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9.1 Introduction

During the second half of the twentieth century, the area along the United States

(US)–Mexico border evolved from a remote frontier to a region experiencing

considerable development. As a consequence of this development, between 1970

and 2000 parts of this Borderlands region witnessed some of the highest rates of

population growth documented in either of the two host countries (Canales 1999;

Lorey 1990, 1993), with rapid growth projected to continue in much of the region

through at least 2020 (Peach and Williams 2000). Among the impacts of develop-

ment in the Borderlands has been the destruction of broad tracts of natural habitat and

the biodiversity that relies upon it. As conservationists and researchers come to

recognizemore fully the rich variety of life present in this region, they have increased

efforts to conserve key components of its biodiversity for future generations.

In an attempt to define meaningful geographic units for conserving biodiversity in

the Borderlands and neighboring areas, biologists at The Nature Conservancy

(a US-based nongovernmental organization whose central mission is biodiversity

conservation) have divided the region into six different ecoregions that straddle the

border, along with two that lie immediately south of the border. Comprising large

land areas designated by climate, vegetation, geology, and other ecological and

environmental variables (The Nature Conservancy 2000), these ecoregions represent

the main geographic units of conservation planning for the Conservancy. Resulting

ecoregional plans identify conservation targets, prioritize these targets, and define

portfolios of sites whose conservation will ensure the persistence of essential

biodiversity in each ecoregion. Although such plans invariably acknowledge the

important role of human impacts in reducing biodiversity, they tend to focus limited

explicit attention on humans and their activities. This chapter examines human

demographics and development in one Borderlands ecoregion – the Apache High-

lands – in an attempt to improve our understanding of past, present, and future

human impacts to conservation in an area recently the focus of ecoregional planning

by The Nature Conservancy.

With a general emphasis on human population in the Apache Highlands Eco-

region, the ultimate aims of this study are three: (1) to document geographic

R.P. Cincotta and L.J. Gorenflo (eds.), Human Population: Its Influences
on Biological Diversity, Ecological Studies 214,
DOI 10.1007/978-3-642-16707-2_9, # Springer-Verlag Berlin Heidelberg 2011

153



patterns of population in the ecoregion; (2) to explain recent demographic change in

the ecoregion; and (3) to identify those aspects of Apache Highlands demography

that provide insights on biodiversity conservation. The study begins with a brief

historic overview of human occupation in the Apache Highlands, to provide a

foundation from which to understand its demographic evolution as well as the

current geographic arrangement of population and development in this ecoregion. It

then examines recent population levels and settlement patterns in the Apache

Highlands, describing the geographic distribution of human population and explor-

ing possible underlying causes leading to the current distribution. The paper

examines proposed conservation sites in terms of population density and rates of

change in an attempt to identify the utility of population density and average annual

rate of change as indicators of biodiversity disruption. It closes by considering the

interrelationship between biodiversity conservation and human demographics in

this portion of the US–Mexico Borderlands, proposing both a population density

threshold beyond which high biodiversity was unlikely and identifying localities

where biodiversity might be compromised in the future.

9.2 An Overview of Human Occupation in the Apache

Highlands

The Apache Highlands Ecoregion covers roughly 12 million ha in southeastern

Arizona and southwestern New Mexico in the United States and northeastern

Sonora and northwestern Chihuahua in Mexico (Fig. 9.1). Lying at the northern

end of the Sierra Madre Occidental, the Apache Highlands is distinguished from this

extensive mountain range (and ecoregion of the same name) to the south by the

presence of small, isolated mountain ranges called sky islands (Marshall et al. 2004).

The physical geographic and ecological diversity of this ecoregion includes eleva-

tions in excess of 2,100 m separated by expanses of relatively flat desert grasslands

and riparian corridors. Biodiversity in the Apache Highlands Ecoregion includes

roughly 110 mammal species, 265 bird species, 75 reptile species, 190 snail species,

and 2,000 plant species and features both endemic and endangered plants and

animals. The recent ecoregional planning effort comprises one of a series of

activities to help conserve key portions of the biodiversity in the Apache Highlands.

Humans have played a role in Apache Highlands ecology for millennia.

Archeologists have found evidence of human habitation in this ecoregion dating

as early as 15,000 before the present (BP), associated with a time period that

prehistorians call Paleo-Indian (Cordell 1997). Although the defining characteristic
of Paleo-Indian is large game hunting, the small groups of hunter-gatherers from

this period of prehistory probably used a range of other foods as well. Beginning

around 9500 BP and continuing until about 1300 BP (AD 700), inhabitants of the

Apache Highlands and the rest of the greater southwest followed an adaptive

strategy called Archaic – characterized by mobile bands of hunter-gatherers that

exploited a particularly broad range of plant and animal resources that occurred
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naturally in the areas where they lived. The intimate familiarity with plants

included use of the early ancestors of corn, whose remains appeared with increasing

frequency in archeological sites in the region beginning about 4000 BP (Martin

1979). After 1300 BP (AD 700), reliance on agriculture increased and continued

beyond the arrival of Europeans in the sixteenth century. Archeologists refer to the

Fig. 9.1 The physical geography and main communities in the Apache Highlands Ecoregion (data

sources: Environmental Systems Research Institute 1992; National Aeronautics and Space Admin-

istration 2004)
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agricultural adaptation to mountainous regions in southeastern Arizona, southwest-

ern New Mexico, northeastern Sonora, and northwestern Chihuahua as Mogollon,
one of the most important and well-studied prehistoric southwestern cultural tradi-

tions (Haury 1936, 1985). With its roots stretching back to 4000 BP, Mogollon

continued until about 600 BP (circa AD 1400) and was characterized by small

sedentary villages, initially built in defensive localities and in later times in more

accessible and agriculturally productive localities. Although the prehistory of much

of the Apache Highlands Ecoregion is relatively well understood, research does not

include intensive archeological surveys over large areas that would provide a basis

for reliable population estimates. Given the nature of subsistence and settlement,

and what is known of early historic demography in the area, population would have

been sparsely distributed and probably totaled a few tens of thousands.

The dominant strategies of cultural adaptation found prehistorically in the

Apache Highlands continued into the historic indigenous socio-cultural systems

of the area. The most recent overview of tribal peoples in this part of North America

lists several groups with historic ties to the ecoregion (Ortiz 1983): Chiricahua

Apache, Eudeve, Jano, Jocome, Lower Pima, Ópata, Tohono O’odham, Upper

Pima, Yavapai, Walapai, and Western Apache. The majority of these peoples

lived in small, seminomadic groups and survived through hunting and gathering,

often supplemented by small-scale agriculture (Basso 1983; Dunnigan 1983; Ezell

1983; Gifford 1936; Goodwin 1942; Griffen 1969; Hackenberg 1983; Hinton 1983;

Opler 1941; Sauer 1934). The Tohono O’odham and (especially) Pima were

exceptions to this, living in larger sedentary settlements and relying more heavily

on irrigated agriculture. However, the core geographic areas for these peoples

tended to lie to the west in the Sonoran Desert, the Pima in particular living near

larger rivers and broad alluvial plains more conducive to large-scale agricultural

activity. The Ópata, occupying what is today the south-central portion of the

Apache Highlands, also relied heavily on irrigated agriculture, though settlement

tended to consist of small hamlets (Hinton 1983). Lack of data, coupled with

considerable demographic and cultural disruption that accompanied the arrival of

Euro-Americans, limits our understanding of historic aboriginal population in the

ecoregion. Scholars generally agree that the total inhabitants in Pima Bajo (roughly

corresponding to the current state of Sonora) and Pima Alto (northernmost Sonora

and the southern half of Arizona) probably totaled fewer than 40,000 at the time of

European contact (Pennington 1980; Sauer 1935). Adding a fraction of the Ópata

population for that portion of their homeland included in the Apache Highlands (see

Gerhard 1993) would increase the population estimate for what is now northern

Sonora and southern Arizona to perhaps 50,000, with the population of the eco-

region portion of this area substantially less.

The first Europeans in the Apache Highlands Ecoregion were Spanish explorers

who entered the region in the 1530s and early 1540s from both the north and south,

primarily in search of personal wealth (Hartmann 1989; Spicer 1962). Initial

Spanish colonization of the southern and eastern parts of the state of Sonora

occurred by the early seventeenth century and expanded into all but the western

part of that state and southern Arizona by 1710 (Gerhard 1993; Jackson 1998;
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Ortega 1993; Spicer 1962). The first Spanish settlements in the region consisted

primarily of missions, small towns, and presidios (military garrisons), with early

colonists in the Apache Highlands area engaged primarily in mineral (silver)

mining, along with small-scale ranching and agriculture (West 1993). Most settle-

ments were small and widely scattered, as conflicts with indigenous peoples, the

harsh natural environment, and limited economic opportunities hampered more

substantial colonization. Although Hispanic expansion northward continued fol-

lowing the Mexican War of Independence in 1821, the nonindigenous population

remained fairly small, totaling perhaps 15,000 by 1821 for the state of Sonora as a

whole (Gerhard 1993). Disease and conflict decimated the indigenous population of

the Apache Highlands and other parts of this general region during the first

centuries of European occupation, though the greatest impacts initially occurred

in the southern part of the ecoregion. The Native population of Sonora alone

declined to fewer than 8,000 in the early nineteenth century (Gerhard 1993),

producing a substantial net decline in total regional demographics.

Beginning in the mid-1850s, Anglo-Americans from the United States expanded

into the territories of Arizona, California, and New Mexico, newly acquired in the

Mexican–American War. Settlement occurred slowly along a military front, in the

wake of indigenous hostilities, based on an economy of mining, ranching, and

agriculture similar to the pattern seen in Sonora the preceding two centuries

(Sheridan 1995). About the same time, settlement in Sonora began to expand into

western parts of the state – in part drawn by discoveries of gold in those areas and

driven by the exhaustion of mines in the eastern mountains, and in part made

possible through greater control over Native hostilities (West 1993). Colonization

increased after the 1880s, particularly in Arizona and New Mexico following the

cessation of most indigenous hostilities, although communities such as Tucson

received many more in-migrants than did the more mountainous Apache Highlands

a short distance to its east. Water control began on a larger scale in the late

nineteenth century, expanding with the construction of large dams in the United

States and Mexico during the 1920s and 1930s and providing a more reliable

foundation for agriculture and settlement. Finally, the establishment of rail links

with other parts of Mexico and the United States promoted economic growth in the

southwestern United States and northwestern Mexico (Sanderson 1981) and the

fortunes of communities on the rail lines, though the focus of development once

again was on less mountainous portions in both countries beyond the borders of the

Apache Highlands Ecoregion. Despite a resurgence of mining in eastern Sonora

near the end of the nineteenth century (West 1993), most development and new

settlement occurred outside the bounds of the ecoregion on both sides of the border.

Well into the twentieth century, agriculture, ranching, and mining continued to

support much of the human habitation in the Apache Highlands Ecoregion. Neverthe-

less, population remained relatively small as development on both sides of the border

focused on other areas. Population and economic growth surged generally on the

Mexican side of the border early inWorldWar II, as exports to the United States grew

markedly (Sanderson 1981). Similarly, population growth occurred in Arizona fol-

lowing World War II and the accompanying expansion of manufacturing (primarily
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electronics) to supplement other forms of economic activity. Settlement in the small

sections of Chihuahua and New Mexico that lie within the ecoregion continued to

experience relatively slow growth and development, remaining generally rural and

sparsely populated. In contrast, population in the Arizona and Sonora portions of the

Apache Highlands grew more rapidly. In the case of the former, population in the

United States continued to relocate to the Sun Belt states, both for employment and

retirement. In the case of the Sonora portion of the Apache Highlands, recent popula-

tion growth has followed the emergence of economic opportunities on the American

side of the border and the meteoric growth of manufacturing and assembly industry

(the maquiladoras) on the Mexican side of the border (see Alegrı́a 1992; Canales

1999; Sable 1989). Migrants from elsewhere in Mexico relocated to exploit these

economic opportunities, often fleeing undesirable social, economic, and environmen-

tal conditions in their former homes (National Heritage Institute 1998).

9.3 Population in the Apache Highlands Ecoregion

at the End of the Twentieth Century

Although the discussion in the preceding section necessarily relies largely on infor-

mation frommore general geographic areas rather than solely the Apache Highlands,

it provides a basic understanding of human demography in this region. Due to a

combination of factors, the indigenous population of the ecoregion was never very

dense – owing mainly to sparse settlement by hunter-gathers and agriculturalists

living outside of more productive broad alluvial plains, such as those to the west in

the Sonoran Desert (Gorenflo 2002). Euro-American colonization was slow in the

face of conflicts with natives and challenges of the harsh natural environment, though

demographically noteworthy for the tragic decimation of indigenous populations

(largely from introduced diseases) which reduced them to small fractions of their

original sizes. Subsequent settlement in northwestern Mexico and the southwestern

US increased, substantially during the late twentieth century, but focused on other

areas in the general region outside the more mountainous Apache Highlands. Never-

theless, population in the ecoregion grew, primarily after 1950 and particularly near

the end of the twentieth century. By 1990 ecoregion population approached 569,000.

By 2000, population of the region exceeded 797,000 – an increase of 40% in only

10 years and totaling more than the entire population of Arizona only five decades

earlier (US Bureau of the Census 1996).1

1Estimates of ecoregion population used geographic information system technology to calculate

the proportion of block groups and áreas estadı́sticas básicas (discussed below) lying within the

ecoregion boundary and applied this percentage to the population of each in 1990 and 2000. For

geographic units only partially within the boundary, this method assumes uniform population

density to estimate the number living inside the ecoregion. Although such an assumption is

incorrect, because the geographic units employed are small the errors introduced to the estimate

similarly will be small.
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One can examine recent population data for the Apache Highland Ecoregion in

geographic units of several different sizes. Counties in the United States and their

geographic counterparts in Mexico, municipios, provide a good general sense of

the distribution of ecoregion population and how this population has changed over

time (Table 9.1). Although geographic units this large are of limited use when

examining most conservation sites, due to the lack of precise placement of

population with respect to site locations, the general availability of demographic

statistics for larger units enables one to identify broad demographic patterns that

provide important insights on the interface between human demographics and

localities of importance for conservation. The population in counties and munici-

pios partially or totally within the ecoregion (or outside the ecoregion but near the

boundary) ranged widely in size from more than 3 million to fewer than 1,000 in

2000, the year of the most recent available decennial census in both Mexico and

the United States. At the county/municipio level, one sees a distinction between

demographics in the United States and Mexico portions of the ecoregion; much

larger recent populations occur in the former, though the population of Nogales

Municipio immediately south of the border was nearly 160,000 in 2000. Recent

population change in the Apache Highlands Ecoregion similarly has varied con-

siderably across its geographic extent. Once again, a distinction is evident between

those portions of the ecoregion north and south of the border. Between 1990 and

2000, population grew in every county in the US portion of the ecoregion except

one. In contrast, more than half of the 34 Mexican municipios at least partially

within the ecoregion lost population during the same time period. Eighteen of the

thirty-two municipios in the ecoregion that existed in 1950 (two were created after

that date, split off from other municipios) actually lost population over the second

half of the twentieth century. This reduction in population likely is a consequence

of declining economy in the mountains of Sonora and Chihuahua, running counter

to demographic trends throughout much of the Borderlands during the same

period. Only one of the 15 US counties in the ecoregion lost population over the

same five decades.

Advances in census data compilation in Mexico and the United States

beginning in 1990, and in the ability to prepare analytical maps of such data,

enable a more refined description of the geographic arrangement of population

in the Apache Highlands. The most recent two decennial censuses of population

and housing in the United States present data in several different geographic

units, including census block groups – areas containing 250–550 housing units

and representing the second smallest geographic unit used by the US Census

Bureau (US Bureau of the Census 1991). The most recent two decennial

censuses of population and housing in Mexico, in turn, present data in submu-

nicipio units called áreas geoestadı́sticas básicas (AGEBs) in 1990 and for all

communities in Mexico in 2000 that can be converted to AGEBS (see Instituto

Nacional de Estadı́stica, Geografı́a, e Informática [INEGI] 1998b, 2002).

Mapping and analyzing population (and other) data in such small units provides

a more precise ability to assign geographic location to measures such as

population density, revealing complex variability across the surface of the
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Table 9.1 Population statistics for US counties and Mexican municipios in or adjacent to Apache

Highlands Ecoregion: 1950, 1990, 2000

State County/

Municipio

County/

Municipio area

in ecoregion

(%)

1950

Population

1990

Population

2000

Population

1990–2000

Average

annual change

(%)

Arizona Apachea � 27,767 61,591 69,423 1.2

Cochise 99.4 31,488 97,624 117,755 1.9

Coconino 0.4 23,910 96,591 116,320 1.9

Gila 83.6 24,158 40,216 51,335 2.5

Graham 73.7 12,985 26,554 33,489 2.3

Greenlee 67.6 12,805 8,008 8,547 0.7

Maricopa 4.5 331,770 2,122,101 3,072,149 3.8

Mohave 9.6 8,510 93,497 155,032 5.2

Navajo 9.6 29,446 77,658 97,470 2.3

Pima 25.8 141,216 666,880 843,746 2.4

Pinal 14.8 43,191 116,379 179,727 4.4

Santa Cruz 100.0 9,344 29,676 38,381 2.6

Yavapai 73.1 24,991 107,714 167,517 4.5

New Mexico Catron 1.1 3,533 2,563 3,543 3.3

Grant 20.8 21,649 27,676 31,002 1.1

Hidalgo 95.1 5,095 5,958 5,932 �
Chihuahua Casas

Grandes

1.7 10,679 10,042 10,027 �

Janos 61.5 4,201 10,898 10,225 �0.6

Sonora Aconchi 60.5 1,775 2,356 2,412 0.2

Agua Prieta 100.0 13,121 39,120 61,821 4.7

Altara � 2,036 6,458 7,224 1.1

Arizpe 100.0 4,659 3,855 3,397 �1.3

Bacadéhuachi 66.1 1,659 1,499 1,347 �1.1

Bacerac 49.7 2,573 1,775 1,369 �2.6

Bacoachi 100.0 2,095 1,593 1,497 �0.6

Banámichi 89.8 1,617 1,701 1,478 �1.4

Baviácora 26.3 3,122 3,979 3,700 �0.7

Bavispe 99.5 2,299 1,755 1,383 �2.4

Benjamin

Hilla, b
� NA 5,939 5,729 �0.4

Cananea 100.0 18,869 26,931 32,074 1.8

Cucurpe 51.7 1,902 1,036 935 �1.0

Cumpas 71.9 6,284 6,932 6,188 �1.1

Divisaderos 19.8 1,098 901 823 �0.9

Fronteras 100.0 4,183 6,336 7,872 2.2

Granados 100.0 1,271 1,290 1,214 �0.6

Huachinerac 39.7 NA 1,503 1,146 �2.7

Huásabas 99.7 1,621 1,084 983 �1.0

Huépac 76.8 1,236 1,262 1,144 �1.0

Imuris 96.2 4,999 7,365 10,006 3.1

Magdalena 57.5 9,034 20,071 24,409 2.0

Moctezuma 31.4 3,132 3,947 4,185 0.6

Naco 100.0 2,495 4,645 5,352 1.4

Nácori

Chicoa
� 2,594 2,513 2,252 �1.1

N‘ de Garcı́a 100.0 5,500 13,171 14,344 0.9

(continued)
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Apache Highlands (Fig. 9.2).2 Geographic precision is important in examining

such data, as population density has been proposed at global (Cincotta and

Engleman 2000; Gorenflo 2006; Sanderson et al. 2002) and regional scales

(Brashares et al. 2001; Gorenflo 2002; Harcourt et al. 2001; Parks and Harcourt

2002) as an important indicator of human impact on biodiversity.

The map of population density by block group and AGEB indicates that ecoregion

inhabitants tend to reside in definite concentrations, the hamlets, towns, and cities that

characterize human settlement in most socio-cultural systems. Surrounding these

communities are geographic units containing less dense population, declining with

distance from the population center, again a tendency generally found in human

settlement patterns. The distribution of people in the Apache Highlands Ecoregion

differs from patterns found in many other places in the extremely sparse settlement

found outside of communities and their immediate hinterlands – a consequence of

Table 9.1 (continued)

State County/

Municipio

County/

Municipio area

in ecoregion

(%)

1950

Population

1990

Population

2000

Population

1990–2000

Average

annual change

(%)

Nogales 93.5 26,016 107,936 159,103 4.0

Opodepe 13.4 3,899 3,288 2,842 �1.4

Rayóna � 2,250 1,838 1,602 �1.4

S.F. de Jesúsa � 830 470 429 �0.9

S.M. de Horc. 21.1 4,727 2.285 5.626 9.4

Santa Ana 16.9 9,974 12,745 13,534 0.6

Santa Cruz 100.0 1,456 1,476 1,642 1.1

Sáric 41.6 1,479 2,112 2,252 0.6

Tubutama 0.6 2,186 1,842 1,790 �0.3

Ures 5.1 8,603 10,140 9,553 �0.6

Villa

Hidalgod
100.0 3,262 2,233 1,995 �1.1

Sources: Dirección General de Estadı́stica 1952a, 1952b; INEGI (1996, 2002); US Bureau of the

Census (1996, 2000)

� represents a percentage that rounds to 0; NA not available
aOutside though near ecoregion
bPart of Trincheras Municipio in 1950
cPart of Bacerac Municipio in 1950
dNamed Oputo in 1950

2In contrast to the 1990 census, population data by AGEB was not presented in the 2000 census for

all of Mexico. To enable comparisons between the two census years, I assigned population data

from the 2000 census presented by locality (INEGI 2002) to the AGEBs defined in the 1990 census

(INEGI 1998b). The potential exists for introducing slight errors into the resulting geographic

information coverage, through errors in digitizing AGEBs or localities – in essence causing

assignment of a locality’s population to the wrong AGEB. I took great care in building and

reviewing the 2000 AGEB population coverage, through comparing 1990 and 2000 populations in

borderline assignment decisions, though small errors likely persist.
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the agriculture and mining that tends to dominate rural portions of the ecoregion and

the small numbers of people usually associated with such activities. Nearly all block

groups in the US portion of the ecoregion contained population in 2000. In contrast,

several AGEBs in the Mexico portion contained no population that same year. This

possibly indicates a difference in settlement patterns – for instance, fewer dispersed

Fig. 9.2 Population density by block group and AGEB in the Apache Highlands Ecoregion, 2000

(data sources: INEGI 1998b, 2002; US Bureau of the Census 2002)
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ranches inMexico. However, it likely also results from the small geographic extent of

AGEBs that enables rural population to be mapped more precisely – similarly sized

units north of the border possibly also would contain no human habitants in 2000.

And it reveals the reliance of block group definition on resident population at a

certain level, as noted in the preceding paragraph.

Recent patterns of population change also varied considerably among block

groups and AGEBs in the Apache Highlands Ecoregion (Fig. 9.3). Once again,

different patterns appear when one compares the US and Mexico portions of

ecoregion. Consistent with evidence of widespread population growth among

most counties in the region, the vast majority of block groups experienced increases

in population during the 1990s. Moreover, much of the widespread population

growth was quite rapid, in excess of 4.0% annually, with more than 8% of the

block groups mapped minimally doubling their population (growing 7.0% or more

annually) every 10 years. Some of the most rapid growth occurred near the larger

communities within or immediately beyond the ecoregion boundary, the pattern

around Tucson providing a good example of this tendency and the urban sprawl

threatening conservation in other portions of Arizona (Gorenflo 2002). The main

cause of such sprawling settlement is likely some combination of an attempt to

reduce housing costs and a desire to live beyond the geographic bounds of estab-

lished communities, causing land previously comprising ranches or otherwise

unused to be developed for dispersed residential use.

The geographic pattern of population change during the 1990s in the Mexican

portion of the ecoregion, in contrast, revealed some important differences from that

found in the United States. The most obvious contrast is that slightly more than half

the AGEBs in the ecoregion lost population between 1990 and 2000. AGEBs that

experienced an increase in population over this decade often were those with

established communities. The pattern seen is reminiscent of the sort often found

in migration from rural settings to communities (not necessarily rural–urban in this
case), though data do not currently exist to confirm this observation. Regardless of

the underlying demographic process, as a consequence of 1990–2000 population

change in the Mexico portion of the Apache Highlands Ecoregion areas of popula-

tion growth tend to be more concentrated – yielding a more geographically focused

pattern of population growth than found north of the border, amidst widespread

rural demographic decline.

The 2000 census in both Mexico and the United States recorded individuals

aged 5 years and older in 2000 by their place of residence in 1995, thereby

providing insights on short-term migration. Mapping data for people in 2000

who relocated from a different county or country 5 years earlier reveals high

levels of in-migration for the US portion of the ecoregion (Fig. 9.4). Minimally

15% of the population aged 5 years or more moved to their place of residence in

2000 from a different county or country over the preceding half-decade, with

more than 25% in-migrating for half of the counties examined. Much less migra-

tion from another municipio or country appeared to occur in the Mexican portion

of the Apache Highlands. A maximum of 17% of the resident population aged

5 years or more in-migrated from one of these places during the last half of the
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1990s to an Apache Highlands municipio, with all but 5 of the 34 municipios in

the ecoregion recording rates of in-migration below 5%. Two of the exceptions

were the municipios of Agua Prieta and Nogales – both adjacent to the border,

containing large communities (see Fig. 9.1), and receiving relatively large num-

bers (as well as percentages) of in-migrants from elsewhere between 1995 and

Fig. 9.4 Percent of residents aged 5 years or older in 2000 who lived in different county (in the

United States portion of the ecoregion) or municipio (in the Mexico portion of the ecoregion) in

1995, by county and municipio (data sources: INEGI 2000; US Bureau of the Census 2002)
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2000. The underlying reasons for the patterns of short-term migration in each

country probably both relate in part to regional and national economics. In the

case of the US portion of the Apache Highlands, persisting economic growth in

the southwest continued to attract large numbers of people from other parts of the

country and beyond (including Mexico). In the Mexican portion of the ecoregion,

economic growth in the Borderlands – along with the proximity to the US and

related economic opportunities – has for decades attracted migrants from else-

where in Mexico. However, in contrast to their counterparts north of the border,

economic opportunities and other attractions to migrants in Apache Highland

municipios tend to be limited to a few destinations containing relatively large

communities and maquiladoras.
In contrast to mobility, natural increase seems to have accounted for much less

population change experienced during the 1990s. Fertility among counties in the

US part of the Apache Highlands part of the ecoregion in 2000 was relatively low.

Crude birth rates for Arizona counties included at least partially in the Apache

Highlands ranged from 10.5 to 20.8, the associated crude rate of natural increase

ranging from –0.9 to 15.5 (Arizona Department of Health Services 2002). Crude

birth rates for the New Mexico Counties intersected by the ecoregion ranged from

4.8 to 13.5 the same year, with the general fertility rate for those counties measuring

33.5 to 70.8 (New Mexico Department of Health 2002). In 2000, the average

number of total live births to females aged 12 years or more was 2.6 for both the

states of Chihuahua and Sonora (INEGI 2002). Both municipios in Chihuahua and

15 of the 34 municipios in Sonora in the ecoregion exceeded the state average

number of live births, though with a maximum of 3.7 none featured fertility at a level

that could drive the rapid population growth seen during the 1990s in the Apache

Highlands. These low-moderate fertility rates, coupled with indications of high in-

migration from other counties/municipios or other countries, indicate at best a

limited role for natural increase in the population growth experienced in the

ecoregion during the 1990s.

9.4 Conservation and Human Demography in the Apache

Highlands Ecoregion

The maps and supporting data presented in the preceding section indicate that human

population in the Apache Highlands Ecoregion tends to occur in generally localized

concentrations, surrounding by nearby dispersed distributions and amidst large areas

of sparse settlement. As is the case with other plant and animal species in the

ecoregion, this pattern represents an adaptation to the sky island environment and

intervening grasslands and riparian corridors that characterize this region. The

agriculture (both crops and livestock) and mining found in this topographically

dissected region do not readily support dense human population. Nevertheless,

regional human demography and associated patterns of economic activity and land

use have important implications for the conservation of biodiversity in this ecoregion.
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In an attempt to identify conservation opportunities in the Apache Highlands

Ecoregion, The Nature Conservancy Apache Highlands Ecoregional Planning

Team defined 90 potential conservation sites on both sides of the border (Marshall

et al. 2004). The process for defining these sites began with the identification of

areas nominated by experts working in various portions of the ecoregion based on

the presence of key conservation targets (flora and fauna), which served as initial

nuclei for potential sites. Technical staff working on the ecoregional plan subse-

quently refined site locations and configurations through considering:

l Conservation target information from Natural Heritage Program databases
l Similar information from published and gray literature
l Evaluations of ecoregion topography, hydrography
l Examinations of land use–land cover
l Land management status

The sites resulting from this process represent the remaining locations of key

conservation targets in the Apache Highlands Ecoregion, each site often containing

multiple targets. In all, the conservation sites defined by the ecoregional planning

team cover a large amount (nearly 42%) of the Apache Highlands. In the interest of

understanding the relationship between these concentrations of remaining biodiver-

sity and the human demography of the ecoregion, we can examine the arrangement

of the former with respect to both population density and recent population change.

Figure 9.5 shows the locations of potential conservation sites in the Apache

Highlands with respect to population density. In part because of the relatively large

proportion of the ecoregion covered by the conservation sites, such localities occur

in a range of population densities. However, a tabular summary of mean densities

indicates a tendency for conservation sites to occur in sparsely populated areas,

with 75 of the 90 sites occurring in areas averaging 5 persons per km2 or less and 84

occurring in areas averaging 10 persons per km2 or less (Table 9.2). As one would

expect, sparse population is not the sole criterion yielding high biodiversity. Many

sparsely settled portions of the Apache Highlands Ecoregion do not feature poten-

tial conservation sites. Such tendencies reinforce the importance of what amount to

a range of ecological factors. And yet data for the Apache Highlands also suggest a

role for dense population, or the activities associated with it, in possibly disrupting

biodiversity. Although conservation sites do not necessarily occur in sparsely

populated areas, they rarely occur in densely populated areas.

Another demographic measure that seems worthy of consideration in the context

of biodiversity in a region that has witnessed considerable recent growth is popula-

tion change. Figure 9.6 presents the distribution of potential conservation in the

Apache Highlands Ecoregion with respect to average annual population change

between 1990 and 2000, the most recent two decennial census years. Once again,

the relatively large percentage of the ecoregion covered by conservation sites likely

contributes to biodiversity cooccurring with a wide range of population change

values (see Table 9.2) – from rapid decline to rapid growth. Broad ranges of rates

of change occur within single conservation sites, particularly in the Mexican

portion of the ecoregion with its combination of geographically small AGEBs,
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geographically large conservation sites, and relatively rapid population shifts dur-

ing the final decade of the twentieth century. Relying solely on rates of population

change as an indicator of demographic activity can be misleading due to its

reflection of relative change, with rapid population change for a small population

reflecting the gain or loss of only a few people. The utility of average annual

Fig. 9.5 Potential conservation sites and population density (2000) by block group and AGEB in

the Apache Highlands Ecoregion (data sources: INEGI 1998b, 2002; The Nature Conservancy n.d.;

US Bureau of the Census 2002)
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Table 9.2 Demographic statistics for proposed conservation sites

Proposed Conservation

Site Number

Persons per square

kilometer

Average annual population

change

Mean Maximum Standard

deviation

Mean Maximum Standard

deviation

1 0.6 0.6 0.0 10.4 10.4 0.0

2 0.5 0.6 0.2 9.6 10.4 1.7

3 0.2 0.3 0.1 5.1 5.6 0.8

4 3.6 16.4 5.4 5.8 9.3 2.2

5 0.1 0.1 0.0 5.6 5.6 0.0

6 0.7 1.3 0.4 5.3 9.3 4.2

7 0.1 0.3 0.1 6.1 7.6 0.9

8 0.8 1.3 0.3 0.5 9.3 3.0

9 16.1 872.0 55.5 6.8 14.9 3.1

10 0.2 0.2 0.0 9.6 9.6 0.0

11 7.1 174.6 12.1 11.1 14.4 4.9

12 0.8 11.4 2.5 9.5 9.6 0.4

13 5.9 8.7 4.0 5.8 9.6 2.6

14 0.6 0.6 0.0 0.3 0.3 0.0

15 2.2 6.9 1.8 5.4 5.9 0.6

16 2.7 2.7 0.4 3.7 3.7 0.2

17 0.8 0.8 0.2 2.0 2.0 0.1

18 0.4 0.8 0.2 2.5 6.6 2.7

19 5.1 6.3 2.4 4.4 4.8 0.9

20 0.3 0.8 0.2 3.0 6.5 1.4

21 2.7 10.6 3.4 4.0 9.6 1.4

22 1.7 5.1 1.3 6.6 12.8 2.4

23 5.1 5.4 0.3 0.1 3.5 4.1

24 2.2 5.1 1.9 6.7 9.3 1.6

25 2.0 5.1 2.2 8.4 12.8 3.2

26 1.2 181.2 8.2 2.5 11.8 3.9

27 0.4 0.5 0.1 3.7 6.3 1.2

28 0.4 0.5 0.2 0.9 6.3 3.3

29 0.8 1.0 0.3 4.7 11.8 6.0

30 0.8 1.0 0.3 �0.8 �0.4 0.3

31 0.5 0.5 0.0 �1.1 �1.1 0.0

32 3.7 3.7 0.0 8.6 8.6 0.0

33 3.2 4.8 1.2 7.4 8.6 2.8

34 0.2 23.2 1.3 �6.4 11.8 5.5

35 5.5 14.9 6.8 0.1 11.8 0.9

36 0.4 0.4 0.1 10.3 11.8 3.9

37 0.6 0.6 0.0 �0.5 �0.5 0.0

38 1.4 2.9 1.3 �2.5 5.0 5.9

39 1.9 1516.3 13.4 2.0 5.0 2.2

40 0.5 0.5 0.0 1.3 1.3 0.0

41 2.7 2.9 0.3 3.8 5.0 1.8

42 0.4 0.4 0.0 2.4 2.4 0.0

43 0.4 4.2 0.2 0.9 6.3 1.3

44 3.2 3763.3 60.1 2.8 4.8 1.5

46 0.5 0.5 0.0 1.3 1.3 0.0

47 0.7 2.3 0.5 1.5 2.4 0.3

48 14.2 30.2 6.6 12.9 14.6 4.0

(continued)

9 Human Demography and Conservation in the Apache Highlands Ecoregion 169



Table 9.2 (continued)

Proposed Conservation

Site Number

Persons per square

kilometer

Average annual population

change

Mean Maximum Standard

deviation

Mean Maximum Standard

deviation

49 1.6 4.2 1.7 3.0 6.3 2.3

50 14.6 710.2 33.4 21.0 23.8 4.4

51 0.2 0.5 0.1 �9.0 1.4 1.5

52 0.5 0.5 0.0 1.4 1.5 0.6

53 4.2 34.6 6.6 4.2 14.6 2.6

54 13.4 13.4 0.0 14.6 14.6 0.0

55 1.0 1.0 0.0 0.6 0.6 0.0

56 1.7 1.7 0.0 5.2 5.2 0.0

57 8.2 8.2 0.0 4.4 4.4 0.0

58 0.6 3.0 0.3 1.5 4.0 2.2

59 2.2 3.0 0.1 3.1 3.1 0.2

60 0.8 1.0 0.2 2.0 3.3 1.4

61 1.5 7.7 2.3 4.1 9.5 2.1

62 7.9 65.2 11.1 3.0 7.9 1.9

63 1.2 8.8 1.7 2.6 12.3 7.4

64 0.1 0.1 0.0 �6.8 �6.8 0.0

65 6.6 124.2 5.6 0.3 12.3 28.3

66 5.8 2768.3 84.4 �0.6 Gained alla 17.0

67 0.5 68.9 1.5 3.9 Gained alla 31.5

68 1.1 1.2 0.3 0.0 0.7 0.4

69 0.0 0.1 0.0 �65.7 8.8 45.1

70 0.3 0.4 0.1 �10.7 �10.5 0.7

71 1.4 4.5 2.0 15.0 Gained alla 51.8

72 0.0 0.1 0.0 0.5 4.1 4.7

73 1.8 11.2 3.1 8.6 54.4 18.7

74 0.0 0.0 0.0 7.0 19.6 14.2

75 67.9 2941.1 411.3 3.9 23.9 6.6

76 0.1 0.2 0.0 �24.3 �7.7 31.4

77 1.9 1651.2 48.3 0.4 19.1 9.3

78 0.1 11.6 0.7 �27.5 5.8 40.6

79 0.0 2.8 0.1 �5.7 14.9 6.5

80 0.0 0.1 0.0 71.9 Gained alla 41.4

81 0.1 1.0 0.1 �3.7 2.1 2.8

82 1.6 1675.4 38.2 12.2 Gained alla 51.0

83 16.0 3921.6 228.9 11.4 Gained alla 41.0

84 1.2 188.3 9.0 �12.3 Gained alla 33.5

85 0.0 1.0 0.2 �33.8 14.9 45.1

86 0.0 0.2 0.0 8.6 24.6 6.1

87 0.0 0.2 0.0 46.4 Gained alla 48.3

88 0.1 0.1 0.1 26.7 Gained alla 48.2

89 0.1 1.3 0.3 24.8 Gained alla 44.1

90 0.4 4.6 0.7 12.9 Gained alla 32.9

91 0.0 0.1 0.0 �13.3 0.0 4.6
aRefers to a geographic unit that had 0 inhabitants in 1990 and one or more in 2000; in such cases,

average annual change cannot be calculated as the starting number is 0
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population change as an indicator of places incompatible with biodiversity is

enhanced greatly by focusing on those localities (block groups and AGEBs, in

this case) with comparatively high population densities, as discussed below.

The utility of human population data or some variant of them as a predictor of

biodiversity is complicated by two key factors in the Apache Highlands Ecoregion:

the relationship of population to various human activities and the role of geographi-

cally indirect impacts. The first acknowledges that many types of human activity

completely incompatible with conservation can occur in a range of population

density settings. For instance, in the case of the US portions of the Apache High-

lands satellite imagery from 1992 indicates that agriculture occurs in areas with

population densities as low as 0.5 persons per km2 (US Geological Survey and

Environmental Protection Agency 2000a, b).3 Similar evidence exists for the

Mexican portion of the ecoregion, using statistical data as evidence of economic

activity (INEGI 1998a, b). Although the presence of people arranged in such sparse

settlement would not itself lead to severe habitat destruction – as a consequence of

dense housing and other human-related infrastructure – the activities in which they

are engaged might (and often do) compromise biodiversity. Human population,

primarily represented as density, generally serves as a surrogate of varying utility

for such activities.

The issue of geographically indirect impacts is one of people living in a

particular locality and causing impacts in another. Agriculture is one example of

such impacts, where people engaged in agriculture (or another activity generally

incompatible with biodiversity) in one area often reside apart from their fields. For

arid regions in general, and the Apache Highlands in particular, such indirect

impacts often involve surface and subsurface hydrology, affecting the riparian

areas so vital to the ecological health of such geographic settings (see Kouros

1998). One of the best known, most important, and most highly threatened riparian

areas is the San Pedro River, which lies in the eastern part of the Apache Highlands

(Council for Environmental Cooperation 1999). Providing essential habitat to

nearly 400 species of migratory birds, more than 100 species of butterflies, more

than 80 species of mammals, and nearly 50 species of amphibians and reptiles, the

San Pedro riparian area is particularly important to the 1–4 million birds that stop

there during their annual migrations between Latin America and points north

(Hanson 2001). The extraction of ground water for domestic use, particularly by

the US Army installation of Ft. Huachuca and the nearby community of Sierra

Vista, and for agricultural irrigation interrupts the hydrologic cycle that recharges

the regional aquifer. Effects are both local near the demand points and more distant

in other parts of the compromised riparian system. The future of this key component

of the Apache Highlands remains uncertain, depending largely on population

3For the sake of the argument presented here, I used available interpreted Landsat imagery despite

its dating to 1992. Because of the date of the imagery, I used population density data from 1990

to conduct this phase of the analysis – closer to the date of the imagery than more recent census

data.
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growth, per capita domestic water use, and local land use which all interact through

the surface and subsurface hydrology (Steinitz et al. 2003).

What, then, can the study of human population tell us of biodiversity and

potential biodiversity conservation in the Apache Highlands? As noted, it is impor-

tant to recognize that impacts to biodiversity are not generated by the mere presence

of people, but rather by their activities. Demographic data in some cases can be

used to identify locations of activities incompatible with biodiversity. High popu-

lation density (for instance, more than 200 persons per km2) indicates a level of

human activity that can indeed disrupt biodiversity – such as residential behavior

associated with large amounts of infrastructure (residential construction, commer-

cial construction, transportation networks, etc.) that itself displaces natural habitat.

Of the 90 sites identified based on remaining biodiversity, none was associated with

such dense human habitation. Only one site was associated with mean population

densities greater than 50 persons per km2 – Site 75 (see Table 9.2), an elongated site

which coincides in part with the community of Imuris, Sonora, and its population

density of more than 67.9 persons per km2. All but 5 of the remaining 89 sites had

mean population densities less than 10 persons per km2. Average annual change is

much less effective in the Apache Highlands at identifying a level beyond which

biodiversity seems to be compromised. For instance, of the 90 potential conserva-

tion sites, 23 occurred in areas with mean population growth of 7.0% or more

annually – that is, doubling every decade – which by most standards is quite rapid.

Based on data from the Apache Highlands, a population density 10 persons per

km2 tends to serve as a rough threshold of sorts, beyond which noteworthy

biodiversity is unlikely. Proposed conservation sites that occur in locations that

will exceed this population density in coming years – calculated through applying

1990–2000 growth rates to 2000 population data – may face conservation risks in

the near future (Fig. 9.7). Greater confidence awaits projections of likely future land

use patterns for the Apache Highlands and an improved understanding of the

relationship between various forms of land use and key processes upon which

various conservation targets rely.

9.5 Concluding Remarks

The Apache Highlands comprises an ecoregion partially lying in the US–Mexico

Borderlands and containing considerable remaining biodiversity amidst a dis-

persed, though growing, human population. This study has focused on the demo-

graphics of this region – notably the density of human habitation, the nature of

recent population change, and causes of this change. Through employing geo-

graphic information system technology and mapping population-related variables

in small geographic units, it is possible to propose certain relationships between the

demographics of humans and the diversity of other species in the region.

The nature of human demography in the Apache Highlands Ecoregion has

historically been one of relatively sparse settlement. This certainly was the case
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during prehistoric times and most historic times. Although population in parts of

the ecoregion grew during the second half of the twentieth century, settlement

remained relatively sparse – with concentrations of population scattered about on

both sides of the border in the form of communities and their hinterlands. Coupled

with historically limited potential for the activities that tend to compromise

biodiversity – such as large-scale agriculture and commercial forest harvest – the

Fig. 9.7 Block groups and AGEBs in the Apache Highlands Ecoregion exceeding 10 persons per

km2 in 2000 and projected to exceed 10 persons per km2 in 2010
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situation that one faces is a few instances of concentrated human presence and

limited activities that cause biodiversity loss. In all likelihood, as a result of these

human settlement and activity patterns in the Apache Highlands, much of the

ecoregion lies within potential conservation sites.

Available data on population and potential conservation sites indicate that dense

populations generally are incompatible with biodiversity. This seemingly obvious

conclusion is enhanced by the sense that biodiversity begins to fall off at densities

of about 10 persons per km2 – a conclusion that is ecoregion-specific with regard

both to the nature of human habitation and ecology of this particular area. Lower

population densities do not necessarily mark areas of high biodiversity, in part

because the potential for destructive activities exists in areas with relatively few

people and in part because biodiversity is not uniformly rich across the entire

ecoregion.

Given documented demographic trends in the Apache Highlands Ecoregion,

what does the future hold with respect to biodiversity? Population likely will remain

concentrated primarily in communities, where the highest densities will occur,

around which settlement density will decline but often be present. The marked

population growth between 1990 and 2000 will continue, barring major economic

shifts, leading to increased dispersal around existing population centers. Those

areas near current settlements with potential conservation sites may well change

to localities incompatible with biodiversity. Further disruption is possible through

the growing impact that increased human habitation will have on water and the

network of riparian areas that are so crucial to ecosystem function throughout the

Apache Highlands. Localities protected from development, largely occurring

through public ownership on both sides of the border, can help limit direct impacts

of population growth and development, but have limited effect on overuse of key

regional resources such as water.

Humans increasingly form the dominant species in many terrestrial ecosys-

tems, with their potential for either exploiting other species or the habitat upon

which they rely having a massive impact on biodiversity. As a result, it becomes

increasingly important to consider human impacts in the context of conservation

planning. The most sensitive conservation settings are precisely the type consid-

ered in this study – an ecoregion with considerable remaining biodiversity, a

particularly fragile natural environment, and rapid development. In the Apache

Highlands Ecoregion, areas of high population density are scattered and generally

geographically concentrated. Biodiversity does not occur in these places, and as a

consequence examining population appears to be a useful avenue for identifying

those areas which do not support (and will not support) noteworthy biodiversity.

For the remaining areas with less human population, the utility of using popula-

tion as an indicator of remaining biodiversity declines considerably, and it is here

that one must examine complementary data. Considering such data, identifying

the demographic and land use conditions inconsistent with maintaining biodiver-

sity, and engaging decision makers who can influence the pattern of settlement,

land use, and development, will greatly enhance our ability to conserve biodiver-

sity in the long term.
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