bonito. He accurately reviewed the bimodal climate of the
Southwest. He was not shy about writing about the
environmental degradation brought on by the massive over-
grazing of the borderlands, particularly during a brutal years -
long drought that has since been the subject of innumerable
studies and research.

Though Gaillard reviewed the vegetation at each of the
numbered study stations, he did not do so in depth or

comprehensively. His descriptions emphasized trees, shrubs
and the more abundant or unique examples of herbaceous
species. Little if anything was mentioned of specific grass
species. His descriptions of Stations 17 through 24 were
thorough enough, however, to serve as valuable references
for my study site. These stations were located in the Animas
Valley, both sides of the Sierra San Luis, and within and
near Cajon Bonito. Stations 17,18,19 and 20 were combined
into a single plant species list. He gives a few details about
the occurrences of well -represented taxonomic groups. He
compares some details of the flora of the Sierra San Luis
with that of the Animas Range, which is immediately north
of the border in New Mexico. Of particular interest are his
astute descriptions and illustrations of montane and highland
tree species stringers extending far out into the Animas
Valley by means of drainages.

Stations 21 -24 refer directly to my study sites in and around
Rancho Los Ojos, as well as Guadalupe Canyon 10 -15
kilometers to the northwest. Gaillard includes only a short
narrative list of the most common plants for the Cajon Bonito
stations. For Station 24, Guadalupe Canyon, he does provide
a more organized and comprehensive list of species, and he
also discusses the community structure. Otherwise all of
the community structure and composition descriptions are
superficial or abbreviated. As mentioned earlier, the
naturalists affiliated with Edgar Mearns made many plant
collections at each station and in surrounding areas, but the
duration of their stays was determined by the agenda of the
survey project. Sometimes naturalists were left behind for
longer periods of study and collection, but this activity was
often constrained, particularly in the Sierra San Luis and
Cajon Bonito. The "presence at this time of numerous
Sonoran grizzly bears and of the `Kid' and his band of
renegade apache Indians... "added danger to this and
subsequent trips into this still relatively wild region.

Stephen S. White collected plants in 1938 -39 along the great
northern bend of the Rio Bavispe, the Sierra El Tigre, and
adjacent areas to the south and west of the Cajon Bonito
watershed. His flora, along with the station descriptions of
Lieutenant Gaillard, can be used to put together a "search
image" for many plant species. They can also be used in
conjunction with floras and guides for adjacent areas to help
confirm the likelihood of finding a particular species in
Cajon Bonito. Until my studies in middle Cajon Bonito, I
know of no other systematic inventories of flora for this
area. Any information I can gather is a start on building a
database for both a drainage and mountain chain that play a
crucial role in the ecological dynamics of the Madrean
Archipelago.

Joe Marshall conducted the first direct study of the Sierra
San Luis and the "upper" Cajon Bonito watershed since the
1893 boundary survey. He focused on the birds of the pine -
oak woodlands, so his sites were kilometers away from and
up to a thousand meters higher than the Rancho Los Ojos
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area. Nevertheless, his study provides not only a superb
upper -elevational "bookend" for my modern study, but it
also gives detailed analyses and comparisons with many
other sky islands.

Hendrickson et al. conducted fish surveys beginning in
1980. At that time the researchers judged that the
watercourse was "one of the most intact, low- desert
ecosystems in the American Southwest." Certainly its
dynamics and species banks are among the most robust in
the Southwest. The current fish fauna consists of nine native
and no exotic species. This is more than any other
southwestern stream studied to date. The only other species
lists accumulated that I am aware of presently are bird
observations made by visitors to Rancho Los Ojos -
"transects of opportunity."

Since the 1980s, floral and faunal studies have increased in
northern Sonora and the adjacent U.S. sky islands. Most
recent studies in Cajon Bonito have been little more than
"spot surveys" for specific taxa and habitats. There are no
current attempts at systematic and comprehensive
inventories and monitorings except for the work I have
conducted and detailed in this paper. There is a growing
interest in the Cajon Bonito watershed among both Mexican
and U.S. researchers and conservation groups since the
current biotic array is stunning even at first glance. Until
funding triggers research from more traditional sources, this
magnificent terra incognita belongs to those with little
means but with the will to improvise.

Geography
A vast wrinkle in the surface of the Earth stretches from
Alaska, through western Canada, then south into the interior
west of the United States. It is the longest tectonic structure
in the world (King 1977). The Southern Rocky Mountains
mark an abrupt topographic interruption of this wrinkle.
Near the boundary between the United States and northern
Mexico, this discontinuation is marked by a series of
smallish to medium -sized mountain masses that are
separated from each other by broad valleys and broken
lowlands. They lie scattered across the region like islands
in an ocean strait. They represent a southern extension of a
tectonic event that sundered the northern portion of this vast
wrinkle from the Sierra Madre Occidental. That huge
mountainous, deeply canyoned plateau marks the
continuation of the giant wrinkle that raises and lowers in a
number of different guises, all the way to Tierra del Fuego
at the southern extreme of South America.

Among these sky islands, the Sierra San Luis are a short
but spectacularly abrupt range that lies at the eastern edge
along Mexico's portion of the continental divide. There are
other ranges to the east, but since we wish to define these
outposts of the sky islands both in terms of topography and
constituent flora and fauna (DeBano et al. 1994), we mark
it as an eastern terminus of the Madrean Archipelago. This

blocky, tilted range looms above the valley below it to the
west into which Cajon Bonito has carved a box canyon.
From a mountainous perch, the drainage resembles a suture
across the landscape before it dives into the scrambled
blocky hills of the Sierra Los Embudos.

Cajon Bonito drains the western side of the divide of the
Sierra San Luis as it flows to its northern apex at Rancho
Los Ojos. This divide along the spine of the San Luis marks
the boundary between the states of Sonora and Chihuahua.
At Rancho Los Ojos, the Cajon approaches to within less
than five kilometers of the triple border junction of far
northeastern Sonora, and the extreme southeastern and
southwestern corners of Arizona and New Mexico
respectively. From this northern end, it partially reverses
course towards the southwest out into the San Bernardino
Valley. There it joins the southerly flowing San Bernardino
River. Together they form the Rio Batepitos, which
continues south towards Morelos to join the Rio Bavispe.
The accumulating waters of more rivers join the Rio Bavispe
in forming the Rio Yaqui, which empties the region's waters
into the Gulf of California.

Mexican Highway 2 is the only major traffic artery to cross
the region. The study site at Rancho Los Ojos is connected
to Highway 2 by a dirt road approximately four kilometers
long. Few roads traverse the region around the study site
because of the steep, tilted hills and deep side canyons and
arroyos. Rising above the study site, as mentioned earlier,
are the mesquite- and grass- covered slopes of the Los
Embudos Mountains. The north -facing steep cliffs and
tumbling slopes of the Los Embudos are clad in relatively
sun -sheltered juniper -oak woodlands.

Moving upstream from Rancho Los Ojos is a dirt road that
crosses Cajon Bonito numerous times without seeming to
affect it adversely. This route was formerly used by
passenger buses as the only interstate access between Sonora
and Chihuahua. At the time of the study, it was used once a
day on average by locals. This fading road connects Los
Ojos to Rancho Nuevo and Rancho la Virgen, and
terminates at Rancho El Pinito where the upper portions of
Cajon Bonito begin. Beyond El Pinito lies Rancho Pan Duro
where the Cajon carves immense canyons into the pine -oak
covered mesas and mountains. Downstream of Los Ojos,
the old bus road is all but obliterated except for a few short
stretches atop the wooded terraces. These traces lead to
Rancho El Diablo, where the old road leaves the Cajon by
way of a side -drainage. Below El Diablo, road traces are
few and faint. The steeper canyon gradient downstream has
returned the Cajon to wildness.

Landscapes
I never tire of the view as I drive east from Agua Prieta and
enter the San Bernardino Valley. Across the basin rises a
steep, deeply incised wall composed of the several named
ranges that stretches many kilometers south to the Rio
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Bavispe. Above that valley broods the Sierra El Tigre,
another terra incognita. Beyond this huge wall to the east
rise the dark, jagged ridgelines of the Sierra San Luis. The
front wall with its many canyons, mesas, ridges and peaks
actually rises towards the south. It also tilts down slightly
to the east until it meets the northerly flowing Cajon Bonito.
This entire escarpment that I approach along Mexico
Highway 2 is an enormous block of rock that dropped below
the Sierra San Luis and rotated slightly as it slipped. The
San Bernardino Valley was created as that part of the Earth's
crust sank even lower leaving the raw edge of the Cajon
Bonito block exposed to the assaults and workings of
millions of years of weathering.

The Sierra San Luis dominate the Cajon Bonito watershed
as the largest and tallest local mountain chain. The enclosure
of the north- flowing portion of the Cajon is completed in
clockwise order by the following previously mentioned,
forested uplands: the Sierras Espuelas, Cajon Bonito, Pan
Duro, Las Minitas, Los Embudos and the Guadalupe
Mountains. The valley through which the Cajon incises its
path is the southern end of the Animas Valley. Actually
there seem to be two Animas Valleys. Highway 2 crosses a
broad poorly defined divide that separates the much flatter
northern portion from the hilly, more actively eroding
southern half. The flat land south of this divide continues
for a few kilometers before the bajadas of the Sierra San
Luis spill into it from the ranges, and the side drainages of
Cajon Bonito chop into the valley leaving only traces of the
former high plain.

Cajon Bonito exits the southerly uplands by means of a deep,
steep -sided barranca. Here several other streams join it in a
chaos of linear or wildly twisting canyons that have cut 100-
200 meter -deep, vertically walled barrancas into the bajadas.
From these canyons, the Cajon continues north through what
appears to be a major fault that cracked the great block
mentioned earlier into two tilted sub -blocks. Both of these
blocks lean down toward the north; the western one is
mountainous, the eastern block is the eroded remains of the
southern half of the Animas Valley. As these blocks tilt
down, their softer cap material allows the canyon to widen
and mellow its shape.

Cajon Bonito encounters a new fault that runs perpendicular
to its northerly path a kilometer south of Ranch Nuevo. Here
it meets the tilted micro -blocks of the Sierra Los Embudos.
Also, a well- watered western fork that nearly doubles the
Cajon's flow joins it. It snakes its way in a long zig- zagging
arc northwest to the study area through Rancho Los Ojos.
There it begins to turn, and continues to zigzag southwest
toward the great escarpment, where it escapes and flows
across the San Bernardino Valley.

Topography and Physiography
To the west of the Rocky Mountain portion of the great
Western Cordillera, a vast corrugated landscape stretches

from Idaho to Sonora and Chihuahua in Mexico. This is the
Basin and Range Geomorphotectonic Province (Damon et
al., 1984). Long, linear ranges and rounded, metamorphic
core complexes stretch and twist in long semi -parallel ranks.
The largest portion of this Basin and Range Province lies
northwest of Arizona in the Great Basin. The sky islands
region occupies the Southern Basin and Range Sub -
province. In 1882, Clarence Dutton referred to this region
as resembling "an army of caterpillars crawling northward
out of Mexico" (Dutton, 1882). The mountains are separated
by vast valleys or by broken, seemingly disorganized basins,
particularly in northern Sonora. Though there are some
moderate elevation physiographic connections to the Sierra
Huachinera, the Sierra San Luis are separate enough to
qualify as a sky island (DeBano et al., 1994).

The Cajon Bonito watershed consists of a ring of mountains,
some of which reach 2500 meters in elevation. Cajon
Bonito's various headwaters exit from the ring of highlands
that enclose the southern limit of the Animas Valley. It then
cuts a relatively straight canyon north toward Rancho Nuevo
near a mapped fault line. At Rancho Nuevo it encounters
another sizable canyon, an "east fork" of Cajon Bonito. The
main stream makes an abrupt turn in a westerly direction,
probably along an unmapped secondary fault. Here it leaves
behind the dissected edges of the higher valley and carves
its zigzag course through a relatively narrow canyon. The
traces of this large secondary fault that the Cajon has taken
advantage of can be seen from the ground and traced out on
a topographic map. Tha Cajon further twists around "micro -
blocks" which are just as discernible on a topographic map
in the same way. It is this last sub -order of faulting/fracturing
that controls the flow of the middle section of Cajon Bonito
and increases the habitat heterogeneity by at least' a
qualitative order of magnitude.

The sheer -sided character of many topographic features
throughout the Southwest and particularly in the Cajon
Bonito watershed is the result of the peculiar habit of
volcanic rocks to fracture vertically (Damon et al., 1984).
This leaves behind enormous cliffs, canyon slopes and
spires. The deposits of agglomerate (angular particles) and
conglomerate (rounded particles) provide other natural
topographic architectures, which compose much of the
uplands adjacent to the study area in middle Cajon Bonito.
These fanglomerate- capped mountains have been tilted, and
the further down -faulting of the San Bernardino graben
exposed these cemented sediments to erosion. The results
have been picturesque. Middle Cajon Bonito is towered over
by large buttes, spires of many sizes and shapes, arches,
keyholes and hoodoo structures such as "mushroom rocks."
More igneous rocks made later intrusions into the
conglomerate, and some of this matrix appears to have been
hydrothermally altered. To this day there are still a few hot
springs. It is such habitat heterogeneity on this large scale
that allows the ingress of flora and fauna from so many
biotic geographies.
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Note various shades of green in riparian area, Cajon Bonito, Riparian area, Rancho Los Ojos, Cajon Bonito, Sonora,
NE Sonora, Mexico. (Walt Anderson) Mexico. (Walt Anderson)

Bonpland's Willow, Arizona Sycamore, and Equisetum, Cajon Lush riparian area, Cajon Bonito, NE Sonora, Mexico. (Walt
Bonito, NE Sonora, Mexico. (Walt Anderson) Anderson)
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Weather and Climate
For anyone traveling the lone dirt road along Cajon Bonito,
it is considered nearly unforgivable to pass through Rancho
Nuevo at the confluence of the two main forks without
visiting Callo in his kitchen. Callo is the emphatically
friendly cook for Señor Varela, owner of the ranch. So, on
the way to my first reconnaissance of upper Cajon Bonito,
my guide and I pulled in for the required snack of Combaté
coffee and the finest chorizo in the border region. As my
guide chatted with Callo and translated for me, my
wandering eyes picked out details in the well- stocked, well -
used dark adobe kitchen: heavy iron wood -burning stove,
pantries, hanging pots and pans; I turned backwards on my
seat at the beaten table where I sat.

The wall behind me sported shelves with Mexican food
staples, a statue of the Virgin Mary, a calendar with a rather
fetching, bare -breasted lass astride a Harley- Davidson, and
lo! Next to Miss Naked September was a small whiteboard
with dates in the first column and rain totals in inches in the
next. In an area where there has been so little scientific
accountability, the numerals shone with neon intensity in
the spicy gloom. I scribbled the data as Callo launched into
a fantastic story about highway robbers on Mexican
Highway 2 just a few miles to the north. I had no idea if I
would ever use the numbers; my reactions to such a
randomly encountered treasure were those of a naturalist
who is sizing up a new land. I still have those numbers in a
field journal before me, but without corroborating data or
comparative measurements from other sites in the Cajon
Bonito watershed, I can only keep them as a curious
scientific bauble.

After geology, the next most important ecological influences
are weather and climate. In relatively arid and sunny regions
like the Cajon Bonito watershed, the value of available soil
moisture and its protection from the abundant insolation
are even more important than any direct interactions among
vegetation, rainfall, and runoff. Evaporation Potential far
outpaces actual moisture input in the Southwest by a factor
of several to one in most habitats (Ahrens 1991).
Exacerbating this potential for water loss are winds,
particularly during the dry seasons. Topographic features
such as northerly slope aspects, higher elevations and
canyons can combine with existing vegetation to mitigate
the effects of evaporation. The Cajon Bonito watershed has
a topographic heterogeneity that has produced both
abundance and a great variety of habitats. Many of these
habitats protect soil moisture from direct insolation. This is
unsurprising and has been borne out in other studies (Burnett
et al. 1997). The resulting diversity in plant life will be
covered later in this paper, but some researchers refer to
this environmental factor as "canyon -ness" (Bennett and
Kunzman 1992).

Under a "normal" climate regime, Cajon Bonito and the
rest of the Madrean Archipelago exist in a region of bimodal

precipitation. The two rainy seasons in the winter and
summer are interspersed by normally dry and often windy
seasons in the spring and fall. Winters are mild in the
lowlands of the watershed, but freezing temperatures at night
are frequent. The mountains probably intercept as much as
three times the moisture as the surrounding lowlands and
valleys (Goodrich 1994).

Precipitation occurrence from winter cyclonic fronts is
usually universal and comes in the form of gentle, soaking
light rains. In the mountains, and particularly the Sierra San
Luis, much of the precipitation falls as snow. Winter
precipitation totals in the Southwest decline towards the
south and southeast. Unless cyclonic fronts track on a more
southerly trajectory that allows them to reinforce their
moisture loads from subtropical waters off the coast of Baja
California, many winter fronts may bring only scattered
clouds and winds. Precipitation is often limited to only the
highest elevations in much of the Madrean Archipelago
including the Sierra San Luis. There are no observations
for snow packs and their persistence into spring in the local
mountains. During the winter of this study term 1998 -99, a
La Niña drought was in force and what snow fell did not
produce enduring packs.

Based upon precipitation records from Arizona and Sonora
for upland sites (Hastings 1964; Sellers and Hill 1974; SPP
1981), total annual rainfall in the Sierra San Luis would be
approximately 25 -35 inches. Similar extrapolations from
these sources would put the yearly rainfall average for the
Cajon Bonito basin area in a range of 10 -15 inches. (This
estimate matches the totals listed on Callo's kitchen wall,
which showed year -to -date precipitation at 13.3 inches as
of October 1St). Year -to -year rainfall consistency is subject
to the episodic nature of an arid climate. With its position
in the eastern portion of the sky islands region, we would
expect that the yearly winter precipitation would be lighter
than many of the sky islands to the west. There are no data
to directly support this hypothesis. Locals claim that
precipitation seems as ample here as anywhere else,
particularly in the mountains. If this is true, then a possible
explanation may be that the broad highlands of the Cajon
Bonito watershed and particularly the Sierra San Luis -
Animas Mountains axis are the last significant uplands to
intercept storm fronts before they move across the central
New Mexican and northern Chihuahuan lowlands.

The East Pacific High Pressure Center off the west coast of
North America depresses southward during the fall allowing
winter cyclonic fronts to pursue trajectories based upon how
far south the high has positioned itself and the strength of
the weather fronts. As spring progresses, the East Pacific
High drifts north toward the Gulf of Alaska forcing a more
northerly route for virtually all of the moisture in the passing
fronts. The Southwest catches only high, thin clouds and
the pressure gradient winds. Thus temperatures rise until
they reach a summer maximum in late June and early July.
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The winds along the steadily retreating cyclonic front
trajectories dry out the landscape. Human -caused fires can
wreak havoc throughout the Southwest at this time as timber
and brush dry out and become more volatile. The situation
is repeated after the summer monsoon season, as the East
Pacific High begins its drift back southwards to its
wintertime position again. Fire dangers are low at this time
due to a steady decrease in temperatures and increasing
humidities.

The summer rainy season, the monsoon, announces itself
far more dramatically than the winter. Towering columns
of boiling white condensation mushroom northward along
the Western Cordillera from the Sierra Madre Occidental.
The intense summer heat of the region lifts a steady influx
of moisture until enough is gathered to produce spectacular
thunderstorms and cloudbursts. At first, storms build up with
little precipitation but plenty of lightning. The Sierra San
Luis and adjacent mountains bear the scars of naturally
caused and naturally unchecked fires. Soon moisture levels
increase enough to permit storms with much heavier rains.
A twelve -hour radar loop tells the same story nearly every
day from the first weeks of July into late September or early
October. Massive cloud covers erupt over the Sierra Madre
followed sequentially by more such storm center eruptions
in a line from south to north. By late morning rows of anvil -
headed storms bracket the eastern sky islands in long ranks,
and by afternoon similar towering convectional storm
complexes have popped into existence throughout the
Southwest.

The Cajon Bonito watershed lies along a summer
precipitation gradient that is the opposite of the values for
winter precipitation. Most of the Madrean Archipelago
receives the majority of its precipitation in the summer. As
the East Pacific High migrates northward along the western
coast, it shunts the cyclonic storms north and beyond it.
Simultaneously, the Bermuda High, which spends the winter
east of North America, begins to spin westward across the
warm waters of the Gulf of Mexico. By June, its clockwise
rotation has begun feeding enormous quantities of tropical
moisture into the central Sierra Madre Occidental. By July
the high's position stabilizes. Along with the heat -induced,
counter -clockwise rotation of the Yuma Low Pressure
Center, conditions allow for the introduction of moisture
into the sky islands and the rest of the Intermountain West.

The riparian vegetation of Cajon Bonito, like that of all other
riparian woodlands and scrublands in the Southwest, is
composed of many plant species that are adapted to survive,
propagate and germinate in a flash flood environment.
Flooding occurs in both wet seasons. Because of the thinner
plant cover and shallower soils in adjacent uplands, runoff
during heavy rains forms floods quickly. These are usually
of relatively short duration and recede almost as quickly as
they arrive. Two sources of flooding are less predictable
than the seasonal occurrences. The El Niño- Southern

Oscillation and chubascos (hurricanes) can input enormous
amounts of rain into a watershed. Such events are often the
cause of so- called "100 -, 200- and 500 -year floods" (Paulson
et al. 1990).

A review of precipitation records for weather stations in
Arizona, New Mexico (Sellers and Hill 1974; Andrade and
Sellers 1988) and northern Mexico (Hastings 1964; SPP
1980) has revealed anomalous spikes in monthly
precipitation totals, occasionally in annual totals. Unless the
El Niño event produces high snow pack levels (Cayan and
Webb 1992) or the chubasco's landfall is accompanied by
truly unusual amounts of energy and moisture, such as a
Gulf Surge phenomenon, yearly logs might not reveal large
spikes in total rain. The Gulf Surge is caused by moisture
sheared from a passing chubasco near the southern entrance
to the Sea of Cortes and pulled rapidly north into the desert
Southwest and the Madrean Archipelago (Adams 1997).
Monthly records can suggest whether the cause was a
possible El Niño phenomenon, a chubasco following an
unusual track to the north or northeast, or an isolated
cloudburst. A review of the records does hint that Cajon
Bonito is subject to these flood phenomena like any other
drainage in the Southwest. Paleo- hydrological evidence
going back as far as 5,000 years for southern Arizona
reinforces this characterization (Ely et al. 1993).

Droughts define the arid West and their occurrence is either
seasonal, spring or fall, or tied to other longer -term cycles.
During the time of the study, the upland flora of the Cajon
Bonito watershed labored under a La Nifia-induced drought.
1998 -1999 and 1999 -2000 winter precipitation was
contained in only a few moderate rain events that dropped
perhaps less than an inch per passing front. The monsoon
season of 1998 was at best moderate, but that of 1999
brought near record rainfall. La Niña is the phenomenon
that usually follows after a wet single -year or multi -year El
Niño, although it has been triggered by phenomena other
than El Niño (Reynolds et al. 1997). With the retreat of the
large mass of tropically warm ocean water towards the west,
coldwater circulation returns along the western North
American coast. This pendulum swing, like so many other
cycles I have observed in nature or studied in the literature,
initially tends to "overcompensate." Drought follows
equability.

Hydrology of the Cajon Bonito Watershed
Less than one percent ofArizona and New Mexico is covered
by wetlands (Yuhas 1996). This trend seems to continue
south of the international border into northern Sonora, based
upon my qualitative assessment. There have been few
regional studies conducted on wetland use and management
in Sonora (Bojorquez et al. 1985). In Arizona and New
Mexico, more than a third of these wetlands have been
completely lost to agricultural conversion (Mitch and
Gosselink 1986), and most of the rest have seen some form
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of degradation or impoundment for use in resources
extraction and recreation (Yuhas 1996).

Lowland wetlands in Sonora, particularly rivers, have been
almost 100% converted to agricultural use through farming
and grazing except in the uplands, where many streams have
seen only grazing (Hendrickson and Minckley 1980). This
trend is repeated throughout the length of Cajon Bonito.
The lower third of the watershed, that part of the Cajon that
flows out across the San Bernardino Valley, has been heavily
utilized by farming ejidos, cattle ranchers and recreationists.
Middle and much of upper Cajon Bonito have seen varying
degrees of cattle grazing, from light seasonal use to near
total denudation within the stream valley and the uplands.
In far upper Cajon Bonito, as in many drainages in the higher
elevations of the barrancas of the Sierra Madre Occidental,
the watershed is virtually undisturbed (Hendrickson and
Minckley 1980; David E. Brown, pers. comm. 1999).

Throughout the Madrean Archipelago, groundwater
withdrawals began to increase with settlement of the
intermountain valleys and irrigation for farming, particularly
in the late 1800s and early 1900s. Since 1900, the population
in the Desert Southwest has increased dramatically,
particularly in Arizona, which has grown 2880% (Chourre
and Wright 1997). A rapid population increase began in the
late 1980s and the 1990s.With the signing of the North
American Free -Trade Agreement (NAFTA), urbanization
and industrialization exploded along the border (Liverman
et al. 1997). Though per household consumption rates have
not increased significantly, the tremendous population
growth and a 54% increase in water use for farm irrigation
since 1950 has been offset by only an average return of
29% of extracted water to the aquifer through drainage and
soil penetration. Drainage basin aquifers with groundwater
storage capacities ranging from 15 to 91.1 million acre feet
in southeastern Arizona have been pumped beyond their
recharge capacities (groundwater mining) and had seen
water levels drop 400 - 500 feet by 1980 (Montgomery and
Harshbarger 1989). The results of mining groundwater in
the Madrean Archipelago region have been dried rivers, deep
entrenchments along those that remain perennial, shifts in
the constitutions of riparian plant assemblages, and land
subsidence of up to eighteen feet (Hastings 1959; Liverman
et al. 1997; Deloya 1985).

The greatest impact currently on the hydrology of middle
Cajon Bonito is cattle grazing. Cattle have been removed
from several of the ranches along middle Cajon Bonito, and
the riparian community is rapidly adjusting and recovering.
Similar recovery for the adjacent uplands will take longer.
The region is in the midst of a years -long drought, and the
floristic shift away from the original juniper grasslands with
the loss of soils from overgrazing will require active
management intervention and perhaps several years of wetter
conditions. Despite the prolonged drought, Cajon Bonito
remains perennial throughout the middle section through

the Sierra Los Embudos. This is a testimony to the
groundwater storage capacity of the lithified sedimentary
basin into which Cajon Bonito has carved its deep canyon.
In a region of such variable and usually arid climate, the
perennial waters and lush riparian forest of the Cajon make
it all the more valuable as a wetlands resource.

Though the Cajon Bonito canyon is shaped by the angular
geometry of the faults and fractures, the floor is wide enough
to allow for subtler physical stream features. Using the
Rosgen classification system (Rosgen 1994), the portion of
Cajon Bonito in the vicinity of Rancho Los Ojos varies
between a `B" and "C" type stream. Despite this observation,
the angularity of the canyon itself probably reduces the
sinuosity quotient. Dominant bed materials grade from
cobbles to sands. There are only rare bedrock exposures
and boulders between the enclosing vertical to sub -vertical
cliffs. The composition of the local bedrock is composed of
fine -particled rhyolite, breccia, and conglomerate. The pool -
riffle arrangement of the stream seems to be only lightly
impacted by the presence of the seldom -used road that
crosses it 20 to 30 times in the study area. Conditions
therefore have allowed for the development of a substantial
riparian gallery woodland near and along the channel as
well as on the intermittent terraces.

By definition a "cajon" is a box canyon landscape feature.
Such a drainage structure can enhance that feature's ability
to preserve soil moisture and surface stream flow depending
upon the orientation of the canyon. Within the main drainage
and its tributaries, impermeable contact layers and bedrock
fractures and cracks allow stored groundwater to flow from
springs, seeps and cienagas. Several short tributaries add
flows, one to several cubic feet per second at minimum flow,
to the main stream within the middle cajon. The dispositions
of overtowering uplands, particularly on the south side of
the easterly to westerly flowing middle section of the Cajon,
combine with a relatively lush multi -layered vegetation
canopy to diminish the effects of insolation and desiccating
winds. Direct moisture evaporation from the stream and soils
of the riparian and adjacent north- facing upland areas is
lowered. This effect is offset to some extent by the
phreatophytic pumping of riparian plants attempting to
compensate for evapotranspiration from their leaf surfaces,
particularly during the spring and summer. These result in
a noticeable daily flux in middle Cajon Bonito's flow rate.
Despite the prodigious use of water by so much vegetation
and the years -long drought under which this region labors,
I have yet to see any section of middle Cajon Bonito go dry.

Like most other southwestern streams, sediment movement
through Cajon Bonito occurs mostly during floods. These
can occur during the convective storms of the summer
monsoon season that can precipitate anywhere in the
watershed. Floods can also result during unusually heavy
winter storms and the rapid melting of snowpacks. These
winter floods are usually magnified during El Niño years
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(Molles and Dahm 1990). Upper Cajon Bonito has a steeper
gradient than the middle section. Though normally dry, this
upper section apparently has floods that can move bedloads
of considerable particle sizes and volumes. In middle Cajon
Bonito, several floods in the past two years have repeatedly
reconfigured the channel and riparian plant community
structures. Often the lush growth of streamside shrubs and
tree seedlings and saplings is abruptly replaced or covered
over by new deposition bars.

With the purchase of various ranches along Cajon Bonito,
the new owners, Josiah and Valer Austin, have begun a
vigorous program of watershed improvements. This has
included the complete removal of cattle from the ranches,
the construction of gabions (check dams) for erosion control,
and the seeding of the uplands with native grasses. This
combination of active and passive management strategies
has been shown to be effective for increasing water flow in
small streams, particularly during the summer (Stabler
1985). Entrenchment and catastrophic erosion still threaten
to pour excess sediments into middle Cajon Bonito from its
tributaries. The history and dangers posed by arroyo- cutting
have been discussed in general terms earlier. Arroyo- cutting
in the local tributaries further threatens their own sources
of water. This is particularly acute in the cienagas just north
of the main ranch complex in Los Ojos. This lush habitat of
dense grasses, shrubs and trees is fed by numerous cold
springs and by at least one hot spring. Vigorous headward
erosion has cut an arroyo up to ten meters deep. It has begun
to erode into the bowl of alluvium and soils, and it threatens
to drain and dry out this normally saturated substrate and
permanently alter this rare and remarkable ecosystem.

Biogeography
The preceding sections of this descriptive ecology and
natural history of the Cajon Bonito watershed have
introduced various aspects of its dynamics and functions
that place it into a regional context. Throughout those
sections I have repeated how each aspect contributes to this
ecosystem's uniqueness and importance in a unique region,
the Madrean Archipelago. This information is readily
available to the trained ecologist through diligent literature
review and enthusiastic field reconnaissance.

A discussion of the biogeography of the Cajon Bonito
affords me the opportunity to synthesize the previous
sections in order that I may characterize this stream's
regional role in the ecology of the Southwest. No
information exists for the temporal roles played by Cajon
Bonito or for trends and events that occurred at various scales
ranging from the Holocene Period down to the multi -year
El Niño -La Niña climate cycles. There is little risk in
correlating observable phenomena with reconstructions done
elsewhere in the Madrean Archipelago and for the region
as a whole. Some of the sources, such as Daniel I. Axelrod
(1979), remain controversial. The sources are respected

enough, though, that a convenient faith in their conclusions
allows me to proceed with a logical story.

The study of island -like terrestrial ecosystems that are
environmentally and/or geographically far -removed from
watery oceans and seas is a logical consequence of the
introduction of the Equilibrium Theory of Island
Biogeography (MacArthur and Wilson 1967). For
mountaintop or riparian communities, the net effects of
environmental isolation by arid desertlands mimic the
isolation enforced upon habitats and biota on oceanic islands.
The rules developed from that theory regarding island sizes,
nearness to continents, habitat heterogeneity and overall
target -attractiveness for disseminules have been tested for
terrestrial habitats in the Madrean Archipelago.

Sky islands of relatively mesic, even lush vegetation remain
suspended above warmer and drier lowlands. Vast uplands
like the Rocky Mountains and the Sierra Madre Occidental
are like biotic "continents." From there, flora and fauna may
take advantage of corridors such as riparian stringers that
reach beyond their source uplands to connect with adjacent
isolated uplands. Their dispersal capabilities and occasional
coevolution further aid these plants and animals. Corridors
are similar to oceanic currents, which can carry colonizers
and re- colonizers to far outlying island outposts. In the
Madrean Archipelago the value of mesic terrestrial corridors
was alternately enhanced or diminished according to a
regular series of climatic oscillations over the past
approximately two million years with the inception of the
Ice Age.

Mountaintop biotic isolation in the Southwest has been
shown to be episodic because of warm/dry to cool /moist
fluctuations of the region's climate during the Pleistocene
(Betancourt et al. 1990). The conditions of the last glacio-
pluvial and the shift to interglacial Holocene conditions in
the Southwest have been described with increasing accuracy
and resolution by numerous paleoecologists and
paleoclimatologists (COHMAP Members 1988; Betancourt
et al. 1990; Winograd et al. 1992; Ely et al. 1993). Phillip
Wells (1983) eloquently and in good detail describes the
values that corridors, both wooded uplands and riparian/
wetland habitats, played in the repeated recolonizations and
genetic reinvigorations of plant and animal populations in
isolated mountains. His work involved the more
environmentally problematic and challenging geographies
in the Great Basin and the Mojave Desert. The
environmental history and paleobiogeography of the
Madrean Archipelago are correspondingly easier to
extrapolate because of its relatively "gentler" environmental
conditions, greater habitat heterogeneity and much greater
biodiversity.

Many plant species had relatively narrow windows during
which to disperse into newly opening habitats from their
glacio- pluvial refugia, while previously extant species
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vacated into interglacial retreats. Regional environmental
conditions conducive to dispersal, seed germination and
ultimately recruitment into a newfound colony might only
last a millennium or two at the longest. Locally, such
conditions may last as short as only decades (Richardson
1998). Co- evolution with vagile vectors such as seed -
dispersing birds, or their cooperation by other means, could
expand this window of opportunity ( Lanner 1996). Locally
in the Cajon Bonito watershed the higher elevations of the
surrounding uplands harbor forest species that, until the
abrupt shift to the Holocene, probably enjoyed much greater
ranges. Depauperate stringers of these mountain forests and
woodlands still occur in suitable "microsites" within lower
elevation riparian habitats that allow them to extend far
beyond their upland strongholds. The physical structure and
reliable moisture of the box canyon, Cajon Bonito, exhibit
such corridor advantages.

Forests and woodlands probably retreated back up into the
upper reaches of the Sierra San Luis leaving behind some
species that found the interglacial conditions within their
tolerance ranges. Warmer and drier conditions allowed for
yet another of the repeated expansions of xerophylls into
the vacated habitats (Betancourt et al. 1990). Though less
reliant over the long -term upon riparian corridors for their
dispersals, Sonoran and Chihuahuan Desert vegetation still
used this path for their quickest and furthest penetration up
into the mid -elevation highlands. Microsites occur
throughout the mid -elevation to host Opuntia, Acacia,
Agave, and Echinocereus spp. among landscapes dominated
by junipers, oaks and grasses.Where upland tracts of forest
and woodlands are not contiguous enough, riparian corridors
provide for local needs and create opportunities for local
organisms to reach more extensive forest patches. During
glaciations these habitats expand in favor of montane
species; interglacials impose restrictions and isolations. As
forests and woodlands retreat uphill and into canyon sites
with favorable aspects, habitats fragment and shrink,
sometimes below the threshold for less vagile creatures to
find adequate living/foraging /reproduction space. Extinction
is the result for many montane creatures in the face of such
events (Lomolino and Davis 1997). The remaining fauna
could represent perhaps "true" continental sky island
creatures, those with the capacity to survive in isolation
(Anderson and Shafer 1997). Evidence exists that some
montane forestland- dependent creatures are in fact vagile
enough to disperse throughout the Madrean Archipelago
and into new suitable habitats in adjacent mountains across
relatively inhospitable landscape barriers. This may confirm
the similarities of sky islands biogeographic dynamics with
those of oceanic islands. Nevertheless, attempts to discover
other similarities may be hindered by the effective
environmental "re- booting" of the evolution of these sky
islands by the disruptions of the Ice Age climate cycles.

Another event may also short -circuit the most important
aspect of sky -island processes: biotic commerce between

mountains along riverine corridors. With the influx of
European- originated settlements and the rapid expansion
of urban centers in the Southwest, corridors are being
drained of their life -giving waters directly through diversion
and indirectly through groundwater pumping. Removal of
riverine trees and shrubs by construction or overgrazing
entirely eliminates the most important connectors across
lowlands between neighboring mountains. In this light, the
values of Cajon Bonito in its current condition are further
enhanced.

With the above biogeographic considerations, it is easier to
evaluate the corridor assets of Cajon Bonito. As stated
repeatedly in previous sections, Cajon Bonito drains a
significant collection of small, high -elevation mountain
chains. Together they form the first major, "offshore" habitat
from which and through which flora and fauna of Madrean
and Neotropical affinities can disperse out towards and
reinforce similar biota in other sky islands. Bird data
collected in preliminary "transects of opportunity" suggest
that Cajon Bonito not only hosts a rich avifaunal assemblage
of permanent residents and breeding season occupants, but
it also is used as a major throughway by Neotropical
songbirds in their migrations to the north. The canyon and
the surrounding uplands still allow for ingress and egress
of more charismatic fauna such as wolves, Thick -billed
Parrots and Jaguars (local landowners, pers. corn.). These
species have either been sighted within the watershed or
immediately to the north.

Barriers, as opposed to corridors, hinder and disallow
movement of biota from one region into an adjacent one.
The deep Gila River drainage and its tributaries draw the
northern boundaries of the Madrean Archipelago. Crossing
such a divide would prove difficult at best even during
glacio- pluvial periods. How and when high elevation plant
and animal species reached across this gulf to colonize to
the south occupies the time and effort of many researchers
in the Southwest. It is sensible to speculate that at least some
of the plant species such as boreal spruce trees may have
required long- distance dispersal via seed -predating birds
such as Clark's Nutcrackers (Lanner 1996). Thus most
Rocky Mountain Petran species would have had to find other
routes or means around or across this barrier.

I speculate that the rolling grassland hills between the Sierra
San Luis and the Sierra El Pinito near Nogales, Sonora at
present function as a filter for both plants and animals due
to human settlement. These low hills zigzag along the border
separating two major watersheds that serve the Madrean
Archipelago on both sides of the international boundary.
Headwaters of various tributaries to the Rio Yaqui and the
Gila River interdigitate throughout this subtle impediment.
Riparian corridors in this region have either naturally
become tenuous or have been mechanically reduced or
destroyed.
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Certainly such close association of these streams could have
produced more or less continuous vegetative habitat for
animal dispersals, particularly during the glaciations. With
the onset of drying and warming during interglacial climate
regimes, much of the former continuity of tree and shrub
species disappeared, leaving wide -open "seas" of desert
grasslands. The few remaining significant riparian woodland
corridors would assume a greater importance in the
landscape, especially for animals, and particularly for those
of great importance to conservationists. Cajon Bonito, along
with some of its neighboring drainages, such Guadalupe
Canyon and the Rio San Bernardino, continue to provide
lush, corridor habitats that increase the chances for flora
and fauna to cross over either way, into the Gila watershed
to the north or the Rio Yaqui watershed to the south.

Biodiversity
Cajon Bonito displays many of the advantages of settings
which host higher biodiversity values than in adjacent habitat
types or in most other similar settings within the sky islands
region. Throughout this report, I have discussed the
examples of environmental and habitat heterogeneity and
their contributions to the biogeographic values of the Cajon
Bonito watershed. The combination of "canyon -ness,"
topographic variety, reliable groundwater supplies with
surface expression, and a bimodal climate, to name some of
the factors, all contribute to conditions that encourage
biodiversity.

Bennett and Kunzmann (1992) demonstrated a strong
correlation between Madrean floristic species diversity and
terrain roughness (canyon -ness) in six ranges within the
Madrean Archipelago. Cumulative "real" distances along
straight line transects were roughly compared to the "map
distance" along the same transects drawn at random across
the ranges. Where the ratios are more pronounced, higher
numbers of Madrean species were recorded in the local
mountain floras. (This study did not include other probably
inseparable factors such as various habitat sizes, real
maximum elevation, total areas within various elevation
classes, and the impacts of substrate minerology and
moisture availability). Yet, the Cajon Bonito topography is
possessed of great structural diversity within a relatively
small area.

(Petran montane species diversities showed little or no such
increases based upon this topographic characterization. I
suspect that a limited pool of diversity remains for Petran
species in the Sky Islands during this current interglacial
period. Diversity indices for northern -affinity species more
likely follow island biogeographic rules operating under the
strong influence of extinction. Therefore, the larger and more
varied higher elevational sites within close proximity of
neighboring mountains to the north might host a greater
abundance and possibly greater variety of Petran vegetation).

My observations lead me to believe that similar, map -drawn
transects, when correlated with an inventory of greater rigor
than the variable transect, will produce a flora that would
compare favorably with those from any other sky island in
the region. Furthermore, if I include plant observations made
by others in the same watershed (Brown, pers. comm. 1999),
a flora of the Sierra San Luis -Cajon Bonito will compete
favorably in two ways with others within the Madrean
Archipelago - biodiversity in numbers of species and
biodiversity across taxonomic spectrum.

Causes for animal diversity can often be correlated with
plant species diversity (Wiens and Rotenberry 1981), but
another equally important correlation may be found in
vertical vegetative structural diversity and the availability
of shelter and substrate for foraging and reproductive
activities (MacArthur 1961). Tomoff (1971) shows that
horizontal vegetative structure is a first -order factor
influencing avifauna! diversities and abundances, at least
in desert shrub communities. There is a wide variety of
structural and compositional expressions of the flora of
various ecosystems within the Cajon Bonito watershed.

Numerous factors in the regional and local natural history
that can give rise to structural and compositional
heterogeneity in the Cajon Bonito watershed. These
expressions are large enough and extensive enough, perhaps,
to account for not only the great variety of avifauna, but
also the persistence and abundance of larger animals, even
in the face of incompatible human impacts on the Cajon
Bonito watershed. Detailed discussions of my bird
observations would require much more organized field
methods than those employed during this study. The great
variety and abundance of animals such as birds are probably
not accidental and are directly influenced by the interactions
of landscape and other abiotic environmental factors to
produce an attractive vegetative home and staging area for
these creatures.

It is worthwhile to speculate on whether success in nature
breeds further successes: do relatively highly biodiverse sites
encourage an extra biodiversity and greater ecosystem health
based upon the composition and structure of plant and
animal communities? This has been proven difficult to test
(Johnson et al. 1996), though we can certainly see
differences on a local level between neighboring similar
ecosystems, e.g., between Cajon Bonito and other similar
sized riparian communities throughout the sky islands region
(gamma diversity). The great variety of vegetation structure
might seem to encourage the appearance of new conditions
for more animal species to occupy. High diversity and
abundance in the animal community might suggest
opportunities for more species to enter the neighborhood
fray as both interspecific and intraspecific competitors (a
crowd attracts a bigger crowd ?). Cajon Bonito seems to be
a relatively healthy, complex and relatively "crowded"
ecosystem that is getting even healthier based upon some
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of the parameters currently in vogue for such measurements,
particularly in the Madrean region (Shafroth et al. 1999).
Still, this too is considered difficult to assess with current
knowledge (Grime 1997). I am left to assess qualitatively
such qualities based upon my data and field observations.

We might expect greater biodiversity values in corridors
for avifauna than in their adjacent uplands, if we relied upon
the notion that vegetation community composition and
structure directly affect species occurrence, variety and
abundance. Riparian corridors have been traditionally
thought of and measured as not only extra lush breeding
bird sites, but also as throughways for Neotropical migrants.
Tree species compositions in riparian communities have
been shown to be directly related to bird species variety,
particularly those sites dominated with Fremont
Cottonwoods and Arizona Sycamores (Strong and Bock
1990). These species, as well as bird -attracting ashes,
walnuts, hackberries and willows, thrive in the main
drainage and its tributaries in the Cajon Bonito watershed.

Two other factors contributing to bird species abundances
in the Madrean Archipelago are the occurrence of oases and
human structures. This is particularly true in remote, lightly
settled regions such as the Sierra San Luis and Cajon Bonito.
Small disjunct, green patches of isolated riparian sites,
"oases," have been shown to host as much diversity among
migrant birds as continuous corridors within specific plots
(Skagen et al. 1998). My observations in Cajon Bonito do
not contradict this finding, and the watershed is blessed with
innumerable, discontinuous riparian, spring and seep oases
that host from a few cottonwoods up to large, though
isolated, gallery woodlands. These are found at all elevations
and are scattered extensively across the uplands that
surround the main cajon.

On a different scale, if we extend our consideration of floral
and avifaunal diversity to all of the uplands of the Cajon
Bonito watershed, then many species that do not contribute
to the more obvious riparian assemblage appear. Thick -
billed Parrots occasionally stray into the United States in
various -sized flocks (Wetmore 1935; local naturalists pers.
corn. 1999). The trajectories of their movements can be
combined with observations made in the Sierra San Luis to
suggest that the Cajon's corridor values must include
adjacent uplands. Together these form a multi- habitat
continuum that affords species a springboard for ingress
and egress throughout the Madrean Archipelago from the
Sierra Madre Occidental.

Biodiversity may be appreciated as it fluctuates over time.
Riparian ecosystems seem to go through repeated cycles of
floods and successions that disassemble then reassemble
extant communities (Reichenbacher 1984). The flash floods
that ultimately shape the riparian communities of the
Southwest do so by resetting the successional clock at
various time intervals. Repeated, cyclical disturbances that

operate across a region vary in their impacts according to
the same factors that we have considered for beta diversity
and vegetation structure comparisons within the watershed.
Alpha diversities among various sites may be held at a steady
level within the temporal framework of "disturbance"
ecology, whereas beta diversities are enhanced and
manipulated throughout the region by landscape
heterogeneity of the type characteristic of the Cajon's
watershed (Turner 1989).

"Equilibrium" in Cajon Bonito is not a steady state but a
dynamic oscillation with certain unavoidable long -term
linear trends. It is likely that the relatively high biodiversity
of this study site relies as much upon "reliable" disturbances
on several temporal and spatial scales as on the cumulative
effects of some of the more "static" aspects of temperature
and moisture regimes. A variety of climatological studies
(Molles and Dahm 1990; Harrington et al. 1992; Ely et al.
1993; Reynolds et al. 1997) make it worth considering the
ecosystem dynamics of sites throughout the Southwest, such
as Cajon Bonito, in terms of "ecological years" rather than
the standard 12 -month astronomical year. The most obvious
of these cycles are the El Niño- Southern Oscillation and
the consequent La Niña events. Increasing evidence shows
that these events cannot be separated from considerations
of ecology and biodiversity in the Madrean Archipelago
(Swetnam and Betancourt 1997).

During my field studies in middle Cajon Bonito, several
floods linked to an El Niño event completely reconfigured
the channel in much of that stretch of the canyon. Not only
did the dominant tree species recolonize the newly laid
substrate, but normally obscure understory species erupted
into temporary prominence. Of course any beta diversities
I discuss using data gathered by the variable transect
method, or other methods, for that matter, are limited by
the thoroughness and extensiveness of the time and scope
of my sampling efforts (Bowers and McLaughlin 1982).
Therefore, the image of Cajon Bonito presented in this thesis

is little more than a high quality snapshot.

Literature Cited
Adams, D. K. 1997. Review of variability in the North American mon-

soon. In: Schweitzer, P., and R. Schumann, eds. Impact of climate change
and land use in the southwestern United States.
< URL: http: / /geochange.er.usgs.gov /sw /changes /natural /monsoon/>

Ahrens, C. D. 1991. Meteorology today: an introduction to weather, cli-
mate, and the environment. West Publishing Company, St. Paul, Min-
nesota. 577 p.

Anderson, R. Scott, and David S. Shafer. 1991. Holocene biogeography of
spruce -fir forests in southeastern Arizona - implications for the endan-
gered Mt. Graham Red Squirrel. Madroño 38(4): 287 -295.

Andrade, E. R., and W. D. Sellers. 1988. El Niño and its effects on precipi-
tation in Arizona and western New Mexico. Journal of Climatology 8:
403 -410.

Axelrod, D. I. 1979. Age and origin of the Sonoran Desert. California Acad-
emy of Sciences Occasional Papers No. 132. Pp. 1 -74.

Balda, Russell P. 1967. Ecological relationships of the breeding birds of the
Chiricahua Mountains, Arizona. Doctoral dissertation, Graduate Col-
lege of the University of Illinois, Urbana. 218 p.



Hunt Cajon Bonito

Bartlett, John R. 1854. Personal narrative of explorations and incidents in
Texas, New Mexico, California, Sonora, and Chihuahua, connected with
the United States and Mexican boundary commission, during the years
1850, '51, '52, and '53. 2 volumes. D. Appleton and Co., New York.
542 p.

Bennett, P. S., and M. R. Kunzmann. 1992. Terrain roughness, a feature
related to high plant species richness in the Madrean biogeographic re-
gion. 5"' U.S. - Mexico Border States Conference on Recreation, Parks
and Wildlife. Sept. 17 -19, 1992. Las Cruces, New Mexico. 8 p.

Betancourt, Julio. L., Thomas R. Van Devender, and Paul S. Martin, eds.
1990. Packrat middens: the last 40,000 years of biotic change. Univer-
sity of Arizona Press, Tucson. 451 p.

Bojorquez, Luis, Raymundo Aguirre, and Alfredo Ortega. 1985. Rio Yaqui
watershed, Northwestern Mexico: use and management. In: Johnson,
R. R., C. D. Ziebell, D. R. Patton, P. F. Ffolliott, and R. H. Hamre, tech.
coords. 1985. Riparian ecosystems and their management: reconciling
conflicting uses. First North American Riparian Conference, April 16-
18, 1985, Tucson, AZ.
USDA Forest Service, General Technical Report RM -120. Pp. 475 -478.

Bowers, Janice E., and Steven P. McLaughlin. 1982. Plant species diversity
in Arizona. Madroño 29(4): 227 -233.

Brown, David E., ed. 1994. Biotic communities of the southwestern United
States and northwestern Mexico. University of Utah Press, Salt Lake
City. 342 p.

Brown, David E., and Charles H. Lowe. 1994. Biotic communities of the
Southwest. The University of Utah Press, Salt Lake City. 1 p. map.

Brown, David E., Charles H. Lowe, and Charles P. Pase. 1979. A digitized
classification system for the biotic communities of North America, with
community (series) and association examples for the Southwest. Jour-
nal of the Arizona- Nevada Academy of Science 14 (Suppl. 1): 1 -16.

$ urnett, M. R., P. V. August, J. H. Brown, Jr., and K. T. Killingbeck. 1998.
The influence of geomorphological heterogeneity on biodiversity. I. A
patch -scale perspective. Conservation Biology 12 (2): 363 -370.

Cayan, D. R., and R. H. Webb. 1992. El Nifio /Southern Oscillation and
streamflow in the western United States. In: Diaz, H. F., and V. Markgraf,
eds. EL Niño. Historical and paleoclimatic aspects of the Southern Os-
cillation. Cambridge University Press. Pp. 29 -68.

Ceballos, Gerardo. 1985. The importance of riparian habitats for the con-
servation of endangered mammals in Mexico. In: Johnson, R. R., C. D.
Ziebell, D. R. Patton, P. F. Ffolliot, and R. H. Hamre, tech. coords.
Riparian Ecosystems and Their Management: Reconciling Conflicting
Uses. April 16- 18,1985, Tucson, AZ. USDA Forest Service, Gen. Tech.
Rep. RM -120. Rocky Mountain Forest and Range Experiment Station,
Ft. Collins, CO.

Chourre, Martin, and Stewart Wright. 1997. Population growth of the South-
west United States: 1900 -1990. In: Schweitzer, P., and R. Schumann,
eds. Impact of climate change and land use in the Southwestern United
States. URL: http: / /geochange.er.usgs.gov /sw /changes /anthropogenic/
population!>

Clark, K. F., J. Roldàn- Quintana, R. H. Schmidt. 1992. Road log from Dou-
glas, Arizona/Agua Prieta, Sonora via Janos, Ascensiòn, Mina Bismark
and Palomas, Chihuahua, and Columbus, New Mexico to El Paso, Texas.
In: Clark, K. F., J. Roldàn- Quintana, R. H. Schmidt, eds. Geology and
mineral resources of Northern Sierra Madre Occidental, Mexico. Guide-
book for the 1992 Field Conference. El Paso Geological Society, El
Paso, Texas. 443 p. [CI] Conservation International. 1997. Conserva-
tion International: the first decade. CI, Washington, D.C.64 p.

COHMAP Members. 1988. Major climatic changes of the last 18,000 years:
observations and model simulations. Science 241: 1043 -1052.

Damon, P. E., D. J. Lynch, M. Shafiqullah. 1984. Cenozoic landscape de-
velopment in the Basin and Range Province of Arizona. Chapter Nine.
In: Smiley, T. L., J. D. Nations, T. L. Péwé, and J. P. Schafer, eds.
Landscapes of Arizona. The Geological Story. University Press of
America, New York. Pp.175 -206.

DeBano, L. F., P. F. Pfolliott, A. Ortega- Rubio, G. J. Gottfried, R. H. Hamre,
and C. B. Edminster, tech. coords. 1995. Biodiversity and management
of the Madrean Archipelago: the sky islands of southwestern United
States and northwestern Mexico. 1994 Sept. 19 -23; Tucson, AZ. Gen.
Tech. Rep. RM- GTR -264. U.S. Department of Agriculture, Forest Ser-
vice, Rocky Mountain Forest and Range Experiment Station, Fort
Collins, CO. 669 p.

19

Deloya, Miguel Caballero. 1985. Riparian ecosystems in Mexico: current
status and future direction. In: Johnson, R. R., C. D. Ziebell, D. R. Patton,
P. F. Ffolliott, and R. H. Hamre, tech. coords. Riparian ecosystems and
their management: reconciling conflicting uses. First North American
Riparian Conference, April 16 -18, 1985, Tucson, AZ. USDA Forest
Service, General Technical Report RM -120. Pp. 9 -12.

Dickinson, W. R., A. R. Fiorillo, D. W. Hall, R. Monreal, A. R. Potochnick,
and P. N. Swift. 1989. Cretaceous Strata of southern Arizona. In: Jenny,
J. P., and S. J. Reynolds, eds. Geologic evolution of Arizona. Arizona
Geological Society Digest 17. Tucson. Pp. 447 -461.

Drewes, Harald D. 1981. Tectonics of southeastern Arizona. Geological
Survey Professional Paper 1144. United States Government Printing
Office, Washington, D.C. 96 p.

1991. Description and development of the Cordilleran
Orogenic Belt in the southwestern United States and northern Mexico.
U.S. Geological Survey Professional Paper 1512. United States Gov-
ernment Printing Office, Washington, D.C. 92 p.

1986. Geologic map of the northern part of the Animas
Mountains, Hidalgo County, New Mexico. Miscellaneous Investiga-
tions Series. USDI, Geological Survey, Washington, D.C. Map 1-
1686.

Dubois, Susan M., and Ann W. Smith. 1980. The 1887 earthquake in San
Bernardino Valley, Sonora: historic accounts and intensity patterns in
Arizona. Special Paper No. 3. State of Arizona Bureau of Geology and
Mining Technology, Tucson. 112 p.

Dutton, C. E. 1882. Tertiary history of the Grand Canyon district: U. S.
Geological Survey Monograph 2. 264p.

Ely, L. L., Y. Enzel, V. R. Baker, and D. R. Cayan. 1993. A 5000 -year
record of extreme floods and climate change in the Southwestern United
States. Science, 262: 410 -412.

Felger, Richard S., and Michael F. Wilson. 1995. Northern Sierra Madre
Occidental and its Apachian outliers: a neglected center of biodiversity.
Pp. 36 -51. In: DeBano, L. F., P. F. Pfolliott, A. Ortega, Rubio, G. J.
Gottfried, R. H. Hamre, and C. B. Edminster, tech. coords. Biodiversity
and management of the Madrean Archipelago: the sky islands of south-
western United States and northwestern Mexico. 1994 Sept. 19 -23; Tuc-
son, AZ. General Technical Report RM- GTR -264. U.S. Department of
Agriculture, Forest Service, Rocky Mountain Forest and Range Experi-
ment Station, Fort Collins, CO. 669 p.

Gans, P. B. 1997. Large -magnitude Oligo- Miocene extension in southern
Sonora: implications for the tectonic evolution of northwest Mexico.
Tectonics, vol. 16, no. 3: 388 -408.

Goodrich, D. C. 1994. Semi -arid land -surface -atmospheric mountain ex-
periment. SALSA Online Publication. http: / /tucson.ars.ag.gov /salsa/
archive / publications /igarrs /salsamex.html

Grime, J. P. 1997. Biodiversity and ecosystem function: the debate deep-
ens. Science 277: 1260 -1261.

Harrington, John A., Randall S. Cerveny, and Robert C. Balling, Jr. 1992.
Impact of the Southern Oscillation on the North American monsoon.
Physical Geography 13(4): 318 -330.

Hastings, James R. 1959. Vegetation change and arroyo cutting in south-
eastern Arizona. Journal of theArizona Academy of Science 1: 60 -67.

1964. Climatological data for Sonora and northern
Sinaloa. Technical reports on the meteorology and climatology of arid
regions. No. 15. The University of Arizona Institute of Atmospheric
Physics, Tucson. 152 p.

Hayes, Philip T. 1972. Stratigraphic nomenclature of Cambrian and Lower
Ordovician rocks of easternmost southern Arizona and adjacent
westernmost New Mexico. Geological Survey Bulletin 1372 -B. United
States Government Printing Office, Washington, D.C. 21 p.

Hendrickson, D. A., W. L. Minckley, R. R. Miller, D. J. Siebert, and P. H.
Minckley. Fishes of the Rio Yaqui Basin, Mexico and United States.
Journal of the Arizona- Nevada Academy of Sciences 15(3): 65 -106.

Imlay, Ralph W. 1939. Paleogeographic studies in northeastern Sonora.
Bulletin of the Geological Society of America 50: 1723 -1744.

Johnson, K. H., K. A. Vogt, H. J. Clark, O. J. Oswald, and D. J. Vogt. 1996.
Biodiversity and the productivity and stability of ecosystems. TREE
11(9): 372 -377.

King, P. B. 1971. The evolution of North America. 2 "d edition. Princeton
University Press, Princeton, NJ. 192 p.



20 Desert Plants 2002

Lanner, Ronald M. 1996. Made for each other: a symbiosis of birds and
pines. Oxford University Press, New York.160 p.

Liverman, Diana, Robert Merideth, Andrew Holdsworth, Luis Cervera, and
Francisco Lara. 1997. An assessment of the water resources in the San
Pedro River and Santa Cruz River Basins, Arizona and Sonora. A Re-
port to the Commission on Environmental Cooperation, Montreal, Que-
bec. Latin American Area Center and Udall Center for Studies in Public
Policy, University of Arizona, Tucson. 75 p.

Lomolino, Mark V., James H. Brown, and Russell Davis. 1989. Island bio-
geography of montane forest mammals in the American Southwest. Ecol-
ogy 70(1): 180 -194.

Lomolino, Mark V., and Russell Davis. 1997. Biogeographic scale and
biodiversity of mountain forest mammals of western North America.
Global Ecology and Biogeography Letters 6: 57 -76.

MacArthur, R.H. 1961. On bird species diversity. Ecology 42: 594 -598.
MacAurthur, R. H., and E. O. Wilson. 1967. The theory of island biogeog-

raphy. Monographs on Population Biogeography no.1. Princeton Uni-
versity Press, Princeton, New Jersey.

Marshall, Joe T., Jr. 1957. Birds of pine -oak woodland in southern Arizona
and adjacent Mexico. Pacific Coast Avifauna 22. Cooper Ornithologi-
cal Society, Berkeley, California. 125 p.

McDowell, Fred W., and Stephen E. Clabaugh. 1979. Ignimbrites of the
Sierra Madre Occidental and their relation to the tectonic history of west-
ern Mexico. In: Chapin, Charles E., and Wolfgang E. Elston, eds. Ash
Flow Tuffs. Geological Society of America. Special Paper 180. Pp. 113-
124.

Mearns, Edgar Alexander, M.D. 1907. Mammals of the Mexican boundary
of the United States. Part 1. Smithsonian Institution, Bulletin 56. Gov-
ernment Printing Office, Washington.

Mitch, William J., and James G. Gosselink. 1986. Wetlands. Van Nostrand
Reinhold, New York. 539 p.

Molles, Manuel C., and Clifford N. Dahm. 1990. A perspective on El Niño
and La Niña: global implications for stream ecology. Journal for the
North American Benthological Society 9(1): 68 -76.

Montgomery, E. L., and J. W. Harshbarger. 1989. Arizona hydrogeology
and water supply. In: Jenny, J. P., and S. J. Reynolds, eds. Geologic
evolution of Arizona. Arizona Geological Society Digest 17. Tucson.
Pp. 827 -840.

Paulson, R. W., E. B. Chase, R. S. Roberts, and D. W. Moody, compilers.
1990. National water summary 1988 -89 - hydrologic events and floods
and droughts. U.S. Geological Survey Water -Supply Paper 2375. Wash-
ington, D.C. 591 p.

Pearthree, Phillip A. 1986. Late Quaternary faulting and seismic hazard in
southeastern Arizona and adjacent portions of New Mexico and Sonora,
Mexico. Arizona Bureau of Geology and Mining Technology, Tucson.
19 p.

Reichenbacher, Frank W. 1984. Ecology and evolution of Southwestern
riparian plant Communities. Desert Plants 6(1): 15 -23.

Reynolds, R., M. Dettinger, D. Cayman, D. Stephens, L. Highland, and R.
Wilson. 1997. Effects of El Niño on streamflow, lake levels and land-
slide potential. In: Schweitzer, P., and R. Schumann, eds. Impact of
climate change and land use in the southwestern United States.
< URL: http: / /geochnage.er.usgs.gov /sw /changes /natural /elnino>

Richardson, David M., ed. 1998. Ecology and biogeography ofPinus. Cam-
bridge University Press, Cambridge, UK. 527 p.

Rinne, John N., and W. L. Minckley. 1991. Native fishes of arid lands: a
dwindling resource of the desert Southwest. General Technical Report
RM -206. U.S. Department of Agriculture, Forest Service, Rocky Moun-
tain Forest and Range Experiment Station, Fort Collins, CO. 45 p.

Rosgen, D. L. 1994. A classification of natural rivers. Catena 22(3): 169-
199. Scarborough, B. 1998. Geology of the sky islands: lecture presen-
tation. Brown Canyon Preserve: 1/98.

Sellers, William D., and Richard H. Hill. 1974. Arizona climate 1931 -1972.
2 "d Edition. The University of Arizona Press, Tucson. 616 p.

Shafroth, Patrick B., Barbara Tellman, and Mark K, Briggs, technical coor-
dinators. 1999. Riparian ecosystem restoration in the Gila River Basin:
opportunities and constraints. Issue Paper No. 21. Water Resources Re-
search Center, University of Arizona, Tucson. 78 p.

Skagen, S. K., C. P. Melcher, W. H. Howe. And F. L. Knopf. 1998. Com-
parative use of riparian corridors and oases by migrating birds in South-
east Arizona. Conservation Biology 12(4): 896 -909.

Soule, J. M. 1972. Structural geology of the northern part of Animas Moun-
tains, Hidalgo County, New Mexico. Circular 125. New Mexico State
Bureau of Mines and Mineral Resources, Socorro, NM. 15 p.

[SPP] Secretaria de Programacion y Presupuesta. 1980. Carta de climas.
Tijuana: 1:1,000,000. Coordinacion General de los Servicios Nacionales
de Estadistica, Geographia e Inforratica. Mexico, D.F. Map.

[SPP] Secretaria de Programacion y Presupuesta. 1980. Carta geologica.
Tijuana: 1:1,000,000. Coordinacion General de los Servicios Nacionales
de Estadistica, Geographia e Inforratica. Mexico, D.F. Map.

Stabler, Frederick D. 1985. Increasing summer flow in small streams through
management of riparian areas and adjacent vegetation: a synthesis. In:
Johnson, R. R., C. D. Ziebell, D. R. Patton, P. F. Ffolliott, and R. H.
Hamre, tech. coords. Riparian Ecosystems and Their Management:
Reconciling Conflicting Uses. First North American Riparian Confer-
ence, April 16 -18, 1985, Tucson, AZ. USDA, Forest Service, General
Technical Report RM -120. Pp. 206 -210.

Swetnam, Thomas W., and Julio L. Betancourt. 1997. Mesoscale ecologi-
cal responses to climatic variability in the American Southwest. In:
Schweitzer, P., and R. Schumann, eds. Impact of climate change and
land use in the southwestern United States. <URL:http: //
geochnage.er. usgs. gov /sw /impacts/biology /fires_SOI>

Strong, Thomas R., and Carl E. Bock. 1990. Bird species distribution pat-
terns in riparian habitats in Southeastern Arizona. The Condor 92: 866-
885.

Tomoff, Carl S. 1971. Breeding bird diversity in the Sonoran Desert
creosotebush association. Ph.D. dissertation, University of Arizona, Tuc-
son. 58 p.

Turner, Monica G. 1989. Landscape ecology: the effect of pattern on pro-
cess. Annual Review of Ecological Systems 20: 171 -197.

Vogt, Brandon J. 1997. The arroyo problem in the southwestern United
States. In: Impacts of Climate Change and Land Use in the Southwest-
ern united States. USGS. < URL:http:/ /geochange.er.usgs.gov /sw /im-
pacts /geology /arroyos> 13 p.

Wells, Phillip V. 1983. Paleobiogeography of montane islands in the Great
Basin since the last glaciopluvial. Ecological Monographs 53(4): 341-
382.

Wetmore, Alexander. 1935. Thick -billed Parrot in Arizona. The Condor
37: 18 -21.

White, Stephen S. 1948. The vegetation and flora of the region of the Rio
Bavispe in northeastern Mexico. Lloydia 4(11): 229 -302.

Wiens, J. A., and J. T. Rotenberry. 1981. Habitat associations and commu-
nity structure of Birds in shrubsteppe environments. Ecological Mono-
graphs 51: 21 -41.

Winograd, I. J., T. B. Copien, J.M. Landwehr, A. C. Riggs, K. R. Ludwig,
B. J. Szabo, P. Y. Kolesar, and K. M. Reeves. 1992. Continuous 500,000 -
year climate record from vein calcite in Devil's Hole, Nevada. Science
258(5080): 255 -260.

Yuhas, Roberta H. 1996. Loss of wetlands in the southwestern United States.
Abstracted from: Carter, V. 1996. National water summary on wetland
resources. U.S. Geological Survey Water -Supply Paper 2425. Wash-
ington, D.C. 431 p.


