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The Rio Gavilan watershed, located in Mexico’s northern Sierra Madre 

Occidental, has significance in conservation history. Upon visiting the remote, largely un-

developed watershed during two hunting trips in the 1930s, renowned conservationist 

Aldo Leopold thought it was the best picture of land health he had seen. His main 

indicators of healthy land were slow water runoff rates regulating erosion and historical 

predator-prey relationships. The visits confirmed Leopold’s concept of land health, 

inspired many of his essays, and helped shape his land ethic. Leopold proposed the area 

as a control site to research healthy land throughout North America. The proposal never 

went forward and the area has since been more intensively logged and grazed.  

This dissertation research used extensive literature review, archives, oral histories, 

citizen surveys, and rapid assessment of forest, rangeland, riparian, and socioeconomic 

health to assess impacts of past cultures and update the area’s land health status. Projects 

that could restore land health, such as linked eco-tourism, forest density reduction, and 

rotational grazing, were assessed for feasibility. Recent critiques of Leopold’s land ethic 

were also reviewed. Results indicate most pre-1940s impacts were light, current land 

health status is moderate, and local interest exists in restoring land health. Many fish and 

wildlife populations are reduced, temporarily stabilized, but still at risk. Soil and riverbed 

erosion, service sector economics, and (at some ridge-top sites) forest density are the land 

health indicators in worst condition. Land health restoration projects are feasible. 
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CHAPTER 1 

INTRODUCTION 

 
Statement of the Problem 

 
The Rio Gavilan watershed, located in Mexico’s northern Sierra Madre 

Occidental, has importance in conservation history. Upon visiting the remote, largely 

unroaded watershed during two hunting trips in the 1930s, Aldo Leopold thought it was 

the best picture of land health he had ever seen. Leopold mentioned in a draft foreword to 

A Sand County Almanac that, prior to visiting the Sierra Madre, he “had seen only sick 

land, whereas here was a biota still in perfect aboriginal health.” 

Leopold took the following as indicators of healthy land: 1) frequent, low-

intensity fire intervals; 2) slow water runoff rates regulating erosion and supporting 

stream habitat for native trout; and 3) historical predator-prey relationships, including a 

healthy wolf population. The visits confirmed Leopold’s previous conception of land 

health, inspired many essays, and helped shape his land ethic. 

Leopold proposed the area as a control site to research healthy land, using his 

essay “Wilderness as a Land Laboratory” to promote the idea. The research proposal 

never went forward and the area has since been extensively roaded, grazed, and logged. 

The northern Sierra Madre Occidental still represents Leopold’s indicators of healthy 

land, although in a reduced state, because land managers are, to varying degrees, 

repeating mistakes made in similar habitat in the US Southwest 50-100 years earlier.  

The problem is a combination of economic pressure, including fluctuating 

markets for primary goods such as cattle and timber, and limited knowledge of how land 
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health can be measured, maintained, and restored in the Rio Gavilan today. Therefore, in 

this dissertation I will use a broad definition of land health, including cultural and 

socioeconomic factors along with abiotic/biotic indicators.   

Significance of the Problem 

The problem of measuring, maintaining, and restoring land health in the Rio 

Gavilan has local, regional, and international significance.  

Local residents were largely unaware of visits by a leading conservationist and the 

special qualities their area had for him. Highlighting Leopold’s visits adds to local 

heritage value, enriched by successive Paquime, Spanish, Apache, Mormon, Mexican 

revolutionary, Mennonite, and Mestizo cultures. Local residents are also interested in 

increasing land productivity, diversifying their economy, and enhancing the land’s ability 

to store water in droughts - all issues included in a broad definition of land health.  

The problem has regional significance, as the habitat of the Rio Gavilan area is 

similar to that of the American Southwest. Describing how elements of land health are 

still retained on the Mexican side is important. Exchanging information to avoid mistakes 

made decades earlier in the American Southwest is prudent. Two examples of American 

Southwest problems with expensive consequences are hybridization and habitat loss for 

native fish populations, and fire suppression, which increases brush and fire intensity.  

The problem has international significance through its cross-border nature. It 

presents an opportunity to examine the effect of different cultures and economies on a 

similar ecotype, and to foster international cooperation in land health studies. It also 

presents an opportunity to examine how Leopold’s land ethic might apply to a Latin 

American setting. Various studies have been conducted by scholars on individual 



 3

resources in the Rio Gavilan area, including archaeology, cultural history, economic 

development, fire ecology, fisheries, forestry, and wildlife. These studies have not been 

brought together in an interdisciplinary setting. Additionally, observations of land health 

conditions in the Rio Gavilan since Leopold’s visits have been expressed in short, 

statements suggesting moderate land health. Applying indices of land health will help 

confirm or deny this status.  

Research Hypotheses  

I develop the following land health assessment hypothesis: qualitative indicators 

of forest, rangeland, riparian and socioeconomic conditions will reveal “moderate” 

ratings, indicating decline from a highest rating yet some retention of land health.  

H0 Qualitative indicators of forest, rangeland, riparian and socioeconomic health 

will not reveal “moderate” ratings. 

H1 Qualitative indicators of forest, rangeland, riparian and socioeconomic health 

will reveal “moderate” ratings.  

Conservation and development practices hypotheses: conservation and 

development feasibility studies (rotational grazing; juniper removal; ecotourism) will 

show a potentially even distribution of benefits among habitats, communities, cultures, 

social classes, and households; they will also show feasibility to raise qualitative ratings 

to the next highest category in the various indices.  

H0 Conservation and development feasibility studies will not show potentially 

even distribution of benefits among habitats, communities, cultures, social 

classes, and households; they will not show feasibility to raise qualitative ratings 

to the next highest category in the various indices.  
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H1 Conservation and development feasibility studies will show potentially even 

distribution of benefits among habitats, communities, cultures, social classes, and 

households; they will also show feasibility to raise qualitative ratings to the next 

highest category in the various indices. 

Literature Survey  

An extensive literature survey will summarize the environmental pre-history and 

history of the area. This serves the following purposes:  

1) It illustrates the dynamic nature of the environment through time – 

relevant to Leopold’s land ethic, which urges preservation of the 

integrity, stability, and beauty of the biotic community;  

2) It addresses the possibility that the landscape may have been severely 

altered by humans before Leopold’s visits – relevant to one of 

Leopold’s key criteria for land health, the “capacity for self-renewal”;  

3) It illustrates previous cultural adaptations to help ensure land health and 

productivity – relevant to Leopold’s notion of the Rio Gavilan 

exhibiting, not a wilderness untrammeled by man, but  “perfect 

aboriginal health”;  

4) It allows speculation on various cultures’ environmental philosophies – 

relevant to current applications of Leopold’s land ethic;  

5) It illustrates periods in Mexican conservation history – relevant to 

delays and timing of intensive logging and grazing in the Rio Gavilan, 

and current natural resource policy;  
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6) It suggests an updated “sense of place” for the Rio Gavilan, following 

geographer Carl O. Sauer’s emphasis on the long-term relationship of 

man and nature, illustrated in 1933 by his student Donald D. Brand’s 

dissertation, The Historical Geography of Northwestern Chihuahua – 

this is relevant as Leopold proposed Sierra Madre research with Sauer 

immediately upon returning from the Rio Gavilan, a proposal which 

went unfulfilled;  

7) It summarizes the Rio Gavilan area’s current status through individual 

resource reports in various disciplines, including including archaeology, 

cultural history, economic development, fire ecology, fisheries, forestry, 

and wildlife – relevant as Leopold emphasized interdisciplinary 

research;  

8) It clarifies rela ted concepts and strategies in conservation and 

development.   

Introduction summary 

The study is designed to provide a cursory overview of the status of land health in 

the Rio Gavilan. Following the theme of Leopold’s essay, “Song of the Gavilan,” it does 

not focus in on any one discipline through reductionism, but takes a historical, 

interdisciplinary approach to begin to identify relationships and projects. It is hopefully a 

starting point for future applied research and restoration practices. 
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Site Location 

The Rio Gavilan is not located on most maps of Mexico. It is approximately 

equidistant (200 miles/320 kilometers) from Tucson, Arizona and El Paso, Texas. It is 

fifty miles (80km) west of Nuevo Casas Grandes, Chihuahua, the nearest city on most 

maps of Mexico (Figure 1). The river basin is located close to the northern end of the 

north-south ranging Sierra Madre Occidental mountains, within the state of Chihuahua. 

Its mouth is located at the Chihuahua-Sonora state line. The Rio Gavilan is immediately 

west of the continental divide. The river flows north then southwest into the Rio Bavispe, 

which flows north then southwest into the Rio Yaqui, which reaches the Gulf of 

California near Ciudad Obregon, Sonora.   

 

Figure 1 - Map of northwestern Chihuahua; from Herold (1965).  
Used with author permission through Department of Geography, University of Denver. 
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CHAPTER 2 

PALEOENVIRONMENT/PHYSICAL GEOGRAPHY 

 
The geology of the study area is dominated by lava tuffs and flows from many 

volcanoes in the Tertiary period (65 million to 1.7 million years ago). These flows 

inserted into NW-SE faults generated during the Mesozoic era (225 million to 65 million 

years ago). Most of the faults have a NW strike and SE dip. Between the faults are 

smooth-topped ridges, mesas, and minor plateaus, broken up by gorges of transverse 

streams.  

This is the general pattern of the mostly igneous Sierra Madre Occidental (Brand 

1933). Some transverse faults, such as that which the lower Rio Gavilan flows through, 

have a NE-SW strike (Herold 1965). The approximately 600 square-mile watershed was 

formed by the faults during the Mesozoic era and then reshaped by lava flows in the 

Tertiary period. The river’s mainstem has since downcut into the lava flows in two 

gorges separated by an alluvial plain in the middle of the watershed. Native Yaqui trout 

were likely separated and evolved from other freshwater or marine populations in this 

Tertiary (late Cenozoic) period (Mayden 1992). The elevated Sierra Madre landscape is 

dominated by high forested mesa and narrow canyons, a different landscape than the 

more open and arid basin and range country of the Chihuahuan Desert to the east.  

The great mass of volcanic rocks is several thousand feet thick. The rocks are 

composed mostly of rhyolites and light-colored tuffs. Rhyolite can be more dominant on 

ridges than the otherwise common andesitic and basaltic black lava surface rocks. 



 8

Limestone and intruded granitic rocks are generally only exposed in deep canyons (Brand 

1933).  

The basin and range relief of the nearby Chihuhauan Desert is derived from 

erosion of the same igneous material, resulting in a shallower igneous mantle as one 

travels east away from the Sierra. The boundary of the two geomorphic provinces is not 

highly defined except for more limestone and unconsolidated material in the basin and 

range. The western boundary with the lower, broader Sonora country is also indefinite 

and lies in the vicinity of the Rio Bavispe and Nacori Chico, Sonora (Brand 1933).   

Soils 

Herold (1965) puts Rio Gavilan soils in four general topographic categories: steep 

slopes, mesa surfaces, perrenial stream terraces, and soils behind trincheras. He states:  

1) Rio Gavilan soils on steep slopes are “very stony and only several 

tenths of a foot to a foot deep.” These are young, acidic soils with a 

dark, reddish brown loam surface (5 YR 3/2); 

2) Mesa soils are also stony, rarely over a foot deep, and strongly 

influenced by volcanic parent materials. Many of these soils have a 

blocky structure. Those developed in ash have a medium subangular 

blocky structure and exhibit 2.5YR 2/4 color (Herold 1965); 

3)  Soils adjacent to perrenial streams contain fertile, sandy alluvium from 

2.0 to 2.5 feet deep. These young, sandy loam soils show little structure. 

Surface soil horizons have a dark, reddish brown color (5 YR 3/2) while 

subsurface soil horizons exhibit 7.5 YR 4/2 color.  



 9

4) Another category includes soils up to ten feet deep behind 12th century 

trincheras, or agricultural stone walls, placed on many high, intermittent 

arroyos. These latter soils range from sandy loam to clay loam texture 

and are largely free of stones.  

All of these soils have little organic matter and are potassium and phosphorous 

deficient (Herold 1965). Vegetation is as dependent on moisture as soil type, with oak 

grasslands in the drier bottom of the watershed and south-facing slopes giving way to 

pine towards north slopes and the more mesic top of the watershed. Perennial streams 

harbor riparian species such as sycamore.  

Past Vegetation 

The pine-oak-grassland community is derived from Madro-Tertiary Geoflora, a 

sclerophyllous and microphyllous flora that emerged approximately 25 million years ago 

on bordering, drier sites of Neotropical-Tertiary Geoflora to the south. It reached its 

greatest range during the Mio-Pliocene (later) epochs of the Tertiary period, expanding 

over southwestern North America by the drier end of the Tertiary approximately 1.7 

million years ago (Brown 1994).  

Major shifts of vegetation occurred by elevation and latitude during the 

subsequent Pleistocene and Holocene epochs of the present Quarternary period 

(approximately the past 1.7 million years). Glacial periods extended for 100,000 years 

while interglacial periods lasted 10,000 to 20,000 years. Most of southwestern North 

America was too warm for glaciation, except in the mountains. Small, not extensive, 

glaciers lay periodically at higher elevations. This was the period when montane 
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coniferous forests reached their greatest southern extension, leading to relic “sky- island” 

forests today (Brown 1994). 

Brown (1994, pp. 12-16) indicates the major families, genera, and species were in 

place at the end of the Tertiary and mixed into present communities through intense 

climatic change, including major elevational and latitudinal shifts of vegetation. Riparian 

hardwood forests are relicts of larger mixed deciduous forests during greater precipitation 

of the Tertiary. Brown claims that many taxa in these riparian communities have been 

together for millions of years.  

The upland evergreen woodlands were derived before the Pleistocene. These 

woodlands covered the present, lower Chihuahua Desert before, during, and after the last 

glacial maximum, which occurred 22,000 to 17,000 years before present (ybp). By the 

early Holocene (11,000 to 8,000 ybp) drying and cooling increased domination of xeric 

vegetation such as pinyon pine and juniper. Further drying in the mid to late Holocene 

(8,000 ybp to present), accompanied by strengthening of the Azores (Bermuda) high, 

brought scrub communities north. Summer precipitation increased along with 

temperatures to bring today’s regional landscape of relic conifer woodlands, subalpine 

and montane forests, warm temperate grasslands, evergreen woodlands, sclerophyll 

chaparral, and the most recent type, deserts.  

Metcalfe et al. (2000) tell a similar story, that significant climatic changes took 

place over the late Pleistocene and Holocene, although they were smaller in magnitude 

than in other northern hemisphere tropical and subtropical locations. Their review is 

based on reconstructions through pollen, diatoms, sediment chemistry and isotopes, 

packrat middens and glacial records.  The modern summer moisture regime was not 



 11

present around the last glacial maximum (22,000 to 17,000 ybp). Metcalfe et al. (2000) 

summarize early to mid Holocene climate and vegetation changes in the region:  

Some of the Late Pleistocene vegetation assemblages have no modern analogues, 
which suggest a combination of climatic characteristics that does not occur today. 
There is some evidence for the presence of extensive lakes in the modern 
Chihuahuan desert as occurred further north in the Basin and Range province. 
Modern rainfall patterns were not fully established until after 9000 ybp and generally 
wet conditions prevailed about 6000 ybp. The mid-Holocene seems to have been a 
period of great climatic variability with a number of records showing oscillations 
between 6000 and 5000 ybp.... Areas such as Chihuahua and most of Sonora, which 
now have a summer rainfall regime, experienced a significant increase in winter 
precipitation. Pinyon-juniper woodland covered large areas now occupied by desert 
scrub. True desert conditions did not set in until about 4000 ybp (Metcalfe et al. 
2000, 699-721). 
 

Pollen analysis from packrat middens by Anderson and Van Devender (1995) also 

indicate that the early Holocene was wetter and/or cooler than present, the middle 

Holocene more mesic than today, and warming and drying occurred towards the present 

late Holocene. An earlier study from the nearby Alta Babicora basin (Metcalfe et al. 

1997) and pollen analysis further south (Brown 1985) indicate the late glacial period had 

greater predominance of Pinus and Quercus, with more Picea than recorded in the 

Holocene or at the present time. A more temperate coniferous forest is indicated.  

Callicott (1996) indicates that such evidence of chaotic ecosystem change is 

relevant and challenging to Leopold’s land ethic, as its central maxim is to “preserve the 

integrity, stability, and beauty of the biotic community.” This will be discussed later 

regarding local applications of Leopold’s land ethic.  
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Present Vegetation 

Brown (1994) places Rio Gavilan vegetation in the Madrean evergreen 

community (upland forest, generally above 5000 feet) of the Madrean biogeographic 

province. The upper watershed is dominated by pine with scattered meadows (cienegas), 

where precipitation is approximately 20-30 in. per year. Undercover of grama grasses and 

weedy annuals is characteristically dry until the rains come in early July.  

Dominant conifer species include Chihuahua pine (Pinus leiophylla), Apache pine 

(P. latifolia), Arizona Pine (P. ponderosa var. arizonica), alligator bark juniper 

(Juniperus deppeana) and one-seed juniper (J. monosperma).  Oak species include gray 

oak (Quercus grisea) Arizona white oak (Quercus arizonica), silverleaf oak (Q. 

hypoleucoides), and Gambel oak (Q. gambeli). Brush species include buckbush 

(Ceanothus huichagore), also know as “Johnny-jump-up,” and alderleaf mountain 

mahogany (Cercocarpus sp.). Upper cienega grass species include Mountain muhly 

(Muhlenbergia montana) and Arizona fescue (Festuca arizonica).  Mid-watershed grass 

species include blue grama (Bouteloua gracilis) and sideoats grama (Bouteloua 

curtipendula). The rivercourse is lined with sycamore (Platanus racemosa) and 

occassionally with western sugar maple (Acer saccharum var. grandidentatum) and 

introduced cottonwood (Populus sp.).  
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Fish and Wildlife 

Mammal species include white-tailed deer (Odocoileus virginiana), coati (Nasua 

nasua), yellow-nosed cotton rat (Sigmodon ochrognathus), Southern Pocket Gopher 

(Thomomys umbrinus), Apache squirrel (Sciurus nayaritensis), Bailey’ spocket mouse 

(Perognathus baileyi), and eastern cottontail (Sylvilagus floridanus) (Brown 1994). Other 

mammal species include cougar (Felis concolor), black bear (Ursus americanus), coyote 

(Canis latrans), otter (Lutra annectens), and bobcat (Lynx rufus) (Leopold, A. S. 1959). 

The mouth of the watershed includes the southern extent of beaver (Castor canadensis).  

Bird species whose ranges barely reach the United States border include the thick-

billed parrot (Rhynchopsitta pachyrhyncha) (Snyder et al. 1999), coppery-tailed trogon 

(Trogon elegans), Rivoli’s hummingbird (Eugenes fulgens), violet crowned hummingbird 

(Amazalia violiceps), white-eared hummingbird (Hylocharis leucotis), and Colima 

warbler (Vermivora crissalis). Other common species include Montezuma quail 

(Cyrtonyx montezumae), Arizona woodpecker (Picoides arizonae), Acorn woodpecker 

(Melanerpes formicivorus), Mexican jay (Aphelocoma ultramarina), western bluebird 

(Sialia mexicana), Gould’s turkey (Meleagris gallopavo mexicana), band-tailed pigeon 

(Columba fasciata), and Mexican chickadee (Parus sclateri) (Brown 1994, Marshall 

1957).  

Fish species include native Yaqui trout (Oronchythus sp.), Mexican stoneroller 

(Campostoma ornatum), roundtail chub (Gila robusta), beautiful shiner (Notropis 

formosus), and Yaqui sucker (Catostomis bernardini) (Hendrickson 1981).  

Aquatic invertebrates include caddisflies (Trichoptera sp.) and stoneflies 

(Plecoptera sp.). 
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Climate 

Whalen and Minnis (2000), in describing the Paquime culture of 900-1300 A.D., 

note that are no dendroclimatic reconstructions specific to the Casas Grandes area. They 

discuss variability of the present era climate due to Pacific influence, elevational 

gradients around Casas Grandes, and the rain shadow of the Sierra Madre Occidental, 

with most rainfall occurring in July and August. Brand (1933) notes a limited history of 

weather records yet describes a similar climatic setting, putting the Rio Gavilan in the 

Koeppen class of Cw (mesothermal savanna). Precipitation averages 650mm (25.6 

inches) per year, with 60-70% (15-18 inches) falling from early July through October.  

Annual precipitation is 347 mm (13.6 inches) in Casas Grandes, which lies to the east on 

the border of BSh and BWh desert classifications (Figure 2).  

A well-pronounced late spring to early summer drought typically occurs. The 

mean July temperature is 22 degrees C (72F); while the mean January temperature is 5 

degrees C (41F). Frosts may occur until May and the average frost- free period is 180 

days. Lateness of frosts and summer rains presents hazards to crop production (Herold 

1965). Snowfall is variable. A storm brought two feet of snow to higher elevations in 

December 2002. 
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Figure 2 – Map of climate zones; from Brand (1933).  
Used with permission of Department of Geography, University of California, Berkeley.  
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CHAPTER 3 

HUMAN-ENVIRONMENT RELATIONSHIPS OF PAST CULTURES 

 
A major premise of Aldo Leopold’s concepts of land health and the land ethic is 

that impact of modern man on nature is much greater in scale and intensity than that of 

previous cultures. Widespread evidence of Paquime agricultural check dams in the Rio 

Gavilan heavily influenced Leopold’s essays on the area. His view on modern man is 

shared by his contemporary Carl O. Sauer, who also had field experience in the region. 

Therefore literature related to impacts of previous cultures is reviewed.  

Humans have had a notable presence in the Gavilan since at least the tenth 

century A.D., through the successively dominant Paquime (10th-14th century), Opata 

(14th-17th century), Apache (17th-19th century), Spanish (17th-19th century), Mormon 

(19th-20th century), and Mexican mestizo (20th century) cultures (Table 1).  

Table 1 
Chronological list of cultures 

 
1) Late Pleistocene/Early-Mid Holocene occupations 
2) 10th-14th century Paquime culture  
3) 13th-17th century Opata, Conchos, Janos, Jocome, and Suma cultures 
4) 16th-20th century Apache culture 
5) 16th-19th century Spanish colonization  
6) 19th-20th century Mennonite and Mormon culture  
7) 19th-20th century lumbering and ranching mestizo culture 

 
Late Pleistocene/Early-Mid Holocene Occupations 

Spoerl and Ravesloot (1995) indicate that humans have been present in the region 

for at least 10,000 years, but archaeology in northern Chihuahua and Sonora is limited in 

comparison to the American Southwest. Haury et al. (1959) describe human activities at 

Hereford and Naco, Pleistocene mammoth sites in the San Pedro Valley (Arizona 
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border). At Hereford (Lehner Ranch), bones of a variety of game (twelve immature 

mammoths, one horse, one tapir, several bison, one camel, one bear, several rabbits, and 

a garter snake) were excavated. At Naco, bones of mammoth, horse, bison, antelope, 

coyote and dire wolf were found associated with artifacts in re-deposited stream 

sediments. Over three hundred milling stones were found. Excavations at nearby Gleeson 

revealed thirty-five pit homes, pottery, projectile points, carved figurines, and many tools.  

Haury and Carl O. Sauer looked unsuccessfully for signs of early man at playa lakes near 

Anteleope Wells, New Mexico (West 1979).  

Redman (1999, pp. 76-80) discusses the debate over humans or climate change as 

cause for large mammal extinctions in North America at this time. Martin (1984) and 

more recently Allroy (2001) attribute them to humans, while others such as Grayson 

(1999) and MacPhee and Greenwood (Dayton 2001) cite a more likely combination of 

humans and climate. Regional hunter-gatherers followed seasonal food sources to upland 

and lowland sites. Although maize cultivation goes back to 2500 BC, local cultivation of 

domesticated plants reportedly began near the end of the Archaic period, which ran from 

approximately 8000 BC to 1 AD. Hard et al. (1998, 1999) recently described terrace sites 

of earlier cultures (~6000 BC, 1250-1150 BC) in the Chihuahuan Desert. 

Paquime 

Ideas differ on the regional extent of the 10th-14th Century Paquime culture. 

DiPeso (1974) extended their power into the Rio Gavilan country, while Whalen and 

Minnis (2000) thought their direct influence was more closely confined to Casas 

Grandes. Thoughts also differ on the environmental impact of the Paquime culture. 

Leopold tended to romanticize them as having a harmonious relationship between man 
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and nature much different from modern man, due to the unusually healthy conditions he 

found in the Rio Gavilan (Leopold 1937). Due to the large number of backcountry, 

agricultural stone walls (trincheras), his son Starker wondered if the Paquime didn’t have 

a severe impact that the land has recovered from (Leopold, A. S. 1949): 

we wondered about the status of forests and game during the height of Indian 
occupation. Perhaps the country was largely cleared. If the Indians were hunters, 
game would have been scarce. The present era of clearing and occupation, in that 
light, is not a new experience for the Gavilan – merely history repeating itself. 

 
Leopold’s former student Robert McCabe (1955), who accompanied Starker in 

1948, thought they must have lived in enough numbers during the growing season to 

discourage deer from eating crops. 

Herold (1965) recorded the engineering aspects of the trincheras, which were 

mostly on steep, ephemeral streams, spaced according to stream gradient, and relied on 

natural sediment build-up over time rather than artificial fill. The trincheras reduced 

erosion and held water on the land longer in the year, which can be beneficial to soils, 

productivity, and wildlife. They were built during the Buena Fe phase of Paquime (ca. 

1200 AD).  

In a follow-up article, Herold (1994) disagrees with a major Paquime researcher 

(Di Peso 1974) that the trincheras were part of a regionally planned system of water and 

erosion control. Herold (1994) and Schmidt and Gerald (1988) thought the trincheras 

were built at the family or village level for agricultural purposes. Current Paquime 

researchers Whalen and Minnis (2000) also downplay DiPeso’s extent of regional 

influence from the center of Casas Grandes.  
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Herold (1965) estimates that his Whetten Pueblo research site held one of two 

extended families (maximum 20 persons) and, based on arable land, the other nine nearby 

habitation sites might have supported another 20 persons. In a study area of 14 square 

miles, this would bring a population density of 2.86 people per square mile (7.4/km2).  

Howard and Griffiths (1966) confirmed that the Rio Gavilan contains the highest 

concentration of trincheras in the Sierra Madre Occidental, and that the Herold research 

site contains one of the highest concentrations of dwellings. They also downplay 

Leopold’s idea that the trincheras had a major influence in water and erosion control at 

the watershed or regional level. Douglas and Quijada (2004) more recently use pottery 

research along the Bavispe River to support the area as more significant than merely a 

support region for Casas Grandes to the east or the Sonora Valley to the west.  

Extrapolating a high-end population density of 2.86 people per square mile over 

the 600 square mile Rio Gavilan watershed brings a total population of 1,716. Brand 

(1933) mentions a concentration of stone house dwellings near Garcia, which is only a 

few miles over the divide from Leopold’s campsites in the Gavilan. Brand also mentions 

possible anthropogenic origin of mounds at the Rio Gavilan headwaters in Mound 

Valley, a wide cienega/meadow also referred to as Arroyo Moctezuma. 

Yet it is likely the total Paquime population in the Rio Gavilan was much lower. 

Herold (1994) estimates that more arable land was needed than just the trinchera fill to 

support the local people. Local alluvial soil was limited. The total arable land in the 

mountains was minimal compared to irrigated land at Casas Grandes (Doolittle 1993), 

where very rough population estimates range from 2,000 to 5,000 (Minnis pers. comm 
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1999). Thus the mountain Paquime population did not likely number “in the thousands,” 

as Leopold (1949, p. 150) and his son Starker (Leopold, A. S. 1949) guessed. 

Butzer (1992) and Denevan (1992) emphasized the often overlooked, widespread 

environmental impact of pre-European cultures, debunking the notion of a pre-European 

“pristine” North American landscape. Butzer (pers. comm. 1999) also urged caution in 

assigning cause of degradation to Europeans or even pre-Europeans. A Durango gully 

site, upon further examination by him, was found to be caused by a severe climatic event 

over 1,000 years ago, rather than by Spanish grazing or pre-Spanish land use. Butzer 

(pers. comm. 1999) recommended examination of river downcutting over pollen analysis 

(difficult training, pine dominance) or excavation of trincheras (time, permitting issues).  

Spoerl and Ravesloot (1995) followed along in the Butzer-Denevan “pristine 

myth” paradigm by estimating impacts of the Casas Grandes (Paquime) culture. Primary 

diet included bison, deer, pronghorn, and small mammals. Bison and pronghorn are 

locally rare today. DiPeso (1974) believes that local bison were hunted to near extinction. 

The same may be true of pronghorn.  

Ceremonial wildlife use included local thick-billed parrots, turkey, cougar, and 

black bear. Lilac-crowned parrots and scarlet and military macaws were also brought 

from the south and raised and traded. Ninety percent of breeding pens contained macaws 

and turkeys (Spoerl and Ravesloot 1995).  

Redman (1999, pp. 148-156) notes resource decline in the Hohokam settlement 

that occurred at a similar period to the Paquime. Archaeological evidence includes 

reduction in fish size and increase in less desirable riparian species (beaver, muskrat) and 

jackrabbits in the diet over time, indicating overfishing and desert devegetation. 
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Whalen and Minnis (2000, pp. 63-65) state that the Sierra Madre: “is certainly the 

source of the thousands of large beams used in the construction of Casas Grandes.” 

Furthermore, the foothill portion of the Madrean evergreen woodland was an important 

source of food (pine nuts, agave). Spoerl and Ravesloot (1995) also discuss general 

impacts on a regional basis, including fuelwood harvesting. They cite an estimate of 

prehistoric use of 2.7 cords per person and an average population density of 20 people per 

square mile in Arizona’s  Mogollon Rim. Therefore a square mile of fuelwood could be 

cleared before regeneration occurred. This could expand to a 3.5 mile to 6.0 mile radius 

around larger villages, and may have resulted in relocation of many villages (Plog 1982). 

However, Rio Gavilan population density is estimated to be approximately 1/7th of this, 

as stated above.  

Nabhan (1997) recently followed Leopold’s harmonious, romanticized view of 

Paquime culture again in Cultures of Habitat. Whalen and Minnis (2001) countered it: 

“Ironically, the very features described by Leopold did alter the soil and hydrological 

ecology behind the dams, an example of anthropogenic ecology rather than one of some 

absolute ‘harmony of life’.” Yet it is doubtful Leopold was writing in absolute terms. He 

was more likely setting the Paquime in relation to modern man, the extensive impacts of 

which he had seen over a ten-year period in the US Southwest.  

Deciphering a Paquime environmental philosophy is difficult. Brand (1933) and 

Whalen and Minnis (2001) note the utilitarian significance they gave to water. Riley 

suggests a possible Casas Grandes connection between the Aztec Tlaloc figure 

(indicating reverence to groundwaters and mountain waters) and the Southwest kachina 

symbol (also indicating reverence for waters) (Schaafsma and Riley 1999). Raising of 
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local parrots and macaws also indicates rituals associated with these birds, sometimes 

performed in association with the plumed serpent image (Whalen and Minnis 2001).  

Simonian (1995) describes the diverse environmental attitudes of pre-conquest 

cultures in Mexico, with a commonality found mostly in their difference from European 

attitudes.  Difference is exemplified in their: mixture of reverence and utilitarian 

approaches in regards to the same plants and animals (Sierra Madre example: 

Tarahumara); and close connections between people, animals, and ancestors (Sierra 

Madre example: Huichol).  

Environmental regulation was not restricted to later Europeans, however. In 

northern Mexico, the 13th century Chichimec prince Nopaltzin prohibited the setting of 

fires in the mountains without a license, and then only when necessary. These mountains 

likely included the Sierra Madre Occidental. King Nezahualcoyotl of Texcoco, near 

Mexico City, created a forest reserve in the 15th century. Laws were enacted in response 

to obvious degradation (Simonian 1995).  

 

 

Opata and Jova 

               The demise of Paquime, possibly at the hands of Opata raiders from the west 

(Whalen and Minnis 2001), led to a lower level of human presence in the Rio Gavilan. 

Opata were centered in Sonoran towns to the west of the Rio Gavilan, including 

Bacadehuachi. These locations harbor possible, distant descendants of Paquime 

(Schaafsma and Riley 1999).  
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The Opateria covered approximately 40,000 square kilometers. Opata population 

at the time of Spanish conquest (early 1600s) was estimated at 60,000, with a density of 

1.5 per square kilometer (Sauer 1935). This is the present population estimate for the 

Tarahumara (or Raramuri) located to the south in the Copper Canyon area of the Sierra 

Madre Occidental (Salopek 2000). After drastic Opata population decline (40% in the 

1600s) from European disease (Schaafsma and Riley 1999), the 1920 mestizo population 

of the Opateria rebounded to 70,000, or 1.7 per square kilometer (Sauer 1935).  

The Jova were a smaller, lesser-known mountain tribe that were reportedly 

assimilated into the Opata at the time of Spanish contact (Sauer 1935). Their rough 

population estimate of 5,000 over 7,800 square kilometers (0.6/km2) provides a more 

likely density for the Rio Gavilan country.  

Sauer’s population estimates were based on mission baptisms and other Spanish 

records. Sauer (1935) states that European epidemics likely preceded the missions but 

were also exacerbated by them. Denevan (1996) notes that Sauer and his students 

consistently argued for larger numbers of Indians than other, more conservative scholars.  

               Opata practiced maize agriculture in Sonora but also hunted extensively for deer 

(most important source of meat), small mammals, and birds. Deer were stalked and killed 

with bow and arrow, deer head disguises, and blinds near water holes. Snares might also 

have been used similar to the Yaquis. Rabbits were hunted in community drives and 

killed with sticks and light arrows. Fish were taken with hooks, lines, nets, and poisons  

(Johnson 1977).   

               The Opata were a large and relatively advanced culture in comparison to 

neighbors. They quickly assimilated into Spanish colonial culture in the late 17th century, 
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resulting in little ethnographic evidence upon later contact by Europeans such as 

Lumholtz (1902). Opata played a major role in allowing the Spanish to remain in the area 

through fierce resistance to the Opata regional enemy since the 17th century, the Apaches. 

There did not appear to be conflicts with the Apaches in the 16th century and earlier 

(Johnson 1977).    

Opata environmental philosophy included reverence for the sun and moon as 

brother and sister, rain and fertility dances, and celebration of thunderstorms. Shamans 

were addressed by spirits in the form of pumas, dogs, and snakes (Johnson 1977).  
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Figure 3 - Map of natives at time of Spanish contact; from Brand (1933).  
Used with permission of the Department of Geography, University of California, 

Berkeley. 
 

Conchos, Janos, Jocome, and Suma 

These now extinct, smaller tribes occupied the Chihuahuan Desert foothills to the 

east of the Rio Gavilan at the time of Spanish conquest (Figure 3). The Janos, Jocomes, 

and Suma practiced hunting, gathering, and occasional raiding of Opata towns to the 

west, and thus also lived in or traveled through the Rio Gavilan area. They were absorbed 
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into the rebellious Apaches after the 1680-96 Pueblo Revolts were squelched by the 

Spanish (Brand 1933).   

Brand (1933) indicates the 1684 territory of the more agricultural and sedentary 

Conchos extends west to the upper Rio Gavilan watershed, though no specific mention is 

made of their activities there. The Conchos, at first more amenable to the Spanish, also 

participated in raiding Opata towns, and joined the Pueblo Revolt. A 1629 report 

indicates they likely bordered, and were enemies with, the mountain Jova (Brand 1933).  

Tarahumara 

Tarahumara were located farther south than the Rio Gavilan at the time of 

Spanish contact, bordering the Jova territory. Pennington (1963) states “The extreme 

northern boundary of the Tarahumar was in the valley of the Papagochic, immediately 

south of Laguna de Bavicora.” The present site of Temosachic was the last village of the 

Tarahumara in the north. The Tarahumara are centered in the Copper Canyon (Barranca 

del Cobre) area, where the pine mesas are similar to the upper Rio Gavilan but the lower 

canyon vegetation and high indigenous population (ca. 60,000) differ greatly. Despite 

some degradation through agriculture, labor- intensive grazing, and limited hunting, 

Pennington (1963) noted their ecological impacts were less intense than encroaching 

modernization of logging, road-building, and intensive grazing. Ethnobotany use 

(ceremonial and medicinal plants) is strong there. Bat and bear were left unharmed by 

Tarahumara superstition (Bennett and Zingg 1935).  

Apache 

Apaches, also called Inde`, moved south along the Rockies into the US Southwest 

in the late 15th and early 16th centuries.  Kiowa Apaches remained in the plains and 
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foothills while several other groups developed in the southwestern mountains, never 

numbering over a few thousand. These were the Chiricahua, Jicarilla, Lipan, Mescalero, 

Navajo, and Western Apache. The Western Apache were further comprised of White 

Mountain, Cibecue, Tonto, and San Carlos subgroups. The Chiricahua Apache were 

divided into three bands: the eastern band of the Mogollon Mountains (cihe’ne`, or red 

paint people, led by Mangus Colorado, Victorio, Nana, and Loco); the central band of the 

Dragoon and Chiricahua Mountains (chokanen, led by Cochise); and the southern band of 

the Sierra Madre and Hatchet Mountains (nde’ndaai, led by Geronimo and Juh). .  

Length of Apache residence in the Rio Gavilan is debatable. Oral accounts state 

they have been in the area “forever” (Stockel pers. comm; Villa pers. comm.). Brand 

(1933) states the Apaches entered Chihuahua:  

at an uncertain date, probably around the beginning of the 17th century... Beginning 
about the middle of the 17th century, Apache bands drifted into Chihuahua from the 
north, and often allied themselves with Janos and Jocomes (and to a lesser extent the 
Sumas) in raids upon the Opatas.  
 

Sauer (1935) maps the Apache in Mexico but not ranging as far south as the Rio 

Gavilan at the point of Spanish contact (early 1600s for the Opateria). He places the 

Opata in the Rio Gavilan at this time. Sheridan (1996) states: “from the late 1600s until 

1886, the Chiricahua Apaches ranged across an enormous area stretching from the 

Mogollon Mountains of western New Mexico down into the Sierra Madre of northern 

Mexico.”  

Lifestyles of the Chiricahua Apache involved hunting by males and gathering of 

wild plants by women, with limited cultivation at temporary camps. Deer was the most 

important game animal. Chiricahuas would kill any kind of deer, including bucks, does, 
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blacktail, whitetail, at any time of year. Similar to the Opata, they would use deer head 

disguises. They would also use calls imitating a distressed fawn. Weapons included bow 

and arrow, sometimes treated with natural poison, and occassionally running to 

exhaustion and roping. Men would most often hunt alone or in groups of two or three, but 

sometimes in larger groups (Opler 1941).  

Pronghorn were also hunted with masks, yet required considerably more effort. 

Elk were hunted in the north but reportedly never occurred in the southern Chiricahua 

homeland in Mexico. Other animals taken for food included wood rats, opossum, 

cottontail rabbits, and less desirable jackrabbits and prairie dogs. Small mammals were 

taken by children and occasionally by adults when big game was not plentiful. Certain 

animals were not hunted by many due to their repulsive diet, such as peccaries (snakes) 

and turkeys (insects) (Opler 1941).  

Animals taken for fur included badger, beaver, and otter. A skin bag was made 

from badger to hold pinyon pine nuts and acorns. Birds were mostly taken for feathers. 

Eaglets were occasionally captured from nests and raised for feathers. Fish were often 

taboo, also, though there are reports of southern Chiricahuas turning over rocks in a river 

in Mexico and shooting the uncovered fish with arrows (Opler 1941). 

Gathering of wild plants by women included acorns, yucca, mescal (agave), pinon 

nuts, juniper and other berries, and wild potatoes and onions. There are conflicting 

accounts of cultivation among the Chiricahuas. One southern Chiricahua elder stated they 

never grew plants, as they moved around too much, while eastern Chiricahuas said they 

learned how to grow corn in Mexico (Opler 1941).  
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Raiding was considered an economic sector almost equal to hunting.  Raiders 

often were not considered adept at hunting, and vice versa. Cattle were taken and briefly 

raised and reproduced, but most were treated as game. Horses and blankets were also 

taken. The name for southern Chiricahuas, nde’ndaai, means “enemy people” or “people 

who make trouble” (Opler 1941). 

Southern Chiricahuas were known to raid Spanish outposts in Sonora and sell to 

Spanish outposts in Chihuahua. The US-Apache Wars lasted approximately 25 years, 

from 1861 to 1886, the longest of any US conflict with any one tribe. Yet Mexican-

Apache conflicts lasted approximately 250 years (Goodwin and Goodwin 2000).  

Brand (1933) describes the fluctuating influence Apaches had over the area, after 

they refused to surrender at the end of the 1696 Pueblo Revolt and assimilated remaining 

bands from other tribes:  

By 1725 the Apaches had reduced northern Chihuahua to a lamentable state. All 
travel was unsafe, haciendas were repeatedly plundered and destroyed....Janos 
was barely alive; two haciendas and a group of six Conchos and Suma families 
made up the inhabitants of the Casas Grandes area.  

 
Northwestern Chihuahua had 1,500 people by 1760, including a revival of 400 at 

Janos, though Casas Grandes had been abandoned.  Presidios were reorganized and the 

first ejidos established at Casas Grandes and Janos in the 1770s.  Ejidos were communal 

lands granted by the Spanish at this time to keep indigenous workers in place for 

religious conversion. Old haciendas were also revived. A peace was negotiated with 

Apaches from 1810-1831.  

However, another period of Apache-Spanish warfare began in 1832. Basic 

economic operations of mining and raising livestock and crops could only be conducted 
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safely at a few central points. The region around Janos had its cattle numbers reduced 

from over 100,000 in 1828 to a few hundred in 1842. One effect of this hostile territory 

was easily obtainable land titles, amounting to several million acres each, for barons such 

as Zulcaga and Trias. This set the stage for Terrazas’ later ownership of almost half the 

state of Chihuahua (Mexico’s largest state at 244,938 square kilometers). Such inequity  

became one of the primary sources of the 1910 revolution (Brand 1933).  

Most Apaches were removed from the Sierra Madre Occidental with the 

combined effort of Mexican and American troops, the latter defending the Arizona cattle 

boom of the late 1800s. The Mexican army killed Victorio and his band of the Eastern 

Chiricahua, near Tres Castillos in northeastern Chihuahua. 

Geronimo and his remaining 132 Southern Chiricahua, who fled the hostile 

Western Apache reservation, were chased into Mexico by General Crook of the US 

Army. Crook engaged Geronimo in a skirmish at the mouth of the Gavilan in 1883, near 

his hideout Corral de los Indios in the lower gorge of the Rio Gavilan (Thrapp 1972). 

This is located on the north face of the Sierra Azul (Blue Mountain), a sacred site 

overlooking the Rio Gavilan and visited by Apache descendants in 1988 (Sheridan 1996, 

Villa pers. comm.).  

Geronimo fled with another band and was chased again, this time by one fourth 

(5,000) of the entire US Army led by General Miles. He surrendered again at Canon de 

los Embudos, Sonora (near Arizona) in 1886. They were brought to Fort Bowie, shipped 

to Florida, and then to Fort Sill, Oklahoma. Many relocated to the Mescalero, New 

Mexico reservation in 1913 (Sheridan 1996).  



 31

Remnant Southern Chiricahuas lingered in the Sierra Madre Occidental into the 

1930s, resulting in several more skirmishes. They were even feared by Western Apaches, 

as they occasionally ventured north to steal women and children from reservations to 

maintain their population. Leopold first visited the Rio Gavilan in September 1936, two 

months before the last report of wild Apaches seen near Pacheco (Goodwin and Goodwin 

2000).  

Apache burning, for the purpose of mast (acorn) production, is estimated to have 

increased fire frequency in the Chiricahua Mountain foothills from a 5-10 year interval to 

a 1-5 year interval (Kaib 1998). Apaches had a reverential relationship with lightning, 

referring to it in ceremonial dances (Opler 1941). Allen (2002) suggests that higher 

elevations in the Southwest were much more affected by natural lightning than Native 

American burning.  

Apache hunting may have seriously reduced plant or wildlife populations on 

occasion, especially during times of stress. Deer, bison, small mammals, and seed plants  

could have been reduced on occasion. However, widespread extirpation is not likely 

given the hunting efficiency and size of the Apache population.  

Apaches lived in seminomadic, small groups at very low densities per mile or 

square kilometer. A high estimate of their density in Mexico would be 1,000 people over 

42,000 square kilometers, or 0.024 people per square kilometer. This compares with high 

estimates of 1.25/km2 for the Opata, who were concentrated in villages to the west of the 

Rio Gavilan, 0.6/km2 for the Jova, and 7.4 people per square kilometer for the Paquime.  

Thus the relatively benign Apache environmental impact provides some contrast 

to the “pristine myth” paradigm of Butzer and Denevan, in which widespread burning, 
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intensive hunting, and site-specific erosion were major premises. A major ecological role 

the Apache played, as Leopold (1937) notes, is their fierce resistance to modern 

developers of the Sierra Madre, delaying their associated environmental impacts for up to 

250 years.  

Callicott (1994) discusses Native American environmental ethics of the Lakota 

(plains) and Ojibwa (forest) tribes. The Chiricahua Apache seem, in regards to 

environmental ethics, to have characteristics of both of these tribes. Although Native 

American land ethics vary greatly by locality and tribe, common aspects with the Ojibwa 

include a heavy reliance on stories that portray animals and plants as nonhuman persons. 

Common aspects with the Lakota include a regard for other species that, despite Lakota 

hunting practices, was equal or higher than that for fellow humans (Opler 1942).  

Hester et al., in Ouderdirk and Hill (2002), warn against assimilating Native 

American environmental ethics into a western land ethic based primarily on science. 

Furthermore, the field of ethics can propose univeral rules that conflict with place-based 

norms. Smith (1999) also notes the inherent mistrust of western science by native 

cultures. 

Basso (1990) points out a major difference between the oral history of Western 

Apache and the written history of modern man – the Apache use of place and placenames 

does not just augment, but defines traditional narratives. In effect, the place takes on a life 

of its own through narrative. Apache norms are invoked merely by mentioning a place: 

the listener envisions the site, recalls a related moral story, and the tale guides action. The 

place teaches long after the narrator passes. Apaches move through the land “stalked by 

stories” (Basso 1998).  
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Basso (1996) expands on aspects of wisdom important to the Apaches. A smooth 

mind is both resilient (among external threats) and steady (among internal threats). 

Wisdom is the ability to detect threats when none directly appear. Place-centered 

narratives teach this wisdom. Places form deep ties to Apache ancestors.  

Spanish 

Members of the exploration party of governor of Nueva Vizcaya, Francisco de 

Ibarra, were likely the first Europeans to visit the country around the Rio Gavilan in 

1565. They traveled from Sonora north down the upper Bavispe and across Pulpit Pass 

into Chihuahua, a route later used more frequently, returning to Sonora from Casas 

Grandes through Chihuichupa country (Sauer 1932).  

Spanish reached the nearby Sonoran town of Bacadehuachi with a mission in 

1646.  They established missions at Casas Grandes and nearby Janos in 1667. Presidios 

were formed at Janos and other local sites to protect salt shipments to Parral mining and 

the general trade route between Sonora and Durango over Carretas and Pulpit Pass 

(Brand 1933).   

Spanish grazing likely had heavy impacts on the lower foothill country in 

Chihuahua. The Casas Grandes area formed the northern extent of major Spanish cattle 

ranching by the end of the 1600s (Jordan 1993). Two thousand head of cattle were sent 

from Casas Grandes to San Elisario (near El Paso). The Spanish population in Casas 

Grandes was 300 at this time. The Janos area had over 100,000 head in 1828, but this was 

drastically reduced by Apaches by 1842. Some silver mining occurred at unknown 

locations (Brand 1933). 
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The extent to which Spanish livestock grazing was deterred by Apaches is 

debatable. Jordan (1993, p. 141) states “some one hundred thousand cattle reportedly 

ranged near the headwater of the Bavispe in the Opateria by 1694." West (1949) indicates 

the Spanish used the Chihuahuan high sierra for important watered pasture in the late 

1600s, and its typical forage of grama can withstand temporary abuse of overgrazing. 

Livestock estimates, like human population estimates, are suspect. Given the 

estimation by Sauer (1935) of the Opateria at 42,000 hectares, 100,000 head on the full 

area or upper half of this would provide a stocking rate of 2.4 to 4.8 head per hectare. 

Current stocking rates in the Rio Gavilan are one head per ten hectares, a moderate rate 

of stocking.  

Livestock numbers may have been overestimated to acquire compensation and 

military assistance against the Apache (Hadley pers. comm.). The remote country also 

would have been difficult to manage that many livestock on, especially in the reported 

presence of Apaches in the late 1600s. However, given uncertain dates and fluctuating 

influence of Apache raiders (Brand 1933), it is not impossible that extreme overgrazing 

occurred in the Rio Gavilan for a relatively brief period, and the land recovered in the 

200 years until Leopold visited. 

Simonian (1995) and Mancera (2001) highlight the difference in native and 

Spanish attitudes towards nature. Simonian states: “As a whole, they exhibited more 

confidence than the Indians of pre-Hispanic Mexico in their ability to alter nature without 

harming themselves.”  The Spanish exemplify other European approaches that are 

primarily utilitarian and demystify spiritual powers of nature. The Chihuahuan Desert of 

northern Mexico was considered a wilderness to be conquered and feared. 
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Colonial conservation laws were oriented towards economics, protecting those 

renewable resources (such as game, water, wood) important to the Spanish crown 

(Simonian 1995). Laws were developed in reaction to resource depletion, which included 

colonial deforestation, overgrazing, increasing aridity, and drying of springs near Mexico 

City (Simonian 1995) and Parral (West 1949).  

Mormon 

Members of the Mormon church (Church of Latter Day Saints) started six 

mountain communities in the Sierra Madre Occidental in the late 1800s: Colonias Cave 

Valley (1887), Chuhichupa (1894), Garcia (1894), and Pacheco (1887) in Chihuahua, and 

Colonias Morelos and Oaxaca in Sonora (Figure 4). They also started three foothill 

communities in Chihuahua: Colonias Diaz (1885), Dublan (1888), and Juarez (1885). The 

colonists were driven by a need to spread their faith, but also escape growing persecution 

by the U.S. government, the latter a reaction to their polygamy and political control of 

Utah and northern Arizona (Romney 1938, Spillsbury and Hardy 1985).  

Mormon colonists occupied the Rio Gavilan country immediately after the 

Apaches, scouting the land one year before the last official Apache surrender in 1886. 

The Mexican government of Porfirio Diaz was happy to have settlers purchase land in an 

area troubled by Apaches for two centuries. In fact, two members of the Mormon 

Thompson family were killed by remnant Apaches outside of Cave Valley in 1892. This 

caused local colonists to consolidate scattered settlers into mountain settlements 

(Heywood 1998, Spillsbury and Hardy 1985).  

There were 20 families in 1890 Pacheco owning 1,000 head of cattle and 250 

horses. Pacheco, named after a Mexican secretary of the interior who helped with the 
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land acquisition, also had a sawmill relocated three years later from Cave Valley. 

Lumber, livestock, cheese, canned fruit, and potatoes were cash crops that supplemented 

subsistence farming in a short growing season (Heywood 1998). Pacheco had 200 people 

by 1894 (Brand 1933). 

Garcia, also just east of the continental divide from the Rio Gavilan, was named 

after the brothers who sold large acreages there to the Mormons in 1898. Brand (1933) 

reports that “In the past a considerable amount of lumber was milled in the (Garcia) 

valley, but the machinery of the mill has been moved to Pacheco.”  Garcia contained 450 

residents by 1912, where dairying took over from timber by the time of Leopold’s visits.  

The other local mountain colony, Chuhichupa to the southwest, was formerly a 

high Mexican estancia with excellent grazing potential. It was abandoned due to repeated 

Apache raids. Most all of the flat, plateau land surrounding Chuhuichupa and Garcia was 

owned by the Northwestern Mexico Railway Company. Mormon ownership around 

Chuhuichupa covered 6,000 acres and 200 people by 1912 (Brand 1933).  

The total population of all seven Mormon colonies approached 4,000 by 1912.  

Larger foothill colonies included Colonias Juarez and Dublan near Casas Grandes, and 

Colonia Diaz farther northeast near Asenscion. Smaller mountain colonies included 

Colonias Chuhuichupa, Garcia, Pacheco in Chihuahua and Colonias Morelos and Oaxaca 

in Sonora.  

The Mexican Revolution came in 1910, and by 1912 all 4,000 colonists were 

urged to leave Mexico due to dangerous conditions. Several Mormons made dangerous 

interim returns to retrieve cattle or check on houses and infrastructure (Young 1968). 

Many Garcia residents moved to Hachita and Bluewater, New Mexico and did not return. 
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Colonias Cave Valley, Diaz, Morelos and Oaxaca were not re-colonized. Other colonies 

were recolonized and restored, starting in 1917-19.  

The rebuilding process was slow. Small sawmills were set up in Garcia, then 

Pacheco. Only 12 of 40 houses remained in Pacheco, many burned by forest fires 

(Romney 1938, Thomas 1980). A new road increased commercial access from 

Chuhichupa to the railroad at Babicora. The population reached 1,300 again by the 1930s, 

with 190 in Chuhichupa, 149 in Garcia, and 94 inhabitants in the smallest remaining 

colony of Pacheco (Brand 1933).  

The revolution also interrupted other Anglo projects. American and Canadian 

capital built a railroad from Juarez to Ciudad Chihuahua via Casas Grandes in 1899. This 

coincided with their investment in timberland, mining concessions, and cattle ranches in 

northern Chihuahua (Brand 1933).  

Mata Ortiz was then called Pearson, after a Canadian lumberman who had 

constructed one of the world’s largest mills there. His plan was to build a railroad into the 

Rio Gavilan timber. The revolution and redistribution of wealth closed the mill and 

railroad, as well as the nearby Hacienda San Diego, one of Governor Terrazas’ smaller 

haciendas (Villa pers. comm.). Much of the present mountain access road follows the 

partially constructed lumber railroad bed, which attempted to follow much of the old  

Mormon wagon route. Mormon histories tell of returning colonists being caught up in a 

fierce gun battle between rival revolutionary forces at Pearson (Young 1968).  

Colonists at both Pacheco and Garcia also earned cash as guides for American 

hunters. Reports are that US senators and even Teddy Roosevelt may have visited 

Pacheco (Hatch pers. comm.). This reputation most likely led to Leopold’s long-time 



 38

hunting partner Ray Roark suggesting a trip there in September of 1936 (Meine 1988). 

Clarence Lunt was Leopold’s first guide in 1936, while Floyd Johnson was the guide in 

1938 and 1948 (Johnson pers. comm., Hatch pers. comm.).  

Mormon colonists participated in logging and grazing, yet impact was limited by 

their small population and interruption by the revolution. Leopold (1937) noted:  

Near the colony I visited – Colonia Pacheco – overgrazing and erosion have not 
progressed as far as they had in the White Mountains of Arizona in 1910. But the 
colonies are microscopic when compared with the bulk of the mountain area, 
which from my observation is for the most part ungrazed.  
 
Recent literature has addressed Mormon environmental ethics. Williams (1999) 

edited a book of essays by Mormons stating their concern for environmental issues in 

modern Utah. Perhaps more relevant is a 1998 article by Brigham Young University 

historian Thomas G. Alexander. He maintains that Joseph Smith and Brigham Young 

both taught an environmentally conscious theology, based on the belief that human 

beings bore an absolute responsibility to care for God’s creations and to develop 

functional and beautiful communities.  

Although this follows the stewardship ethic in most Western religion, this 

theology seems more strongly grounded in the doctrine that humans, animals, and the 

earth itself were all living beings with redeemable eternal souls. Smith wrote that the 

earth was the mother of all humans and possessed a soul distressed by the sin of her 

people. Smith urged members not “to kill a serpent, bird, or animal of any kind…unless it 

was necessary to preserve ourselves from hunger” (Doctrine and Covenants 77: 2-3, 88: 

25-26, as cited in Alexander 1998).  
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Brigham Young tried to put Smith’s environmental theology into practice, 

criticizing Saints for killing more animals than they could eat. He also noted that humans 

could hold no simple title to the land since the earth and all its resources belonged to the 

Lord. Thus for a time settlers received their land as revokable inheritances. Noted 

Council of Twelve Apostles president Orson Hyde criticized Saints for overgrazing in 

1865 (Alexander 1998).  

Alexander cites the importation of a largely European culture as a major reason 

for the straying from environmental theology. He also cites the persecution of Mormons 

during the late 1800’s as another reason, whereby the Church no longer dictated 

economic or environmental policy to members. Alexander (1998) argues against New 

Mexico geographer John B. Wright, who claims Mormons failed to embrace conservation 

because they awaited the next millenium. 

 

Figure 4 – Map of Mormon colonies; from Burns and Naylor (1973).  
Used with permission of the Tucson Corral of Westerners.  
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Mennonite 

Mennonites are mentioned here only to differentiate them from the mountain 

Mormon colonists. Mennonites came to Chihuahua in 1922-23 as a result of Canadian 

persecution of their pacifist stance during World War I. They mostly reside in the 

Cuahtemoc area west of Ciudad Chihuahua, but they also reside west of Janos near the 

largest remaining black-tailed prairie dog colony in North America. They emphasize less 

modern culture than Mormons, are more reclusive, speak German and Spanish rather than 

English, and wear more traditional dress (Sawatzky 1971).  

Some Mennonites have modernized locally, using center pivot irrigation, with 

plowing affecting prairie dog colonies. Others have moved to Bolivia to avoid 

modernization. Recent literature included a book on Anabaptist (Amish and Mennonite) 

environmental ethics edited by Redekop (2000). He summarizes:  

The various dualisms that have tended to separate the material from the spiritual 
or heavenly throughout history have thus been rejected by the Anabaptist world-
view; the issue was not a spiritual/material dualism but a dualism of kingdoms, 
which begins with separating the obedient, redeemed community from the 
disobedient and rebellious society. Its missionary goal is bringing all of God’s 
children and creation under his rule in the kingdom. This means that the creation 
will be a part of the redemption in concrete union of the spiritual and physical 
realms. 
 
Much of their applied environmental ethic is rooted in their simplistic, small farm 

lifestyle, although Mennonites tend to be more modern than the Amish. Personal 

communication with one of the authors (Kline 2001) indicates that Chihuahuan 

Mennonites are likely more conservative than their US counterparts. The Redekop 

literature comes from a relatively more progressive group of Anabaptists. Therefore 

invoking the literature to make a case for prairie dog protection may be challenging.  
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Mestizo 

Consolidation of Mormon mountain settlers into their colonies after the Apache 

attack in 1892 resulted in selling of backcountry land to Chihuahua cattleman Don Rafael 

Villa in the 1890s. By 1900 Villa owned much of the lower half of the Rio Gavilan 

watershed, as do his descendants today (Villa pers. comm.). Some of the ranch parcels 

continued to be bought and sold among Mormons and other ranchers (Whetten pers. 

comm.).  

Former hacienda property was divided among Mexican peasants. The ejido 

concept was revived. Communal land dated back to the Aztecs, but the Spanish 

commonly exploited farmers when they implemented their ejido system to keep them on 

the land for labor and religious conversion. The church technically retained ownership for 

the ejidatarios. The system was finally abolished under Benito Juarez in the mid-1800s. 

The new ejido system, called for by Zapata during the revolution and mostly 

implemented by Cardenas in the 1930s, was based on agrarian reform.  

In the case of Hacienda San Diego near Pearson, ejido establishment occurred as 

early as 1913. Most transfer began with the Agrarian Law of 1915, but delays were 

common (Whetten 1948).  Ejidos were not established in the Rio Gavilan until near 

Leopold’s visits, with 1.6 million acres transferred in 90 Chihuahuan communities by 

1933 (Brand 1933). Leopold (1937) predicted future degradation:  

These forest homesteaders are “deadening” the pines, scratching corn into the thin 
soil and day-herding their goats on the nearest hillside...I recognize the land pressure 
which forces the adoption of such a policy, but I also recognize the inevitable ruin 
which will follow. One can tell when nearing one of these settlements by the 
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thinning sod, the thickening weeds, the browsed-off willows, and the oaks skinned 
for tanbark. Just so were our own dry canyons sent to their death. 
 

Leopold (1937) goes on to state: “But these resettlements are also as yet 

microscopic when compared with the bulk of the mountain area. They occur only near 

roads, and roads are as yet poor and far between. Engineers would call the mountains 

roadless.” 

Brand (1933) indicates that most of the potential resource development (and thus 

environment impact) still lay in the hands of foreign capital in the 1930s. The 

Mexnorwest Holding Company of Montreal still directed lumber operations over three 

million acres containing eight billion board feet of timber, but only the Madera mill (half 

the capacity of Pearson) resumed operations after the revolution. Brand states: “The 

Northwest Chihuahua of today is a land of great and nearly untouched resources... A little 

local milling is carried on along the forest fringes with portable outfits, principally in the 

hands of Mormons.”  

Large foreign-owned ranches still existed in the 1930s, including Hearst’s one 

million acre ranch on the Babicora plain south of Casas Grandes, and the Palomas Cattle 

Company’s 1.7 million acre ranch near the New Mexico border. Their common practice 

was to raise mostly white-faced Herefords at the typical estancia stocking rate of about 20 

acres per steer (Brand 1933).  

Simonian (1995) states that 300 years of colonial conservation laws became 

secondary upon independence in 1821. The primary objective of Mexican liberals was 

economic development. Romantic nature protection had little standing. The population of 
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Mexico was 88 percent rural in 1900, downplaying the duality of nature and urban blight 

that popularized the early US environmental movement.  

Yet Mexico enacted a national forestry law for public lands in 1861 under Benito 

Juarez, thirty years before the US. Deforestation was more evident from centuries of 

occupation around Mexico City. Chemistry professor Leopoldo Rio de la Loza noted that 

the law was not well enforced, and drafted broader-based forest protection at the end of 

the French Intervention in 1867. The Mexican Geographical and Statistical Society 

(formed in 1833, later to become INEGI) led forest conservation soon afterwards, but 

took a narrow, economic approach to protection rationale (Simonian 1995).  

Conservation in the regime of Porfirio Diaz (1876-1911) was dominated by two 

concepts: a contempt for vacant land; and positivism. The former was supported by the 

Ley Lerdo of 1856, modeled after John Locke, which forced corporations (including 

indigenous people) to relinquish land they were not using. Positivism was driven by 

cientificos, following the Auguste Comte paradigm, who advised Diaz on the efficient 

exploitation of Mexico’s vast resources (Simonian 1995).  

The American and Canadian-owned Mexican national railway was the primary 

vehicle for widespread exploitation of forests under Diaz. As in Spanish mining centuries 

earlier, enormous quantities of wood were needed to support the railway and industries it 

served. This new mode of access made big game hunting easier (Simonian 1995).  

Such exploitation resulted in more laws designed to protect economic resources. 

An 1894 law authorized national forest reserves and the first national wildlife laws. 

“Ferocious and dangerous” animals could still be killed year-round. Strict enforcement 

remained a problem (Simonian 1995).  
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An example of big-game hunters’ attitudes at the time is provided by a columnist 

writing under the name of “Aztec” in the September 23, 1899 issue of Field and Stream:  

“The location of bighorn sheep is particularly desirable, as there is little doubt that at 

present Mexico offers the best place for securing a head of this rapidly disappearing 

animal.” He goes on to quo te a letter from E. W. Nelson of the US Biological Survey in 

Nuevo Casas Grandes, who had just finished two months collecting in the Sierra Madre:  

I have nine bear skins, both black and silvertip (grizzly), four gray wolves, and 
plenty of smaller stuff. I had some good times with the bears, of which I killed three 
still hunting and caught three in traps; so you can see I had my share of the fun... 
Two large bears escaped, carrying traps with them, which were never 
recovered....The deer hunting was fine, and we could have become typical game 
hogs if inclined that way.  
 

The largest grizzly Nelson trapped was 400 pounds. It gnawed off a four-inch 

securing pole and ran off with the trap on its foot. Nelson tracked it and “rounded him 

away from a deep canyon, after which I relieved him of further earthly trouble by 

administering a couple of Dr. Winchester’s justly celebrated soft-nose blue pills.”   

Leopold himself provides graphic accounts of shooting game over twenty years 

later in Mexico’s Colorado River Delta, in Round River (Leopold 1953). Rachel Carson 

(ca. 1954), when asked to review Round River, was appalled at this account of wanton 

shooting. Round River also includes informal, less “trigger-happy” hunting journal notes, 

written mostly by Starker, of the ir December 1937 to January 1938 Rio Gavilan trip.   

Leopold’s call for consideration of land health was interestingly foreshadowed 35 

years earlier by Mexican medical student Jesus Alfaro, who emphasized the critical role 

of forests in human health in this 1892 thesis. Alfaro claimed that not only were forests a 

great storehouse of medicines, but they also moderated the climate, reduced dust storms, 



 45

erosion, and flooding, and reduced malaria by drying swamp soils and blocking humid air  

(Simonian 1995). In effect, Alfaro made claims similar to those of the ecosystem services 

paradigm of 100 years later (Costanza 1998), without the monetary figures.  

Jose Santos Coy, a forest landowner in Coahuila (the state east of Chihuahua), 

provided an argument at Alfaro’s time similar to a contemporary counter to Costanza by 

Mark Sagoff (2002), that the rationale for conserving forests rests in their aesthetic 

grandeur (Simonian 1995).  

During this same period, Norwegian explorer Carl Lumholtz traversed the Sierra 

Madre from west to east. This was the first of his legendary trips through “Unknown 

Mexico,” from December 1890 to January 1891. Lumholtz traveled by mule train from 

Nacori northeast across the Bavispe River, up through the Gavilan watershed (Figure 5) 

following a route north of the river (and Leopold’s camp and hunting area) to Cave 

Valley, then down to Casas Grandes. He came upon remote, recently abandoned camps 

of Apaches, General Crook, and Mormons.  

Although he was in the midst of the exploitative Diaz regime, Lumholtz (1902, p. 

38) traveled such backcountry terrain that he noted both the aesthetic value of Mexico’s 

forests and its abundant resources:  

I sat down to gaze upon the magnificent panorama of the central part of the Sierra 
Madre spread out before me. To the north and northeast were pine-covered plateaus 
and hills in seemingly infinite successions; on the eastern horizon my eyes met the 
dark, massive heights of Chuhuichupa, followed towards the south by ridge upon 
ridge of true sierras with sharp, serrated crests, running mainly from northwest to 
southeast...Primeval stillness and solitude reigned all over the woodland landscape. I 
like the society of man, but how welcome and refreshing are occasional moments of 
undisturbed communion with Nature! 
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After dropping to a mid-watershed, mainstem pool of the Rio Gavilan on his way 

eastward in January 1891, Lumholtz (1902, p. 53) remarked:  

We soon found out that in the river Gabilan, some four miles south of our camp, 
there were immense quantities of fish, which had come up to spawn. No one ever 
interfered with them, and their number was simply overwhelming...In two hours 
three of us gathered 195 fish from a single pool...Most of them were big suckers; but 
we had also thirty-five large Gila trout.  

 
Lumholtz (1902, p. 53-54) also stated “never before have I been at any place 

where deer were so plentiful.” His men came back from one day of hunting with ten deer. 

Describing encounters with the largest woodpecker in the world, the now extinct imperial 

woodpecker, Lumholtz remarked: “This splendid member of the feathered tribe is two 

feet long; its plumage is white and black, and the male is ornamented with a gorgeous 

scarlet crest, which seemed especially brilliant against the winter snow.” A specimen 

from Lumholtz’ trip is in storage at the Smithsonian collection in Washington.  

 
Figure 5 – Forest camp with open understory; from Lumholtz (1902).  

Used with permission of Dover Publishers. 
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Miguel Angel de Quevedo, a French-trained engineer from Guadalajara, also 

appreciated Mexico’s forests. Quevedo worked on the 1890s project to drain Mexico 

City’s lakes, heeding warnings by Alzate y Ramirez and Torquemada not to exceed a 

drainage threshold that would destroy peasant fishing and hunting grounds and increase 

health problems from dust. Quevedo thought upland forests were the most critical 

resource to protect in the interest of flood control (Simonian 1995).  

Quevedo increased the number of Mexico City parks from two to thirty-four. He 

met his contemporary Gifford Pinchot, and developed a forestry exchange program with 

France, though he took a broader utilitarian approach than Pinchot. This was due to 

central Mexico’s longer history of deforestation and resulting erosion, loss of wildlife, 

and alteration of its hydrological cycles (Simonian 1995). 

Quevedo created the Mexican Forestry Society in 1922 and helped draft the first 

forestry law that applied to private lands, which took effect in 1926. Americans Tom Gill 

(forester) and Charles Sheldon (big-game hunter) respectively lamented the lack of 

enforcement of forest and game laws in Mexico. It wasn’t until Lazaro Cardenas’ 

presidency (1934-40) that such laws were seriously enforced (Simonian 1995).  

If Quevedo was Pinchot’s Mexican counterpart, then Cardenas could be 

considered as Franklin D. Roosevelt’s contemporary. Yet there were differences here, 

also. Like Leopold, Cardenas lamented a previous part of his career when he neglected an 

ecological approach, overseeing deforestation as governor of Michoacan. Cardenas’ 

solution as president was a combination of simultaneous small-scale and large-scale 

development. Unlike previous Mexican administrations, and Roosevelt’s large-scale New 
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Deal projects, Cardenas emphasized small projects among indigenous Mexican peasants 

(Simonian 1995).  

Forest cooperatives were set up to replace exploitation by large domestic and 

foreign companies. This policy extended to forestry and tourism in Quintana Roo, where 

much smaller development was planned than which occurred in later decades. Simonian 

(1995, p. 91) noted that: “intermediaries continued to operate in the region even after 

many forest concessionaires were displaced through the creation of ejidos.”  The 

government sought a way to allow ejidos to sell directly to foreign companies. Such 

forest cooperatives were not widely established in Chihuahua’s Sierra Madre Occidental 

until the 1970s (Guerrero et al. 2001).  

As Leopold (1937) indicated, numerous small-scale projects can also degrade the 

land. Incentives were sought to reduce deforestation by campesinos themselves. Taxes 

were increased on more remote cutting and green tree cutting, but Cardenas was 

sympathetic and did not want to push peasant taxation too far. This became a point of 

contention between Quevedo and Cardenas, who dismantled Quevedo’s Secretary of 

Forests, Fish, and Game in 1940 and transferred conservation duties to the Secretary of 

Agriculture. Quevedo, with roots in the Diaz regime, was suspected of favoring 

conservation over land reform (Simonian 1995).  

Cardenas and Quevedo’s programs trained 1,000 foresters, but the country was 

still understaffed and wages were so low that bribery was effective. Campesinos in 

Coahuila lobbied for the removal of a forest ranger who was especially effective at 

enforcing regulations (Simonian 1995). 
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Juan Zinzer headed the game division. The 1936 Treaty for the Protection of 

Migratory Game Birds and Mammals was an important binational effort. US hunters 

were taking 800 ducks a week in northern Mexico as late as 1948. A utilitarian 1940 

wildlife law initiated sincere but limited attempts to regulate hunting. Fishing regulations 

on seasons, size limits, and nets were offset by a policy of stocking non-native fishes, 

initiated at Lake Patzcuaro in Cardenas’ home state of Michoacan. Despite setbacks, 

Cardenas and Quevedo left one of the most important legacies of conservation in 

Mexico’s history (Simonian 1995).  

Modern development had been curtailed in northwestern Chihuahua by:  

1) The Chiricahua Apaches, who fiercely defended their northern Sierra 

Madre Occidental territory for over 200 years; and  

2) The 1910 Mexican revolution, which halted timber projects proposed 

under the Diaz regime.  

This set the stage for what Donald Brand and Aldo Leopold found in the 1930s, a 

landscape similar to what Lumholtz found forty years earlier. Brand, a student of 

renowned Berkeley geographer Carl O. Sauer, documented the historical geography of 

northwestern Chihuahua in his 1933 dissertation.  

Brand (1933) noted the similarity to the US Southwest: “In terms of vegetation 

there is a close areal correspondence between the cartographic units, designated by 

different names, in the works of leading American plant geographers who have mapped 

vegetation north of the border.” Brand described northwestern Chihuahua wildlife:  

Animal life is diverse, bird and mammal forms being the most numerous as to 
species and individuals. Contrary to normal expectations, waterfowl are abundant 
and reptiles are comparatively rare in Northwestern Chihuahua. Of greatest interest 
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to man have been the big mammals – capable of supplying considerable food or, at 
times, of being very dangerous to human life...the smallest of all the grizzlies, range 
over the entire Sierra Madre area…The bird life of Northwestern Chihuahua is quite 
rich. The lakes, springs, and streams afford attractions to a large group of waterfowl. 
Over the grasslands and steppe and the mountain parkland range the gallinaceous 
birds; while parrots, woodpeckers, and pigeons frequent the Sierra Madre forests, 
and everywhere are found perching birds and birds of rapine…the chief resorts of 
fish are in the perennial streams of the Sierra Madre Occidental.... among the most 
important are the Gila trout. 
 

Brand describes Sierra Madre pine forests (Figure 6): “The western yellow pine 

and Douglas fir are large trees, sometimes over 250 feet high, and ten feet in diameter, 

but averaging over a hundred feet in height...The growth is very open, with little 

underbrush present. There is a good grass cover.” 

 

Figure 6 – Archaeological mound with open forest understory; from Brand (1933).  
Used with permission of Department of Geography, University of California, Berkeley. 
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CHAPTER 4 
 

LEOPOLDS’ VISITS 
 

Aldo Leopold visited two sites in Mexico during hunting trips. An essay in his 

conservation classic A Sand County Almanac, “Green Lagoons,” describes his 1922 

canoe trip through Mexico’s wild Colorado River Delta (Leopold 1945). The trip is also 

noted in Round River (Leopold 1953). The Delta has since undergone drastic ecological 

changes through water withdrawals upriver in the United States (Postel 1992). 

Aldo Leopold and Ray Roark - September 1936 

In September of 1936, Leopold and long-time hunting partner Ray Roark 

travelled by train from Madison to El Paso, then to Casas Grandes (Figure 7) and the 

lumber mill town of Pearson, now known at Mata Ortiz (Smith and MacCallum 1998). 

Aldo and Ray rode horses up the old Mormon wagon road to Clarence Lunt’s home in 

Corrales, located just south of Pacheco, on September 4th of 1936 (Figures 8, 9, 11, 12). 

The next day they followed Clarence’s typical guiding route south to the “Park” 

and west over the continental divide and out on the ridge (La Lengua) between Diablo 

Creek and La Greta (Crack Canyon). Just before reaching the Rio Gavilan they dropped 

down the south face of the ridge into La Greta where it meets the Rio Gavilan. They 

would spend one week in the upper gorge of the Rio Gavilan, camping just upriver from 

its confluence with Cherry (El Capulin) Creek, and hunting the surrounding rimrocks and 

mesas (Figures 10, 13-16) (Leopold 1937, Lunt 2001). 

LaRue Lunt, son of guide Clarence Lunt, lived in the area until he was 23 years 

old, and helped his father with pack trips: “over on the other side of the Gavilan, over on 

the Blue Mountains, that was a paradise for hunting.” 
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Figure 7 – 1930s Casas Grandes, 1936 horse trip from Pearson to mountain road; 
from Leopold Papers, 9/25/10-7, Box 2. 

Used with permission of the University of Wisconsin – Madison Archives. 

 

Figure 8 – Old Mormon road to Colonia Pacheco;  
from Anthony W. Ivins Photograph Collection, 1875-1934.  
Used with permission of the Utah State Historical Society.  
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Figure 9 – Mountain pass, open forest understory on route to Pacheco;  
from Leopold Papers, 9/25/10-7, Box 2.  

Used with permission of the University of Wisconsin – Madison Archives. 
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Figure 10 – Leopold’s 1936 sketch map of the Rio Gavilan;  
from Leopold Papers, 9/25/10-7, Box 2. 

Used with permission of the University of Wisconsin – Madison Archives. 

 

Figure 11 – Pacheco in 1930s; from Brand (1933). 
Used with permission of the Department of Geography, University of California, 

Berkeley.  
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Figure 12 – Lunt cabin in Corrales, 1997 
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Figure 13 – Tall grass, Diablo Mesa; from Leopold Papers, 9/25/10-7, Box 2. 
Used with permission of the University of Wisconsin – Madison Archives. 
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Figure 14 – Rio Gavilan crossing, Clarence Lunt with trout;  
from Leopold Papers, 9/25/10-7, Box 2. 

Used with permission of the University of Wisconsin – Madison Archives. 
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Figure 15 – Ray Roark on mesa; from Leopold Papers, 9/25/10-7, Box 2. 
Used with permission of the University of Wisconsin – Madison Archives.   
   Underburn; from Anthony W. Ivins Photograph Collection, 1875-1934. 

Used with permission of the Utah State Historical Society.  
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Figure 16  – Leopold’s 1936 list of wildlife seen (note numerous deer and 
parrots); from Leopold Papers, 9/25/10-7, Box 2. 

Used with permission of the University of Wisconsin – Madison Archives. 
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Aldo Leopold, (brother) Carl Leopold, Starker Leopold – December 1937-January 1938 

Leopold returned to the same gorge again with son Starker and brother Carl in 

December 1937 and January 1938 (Meine 1988). They were guided by Harl and Floyd 

Johnson (Figures 17, 19), who took them on their typical route, following the same route 

to the river, but then traveling approximately a mile downriver to a wide, flat spot well 

below Diablo Canyon, near an old shepherd’s cabin on a terrace above (Leopold, A. S. 

1949, Johnson 2001). Again they hunted the rimrocks and mesas above the gorge 

(Figures 20, 21) (Leopold 1938, 1953). 

Floyd Johnson (Figure 18) (2001) noted in an oral history interview that Leopold 

was very interested in sharing information about local wildlife.  

 

Figure 17 – Floyd Johnson packing for trip at Corrales (near Pacheco); from 
Leopold, A.S. (1948). Used with the permission of The Museum of Vertebrate Zoology, 

University of California, Berkeley.  
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Figure 18 – Floyd Johnson outside his Utah home in 2001 

 

Figure 19 – Aldo and Harl Johnson (Floyd’s father);  
from Leopold Papers, 9/25/10-7, Box 2.  

Used with permission of the University of Wisconsin – Madison Archives.
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Figure 20 – Bagged turkey, Aldo hunting in tall grass on a mesa;  
from Leopold Papers, 9/25/10-7, Box 2.   

Used with permission of the University of Wisconsin – Madison Archives. 
 

 



 63

 

Figure 21 – Miscellaneous album snapshots from hunting journal;  
from Leopold Papers, 9/25/10-7, Box 2.  

Used with permission of the University of Wisconsin – Madison Archives. 
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Leopold’s Impressions 

No evidence of Leopold’s impressions of the outstanding health of the Rio 

Gavilan were evident from hunting journal notes or oral histories with guides and 

relatives of guides. However, the area obviously made an impression on him, exhibited 

by the several essays and letters that followed, some already documented in Leopold 

biographies by Flader (1974) and Meine (1988).  

Perfect Health 

In contrast to Leopold’s recent experiences with regimented German forests, 

Southwest erosion, and wolfless deer irruptions, the Rio Gavilan revealed the power of 

natural controls in a “dynamic equilibrium.” Naturally frequent fire regimes mixed with 

historical predator-prey relationships (wolf-cougar-deer) in an oak-pine setting that 

supported native trout. Leopold mentioned in a draft foreword to A Sand County Almanac 

that, prior to visiting the Sierra Madre, he “had seen only sick land, whereas here was a 

biota still in perfect aboriginal health” (Flader 1974).  

Leopold referred to the Sierra Madre in numerous essays after his visits, the most 

notable of which are: The Thick-Billed Parrot of Chihuahua (1937); Conservationist in 

Mexico (1937); Song of the Gavilan (1940); and Wilderness as a Land Laboratory 

(1941). Daily journal entries from his second trip were included by son Luna in Round 

River (1953). 

Two of these essays were included in A Sand County Almanac. “Guacamajas” 

describes thick-billed parrots as the characteristic species of the Sierra Madre, inferring a 

magical quality to regions that is often lost through species extiripations (Leopold 1937). 
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“Song of the Gavilan” highlights the importance of studying ecological relationships in 

nature before they are severely altered, suggesting that too much research studies 

individual parts of ecosystems in a reductionist fashion (Leopold 1940). 

Wilderness as a Land Laboratory 

Leopold’s initial concern for wilderness in the 1920s was as a primitive 

recreational resource (Flader 1974, pp. 79-80). He suggested in 1934 that Wilderness 

Society founders include ecological studies as another rationale for protection (Meine 

1988, p.343). The Rio Gavilan met his criteria for “wilderness as a land laboratory.” He 

proposed multiple research projects for the area. 

First, in a December 1938 letter to renowned Berkeley geographer Carl Sauer 

(Figure 22), Leopold summarized a plan to use the northern Sierra Madre as a control in 

comparison to similar, yet altered, habitats of the U.S. Southwest. Leopold was most 

interested in researching relationships of soil-water-streamflow, predators and prey, 

animals and vegetation, and the role of each in biotic “equilibrium.” Leopold expressed 

to Sauer his curiosity about the lack of coyotes in the presence of wolves in the Gavilan. 

He thought eradicating wolves might be trading a “wolf problem for a coyote problem.” 

A reply to Leopold has not been located in either the Leopold Papers or Sauer’s Berkeley 

papers (Flader 1974, p. 155; Roberts pers. comm.).  

Leopold also responsed to a query from an Ecological Society of America 

committee looking for reserves with natural conditions (Leopold 1941). On the one-page 

form (Figure 23), in the space for “Reservation needed,” Leopold responded  “Yes, 

badly.” Leopold suggested that the U.S. finance a research station if Mexico acquired and 

protected the land. Committee Chairman Charles Kendeigh replied with enthusiasm, 
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working with Leopold to set up a sub-committee to investigate deer populations in 

natural areas (Leopold 1941). 

This led to Leopold’s most advanced proposal, which called for including the 

northern Sierra Madre as a control in a geographically wide-ranging study of the 

mechanisms of deer irruptions. Leopold promoted the project to the USDA Forest 

Service in 1941, including his essay “Wilderness as a Land Laboratory” in mailings. The 

Forest Service turned down Leopold’s proposal due to its decreasing budget (Figure 24) 

(Leopold 1941). Despite setbacks, Leopold pursued his research goal until he passed 

away in April of 1948.   

 

Figure 22  - Leopold letter to Sauer, 1938; 
from Leopold Papers, 9/25/10-3, Box 10.  

Used with permission of the University of Wisconsin – Madison Archives. 
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Figure 23 – Leopold’s Ecological Society of America form, 1941;  
from Leopold Papers, 9/25/10-3, Box 10. 

Used with permission of the University of Wisconsin – Madison Archives.  
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Figure 24 – Rejection letter from USDA Forest Service, 1942;  
from Leopold Papers, 9/25/10-3, Box 10. 

Used with permission of the University of Wisconsin – Madison Archives. 
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Starker Leopold’s Return Visits 

Leopold supported son Starker in his plan to revisit the Rio Gavilan in the 

summer of 1948.  Starker, now a wildlife biologist, had been a student of Sauer. He 

carried on with plans for the July-August trip despite his father’s passing in April 

(Leopold 1948). Starker wrote letters to their 1938 guide, Floyd Johnson, arranging his 

services and asking about encroachment of logging and grazing in what local Mormons 

call the “Breaks of the Blue” (Figure 25) (Leopold 1948).  

 

Figure 25 – Letter from Starker Leopold to Floyd Johnson, 1948;  
from Leopold Papers, 9/25/10-3, Box 10. 

Used with permission of the University of Wisconsin – Madison Archives. 
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Starker Leopold, Alden Miller, Ward Russell, Bob McCabe – July 15 to August 25, 1948 

Starker’s objective was to collect specimens for the Berkeley Museum of 

Vertebrate Zoology. Accompanying him were Alden Miller and Ward Russell from the 

Museum, and Aldo’s former student Robert McCabe from the University of Wisconsin 

(Figure 26).  Floyd took them back to the 1938 campsite (Leopold, A. S. 1949). 

Starker was disappointed upon arrival.  He encountered fourteen logging trucks 

on the way up the mountain. Twelve mills were placed in and around Pacheco. Logging 

roads and sawmills penetrated to the edges of the watershed. Hundreds of livestock 

grazed the area.  

Although logging had not reached there itself, the most noticeable change 

involved the condition of the river’s mainstem at the 1938 campsite: “The river bluffs 

were studded with crusty old junipers and oaks just as I had remembered them. But the 

river itself was not the same. What had been a narrow channel winding between grassy 

banks was now a wide, scoured trough of cobblestones left by summer floods” (Leopold, 

A. S. 1949).  

The headwaters logging, associated slash fires, and grazing of the watershed 

“sponge” increased erosion and flooding (Figures 28). Starker and his colleagues made 

research collections from July 15th until September 3rd 1948, noting wild conditions 

remaining in side canyons. They still encountered wolves (Figure 27) and lions, but 

Starker lamented impending changes in a 1949 Pacific Discovery article titled “Adios 

Gavilan.”  

The change in scale and intensity of logging was spurred by rapid industrial 

development during the post-Cardenas era of 1940-70. Mexico’s population grew from 
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20 million to 48 million during this period. New roads, bridges, railroads, and 

hydroelectric plants were built. Forests were seen as resources to support industrializaton. 

President Manuel Avila Camacho (1940-46) created new forest management units that 

combined small ownership parcels into one management plan, an industrial forest 

exploitation unit (Simonian 1995).  

Mexican officials were well aware of the Allies’ demand for wood during World 

War II. Specific calls were made to market coniferous trees from temperate zones  

(Simonian 1995, p. 122). Starker’s guide Floyd Johnson (pers. comm., 2001) remarked: 

“I can remember hauling truckloads of lumber from the Rio Gavilan to the US during the 

war. We stopped for gas in Tucson. People would come up to us and offer to buy the 

wood right off our truck.”   

Thus numerous small mills were encroaching on the Rio Gavilan when Starker 

arrived in 1948. According to Bowman (pers. comm. 2001) and Whetten (pers. comm. 

1997), small mills not only created slash but dumped considerable amounts of sawdust, 

reducing oxygen for creeks and fish. A larger mill was constructed at the Rio Gavilan 

headwaters at El Colorado in the early 1950s (Bowman pers. comm.). Yarding sometimes 

followed creekbeds (Jensen pers. comm. 1997). New road access encouraged more 

intense livestock grazing.  

President Miguel Aleman (1946-1952) introduced a 1948 forest law emphasizing 

multiple benefits of forests. It required replanting after logging. Forest protection focused 

on reservoirs. Many forest nurseries and some forest reserves were established, but 

primary emphasis continued to be industrial development of forests. As in Avila 
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Camacho’s forest unit designations, conservation suffered from enforcement problems at 

the time of Starker Leopold’s 1948 visit (Simonian 1995).  

Starker, as his father did, showed great interest in learning from locals about 

wildlife trends. Floyd relayed that the last grizzly bear in the area was sighted at Tres 

Rios (at the mouth of the Rio Gavilan) sixteen years earlier in 1932. His father Harl had 

shot one in 1928 about twenty-five miles northeast of Pacheco. However, Floyd thought 

there were still many left in the Sierra San Luis (an isolated range NNE of Pacheco), as 

he had seen many tracks there in 1945. Floyd thought the smaller black bear was so rare 

it was nearly extinct in the Rio Gavilan at this time. 

Despite the changed conditions, Ward Russell (1992) had fond memories of the 

trip, as noted in an oral history on file at the Museum of Vertebrate Zoology:  

Best trip I was ever on. We were in that camp 45 days…That was the most 
beautiful country I ever collected in…There were no roads in it yet. It had 
everything except the grizzly: wolves, pigs, turkey, and deer. 
  
The group spent July 15th to August 25th in the upper gorge of the Rio Gavilan, 

and August 25th to September 1st at Meadow Valley, at the headwaters of the Rio 

Gavilan.  Specimens from this trip still on file at the Museum of Vertebrate Zoology in 

Berkeley include the trogon (#796), thick-billed parrot (#797), wolf (#798), rainbow trout 

(#811, 820), and chub (#818).  Photographs of the trip on file at the Museum include 

numerous humorous captions. 
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Figure 26 – 1948 river campsite (same used as in 1938),  
Bob McCabe, Starker Leopold, Ward Russell, Alden Miller; 

from Leopold, A.S. (1948).  
Used with the permission of The Museum of Vertebrate Zoology, University of 

California, Berkeley. 
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Figure 27 – Starker Leopold with wolf, upper forest camp near Garcia, 1948;  

from Leopold, A.S. (1948). Used with the permission of The Museum of Vertebrate 
Zoology, University of California, Berkeley. 
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Figure 28 – Flooding, debris near river camp, 1948; from Leopold, A.S. (1948). Used 
with permission of The Museum of Vertebrate Zoology, Univ. of California, Berkeley. 
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Starker Leopold and Robert Smith – February 1952 

Starker made a detour from a winter waterfowl survey (Leopold 1952) to visit the 

Rio Gavilan again from February 3rd to the 8th of 1952. He was traveling with US Fish 

and Wildlife Service biologist Robert H. Smith, who later authored a follow-up article on 

the Rio Gavilan (Smith 1996).   

Starker’s journal notes from the Museum of Vertebrate Zoology indicate that they 

did not revisit the same campsite, due to logging activity. They again used Floyd Johnson 

as a guide: “Floyd says the Gavilan area is over-run with loggers so we will plan our trip 

into a new area NW of Pacheco that has too little timber to attract the mills.” 

Wild turkeys were abundant while javelina, wolves, cougars, Mearns quail, and 

coatimundi were moderately prevalent. Deer were scarce:  

Deer had been almost completely shot out of the accessible areas and persisted 
only in moderate numbers in isolated spots high on the mountain slopes…All 
together we saw only about 20 deer…Floyd says there are virtually no deer left 
along the Gavilan where we have camped on past trips.     

 
A group of fifteen sandhill cranes was sighted in the milpas near Pacheco. 

Starker’s interest in sharing information with locals also led to the following report:  

Chino Whetten states that there are still a few imperial woodpeckers in remote 
areas SW of here. He has seen one or two himself, but everybody still hunts them, 
for no particular purpose. They are shot because they are scarce – a curiosity.  

 
Floyd Johnson and his wife Genevieve, as did other Anglo Mormons around this 

time, left the mountain colonies. They flew out to the US with Starker and Robert to start 

a new life in Utah. Oral history interviews were recorded with them in 2001 and 2002. 
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CHAPTER 5 

CONSERVATION AND DEVELOPMENT POST-LEOPOLD 

Industrial forestry development continued into the 1950s and 60s. President 

Adolfo Ruiz Cortines (1952-58) granted numerous lumber concessions (Simonian 1995). 

Chihuahua concessions were granted at this time to companies such as Bosques de 

Chihuahua, Ponderosa de Chihuahua, Chihuahua Industrial, Comercial e Industrial 

Pacifico, and Gonzalez Ugarte (Guerrero et al. 2001). Bosques de Chihuahua had the 

concession for railroad land at the Gavilan headwaters. Mid-watershed ranches with 

lower pine concentrations also were logged (Villa pers. comm.). 

Joe Marshall (1957) conducted a regional study on birds and vegetation during an 

early 1950s drought. He visited Leopold’s route (Arch Flat) and campsites (upper gorge). 

Marshall documented erosion from grazing and increased juniper stocking from fire 

suppression. Despite a 1952 wildlife law prohibiting its use, two years later US Fish and 

Wildlife Service officials helped Mexican officials begin to lace dead carcasses with 

1080 poison to kill coyotes and wolves (Simonian 1995). Gib Graham was a local leader 

in using this method in the Gavilan. Several local Mormons also tell stories of shooting 

wolves in the 1950s and 60s (Bowman pers. comm., Lunt pers. comm.). 

Wise Use Prevails in the 1950s and 60s 

President Adolfo Lopez Mateos (1958-64) implemented the most comprehensive 

forestry program since Cardenas, through under secretary of forestry and fauna Enrique 

Beltran. The focus continued to be economics. Rather than blame peasants for land 

degradation, as some previous administrations and officials had, Beltran reduced absolute 
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forest protection and emphasized empowerment of ejiditarios.  They were allowed to sell 

forest products to anyone. Government-peasant operations were even allowed in national 

parks (Simonian 1995).  

Beltran took the same economic approach to wildlife, emphasizing game and fees 

collected from hunting associations over absolute restrictions. He was one of the major 

leaders in Mexican conservation, but followed Pinchot’s scientific, wise use approach 

rather than Leopold’s. Simonian (1995, p. 139) states:  

Enrique Beltran concurred with Aldo Leopold that the critical finding of ecology is 
that people and nature are independent. He did not, however, endorse the outcome of 
Leopold’s land ethic: nature has a right to exist separate from the needs of 
humankind, since human beings are a part of nature and not the owner of it. Rather, 
he believed that ecology directed people to use resources wisely for their own 
benefit. Furthermore, he insisted that ecology was a science and not an 
environmental philosophy. Beltran pejoratively labeled as “instant ecologists” those 
who promoted environmental causes without an understanding of ecological science. 
 

Geographer Laurance Herold (1965) researched Paquime trincheras of the 

Gavilan in 1964, noting their degradation due to increased intensity of watershed runoff.  

A soil and water conservation law was implemented in 1946 under President Avila 

Camacho, but resources were not great enough to spread techniques throughout the 

country. Amigos de la Tierra attempted to do this via a newsletter Suelo y Agua (Soil and 

Water) but, though the non-profit group continues today, they discontinued the newsletter 

in 1964 (Simonian 1995).   

There were also concerns about exporting US soil conservation measures without 

fitting them to site-specifics in Mexico. US geographer Phillip Wagner found continued 

degradation in 1955 by both peasants and wealthier landowners in Parras, Coahuila, the 
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state adjacent to Chihuahua. Degradation continued even where programs had been 

implemented, although some benefits were observed (Simonian 1995, p. 115).  

Grazing intensity increased in the Rio Gavilan in the 1950s and 60s. Ownership of 

the ranch immediately south of the Lunt property transferred from to Mauricio Whetten 

in the mid-1960s. This contains most of Leopold’s route from the Lunt cabin into the Rio 

Gavilan, as well as the 1936 campsite. The previous owner reportedly used the property 

as a holding area for thousands of steers in the 1950s and early 60s (Whetten pers. comm. 

2003).   

Broader Conservation Efforts of the 1970s and 80s 

Much land around Mexico was redistributed to ejidos in the 1970s. President Luis 

Echevarria transferred the Bosques de Chihuahua concession to Ejido Largo Madera, 

with its 1,455 ejiditarios, in 1971 (Guerrero et al. 2001). Echevarria enacted the first 

pollution control law in 1971, not in response to environmental movement but in fear of 

social unrest in urban centers. The expressed concern was for health of humans, plants, 

and animals. The law was similar to US point source pollution law, also begun at this 

time, but was lacking in enforcement (Simonian 1995).  

After the 1972 United Nations Conference on Man and the Environment in 

Stockholm, scientist Gonzalo Halffter promoted the UN Biosphere Reserve program as a 

better alternative for Mexico. The US national park model set aside “postage stamp” 

parcels more suited to protection of scenery than biodiversity. They also did not 

emphasize economic uses by Mexico’s large peasant class (Simonian 1995).  

One of the first biosphere reserves was set up at densely populated La Michilia, 

Durango, a pine forest habitat similar to Chihuahua. Halffter not only solicited local input 
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on top-down projects, but had locals help design research that would look for alternatives 

to destructive practices. Increasing productivity per hectare was emphasized over 

expanding the land base. They did this through diversification, promoting beekeeping, 

strawberry growing, jam production, wood-packing, vegetable processing, and game 

ranching of deer, turkey, and wild boar (Simonian 1995, p. 162). 

Biosphere reserves comprised 85 percent of Mexico’s protected areas by 1995. 

While problems have inevitably arisen at various reserves, Sian Ka’an Biosphere Reserve 

in Quintana Roo is seen as one of the more successful.  The village of El Ramonal 

transitioned from slash and burn agriculture and grazing to increased yield per hectare 

through drip irrigation and intercropping. A two-month closed season and special trap 

designs allowed renewal of the local lobster resource (Simonian 1995, p. 166). 

The University of Yucatan ran into a controversy between a salt factory and local 

fishermen in the Rio Lagartos Biosphere Reserve. Each party had a different meaning of 

“sustainable development,” making solutions hard to formulate. The University posed 

many options for economic diversification, including crocodile ranching, palm 

production for Cancun floral displays, crop production on composted seaweed, and 

ecotourism. Ecotourism was eventualy limited to one part of the reserve due to concerns 

over impacts such as higher food prices, limited spread of profits, lack of sewer and water 

infrastructure, and cultural changes (Simonian 1995).  

One of the more successful examples of ecotourism is at El Rosario Biosphere 

Reserve in Michoacan, where economic benefits of visitors to the monarch butterfly 

refuge is credited with reduced logging and saving of the species’ critical habitat 

(Simonian 1995, p. 167). Tourists such as large weekend groups still have impact: many 
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hike without guides, resulting in trash, noise, and some loss of butterflies through 

vandalism (LaFranchi 2000). 

International environmental organizations such as the World Wildlife Fund took 

the same approach, emphasizing community development and conservation over 

preservation. Conservation International split off in 1981 from the Nature Conservancy, 

who mainly emphasized land purchase, to further this approach. Ecodevelopment projects 

have suffered from a lack of funding and technical assistance. Only two of fifteen such 

Mexican projects surveyed, including intensive agriculture and aquaculture, were 

functioning well in 1987 (Simonian 1995). 

Both Echevarria (1970-76) and his successor Lopez Portillo (1976-82) defended 

Mexico’s environmental record in international meetings, claiming industrialization was 

more important, but realized their environmental legislation was domestically ineffective. 

De la Madrid (1982-88) was the first president to include the environment in his 

campaign. He created the Secretary of Urban Development and Ecology (SEDUE), the 

first cabinet- level environmental agency. His term culminated with the wide-ranging 

General Law on Ecological Balance and Environmental Protection in 1988 (Simonian 

1995).   

Mexico developed a largely middle class environmental movement in the 1980s, 

sparked by Mexico City pollution. Homer Arijdis, Jose Sarukhan, and Fernando 

Cesarman were among its leaders. Arijdis was a leading critic of government policy. 

Sarukhan noted that ecological terms began to reach the general populace through the 

media. Cesarman popularized the term “ecocide.” Effective non-governmental 
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organizations started were the Mexican Ecologist Movement (MEM) and Pronatura in 

1981, and the Ecological Association of Coyoacan in 1983 (Simonian 1995).   

Salinas de Gortari (1988-1994) attacked Mexico City’s pollution problem with car 

restrictions. He also signed the Convention on International Trade of Endangered Species 

(CITES) in 1991. Mexico had been the only Western Hemisphere nation not to sign it. 

However, under his watch pollution of the Lerma River and deforestation in the 

Lacandon rain forest were serious issues not dealt with. Mexico also challenged US trade 

restrictions on tuna exports due to dolphin killing. Though Mexico won a GATT decision 

to block the restrictions, they likely declined enforcement so as to win later approval of 

NAFTA (Simonian 1995).  

Simonian (1995, p. 206) notes that human health was not the only concern:  

The health of the natural world is also seriously threatened in Mexico. Three-quarters 
of Mexico’s soils suffer from some degree of erosion; 95 percent of its rivers are 
contaminated; and 470,000 hectares of forest disappear each year. These are distant 
problems for Mexico’s urban population.  Still, an increasing number of urbanites 
have come to the conclusion that their survival depends on the health of the land. 

 
Guerrero et al. (2001) discuss changing forest policy in Chihuahua immediately 

before and after the North American Free Trade Agreement was passed in 1994.  A 1992 

revision of a highly regulatory 1986 forestry law resulted in deregulation transportation 

and other aspects of the forest industry, putting the main emphasis of environmental 

protection on forest management plans. Timber harvesters had to hold title to the land or 

legal right to harvest. Plans had to be written by qualified foresters.  

NAFTA and Conservation 

The 1988 General Law on Ecological Balance and Environmental Protection was 

refined in 1994, combining forest management duties of the Secretary of Agriculture and 
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Water Resources (SARH) with general environmental responsibilities of the Secretary of 

Social Development (SEDESOL) into a new agency, the Secretary of Environment, 

Natural Resources, and Fisheries (SEMARNAP). Among other duties, SEMARNAP 

oversees a forest development subisidies and training program for ejidos called 

PRODEFOR, which is channeled through forestry consultancy agencies in Chihuahua 

(Guerrero et al. 2001).  

The 1994 changes also created the Attorney General’s Office for Protection of the 

Environment (PROFEPA) to which complaints of violations could be brought. President 

Ernesto Zedillo (1994-2000) also reintroduced some of the 1992 regulations in 1997, in 

an attempt to reduce illegal cutting (Guerrero et al. 2001). SEMARNAP has since been 

changed to “SEMARNAT,” with fisheries moving back to the Secretary of Agriculture 

and Water Resources (SARH). 

Guerrero et al. (2001) describe post-NAFTA trends in the Chihuahuan timber 

industry, which include increased harvest of pine and small pulpwood material, increased 

number of small mills, but consolidation of the industry as a whole into two major 

multinational firms (COPAMEX and GIDUSA). Changes were not so much due to 

dropping of minimal forest product tariffs (0-15%), but due to product markets and 

general neoliberal policies associated with NAFTA, including domestic economic 

conditions (increase in value of peso), deregulation in forestry law, and industry 

consolidation. Much of their report is centered near Copper Canyon, but still applies to 

the Rio Gavilan area.  

Despite periodic efforts to the contrary by Cardenas, Beltran, and Halffter, 

historic marginalization of Mexican campesinos continues to be a problem in forest 



 84

operations (Klooster 1996). Profits are poorly distributed and, along with corruption, can 

increase illegal logging. One owner of a 100-hectare parcel on the main road to the Rio 

Gavilan has to maintain a caretaker on the property to keep his large pines from being 

logged illegally.  

“Cazicazgo” refers to a social system that ensures profits by a few who control 

timber harvest associated with ejidos. Reinforced by networks in the PRI political party, 

the system takes profits away from ejidos. It was recently been under threat with the 

increased power of the PAN party in 2000, but it has adapted and is still in operation  

(Guerrero et al. 2001).  

Most lumbering in the Rio Gavilan in the past fifty years has taken place on Ejido 

Largo-Madera, since commercial species such as Chihuahuan, Mexican white, Arizona, 

and ponderosa pine grow more easily on its high-elevation lands. Depletion of the 

merchantable pine resource on other private and ejido lands with a higher oak component 

has resulted in logging of oaks at lower elevations near Mesa Tres Rios.  

Guerreo et al. (2001) suggest further reform of forestry law to provide greater 

accountability at the local level, more appropriate fines, and consistent enforcement.  

They also suggest further studies that define: deforestation areas and rates; degree of 

management plan compliance; impacts on biodiversity, soil erosion, and water quality; 

sustainable harvest rates; impact on traditional farming, and needs for protected areas. 

President Vicente Fox is attempting to both reform corruption and increase trade 

to interior Mexico, but PRI is regaining power in Chihuahua. NAFTA-related monitoring 

is weak. As Klooster (2000) points out, even if new parties or institutions exist, much 

depends on the culture (or lack) of corruption in which they are imbedded.  
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CHAPTER 6 

CURRENT STATUS - LITERATURE, FIELD VISITS 

Despite logging and grazing since Leopold’s 1936-1938 visits, the Rio Gavilan is 

still a very remote mountain locale. Most roads require high clearance, and only a handful 

of small settlements such as Garcia and Pacheco ring the 600 square mile (1500 sq. km) 

watershed. Lumbering and ranching are still the main economic activities in the Gavilan. 

The headwaters of the Gavilan contain the northern tip of Ejido Largo-Madera, 

the largest landowner in the watershed. Ejidos are lands jointly owned by communities, 

set up after the 1910 Mexican Revolution. Some ejidos are undergoing privatization of 

parcels to enhance efficient land use. Approximately 70% of forest land in Chihuahua is 

under this ownership, 20% is under private ownership (including forest product 

companies) and only 4% is under government ownership (AMPF pers comm.).  

A recent study of Ejido El Largo-Madera indicated that landowners (ejiditarios): 

worry about dependence on forestry (70% depend on it); desire diversified employment 

opportunities; want improved infrastructure (roads); have limited investment ability; are 

94% literate; and want to promote forest health (Garcia et al. 1994).  

Most lumbering has taken place on Ejido Largo-Madera since Leopold’s visit, 

since commercial species such as Chihuahuan, Mexican white, Arizona, and ponderosa 

pine grow more easily on its high-elevation lands.  Large (20-30” diameter) scattered 

pines have been replaced by dense young pines (Bowman 2001, Johnson 2001, Whetten 

1997). Some managed stands resemble the regimented German forests that Leopold 

visited in 1935 (Murietta 1995). 
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Some proportion of lumber from the Rio Gavilan has typically been exported to 

the US. Transportation costs have made it difficult to compete with forests closer to 

Chihuahua markets, so more recently it has been milled and sold in Hermosillo, Sonora. 

Pine trim molding continues to be exported to the US. A temporary moratorium on 

logging permits exists. Additionally, transportation costs from the Rio Gavilan currently 

make logging unprofitable, although this may change with the proposal to pave the 

mountainous road from Casas Grandes to Garcia and El Largo within the next five years  

(Whetten pers. comm. 2003). 

Mid-watershed has seen scattered logging and intensive grazing on moderately 

sized private ranches (2,500-10,000 acres/1,000-4,000 ha each) set in the more open oak-

pine woodlands. Drug trading has subsided from a dangerous high point in the 1980s. 

Most of the Rio Gavilan watershed lies within Municipio Casas Grandes, a county rated 

in the second lowest of five categories in a national index of quality of life. Indicators 

include income, services, and infrastructure (INEGI 1991, CONAPO 1991). 

During the past ten to fifteen years US conservationists continued to occasionally 

visit the Rio Gavilan. Most echoed Leopold’s fascination with numerous Paquime check 

dams, and provide an image of an altered but still remote and recoverable watershed.  

David E. Brown, author of a book on biotic communities of northwestern Mexico, 

visited in 1988 and 1989 and stated the area showed: “less degradation than he (Leopold) 

feared. Ancient trincheras still hold back the soil, and the lack of roads has kept cows 

from overgrazing much of this country” (Leopold 1990). 

Robert Smith, retired U.S. Fish and Wildlife Service biologist, visited the Gavilan 

with Starker Leopold in 1952 and returned again in 1983 and 1990: “(The river) still 
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flows even in the dry season. Its channel has widened and its bed degraded by flash 

floods, but there are a few trout, and if you hadn’t seen it as Aldo Leopold saw it you 

might call it beautiful” (Smith 1996).  

Ethnobotanist Gary Paul Nabhan (1997), writing about his visit to nearby 

foothills, parallels Leopold in suggesting that the Paquime were living in relative 

harmony with the land, perhaps even enhancing its health and diversity through erosion 

control.  

Arny Stonkus, a Seattle stream ecologist, walked the lower half of the main 

Gavilan rivercourse in April 1998. Deep pools were dominated by chub, which have 

replaced most native trout on the mainstem (Stonkus pers. comm.).  

The (U.S.) National Riparian Service Team, based in Prineville, Oregon, visited 

the Rio Gavilan in April 1999. Unlike Stonkus, they found several native trout in the 

mainstem. Despite bedload movement and bank cutting (one to four feet) from increased 

flooding, elements for recovery were present, including riverbank sycamores, native 

grama grass, alluvial soils, and a restricting base to lessen downcutting. The team noted 

severe degradation, but had seen rivers in worse condition in the western U.S. They 

emphasized a landscape, rather than piecemeal, approach to problem-solving (Lunn 

1999).   

Wildlife - Birds 

Many of the species Leopolds noted in the Rio Gavilan had already been 

extirpated or were disappearing from the U.S. Southwest (Table 2). Brown and Davis 

(1995) found more than half of U.S. Southwest bird and mammal species still thriving 

since 1890 had ecological centers across the border in Mexico.  



 88

Thick-billed parrots (Rhynchopsitta pachyrhyncha) reach their northern limit just 

over the border in Arizona and New Mexico. it is uncertain whether breeding or merely 

feeding populations were established in the U.S. This is also a question regarding the 

range of the jaguar. Snyder et al. (1999) believe the parrot may have been breeding in the 

U.S. Most early sightings were not recorded by biologists in search of nests. Their 

decline in the U.S. decline has been attributed to shooting. Until a rare sighting in New 

Mexico in 2003, the last U.S. sightings were in Chiricahua National Monument in 

southeastern Arizona in 1938 and the Animas Mountains in southwestern New Mexico in 

1964 (Snyder et al. 1999). 

Leopold was particularly enamored with these parrots, calling them the 

“numenon,” or essence (representative species) of the Sierra Madre. He encountered 

eighty-seven parrots during an eight-day visit to the Rio Gavilan in 1937. Only eight 

parrots were seen there over the same time period in 1998, near Parrot Falls where 

Snyder et al. (1999) report that “thousands” flocked to bathe in the first half of the 

twentieth century. Lammertink and Otto (1997) recommend using Parrot Falls as a site to 

educate tourists and locals.  

Snyder et al. (1999) note historical parrot decline in Mexico associated with 

logging of over 99 percent of the critical nesting habitat, old-growth forest containing 

dead trees over 2,400 meters (7,872 feet) in elevation.  

The northern tributary of El Oro contains the only known nest site in the Gavilan 

watershed, yet several significant nest sites surround the area. A recent 15-year trial 

agreement was made to protect the largest remaining nest site at Ejido Tutuaca, northwest 

of Chihuahua City. Economic alternatives to logging are being developed for the ejido 
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residents (McDonnell and Vacariu 2000, Norris 2001). Another large nest site lies at 

Mesa Las Guacamajas, in the Sierra Madre west of Janos, within 80 kilometers of the 

U.S. border. This site is more amenable to purchase as a conservation reserve than Ejido 

Tutuaca, as only one family would be displaced or reemployed (List pers. comm.).   

Some parrot nesting sites are open to logging, some are protected by law, while 

others are so remote that logging roads are infeasible. One relatively unexplored potential 

is to create sufficient dead trees so thick-billed parrots can nest in selectively logged areas 

over a broader landscape (Snyder et al. 1999). Other limiting factors include capture for 

the pet trade and shooting, the likely cause of extirpation from the U.S., and still a 

problem in Mexico (Lammertink and Otto 1997). There is some chance road 

improvement plans may further modernize the backcountry and, although not an 

immediate risk, eventually threaten the remote nest sites through legal or illegal logging.  

A female imperial woodpecker (Campephilus imperialis) was sighted in the Sierra 

Tabaco range, located to the northwest of the Rio Gavilan, in 1990 and 1993. The species 

is sadly now thought to be extinct (Lammertink and Otto 1997). 
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Wildlife - Mammals 

The Leopolds did not encounter grizzly bears (Ursus horribilis), which were 

extirpated from New Mexico by 1931, and from the Southwest by 1935 (Katsumatu 

1999). Brand (1933) indicates that the “smallest of all the grizzlies, range over the entire 

Sierra Madre area.” Other reports indicate they were removed from portions of the Sierra 

Madre by the 1930s (Leopold, A. S. 1958). Locals still refer to a site in the heart of the 

Gavilan where a Mormon cowboy was killed by a grizzly in 1902 (Heywood 1998). 

Grizzlies were still seen in northwestern Chihuahua as late as 1973, in the Sierra 

del Nido northwest of Chihuahua City, where eight were poisoned by ranchers (Villa 

Ramirez 1977). Interviews with Sierra del Nido ranchers in the 1960s indicate that 

wealthier ranchers were more tolerant of the grizzlies (Leopold, A. S. 1963).   

Aldo and Starker saw numerous sign of wolves. The Mexican gray wolf (Canis 

lupus) was extirpated from the United States by the mid-1920s (FWS 2002). Wolves 

were seen in the Sierra Madre Occidental as late as the 1980s, with later unconfirmed 

reports. Professional trappers in the U.S., and poison in both regions, were the main 

downfalls of the grizzly and wolf. A trapper was once kept on duty along the Peloncillo 

and Animas Mountains of southwestern New Mexico to kill wolves migrating north from 

Mexico. Export of Compound 1080 to Mexico became especially effective after the 

1950s. US Fish and Wildlife officials estimated only thirty gray wolves remained in 

northern Mexico by 1981 (Simonian 1995). Mormon backcountry guide Keith Bowman 

(2000) notes:  
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The last time we saw a wolf was in August 1984. My family and I had just crossed 
the Gavilan River at Las Amarillas and were starting to climb out to the top of the 
Blue when just ahead of us about fifty yards away, a big beautiful wolf appeared in 
the road. We stopped and sat in wonder at his beauty and dignity. He stood watching 
us for about ten minutes then unhurriedly trotted off down toward the Gavilan river 
going north. 
 

Some believe a wolf or two may still roam the Sierra Madre Occidental. A 

sighting of possible wolf scat, tracks, and fur was made in 1999 near Mesa Tres Rios on 

the Chihuahua-Sonora border. Lab analysis has yet to be made regarding the samples 

(List pers.comm.).  

Coyotes (Canis latrans) have, as Leopold observed in the wolfless U.S. 

Southwest, become abundant. One elderly rancher, though other local views may differ, 

parallels Leopold today (Bowman pers. comm.):   

Before the wolf was killed off we never saw or even heard a coyote in the higher 
mountains...coyotes killed one of the early calves last week...I have seen the turkeys 
stay in the trees for hours after daylight because coyotes were waiting for them to fly 
out...people who live in the mountains are constantly losing their chickens...they 
can’t depend on their dogs because the coyotes will lure them away from the house 
and kill them...you very rarely see a wolf even when they have a good 
population...we need to bring back the wolf. 
 

Although not native to the Rio Gavilan, a Great Plains mammal with an important 

refuge at nearby Janos, Chihuahua is the black-tailed prairie dog (Cynomys ludovicianus). 

Oakes (2000) refers to the local population as the subspecies Arizona black-tailed prairie 

dog. Permanent settlement in the US brought private and government eradication through 

flooding, plowing, and poison, due to perceived competition with livestock. In terms of 

animal numbers the black-tailed prairie dog rivals the passenger pigeon as one of the 

most astounding stories of extirpation in human history. Accurate population estimates of 

prairie dogs are difficult to make, but Merriam estimated the pre-1900 western U.S. 
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population to be five billion. Its New Mexico habitat was reduced by 99.9 percent  

(Oakes 2000).  

Brand (1933) notes prairie dog decline in Mexico and along the U.S. border: “The 

Arizona prairie dog formerly was very common over the grassy steppe of Chihuahua, but 

at present tends to be localized in the northwestern plains around San Diego, the Llanos 

de Carretas, upper Animas valley, Antelope Wells, and Dog Springs.” Dog Springs is 

located in southern Hidalgo County, New Mexico. 

The largest black-tailed prairie dog colony remaining in North America now lies 

just west of Janos, Chihuahua. The national university UNAM has researched the site’s 

ecology for at least ten years, finding unique associations of grassland birds and 

mammals (List 2000). Black-footed ferrets were reintroduced there in fall of 2001.  

Marce (2001) notes that fragmentation poses a severe risk to this remaining site 

through loss of genetic mixing and the survival problems of small, isolated populations. 

Fragmentation has been caused by ranching from 1988 to 1996, and since then by 

plowing of crop fields, mostly to supply potatoes to a Mexican subsidiary of Frito Lay  

(Marce 2001). Water rights for potato growers were curtailed, but local Mennonites still 

present a threat through plowing. A national protected area is proposed for the site.  

Native Fisheries 

Stream aggradation has pushed habitat for the native Yaqui trout (Oncorhynchus 

sp.) into gorges and several tributaries of the Gavilan (Figure 29). There is a need to 

characterize native trout locations and habitat conditions, as well as life histories 

(Hendrickson et al. 2003). The only research currently focused on these trout showing 

significant genetic differences from northern trout species (Nielsen et al. 1997).  



 93

Behnke (1992) outlines intraspecific genetic characteristics that make retention of 

the integrity of local stocks critical. Non-native fish farms, a common regional economic 

diversification practice, pose the most serious current threat to remaining native trout 

populations through disease and hybridization. One has been installed at the headwaters 

of the Gavilan at El Colorado, where the only known Rio Grande mountain-sucker 

population in the entire Yaqui River basin also resides (Abarca et al. 1995). 

Native trout in the northern Sierra Madre are more recently thought to be a 

separate species native to the Yaqui River system, the headwaters of which extend into 

the upper Bavispe system in northwestern Chihuahua, and into southern Arizona. 

Multiple threats include competition, predation, and hybridization by introduced trout 

such as the rainbow trout and brown trout, habitat loss and degradation, and decreased 

water quality and quantity. These are occurring much later to the Yaqui trout, related to 

logging and ranching expansion starting in the 1950s. More recently non-native rainbow 

trout fish farms have been promoted as rural economic diversification by state offices of 

natural resource agency SEMARNAT, countering species concerns of their national 

office (Hendrickson et al. 2003)  

Severe declines in Gila trout in New Mexico were noted as early as 1923 when 

the first attempts at recovery occurred through hatchery stocks and prohibition of 

stocking with non-natives in Gila trout streams. Leopold (1918) wrote a surprisingly 

early warning against transplanting of trout and mixing of genetic stock. As in the case of 

prairie dogs, the fragility of small, separate populations is shown by Gila trout recovery 

efforts. After years of reestablishment efforts in several different streams, the U.S. Fish 

and Wildlife Service proposed downlisting the Gila trout from endangered to threatened 
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status in 1987. During the public comment period, severe floods and fires eliminated 80-

90 percent of the reestablished populations (Propst 1992).  

In general, many wild life species and ecological processes took about a half-

century longer to be extirpated from Northwest Chihuahua than from the US Southwest, 

due to modernization delayed by Apaches and the Revolution (Table 2).   

Table 2 
Extirpation Dates - U.S. Southwest and NW Chihuahua 

 
 U.S. Southwest (1900) NW Chihuahua (1950) 

Grizzly bear 1935 (0%) 1973 (0%) 
Mexican gray wolf 1970s (<1%) 1984+ (<1%) 
Black-tailed prairie dog 1930s (<1%) Still present (~30%) 
Thick-billed parrot 1938, 1964 (0%)   Still present (~10%)                                    
Native trout Still present  (~10%) Still present (~30%) 
Frequent fire intervals 1900 (restored ~1%) Still present (~20%) 

(1900, 1950) Approximate, respective dates of modern development 
(%) Approximate percentages of original populations remaining 

Ecological Processes 

Observations and interviews with long-time residents indicate that brush has 

increased greatly at two sites, Los Osos and El Perdido, and smaller, dense pines have 

replaced open, large pines at higher elevations (Bowman 2001, Whetten 1997). 

Understory grasses are kept short by grazing and do not develop deep root systems to 

increase infiltration and reduce erosion. Wildfires are suppressed by ranchers, grazing 

reduces fuels to carry low-intensity fire, brush is allowed to increase, and no policy is 

implemented to maintain frequent, low-intensity fire. 

Despite this encroachment of modernization similar to the U.S. Southwest, 

processes of ecosystem health still remain on the Mexican side of the ecosystem. A rough 

estimate is that approximately twenty percent of the Sierra Madre Occidental, unlike the 
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southwestern U.S., still contains frequent, low-intensity fire regimes. Fule and Covington 

(1994) investigated forest structure where these fire regimes still remain in Durango. 

Lower elevation desert grasslands were degraded much earlier, as Leopold (1937) 

noted on his trips to the Sierra Madre. Brand (1933) indicates Spanish grazing started 

with outpost establishment in 1667 and increased after an Indian rebellion subsided in 

1696, and again in the early 1800s. This is relatively close to the time grazing was 

introduced to lower grasslands in New Mexico. The Chihuahuan Desert, which extends 

into New Mexico and West Texas, is now considered an endangered ecosystem. It is an 

area of special focus for the World Wildlife Fund (2001), due to water withdrawals, 

desertification, and threatened species.  

One of Leopold’s biggest conservation concerns was excessive erosion (Leopold 

1937). He and Starker communicated regularly with William Vogt, conservation director 

of the Pan American Union. Vogt authored an influential book at the same time as 

Leopold, Road to Survival (1948), which expressed major concerns over trends in soil 

erosion and human population growth.  

Starker (Leopold Papers 1945) wrote his father with concern over how much this 

seemed to affect Bill Vogt: “Bill is obsessed with the idea that Latin America is all 

eroding away into the sea (which it definitely is) and that not a moment should be lost in 

bringing this to the attention of the various authorities in each country.” Leopold 

(Leopold Papers 1945) replied: “I can remember the perpetual feeling of attending a 

funeral which beset me when I first became erosion conscious in S.W. I guess this is what 

is now happening to Bill.”   
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The high point of erosion in the Rio Gavilan backcountry has subsided from 

construction of logging roads that now network over most of the watershed. Some are 

merely widened horse tracks, abandoned without erosion control measures, or paralleled 

by deep gullies. Yarding of logs occurred up and down stream courses in some cases. 

Grazing also still contributes to erosion, although stocking rates are not unusually high, 

generally about one head per ten hectares. Forestry and road practices are improving, yet 

funding for restoration and maintenance is limited (Tena Reyes pers. comm.).  

Leopold (1937) also echoed Vogt’s concern with population growth, in this case 

with incoming homesteaders related to land reform. However, Doolittle (pers. comm. 

2000) hypothesizes that the backcountry of the Rio Gavilan probably contains a 

population today similar to what Sauer (1934) estimated it to be at European contact.  

Another process Leopold admired was the frequent natural fire regime. Sierra 

Madre fire suppression efforts lack funding and formal organization. Although residents 

occasionally band together to fight wildfires, and grazing and roads can limit spread of 

lightning fires, the Sierra Madre Occidental offers potential habitat for near-natural fire 

regimes (Fule and Covington 1994). This is another local survey need. A few areas in the 

Gavilan, such as near El Perdido and Mesa El Oso, have undergone conversion to thick 

oak brushfields through pine logging and fire suppression (Whetten 1997). 

Marshall (1957) referred to increasing juniper growth from fire suppression as far 

back as 1955. Dense stocking of junipers, observed in parts of the Gavilan, have been 

known to use 11” of 15” of rainfall in a similar environment in eastern Oregon 

(Eddleman and Miller 1991). Juniper removal can enhance rangeland productivity. Thus 
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low-intensity wildland fires may be locally desired to simultaneously improve economic 

and land health (Alanis-Morales 1996).  

The National Riparian Service Team held a workshop in April 1999 in Casas 

Grandes, emphasizing assessment and restoration of proper functioning conditions of 

streams (Prichard 1998). Not far from the site of Clarence Lunt’s home where Leopold 

started his pack trips, one rancher is implementing their recommendations, removing 

juniper and fencing livestock from his creek during the first part of the growing season. 

This will allows successional stages to build soil, retain water, and increase productivity. 

This offers potential as a demonstration area for other ranchers. Another rancher with 

5,000 hectares containing much of Leopold’s route and one of his campsites is also 

interested in combining these practices with limited ecotourism.  

 

Figure 29 – Before and after conditions of riverbed near campsite.  
Before (top) photograph from Leopold Papers, 9/25/10-7, Box 2. 

Used with permission of the University of Wisconsin – Madison Archives. 
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CHAPTER 7 

CONSERVATION CONCEPTS AND STRATEGIES 

Land Health 

Assessing the current status of land health in the Rio Gavilan requires first an 

understanding of the term land health. Leopold used the concept repeatedly from 1938-

48. Leopold scholar J. Baird Callicott (1999, pp. 333-345) elaborates on Leopold’s 

concept of land health. Callicott focuses on two main essays, “Wilderness as a Land 

Laboratory” (Leopold 1941), and “Conservation: In Whole or In Part” (Leopold 1991). 

Callicott points out that, for Leopold, land health was “the capacity of the land for 

self-renewal,” but that was not yet scientifically defined in 1941. Leopold noted 

symptoms obvious to conservationists, such as “soil erosion and loss of fertility, 

hydrological abnormalities, and the occasional irruptions of some species and the 

mysterious local extinctions of others” (Callicott 1999, p. 339).  

The beauty of Leopold’s land health concept lies, according to Callicott (1999, p. 

334), in its multiple values: intrinsic (independent of humans), instrumental (based on 

humans), and objective (specifiable in principle). Thus it has potential to avoid the 

fact/value separation Leopold (1940) lamented in “Song of the Gavilan.” 

Where Callicott emphasizes that Leopold’s land health is tied to integrity of the 

biotic community, based on the diversity-stability hypothesis, Leopold is less explicit 

about this. His primary concern, again, is a “state of vigorous self-renewal.”  Callicott is 

careful to point out Leopold’s repeatedly qualified, rather than absolute, statements about 

ecosystem stability and integrity and the theory of land as an organism. Thus Leopold’s 
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philosophy can be seen as inclusive of today’s emphasis in ecology on chaotic, dynamic 

systems (Callicott 1996).  

Although Leopold was a great proponent of wilderness, “he devoted himself 

primarily to the conservation of humanly occupied and used ecosystems.” (Callicott 

1999, p. 344). Mixing a degree of wildness with utility was “a more important and 

complex task,” for Leopold (1991, p. 227). He noted “the art of land doctoring is being 

practiced with vigor, but the science of land health is a job for the future” (Leopold 

1941). 

Land health can have fuzzy boundaries, defined by the unique perception of the 

beholder - Leopold’s could be different from that of local citizens. McCullough (1999), 

in providing one of the most comprehensive critiques of the Leopold legend, suggests 

that land health is based more on values than science. Philosopher Merleau-Ponty (1962) 

reinforced this notion of the uniqueness of perception. Merleau-Ponty also sought to 

break down the dual aspects of man and nature, perceiver and object. 

C. S. “Buzz” Holling (1986) is one of the best-known researchers of ecosystem 

thresholds and resilience, or “capacity for self-renewal.” The Houghton-Mifflin (2002) 

dictionary defines resilience as: “the ability to recover quickly from illness, change, or 

misfortune;” and stability as:  “the ability of an object, such as a ship or aircraft, to 

maintain equilibrium or resume its original, upright position after displacement, as by the 

sea or strong winds.” 

 Holling sees an important distinction between resilience and stability, criticizing 

researchers such as Clements who define resilience as how quickly an organism or 

ecosystem returns to its previous, stable equilibrium. Holling (1986, p. 297) states that 
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resilience “emphasizes the boundary of a stability domain and events far from 

equilibrium, high variability, and adaptation to change.” Holling emphasizes dynamic, 

not steady-state, equilibriums in ecology, similar to those cited in Callicott (1996). 

Leopold himself used the term “dynamic equilibrium.”  

Holling (1986, p. 311) notes problems with control of natural fluctuations that 

result in surprising, more intense disturbances later on. Examples given include forest fire 

control and continuous, moderate cattle grazing that depletes resilient forage species:  

In short, the biophysical environment became more fragile and more dependent on 
vigilance and error- free management at a time when greater dependencies had 
developed in the socioeconomic and institutional environment. The ecosystems 
simplified into less resilient ones as a consequence of man’s success in reducing 
variability. 

 
Holling (1986, p. 314) emphasizes soil processes as key to facilitating renewal in 

temperate systems, but recommends local research into other holding processes at the 

boundary of ecosystem variability. These are components of the ecosystem that keep it 

from jumping past a threshold into another state of degradation or change that makes it 

difficult to return to the previous state. Examples in the Rio Gavilan would be mature 

riverside sycamores critical to bank stability, and the bedrock channel that prevents 

further downcutting (Lunn 1999). 

Holling (1986, pp. 313-14) urges linking socioeconomic time frames with 

ecological time frames. He suggests institutiona l change occurs at 20-30 year intervals, 

the length of a career.  If an ecological problem develops in less than that time, it can be 

more difficult to fix with a paradigm shift. He recommends comparative research into 

anticipation, monitoring and adaptation in different biomes. 

Adaptive Ecosystem Management 
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Holling (1978) thus suggests a paradigm of adaptive management, in which 

research and planning continually changes in response to ecosystem dynamics, research 

results, and site-specific conditions. 

Klooster (2002) highlights problems Mexican (Michoacan) forestry institutions 

have addressing changing ecosystems and objectives. He identifies issues with local 

knowledge (high-grading the best pines and cutting resprouting oaks, thus leaving 

inferior pines and promoting oak dominance) and scientific forestry (focus on industrial 

pine, poor oak growth estimates, lack of land control, and poor monitoring). Barriers to 

change included lack of motivation – campesinos wanting unrestricted access and 

foresters only being successful when a common foe was realized – and use of land by 

encroaching outsiders. Klooster recommends community-based adaptive management 

and monitoring, with events such as “walking transects” including conversations evenly 

dominated by foresters and community members in a spirit of rural community appraisal: 

This analysis recommends cross- learning between scientific resource managers and 
woodcutters, participatory environmental monitoring to assess the results of different 
cutting techniques, and explicit management experiments to facilitate institutional 
learning at the community level. This kind of adaptive management approach 
permits the flexible integration of local knowledge, scientific forestry, and 
appropriate institutional parameters to modulate human needs and goals with the 
discordant harmonies of inhabited and heavily-used forests in a constant state of flux 
under processes of succession, disturbance, and spatial variation.  

 
Though the Michoacan study area receives more communal (ejido) forest use, 

these issues also exist in the Rio Gavilan area, where: 1) some lower and middle 

elevations are converted to oak dominance through high-grading of pine; 2) recent 

moratoriums on cutting green trees conflict with a need to remove juniper and excess 

oaks to release water and increase rangeland productivity. Ranchers are still negotiating 
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permits to circumvent this latter bureaucratic rule. Ejidos have challenged local ranchers 

over land rights. Theft of merchantable standing pine can occur without frequent patrols.  

Meffe et al. (2002) outline ecosystem management as an adaptive process fitting 

forestry, grazing, and other management plans within the boundaries of the natural 

variability of ecosystems. Holling and Meffe (1996) describe the “pathology” of natural 

resource management that results from excessive control of natural variability. Examples 

are total fire suppression and channelization of floodplains. The Malpai Borderlands 

Group, comprised of ranchers and government agencies, is given as a successful example 

of collaborative adaptive management. It is located approxiately eighty miles from the 

Rio Gavilan at the borders of Arizona, New Mexico, Sonora, and Chihuahua (McDonald 

2002). Information exchange with Rio Gavilan ranchers is warranted.  

Johnson et al. (1999) describe a movement away from single species crisis 

management to managing ecosystems in the context of bioregional assessments. Criteria 

for socioeconomic resilience include social capital, the ability of communities to adapt to 

problems through skills sets, networking, and cooperation.  

Franklin (1993) also urges a movement towards managing ecosystems instead of 

single species. He claims that many more species exist in the soil and forest canopy than 

we realize, and intensive management in the landscape “matrix” is destroying this 

biodiversity. Thus a different kind of management is needed across a large scale of 

working lands, one that mimicks natural disturbance processes. 

Griffin (2002) recently conducted a geographic analysis of biodiversity in wild 

and working landscapes throughout North and South America. Griffin summarizes:   
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North America’s remaining wild landscapes have played an important role in 
allowing species to avoid extinction. But they also indicate that the extensive-use 
rural areas - those landscapes still relatively unpopulated and not radically 
transformed - may be just as important, if only because they are more common 
than high-quality wilderness. The habitats they provide may be especially 
important in the highly fragmented landscapes of Mexico and Central America. 
  

Ecosystem Health 

The current equivalent of the land health paradigm is ecosystem health, developed 

by David Rapport at the University of Guelph in Ontario, Canada, where the journal 

Ecosystem Health is published. Rapport et al. (1998) emphasize transdisciplinary, 

qualitative research, and the importance of mesoscale processes to ecosystem health.  

Recommendations for rural ecosystem health include revaluing of traditional 

production strategies such as diverse cropping, rural cooperatives, and artisans instead of 

reliance on mere subsidies (Rapport et al. 1998, p. 72). Traditional agriculture has 

developed resilience over centuries, yet practices are overwhelmed by modern markets 

and control by a relative few. Tighter coupling of culture with habitat is needed, thus 

transdisciplinary approaches are needed that communicate across disciplinary lines such 

as economic development, natural resource policy, and international trade policy.  

Problem-solving is seen as complex but mathematical equations are not 

necessarily tied to understanding of ecological processes. Qualitative research can 

include values not measurable, use different formats, and is often less expensive. 

Measurements should help calculate more than one indicator, such as rangeland cover, 

which can be used to assess both productivity and resistance to erosion. A wide gradient 

should be selected (healthy to unhealthy) to calibrate parameters (Rapport et al. 1998).  
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Cultural Ecology  

(Leopold’s Research Proposal to Sauer) 

Research on the dynamic relations in a nature-culture hybrid could be likened to 

the non-reductionist, relational harmony between soil, water, plants, and animals that 

Leopold (1938) sought to research in collaboration with Carl O. Sauer and others. 

Geographer Sauer, like Leopold one of the major “founding fathers” of his field in the 

US, stressed research on long-term relationships of nature and culture at particular sites 

(Speth 1999, West 1979). 

Other than the December 29, 1938 letter from Leopold to Sauer proposing Sierra 

Madre research (Leopold Papers), the only correspondence on file between Sauer and 

Leopold is a November 23, 1938 letter of thanks for Leopold’s approving review of 

Sauer’s paper, “Theme of Plant and Animal Destruction in Economic History, 

Presidential Address given at 8th Social Science Research Conference of the Pacific 

Coast, May 24, 1938.” Thus Leopold was aware of Sauer’s “long view of man” when he 

proposed holistic Sierra Madre research in a letter one month later.  

Further correspondence between them may have existed but has not been located 

on file. Sauer scholar William Speth (pers. comm., 2001) speculates that Sauer did not 

follow up on Leopold’s proposal for precisely that reason: Sauer was interested in broad, 

human ecology rather than just natural ecology as described by Leopold; he may also 

have thought Brand’s 1933 dissertation was sufficient; other reasons could be Sauer’s 

interest in work with junior authors and students rather than senior colleagues and peers; 

or his declining role in field work.  
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West (1979) indicates that Sauer returned to Mexico in 1938 and 1939. 

Aboriginal agriculture and plant domestication were his main interests. The closest Sauer 

came to the Rio Gavilan was during part of a 1928 trip to northeastern Sonora, during 

which in late June he travelled by horseback up the Bavispe River from the American-run 

El Tigre mine to the former Jesuit mission town of Huachinera, located approximately 

twenty miles north of the confluence of the Gavilan and Bavispe Rivers, at the 

northeastern edge of the former Opata territory (West 1979). 

No publications arose from this trip, but his field notes reflected his interest in 

geomorphology at that time. Sauer also travelled through Casas Grandes by train in 1933. 

During this trip he did important archival work in Chihuahua City and Parral, resulting in 

his publication on aboriginal populations at the time of contact (Sauer 1935).  

Sauer scholar Martin Kenzer (pers. comm. 2000) suggested Sauer may not have 

responded to Leopold’s 1938 letter due to his soil erosion assignment, but West (1979) 

indicates this occurred earlier, namely, in 1934-36. In 1947, Sauer crossed the border at 

Antelope Wells, New Mexico looking for evidence of early man in dry lakebeds, finding 

a possible site, and then driving through Casas Grandes to Chihuahua City (West 1979). 

Leopold proposed to compare the ecology of unmodified watersheds of the 

northern Sierra Madre to altered ones in the American Southwest. He primarily wanted to 

research soil-water-streamflow relationships, but also the interrelationships of predator-

prey, determination of vegetation by animals, and their role in biotic “equilibrium.” 

Specific species included in the letter were wolf-coyote-deer, the imperial woodpecker, 

thick-billed parrot, and Merriam turkey (Leopold Papers 1938). Sauer’s cultural ecology 
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research, including humans, would have made for an interesting investigation into a land 

that Leopold (1937) wrote was in “perfect aboriginal health.” 

This dissertation research makes a partial attempt to look at long-term land-

culture relations that can help assess historical ecosystem dynamics. Examples are 

various intensities of Spanish grazing, Apache burning, and Mormon logging compared 

to intensity of the last fifty years of land practices.   

Interdisciplinary/Intercultural Research 

Leopold (1940) noted in “Song of the Gavilan” problems with environmental 

work that is not interdisciplinary, leading to excessive reductionism and poor 

understanding of interrelatedness.  

There are men charged with the duty of examining the construction of the plants, 
animals, and soils which are the instruments of the great orchestra. These men are 
called professors. Each selects one instrument and spends his life taking it apart 
and describing its strings and sounding boards. This process of dismemberment is 
called research. The place for dismemberment is called a university. 

 
A professor may pluck the strings of his own instrument, but never that of 
another, and if he listens to music he must never admit it to his fellows or to his 
students. For all are restrained by an iron taboo which decrees that the 
construction of instruments is the domain of science, while the detection of 
harmony is the domain of poets.  

 
Leopold goes on to a philosophy of science touched by sarcasm:  

Science contributes moral as well as material blessings to the world. Its great 
moral consideration is objectivity, or the scientific point of view. This means 
doubting everything except facts; it means hewing to the facts, let the chips fall 
where they may. One of the facts hewn to by science is that every river needs 
more people, and all people need more inventions, and hence more science; the 
good life depends on the indefinite extension of this chain of logic. That the good 
life on any river may likewise depend on the perception of its music, and the 
preservation of some music to perceive, is a form of doubt not yet entertained by 
science. 
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Rosa and Machlis (2002) echo Leopold more than sixty years later in a look at 

problems with boundaries of two subdisciplines within sociology, namely environmental 

sociology and the sociology of natural resources. They cite Veblen’s 1921 notion of 

“trained incapacities” of businessmen that does not allow them to think outside of 

commercial profit and loss. They also cite Kuhn’s paradigm concept and Foucault’s 

notion of disciplines as loci of power, both of which confine thought.  

Rosa and Machlis give examples of environmental sociology, which is largely 

theoretical and often has a national, societal, or global level of analysis, and the sociology 

of natural resources, which stresses rural/nonmetropolitan topics, is related to local use of 

primary resources, and has direct management application.  They point out two 1998 

studies on resource degradation that could have benefitted from each other’s information 

and approaches, one macro, the other micro.  

Rosa and Machlis suggest as a solution a post-normal “life science” approach, 

which follows the “human ecosystem” research concept promoted recently by Machlis, 

Pickett, and others to merge environmental sociology and the sociology of natural 

resources.  

Bruno Latour (1993, 1999) analyzes the resistance from scientists to outside 

analysis of their disciplines: only scientists should supposedly discuss science. This 

resistance occurred in Mexican conservation with Beltran’s criticism of “instant 

ecologists” (Chapter 5). Latour compares the situation with politics, and asks, what if 

politics was only discussed by politicians?  

Latour explains that the relation between disciplines is not just a mixture of two 

pure forms, but their cooperation translates into a hybrid.  He addresses the dangers of 



 108

reductionism (p. 116). Latour (1999, p. 70) notes gains but also losses in the reductionist 

scientific process that categorizes nature. This resembles the main, anti- reductionist thrust 

of Leopold’s essay “Song of the Gavilan,” published fifty years earlier (Leopold 1949, p. 

153).  

Latour (p. 84) agrees with Leopold in that science (and technology, p. 114) should 

not be seen as separate from culture and politics. He sees research as not a static middle 

ground of interpretation between people and nature, but an area of “circulating reference” 

back and forth between the intertwined worlds. Latour distinguishes between science and 

research, and sees research as more collective and open-ended. Klaver et al. (2002) 

emphasize a similar, dynamic and pluralistic approach within environmental ethics that 

downplays any one set of ethical rules. 

Star and Griesemer (1989) give an example of hybrid “boundary objects” as 

important strategies to deal with interdisciplinary work. Boundary objects increase the 

ownership of multiple stakeholders such as professional scientists, amateur naturalists, 

patrons, hired hands, and administrators.  

Star and Griesemer expand on Latour’s concept of interessement, in which 

scientists re-interpret non-scientists’ (allies) concerns to fit their programmatic goals. 

Interessement has an obligatory passage point with the scientist as gatekeeper. Star and 

Griesemer acknowledge it is not just a case of translation from non-scientist to scientist. 

There are diverse, intersecting social worlds at play, and thus many passage points and 

places in need of translation.   

Boundary objects facilitate these passages; they are plastic enough to adapt to 

local needs of various social worlds, yet robust enough to maintain a common identity (as 
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a means of translation) across worlds. They are weakly structured in common use, but 

strongly structured in individual site use.  

Their example is the Museum of Vertebrate Zoology at the University of 

California at Berkeley. The two common shared goals of the Museum’s different social 

worlds were: conserving California’s nature; and making an orderly array out of natural 

variety. Their boundary objects appear as representations of nature and include particular 

specimens, field notes, museums, and maps of particular territories. Star and Griesemer 

identify four types of boundary objects: repositories (museums); ideal type (species); 

coincident boundaries (state of California); and standardized forms (collecting forms).  

Such work is important in environmental issues and environmental science 

because of the increasing need for partnerships in collaborative work. As stated by Rosa 

and Machlis, the intersection of humans and nature is increasingly important. Most of the 

world is inhabited and impacted by humans so solving problems related to this 

geographic scope necessitates working with the different social worlds involved.  

In the case of Mexico’s Rio Gavilan, shared goals include preservation of cultural 

and natural history and economic survival. Boundary objects might be land parcels (ejido, 

ranch), historical sites (Paquime, Apaches, revolutionary, Mormon, family), land health 

(open productive grassland, moderate flooding and fires), and heritage and nature 

tourism. Ecological understanding can be enhanced by focusing on these objects of 

mutual interest, the specifics of which play out differently for each group. 

Top-down versus Bottom-up Research 

There is a widespread legacy of relying on scientific “experts” in natural resource 

planning and decision-making. This can be traced backed to Gifford Pinchot’s model of 
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forestry developed during Progressivism in the late 1800s (Hays 1959). Its legacy can be 

seen in Mexico with the attitudes such as that of Enrique Beltran (Chapter 5). It has also 

followed into problematic, top-down Sierra Madre development projects such as the 

recent World Bank timber project and Interamerican Bank tourism project, both centered 

to the south near Copper Canyon. 

Many research pitfalls can be avoided by following Gonzalo Halffter’s biosphere 

reserve model of the 1970s and 80s. Research should meet local needs, not be designed 

separately in a top-down format. President Lazaro Cardenas’ 1930s emphasis on small 

projects is a good example of this bottom-up approach. Diversifying and increasing 

productivity per hectare are key processes for this. Halffter’s approach was followed by 

United Nations Bosque Modelo (Model Forest) project centered near Copper Canyon at 

Creel, in which Canadian and Mexican researchers were leaders. The project has 

reportedly changed back to a primary focus on timber since the late 1990s. 

The problem of measuring, maintaining, and restoring land health in the Rio 

Gavilan has local significance. Local residents were largely unaware of these visits by a 

leading conservationist and the special qualities their area had for him. Highlighting the 

issue adds to local heritage value, enriched by successive Paquime, Spanish, Apache, 

Mormon, Mexican revolutionary, Mennonite, and Mestizo cultures. Local residents are 

also interested in increasing land productivity, diversifying their economy, and enhancing 

the land’s ability to store water in droughts; issues included in a broad definition of land 

health. Questions on land health are included in citizen surveys and oral histories.  

Prioritization 
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Johnson et al. (1999) describe bioregional assessments that help prioritize 

management within the “big picture.”  Case studies with regional habitat issues similar to 

the northern Sierra Madre Occidental include the Interior Columbia Basin Ecosystem 

Management Project and the Sierra Nevada Ecosystem, both dealing with serious forest 

health issues brought on by fire suppression.  One of the main concepts of the book is to 

manage for resilience by addressing multiple processes and scales.  

The Nature Conservancy (TNC) works around the world, including northwestern 

Chihuahua. They have altered their strategy in recent years to also look at the “big 

picture,” rather than focus on conservation purchase of relatively small parcels. TNC’s 

conservation strategy is based on “Conservation by Design.” The strategy scales up from 

functional conservation areas to “portfolios” (a set of functional conservation areas) to 

ecoregions. The goal is not only to conserve species and biodiversity at risk, but other 

biotic communities within the region.  

TNC sets priorities within the nearby Sonoran Desert ecoregion by: a) Identifying 

Conservation Targets – 353 species, 78 communities, all native fishes; b) Gathering 

Information – existing data, convening local experts; c) Setting Goals – conserving rare 

species, representative communities, native fish, critical migratory and nesting habitat; d) 

Assessing Viability – exclude areas with incompatible land uses, capture ecological 

gradients and adjacent complementary habitats (such as riparian areas adjacent to riverine 

systems containing fish targets); e) Assembling Portfolios - conservation areas range  

from about 500 acres to over 5 million acres, together covering about 42 percent of the 

ecoregion’s landmass.  
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TNC actions include: buying and managing ecologically important areas; 

negotiating partnerships or conservation easements; training partner organizations; 

education; working with resource-based industries to alter their business practices;  

helping government agencies work together; and regular monitoring of regional 

priorities. The Nature Conservancy increasingly acts behind the scenes as a facilitator to 

help groups accomplish these actions on their own. This is their policy in the Sierra 

Madre Occidental that accompanies a report by Dedina et al. (1998).  

The Wildlands Project published a special issue of Wild Earth (Spring 2000) on 

the “Sky Islands,” highlighting critical conservation areas in northwestern Chihuahua and 

northeastern Sonora (List et al. 2000). Ceballos et al. (1998) do not rate the area high in 

national priorities of mammal conservation, although Ceballos leads research on the 

critical Janos prairie dog colony (List et al. 2000, Marce Santa 2001).  

The Rio Gavilan area is not included in these prioritizations. It holds more 

historical than biological value within regional context, due to Leopold’s visits, yet there 

are important habitats. There is a parrot nest site at the northern end of the watershed 

(Los Azules), and Lammertink and Otto (1997) include the Rio Gavilan in a proposed 

conservation zone, based on a study of surrounding remnant old-growth forest and 

parrots. Native fish refugia are known to occur in tributaries, and fish collections have 

been made in the Rio Gavilan (Abarca et al. 1995, Hendrickson 1980). Additionally, the 

Rio Gavilan area has been proposed as a Mexican National Protected Area due to old 

statutes making it potentially amenable to such designation. Materials on Leopold’s 

legacy have been sent to the national director, former parrot researcher Dr. Ernesto 

Enkerlin Hoeflich, at his request.  
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Preservation 
 

National protected area status not only sets aside preserved parcels but also 

regulates surrounding private land. It may or may not be appropriate for the Rio Gavilan. 

The regulations can be restrictive for landowners, even potentially hindering restoration 

efforts related to juniper/oak reduction and rotational grazing. It could be most valuable 

in the Rio Gavilan through protection of native fish tributaries, parrot sites, and general 

promotion of land health.  

Land purchase is one conservation tool used in preservation. It is proposed locally 

to ensure protection of the Janos prairie dog colony, which is under pressure from 

surrounding Mennonite and potato farmers. Black-footed ferrets were reintroduced here 

from the US in October 2001 by UNAM biologists.  Purchase and establishment of a 

conservation zone in the area west of the Rio Gavilan core area is a primary goal of the 

Northern Jaguar Project, designed to preserve habitat and directly protect jaguars from 

ranchers who eliminate livestock predators.   

Cuatro Cienegas is a set of springs with native pupfish in the border state of 

Coahuila, to the east of Chihuahua. Conservation purchase to preserve this unique area 

ran into problems when land sellers learned that US organizations were involved, and 

raised prices. Efforts are being made to set up a Mexican organization similar to The 

Nature Conservancy that would draw less attention in negotiations.  

Restoration/Rehabilitation 

Callicott et al. (1999) differentiate between restoration, which seeks to bring back 

native communities, and rehabilitation, which seeks to return ecological processes to a 

healthy state. Applications to the Rio Gavilan area such as rotational grazing would 
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involve mostly rehabilitation, as the goal is to return ecological processes that support a 

higher level of rangeland productivity, retention of water on the land, and stream health. 

Rest is a crucial component of rotational grazing.  

Restoration is often a by-product of this, as rangeland in the area often exhibits 

vigorous native vegetation (grama and bluestem grasses, stream willows, etc.) after one 

to three years of rest. If done on a wide scale this can also support restoration of native 

fish, through longer year-round water supply, and native birds, through riparian cover. 

Other opportunities for restoration include: creation of snags (dead trees) for cavity 

nesters, including those at high elevations (over 2300 meters) for thick-billed parrot 

nesting habitat.  

Jordan (2003) describes how restoration can take on more meaning than mere 

environmental practice. He sees restoration as an opportunity to bridge the gap between 

nature and culture, and give a new meaning to the concept of community. Restoration can 

be a reciprocal activity, renewing its participants as well as the land. Jordan goes so far as 

to say that the symbolic “performance” of restoration may even be more important than 

the on-the-ground result. 

Klaver (2002) recently noted the phenomenonological aspect of Leopold’s career 

- his ability to perceive ecological relationships in the field such as Southwest soil 

erosion, and how his career fit into conservation history as an “invitation to restoration.” 

Leopold’s notion of land health can serve as common ground, not only between nature 

and culture, but between different cultures. 
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CHAPTER 8 

DEVELOPMENT CONCEPTS AND STRATEGIES 

Historical Overview 
 

Classical economics was derived from Scottish philosopher Adam Smith (1776) 

and his book Wealth of Nations.  Economics was more a branch of Enlightenment 

philosophy at this time and included inquiry into why nations grow and how the needs of 

lower classes can be met. Smith’s moral philosophy, influenced by his contemporary 

Hume, saw an economy appealing to individuals’ self- interest rather than to altruism and 

benevolence.  Smith’s economic growth depended on capital accumulation, itself derived 

from virtues of frugality and self-command (Peet 1999).  

David Ricardo (1817) reinforced Smith’s notion of free markets, highlighting the 

geographic concept of comparative advantage, where each place builds on its special 

niche in the world economy. Even if one nation dominated trade, if trade increased 

overall, human welfare would increase. John Stuart Mill further reinforced the notion of 

unlimited growth and laissez-faire economics, with some social programs offsetting 

inequalities. The classical capitalistic efficiency paradigm of Smith, Ricardo, and Mill 

still dominates economic development.  It is repeatedly rationalized as the proven 

“solution” (Peet 1999).   

Neoclassical economics changed the focus from overall growth of nations, 

entwined with social issues, to mathematical analysis of efficiency and the role of 

marginal utility. Schumpeter offered an alternative, broader view of economics than 

merely free market promotion, examining entrepreneurism, “creative destruction,” new 
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markets, and innovation within economies that brought significant change. He saw these 

cycles of innovation corresponding to short, medium, and long (Kondratiev) cycles (Peet 

1999).  

Keynes challenged neoclassical economics, especially its notion of voluntary 

unemployment that was tested by the Depression. The crucial economic driver to Keynes 

was investment, specifically the investor’s view of predicted profits vs. interest rate. 

Government could lower interest to increase investment and employment. The free 

market was not always maximizing human well-being.  Deficit spending was seen as a 

tool to improve the economy. The Harrod-Domar model of capitalist instability saw 

savings as the key to spurring innovation, which promoted government intervention in 

several national economies. Solow countered with the role of innovative technology. 

Debates continued among Keynesians on the role of free markets versus intervention 

(Peet 1999).  

A different “development economics” emerged after World War II. The World 

Bank and International Monetary Fund were established at the 1944 Bretton Woods 

meeting. Trade theory created problems with its emphasis on primary versus secondary 

goods. Development economics blended Keynes and neoclassical economics, due to 

different problems in developing nations that included large-scale rural unemployment 

and unique obstacles to industrialization. Decolonization and the cold war brought 

Keynesian state intervention. Sample strategies were: 1) ut ilizing dualistic traditional and 

modern economies and labor pools; 2) promoting domestic savings and investment – 

suggesting an increase from 5% to 12-15%; 3) increasing foreign loans, investment, and 

technical assistance; 4) increasing industrialization to produce goods used by rural 
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people; 5) agricultural improvements such as the green revolution; 6) promoting free 

trade; 7) human resource development; 8) project appraisal through applied welfare 

economics, including shadow prices for developing countries; and 9) development 

policymaking weighing free markets versus state planning (Peet 1999).  

The United Nations Economic Commission for Latin America (ECLA) saw 

problems with an economy dominated by Europe and North America. The ECLA, led by 

Argentine Raul Prebisch, promoted industrialization and trade restrictions which brought 

new problems – neglect of agriculture, low-quality/high-priced goods and entrenched 

foreign capital. Seers saw Keynesian economics as too universalizing – it promoted 

large-scale foreign aid. There was a need for more self-reliance, national strategies, and 

regional trade blocs (Peet 1999). 

A counterrevolution in development theory emerged that swung back towards 

Smith and Ricardo’s free markets over state intervention, led by Harold Johnson at the 

University of Chicago. British economist P. T. Bauer used India as an example of undue 

state control, claiming Keynesian overemphasis on developed nations as a cause of 

poverty. Emerging from this paradigm was neoliberal policy influenced by Milton 

Friedman and others at the University of Chicago. Their policy was implemented by 

Pinochet after overthrowing Allende in Chile. Global rising oil prices and inflation 

further devalued state planning. Conservative governments emerged in the US and UK. 

Neoliberalism was seen as liberal in reducing state control and promoting free trade, 

liberal in concern for affected social classes, and neo in “acceptance of suffering as an 

inevitable consequence of reform...” (Peet 1999). 
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Deepak Lal (UCLA) and Bela Balassa (Johns Hopkins) promoted neoliberalism. 

Lal argued against government redistribution of wealth based on individual liberty, the 

idea that developing countries were not special cases, and that universal rational behavior 

would influence the economy. Balassa promoted initial stages of development: 1) 

industry meeting desires of local consumers through import substitution; and 2) 

manufactured exports then increasing the economy of scale.  He saw problems with 

insular economies in India, Chile, and Uruguay, and correctly predicted manufacturing 

and export growth of less-restricted East Asian nations (Peet 1999). 

Development Critiques 

Peet (1999) provides, along with a history of development theory, a critique of 

development. It has many definitions, but he sees it ideally as a desire for knowledge and 

an effort to make the world better. Peet cites progress in United Nations developer figures 

over the past thirty years: 1) average life expectancy is up 30% , to 63 years; 2) adult 

literacy is up 46%  to 60%; 3) mortality rates for children under five are cut in half; and 

4) rural access to sanitation has doubled. Yet to Peet even the broad United Nations 

Human Development Index is flawed.  

Is there clear progress? Income disparity has increased. Africans consume 20% 

less than 25 years ago – 16% of its population has 80% of its income – 56% of its 

population has 5% of its income (Peet 1999). Criteria are often imposed by developed 

nations and lending institutions, and thus frequently ignore the informal economy, which 

is often led by women.  

Kabeer (1994) elaborates on this marginalization of the female informal economy.  

Leopold’s main theme of “Song of the Gavilan” was the problem with reductionist 
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biological science. Kabeer finds a similar problem with reductionism as Leopold does, 

although her criticism is toward reductionist theories in social science.  

An example is her criticism of cost/benefit analysis. Kabeer claims this 

methodology privileges income and production versus a broader, relational approach 

inclusive of health, housing, clothing, sanitation, dependence, and isolation.  Projects 

would focus on cattle (men’s concern) in place of crops (women’s concern). Poverty lines 

often rule out barter, self-production, and common property as important economic 

resources for women (Kabeer 1994).   

The situation has improved since the 1970s. Before 1975 less than 1% of texts on 

development referred to women. Yet a lot of the inclusion of women’s issues was 

symbolic, with sessions, concerns taken on projects, but little material resources or 

political commitment (Kabeer 1994).   

A conflict occurs between current Foucault- inspired power discourse and site-

specifics of cultures. Academics criticize strategies that emphasize only education and 

training as the primary solution to development, seeing this approach as “treating cancer 

with a band-aid” unless political power issues are addressed. An example of conflict with 

this assessment is African women’s criticism of western women’s development 

strategies, which emphasize inequality as the fundamental issue. The Africans maintained 

that women and men’s issues were fundamentally different (Kabeer 1994).  

Postmodern critiques frequently do not offer solutions or, if they do, promote 

severing ties with traditional development.  Kabeer suggests a more complex strategy 

than disengagement. Capitalism, patriarchy, racism, and underdevelopment are 

interdependent but not the same. Kabeer suggests there is space for a feminist agenda 
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through constantly monitoring and evaluating assumptions, processes, and outcomes. In 

essence, this involves a “reversed reality,” where the view from the oppressed is more 

accurate. Economic growth should be treated as a means, not an end. An example of 

success is the Grameen Bank, which adjusted to site-specific needs of Bangladesh 

women to help self-empower them with access to small loans (Kabeer 1994).  

South Asia has produced a wealth of other prominent thinkers on development. 

Shiva (1988) strongly critiques globalization, specifically the effect of modern agriculture 

and development on peasants, traditional farming, and their links to biodiversity. 

Appadurai (1996) notes that globalization is not purely American or European – 

citing Japanization of Korea, Indonesiazation of Irian Java, etc.  He writes that there is a 

“systematic museumizing” of diverse cultures within nation-states. Appadurai cites 

Meyrowitz (1985) in that current global media results in no sense of place. Locality is a 

historical product. The result for Appadurai is the rhizomic, chaotic, and rootless order 

described by Deleuze and Guattari (1987).  His solution is to see relationships as 

radically contextual. Appadurai (1996) suggests imagining a transnational sustainable 

government versus choosing one over another – a call to break down borders. 

 Nobel Prize winner Amartya Sen from India, probably the best-known recent 

thinker on development, also emphasizes difference, including difference within the 

household. He notes the “absurdity” of relying on the head of the household for data and 

viewpoints (Sen 1984). His key contributions were in: 1) analysis of famine (caused in 

China more by poor information sharing in a non-democratic society than poor 

economics or food shortage); and 2) advocacy of other social factors in economic 

analysis.  
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 Sen is not opposed to globalization, as it can contribute positively, but he sees it 

as counterproductive without a social safety net such as in Western Europe. Sen sees 

many people left with the inability to compete when markets are opened too suddenly and 

other government policies do not simultaneously address other social factors such as 

health issues, land reform, literacy, and microcredit.  Sen sees development 

fundamentally as expansion of freedoms, or choices, that people enjoy in five spheres: 

political, economic, social, transparency, and personal security. These freedoms reinforce 

each other and contribute to higher incomes, better health, and longevity (Sen 1999).  

 Philosopher Nigel Dower, a leader in the International Development Ethics 

Association, addresses inevitable conflict between sustainability and right to 

development. Development equals change and diverse values are associated with what 

changes. Dower suggests acknowledging that not everything can be sustained. Like 

Kabeer and Sen, he thinks the priority should be improvement of general well-being and 

consideration of the basic needs of the poorest (Dower 1992). 

A frequently cited source on globalization is Empire by Hardt and Negri (2000). 

They echo much of Kabeer, Appadurai, and Sen, but also point out that developing 

nations will not advance in the same logical progression from agriculture to industry to 

services as currently developed nations did. Their example is Italy, which moved strongly 

into the service sector before its industrialization was complete. Resistance to 

globalization is important, but the authors don’t see isolation as a viable strategy for 

developing nations. Hardt and Negri also claim that the production of the information 

economy, relying on less production of goods, involves capitalism less reliant on private 

property and more on a type of public commons.  
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Political Ecology 

Blaikie and Brookfield (1987) introduced the term “political ecology” to unearth 

the role of politics and power relations in land degradation. Peet and Watts (1996) built 

on this with an edited anthology Liberation Ecologies: Environment, Development, 

Social Movements. They highlight a Foucauldian postmodern approach, criticizing 

western primacy in development thought. Leopold himself believed in a “logical 

progression” in ethics, promoting a modernist “improvement over time” view criticized 

by the authors. Yet, like Kabeer, they point out the need for practical solutions rather than 

detachment. Even one of their most “detached” cont ributors, Arturo Escobar (1996), 

cautiously suggests new paradigms of ecology and land management:   

… to step outside the traditional space of science by taking seriously the 
continuity between cognizant self and world, between knowledge and the social 
practices that make knowledge possible, might contribute elements to a new 
biology and ecology.  
 
Bebbington (1996) follows with an example of peasants in highland Ecuador  

adopting some conventional western practices to survive in markets, while retaining 

cultural identity through other means. Their “resistance” did not involve total detachment 

from modernity. Bebbington notes the lack of quantitative change brought by postmodern 

critics. Zimmerer (1996) followed with an example of Bolivian soil erosion, with 

campesinos knowledgable about erosion and blaming themselves. NGO efforts to curb 

erosion moved to politics at one point until a middle ground was sought. Site-specifics of 

cases were emphasized throughout the book. 
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Peet and Watts (1996) and Bebbington (1996) have issues with poor 

quantification of difference made by alternative development strategies. Glasmeier and 

Farrigan (2004) also bring this up in relation to community forestry programs.   

Hall (2000) makes an attempt at quantifying sustainable development for Costa 

Rica as a nation, through “biophysical” sustainable development criteria based on Odum 

and others. Neoclassical economics is critiqued and debt is identified as a major issue. 

Hall notes factors such as high costs of soil erosion, energy and fossil fuel use, debt, 

markets, and population demands. Using this total systems approach, along with GIS and 

remote sensing, he sees a truly sustainable economy as unlikely, suggesting that 

sustainability language may even be counterproductive. He does offer suggestions for 

attempts at sustainability, mostly through debt relief and limited population control.  

Sustainable development has many other critics. It is designed to alleviate 

problems through emphasis on long-term cultural and natural values. Yet it can also be 

problematic in that it does not challenge development associated with traditional, 

neoclassical economics and free trade (uneven development, market fluctuations), 

inevitable trade-offs involved in decisions, and the vague, anthropocentric needs of future 

generations (Callicott et al. 1999, Daly 1996, Lele 1996).  

Application of Development Thought in Mexico 

Sauer (1941) aptly describes the “personality” of Mexico:  

Mexico, like most lands in Latin America, has its main and living roots in a deep, 
rich past. The continuity with ages long gone is fundamental in this country. An 
invasion by the modern, Western world is under way, but this conquest will 
remain partial, as earlier did the rude assault of Spanish conquerors upon native 
ways. The American motorcar now does duty in remotest villages, but it is loaded 
with the immemorial goods and persons native to the land. The automobile is 
accepted as a better means of transport, as, centuries earlier, the pack and draft 
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animals brought from Castile were accepted. It and the other machines, however, 
are being adapted to native ways and native needs; they will not dominate or 
replace native culture. 
 
Faust (1998) also notes how Mayans have surprisingly retained elements of their 

long-standing culture within the context of globalization and modern rural development. 

Yet Mexico as a nation exhibits many diverse situations. Although national and 

international politics and trade can influence Mexico to varying degrees, its meaning as a 

nation is defined differently depending on where you are in Mexico, or even in 

Chihuahua.  

Farther north than the indigenous Tarahumara communities of Copper Canyon, 

where globalization can have more impact (Salopek 2000), the boundaries of the US, 

Mexico, and Latin America become more “fractured” (Radcliffe and Westwood 1996). 

This is further the case with the Mormon communities near Casas Grandes, who maintain 

close ties with Arizona and Utah. Salopek (2000) laments any development in 

Tarahumara country, although ecotourism schemes offer a lesser evil than big timber 

projects and influential drug growers.  

Inequalities have dominated the Chihuahuan and Mexican economy for centuries, 

starting with the 12th century Paquime culture with its distinct classes and power 

structures that extended to surrounding villages (Whalen and Minnis 2000).  Robert C. 

West (1949) documented in his Berkeley dissertation the inequalities of class structure of 

the Spanish mining district of Parral, Chihuahua.  Mines formed an important basis for 

the expansion of New Spain and involved exploitation of large numbers of indigenous 

workers (Meyer et al. 2002).  
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Despite independence from Spain in the early 1800s, inequalities continued and 

reached their height with the Porfirio Diaz regime of the late 1800s (Meyer et al. 2002). 

American interests dominated to the point that the Mexican National Railroad was a US 

firm. The Sierra Madre town of Madera was dominated by US lumber firms with little 

regard for reforestation. One landowner, governor Terrazas, owned more than half of the 

state of Chihuahua (Cockroft 1976).  

However, the 1910 Mexican Revolution was a complex one. It was not purely a 

case of lower versus upper class. Cockroft (1976) notes how the revolution formed in San 

Luis Potosi through two types of resistance: 1) lower middle class intellectuals such as 

the Flores Magon brothers, who formed the more militant PLM party; and 2) upper class 

leaders, such as Francisco Madero, who primarily sought to protect their business 

interests and, until the revolution started, tended to compromise more with Diaz officials.  

This eventually led to post-Diaz infighting among revolutionaries. Factions 

changed from moderates to left (radical militants) or right (supporters of the previous 

regime) politics post-Diaz. Military leaders such as Villa and Zapata were on the left, 

Orozco, Obregon and Carranza followed Madero in the middle, and Huerta following 

Diaz on the right. Orozco’s “red flaggers,” aligned with PLM moderates, dominated 

Chihuahua immediately after the revolution in 1912, but later sided with the right after 

conflicts with Madero. Villa started out supporting the moderate Madero, but after 

Madero’s assasination by Huerta, eventually sided with Zapata on the left. Villa and 

Zapata were defeated by moderates Obregon and Carranza in 1915-1916. Carranza 

suppressed strikes before the 1917 Constitution was drafted.  
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This relates to present-day development in Mexico and Chihuahua. It is important 

to know the pre-conditions and objectives of the revolution, as approximately two million 

Mexicans died to create reforms that are still occurring, or are being revised, in various 

stages around the nation. Revolutionary battles occurred in and around Casas Grandes 

and the Rio Gavilan.  

Leopold reached Chihuahua in 1936 as land reforms were beginning to be 

implemented in the Pacheco area. Disputes over land still color local politics. Most 

recently ejidos to the north and south of where Leopold camped made a legal challenge to 

the rights of the ranch owner. Some of the challenge was based on the 1876 law that land 

must be used to be owned. The rancher was merely resting portions of the land during a 

drought and down period in cattle prices. The challenge was met by the rancher but it 

took resources to resolve it.  

Sheridan (1988) documents similar land disputes to the west in Cucurpe, Sonora. 

Almost all of the conditions he describes also occur in Pacheco, Chihuahua, with the 

exception that Sonora had less large holdings in its early colonial history due to Jesuit 

oversight of communal lands. Genocide against the Yaquis (and Apaches) occurred under 

Diaz. Land disputes intensified in the early 1900s with the advent of barbed wire 

boundaries. Some private ranchers actually increased holdings after the Revolution. It 

wasn’t until the 1950s that campesinos took advantage of the 1917 Constitution, and the 

federal government finally recognized two communidades and one ejido. Communidades 

are communal lands more common to indigenous peoples than ejidos and involve less 

private designation of farm plots within them.   
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US markets drive the cattle business of northern Mexico, with sale of calves to 

feedlots increasing dependence on fluctuating global markets since the 1960s.  Prices 

went down during the Revolution, up in the 20s, down in the 30s, up in the 40s, down in 

the 50s, and up again in the 60s.  Meat is not commonly eaten by campesinos as it is too 

valuable. Instead of wheat grown for tortillas, it is grown for livestock and tortillas are 

purchased with cash, putting both the producer and consumer within global markets 

(Sheridan 1988).  

Inheritance (both custom and law) equally divides land among sons and 

discourages continued large holdings. Emigration to the US helps counter this. Dual 

homes for ranchers are common, with a home in town allowing socialization and 

schooling. Cucurpe (like Pacheco’s) access routes were under proposal for paving but the 

town is still marginal and remote. The economy is not diversified enough to support non-

agrarians (Sheridan 1988).  

Ejidos are not entirely common property. Agrarian ejido holdings are divided as 

cropland, fiercely individual by household, and rangeland, which is seen as communal. 

Milpas in Cucurpe are managed with cottonwood and willow fencerows that trap 

sediment and build the water table, desired effects of riparian area livestock exclusion 

fencing recommended by the US Riparian Service Team for the Rio Gavilan. Sheridan 

(1988) contends that much of the arroyo-cutting of the US Southwest in the late 

1800s/early 1900s was avoided in Cucurpe due to this practice and the bedrock stream 

base.  

Doolittle (2003) takes a larger-scale, longer-term (quarter-century) look at this 

practice and finds benefits in the channel location where the practice takes place, but 
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increased net degradation when downstream effects are taken into account. The 

fencerows serve to channelize the stream and increase velocity and overall erosion. His 

study highlights the value of both longer-term field study and the need to question 

romantic notions of traditional farm practices.  

Sauer (1931) notes arroyo cutting in the Chiricahua Mountains of Arizona: the 

“San Simeon Cienega is now ripped to pieces and a difficult badland country extends to 

the Gila where formerly marshland extended for miles. Sauer notes that on the San Pedro 

River in southeastern Arizona a “forty-foot arroyo now marks the meadows down which 

Cook led the Mormon wagon train.”   

Rangeland needs access to a variety of terrain and thus 1,000 hectares can be seen 

as small in the desert shrubland. The standard deviation of precipitation exceeds the mean 

in Cucurpe, with summer rain especially spotty. Winter rains are the most critical for 

Cucurpe, as livestock overgraze brush if rains don’t come to nourish spring grasses 

(Sheridan 1988).  

Differences between communal cattle and private ranch cattle become obvious. A 

typical example is the presence of fat Herefords in knee-high grass in the Agua Fria 

Valley of Sonora, while a nearby communidade has mixed breeds scavenging on 

cardboard outside the pueblo. Yet inequality does not just exist between private and 

communal lands. A main theme of Sheridan’s thesis is the inequality between ejido 

households and additional inequality within ejido households (Sheridan 1988).  

Additional exceptions occur near Pacheco as the ejido to the south, Ejido Largo 

Madera, is one of the wealthier ejidos in Mexico due to its forestry operations and 

productive pinelands. Cattle stocking levels can also be higher on the more productive 
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lands that lie at higher elevations near Pacheco, especially if rotational grazing is used. 

Cucurpe had 3,120 head of cattle on 21,050 hectares (one head per 6.7 hectares) 

(Sheridan 1988). However, private ranches near Pacheco reportedly have only one head 

per twenty-four hectares (ten acres). This shows pressure to overgraze on communal 

lands. Horses, mules, burros and goats can add pressure, bringing 6.12 hectares per 

animal unit in Cucurpe (Sheridan 1988). Stocking rates for ejidos near Pacheco were not 

available, although reports are that they are much higher than surrounding private lands.  

Sheridan concludes that there are four types of landowner within the community: 

1) private ranchers; 2) peasant rancher-farmers (ejiditarios with household croplands); 3) 

landless ejiditarios; and 4) landless non-ejiditarios. The third types are most likely to 

support further land reforms, while the first and second strongly resist changes to long-

standing household land ownership; the fourth type typically support the first type, for 

whom they typically work for wages. Some older ejiditarios may have accumulated more 

wealth in cattle over time, and are thus more supportive of rangeland reforms, but still 

will resist cropland reform. Cropland is the key method of independence for ejiditarios 

within the community (Sheridan 1988). 
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CHAPTER 9 

“RECIPROCAL” CONSERVATION AND DEVELOPMENT 

Concern over modern environmental degradation has resulted in various 

voluntary, regulatory, and incentive-based programs. Pinchot’s (and Beltran’s) multiple-

use, resource-based philosophy has most commonly been pitted against Muir’s 

preservation philosophy in dualistic battles. Left in the battle’s aftermath is the job of 

properly managing the working landscape. This was the main thrust of Leopold’s land 

ethic, clarified by Callicott (1999) and more recently supported by Franklin (1993) and 

Griffin (2002).   

The working landscape has been mitigated. Proponents of free market solutions 

acknowledge that resources, while not exhausted, will be seriously depleted to a point 

before they become too expensive. Resources that are not valuable to humans are left to 

regulatory protection.  

Problems with environmental effects of the predominant neoclassical economics 

have been dealt with through mitigation – lessening impacts or creating a “no net loss” 

program. Sustainable development is still based on the predominant neoclassical 

economics and allows for degradation of a resource if it is still available for future 

(human) generations. It is still anthropocentric and does not specific what is to be 

sustained.  

Two factors have emerged that present a need for a different philosophy: 1) the 

increasingly broad scope of ecological restoration; 2) the increasingly broad 

environmental impacts of international trade. Mathematical models and simulations show 
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that not every single resource can be maximized. Often a reduction in one party’s goal 

allows for increase in another’s, and the total gain for the community is greater. 

A philosophy of “reciprocal” development would not merely mitigate effects, it 

would seek to help both nature and culture thrive. Environmental conditions would be 

improved over the present situation, through habitat restoration on degraded landscapes. 

There is plenty of room for this in the Rio Gavilan. If restoration is not feasible on site, 

resources can be provided to ensure it is done elsewhere on the planet.   

The ecological footprint of developed nations warrants this. Like labor, 

restoration is less expensive in developing countries. Virtually any development project 

that takes habitat can provide funds for the same acreage of restoration elsewhere. This 

would be written into local, state, national, and international law.  

Like Leopold’s land ethic, this is a logical progression in the evolution of 

environmental concern. The fields of cultural ecology and historical geography support 

this, with an emphasis on site-specifics and sense of place.  

Glacken (1967) outlines three modes of thought concerning the relationship 

between nature and culture over the centuries: 1) nature was put in place solely for 

human use; 2) nature determines culture (environmental determinism); 3) humans as 

geographic agent. Glacken notes separation of man and nature, claiming the “dichotomy 

has plagued the history of geographical thought.” 

Sauer, beginning with an essay “The Morphology of Landscape” (1925), 

emphasizes a more complex, intertwined, relational rather than directly causal, “give and 

take” relationship between humans and nature, inspired by writers such as Goethe, Vidal 

de la Blanche, and other Europeans:  



 132

All of science may be viewed as phenomenology…we assert the place for a 
science that finds its entire field in the landscape on the basis of the significant 
reality of chorologic relation. The phenomena that make up an area are not simply 
assorted but are associated, or interdependent…The task of geography is 
conceived as the establishment of a critical system which embraces the 
phenomenology of landscape, in order to grasp in all of its meaning and color the 
varied terrestrial scene.  
 
Sauer’s essay echoes “Song of the Gavilan” in its wariness of reductionism:  

The objects which exist together in the landscape exist in interrelation. We assert 
that they constitute a reality as a whole that is not expressed by a consideration of 
the constituent parts separately…. 

 
Sauer also echoes the concept of numenon, or indefinable essence, expressed by 

Leopold in “Guacamajas”:  

The best geography has never disregarded the esthetic qualities of landscape…. 
To some, whatever is mystical is an abomination.  Yet it is significant that there 
are others, and among them some of the best  (he includes Humboldt), who 
believe, that having observed widely and charted diligently, there yet remains a 
quality of understanding at a higher plane that may not be reduced to formal 
process.  
 
Yet Sauer sees areal or landscape studies as largely anthropocentric. Thus an 

approach to nature-culture relations that incorporates Leopold and Sauer would add 

Leopold’s ecocentric concerns for land health processes and the native species that may 

or may not support such processes (Leopold 1999).  

This approach might look to help humans, processes, and other species thrive, 

realizing that all cannot be simultaneoulsly optimized. Reciprocal development does not 

entail behind the scenes deals that leave out numerous players in the process or outcome.  

Such development would utilize inclusive practices to simultaneously help people 

and nature thrive. I will analyze four different approaches to this concept of reciprocal 
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development. Several practices that are the focus of the applied part of this study are 

summarized under the following subheadings.  

Rotational Grazing 
 

Cattle-ranching that mimics disturbance by large ungulates (typically bison) is 

seen as a blending of ecology and economics. Periodically resting part of the ranch 

allows it to recover roots, soil moisture, and productivity. Holistic Range Management 

(HRM), a practical ranching philosophy promoted by Allan Savory, has many 

proponents, including recent presidents of ranching associa tions in Casas Grandes. There 

is some question as to the scientific basis for all aspects of the program. The Animas 

Foundation (formerly Gray Ranch) in the nearby bootheel of New Mexico contracted a 

recent literature review to support or not support claims of HRM. Issues include HRM 

dislike of fire, promotion of high numbers of cattle, potential conflict with seasonal 

niches of wildlife, and potential compaction if site-specifics of soils are not considered.  

Ecocultural Restoration 

Restoration ecology that incorporates past cultures into present land health 

processes can simultaneously help people and nature. An example is potential installation 

or reconstruction of Paquime trinchera check dams, used in conjunction with rotational 

grazing, to trap sediment and rebuild water tables in former year-round streams. Another 

example is potential restoration of the cienega at El Perdido, a sacred site across the Rio 

Gavilan from the Sierra Azul. Apache elders performed ceremonies there in 1988 with 

the assistance of the ranch owner, an avid Apache historian. The cienega has become 

gullied and holds far less moisture than the previous wet meadow. The surrounding pine-

oak forest has also become dense due to fire suppression. Surrounding access roads have 
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also become gullied. Another example is potential restoration of pine snags in north-

facing slopes above 2000m, to create thick-billed parrot nesting habitat.  

Ecotourism 
 

Ecotourism is not just any tourism related to nature. There are over 100 different 

codes of conduct that define and guide appropriate ecotourism (The International 

Ecotourism Society 2001). The key concept to remember is reciprocal development – in 

appropriate ecotourism, both the economy and nature will benefit. Other key aspects are 

(Forbes 2003):  

1) Develop lower volume, higher-priced package tours – plan on bringing less 

people, who pay more, to a specific destination; this allows the tour provider, often 

working a second job, to efficiently manage their own time, market to specific customers, 

and plan ahead for both impacts and income.  

2) Keep profits local – avoid using franchise, “chain” motels and foreign tour 

guides as much as possible; develop local businesses to ensure money brought in from 

the outside circulates through the local community.  

3) Minimize cultural impacts – consider local needs and cultural integrity through 

social surveys and placement of low volume tourism; highly commercial, mass tourism 

has disrupted ambience of previously quiet locales such as Cancun and Acapulco, 

eventually reducing their original appeal, transforming employment from largely 

independent agriculture or fishing to low-paying service jobs, taking away favorite 

recreation sites from locals, and disrupting traditional ways of life of indigenous peoples.  

4) Keep some revenues for cooperative marketing, habitat protection – ensure 

sustainability by depositing a percentage of trip fees in a non-profit fund, to be used for 
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regional, cooperative marketing and protection and restoration of wildlife habitat and 

land health; develop complementary, slightly different businesses that can pool funds to 

cooperatively market the area and self-maintain standards; work together - there is 

enough competition from other locales.  

5) Remember it is not a panacea, there are impacts, some unpredictable – 

temptation to bring more visitors, and competition from other local businesses, can lead 

to over-development (Isaacs 2000); implementing controls can be difficult; working with 

private land first may allow initial control of numbers of visitors; unforeseen issues, such 

as problems with water availability, may surface.   

Community Forestry/Forest Certification 
 

Several projects have recently been generated farther south in Mexico that 

incorporate value-added wood products into a community-ownership setting, serving as 

examples of success stories in helping local economies. Having locals add value to the 

product through processing adds more jobs and circulates more money locally. Examples 

include rustic furniture production in lieu of mere exportation of wood. More sustainable 

forestry practices were also included. 

Bray et al. (2003) even see the Mexican community-owned ejido forests, the 

predominant forest ownership, as a unique model in the world for studying sustainable 

forestry at the community level. Among approximately 300-400 community forest 

enterprises, successful examples are noted in Durango, Michoacan, and Quintana Roo. 

Over time the authors note improvements in social and economic justice, biodiversity, 

and forest management. Conrad and Salas (1993) also note, using economic formulas, the 
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potential for “coevolution” between monarch butterfly nesting habitat and timber harvest 

in Michoacan.    

Forest certification has also grown recently to serve as a marketing tool and 

indication of more sustainable practices. Forest Stewardship Council (FSC) holds the 

highest international standard, recognized by numerous environmental non-profit 

organizations. The Sustainable Forestry Initiative (SFI) is a less-stringent program most 

implemented by US paper companies.  
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CHAPTER 10 

MATERIALS AND METHODS 

Literature review, oral histories and site visits contributed to preliminary 

assessment above. Further research focused on rapid assessment of land health in the Rio 

Gavilan. Respective formats for rapidly assessing forest, rangeland, riparian, and 

socioeconomic health were used. Practices that could potentially maintain and restore 

land health, chosen from the literature review and local interests, were also assessed.  

Sites of the forest, rangeland, and riparian research are the 5,000 hectare Whetten 

ranch, containing most of Leopold’s route into the Gavilan and his 1936 campsite; the 

400-hectare Eleuterio Villa property containing the 1938 campsite used by Aldo and 

Starker in 1938 and Starker again in 1948; and the 100-hectare Bowman ranch on the 

continental divide west of Pacheco, next to where the Leopolds started their pack trips.  

Socioeconomic trend data were not available on a small scale, so data for 

Municipio Casas Grandes and surrounding municipios were used. Citizen surveys were 

conducted by interviewing locals randomly encountered on the above ranches and travel 

routes between the ranches and Pacheco. Oral histories were conducted with local 

ranchers, former guides, or their family members. Oral histories were used in preliminary 

assessment, including locating Leopold’s campsites, and socioeconomic research. 

Rotational grazing practices addressed ranches above, while the scope of 

ecotourism and community forestry assessment included those ranches, nearby ejidos, 

and Municipio Casas Grandes. Ecotourism feasibility was partially based on participant 
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satisfaction surveys from two conference field trips led from Tucson, and included a 

business plan for a teacher whose grandfather Clarence Lunt guided Leopold in 1936. 

Land Health Assessment 

Forest Health 
 

Changes in forest structure were recorded by estimating previous forest 

structure through historical photographs, oral histories, and documentation of reference 

conditions in similar habitats by Fule and Covington (1994), Covington et al. (1997), and 

Johnson (1996); and comparing these estimates with present forest structure (trees per 

hectare in overstory, midstory, understory, regeneration, snags, downed logs, and tree 

species).  

Present forest structure was estimated from plots taken in eight stands at a variety 

of elevations and site conditions in the watershed (Table 6). Stand information was 

collected in one 1/50th acre plot per stand. Number of overstory, midstory, understory, 

and regeneration, tree species, snag, and downed log components were measured to 

determine density.  

Due to limited available funds and time, plots were chosen that appeared to be 

representative of area forest types. Snags are standing dead trees, which are often 

important to wildlife (cavity nesters), as are downed logs. Stand structure can be further 

detailed through stratification by age class, diameter class, and fire history (Fule and 

Covington 1994), but was not done due to limited funds and time. Fire regime condition 

class (Shlisky and Hann 2004, Hann and Bunnell 2001) was estimated. Fuel model types 

were also estimated to predict fire behavior, based on Anderson (1982).  
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Integrated resource inventory forms can collect multidisciplinary information at 

each plot (Forbes and Gee 1997). For the purposes of this study, other land health rating 

protocols (rangeland, riparian) were used at each site and are described in later sections.  

Rangeland health 
 

Rangeland health was estimated using rating forms from Pellant et al. (2000). The 

forms use 17 indicators that qualitatively assess soil and site stability, hydrologic 

function, and integrity of the biotic community. The forms were used along with forest 

and riparian/watershed health surveys at a variety of elevations and site conditions in the 

watershed.  

Pellant et al. (2000) developed a qualitative method of assessing rangeland health. 

The “rapid assessment” method is based on a National Research Council (1994) book on 

rangeland health and recommendations of the Society for Range Management Task 

Group for Unity in Concepts and Terminology (1995), as well as previous qualitative 

methodologies dating as far back as 1937. It combines previous methods assessing 

similarity to historic conditions and current trends and adds assessment of ecological 

processes. The product is not one rating of rangeland health, but assessment of three 

attributes: soil/site stability, hydrologic function, and integrity of the biotic community 

(Pellant et al. 2000).  

The rapid assessment is currently being used at a variety of Chihuahuan Desert 

sites in both New Mexico and Mexico, under the supervision of the USDA Agricultural 

Research Service Jornada Experimental Station in Las Cruces, New Mexico and the La 

Campana Research Station near Chihuahua City. One pineland site is included in 

northern New Mexico (Herrick pers. comm.).  
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The assessment protocol is designed to: 1) be used by knowledgeable, 

experienced people; 2) provide a preliminary evaluation of soil/site stability, hydrologic 

function, and integrity of the biotic community at the site level; 3) help land managers 

identify areas that are potentially at risk of degradation; 4) provide early warnings of 

potential problems and opportunities; 5) be used to communicate fundamental ecological 

concepts to a wide variety of audiences in the field (Pellant et al. 2000).   

The rangeland health assessment protocol is not designed to: 1) identify 

causes of resource problems; 2) make grazing decisions; 3) monitor land or determine 

trends; 4) independently generate national or regional assessments of rangeland health 

(Pellant et al. 2000). 

Riparian/Watershed Health 
 

The river was evaluated for proper functioning condition using 17 qualitative 

indicators from Prichard (1998). Seventeen criteria to determine proper functioning 

condition were evaluated:  

(1) Floodplain above bankful is inundated in relatively frequent events; (2) where 

beaver dams are present they are active and stable; (3) sinuosity, width/depth ratio, and 

gradient are in balance with the landscape setting; (4) riparian-wetland area is widening; 

(5) upland watershed is not contributing to riparian-wetland degradation; (6) diverse age-

class distribution of vegetation; (7) diverse composition of vegetation; (8) species present 

indicated maintenance of riparian/wetland soil moisture; (9) vegetation has root masses 

capable of withstanding high streamflow events; (10) riparian-wetland plants exhibit high 

vigor; (11) adequate vegetative cover is present to protect banks and dissipate energy 

during high flows; (12) plant communities are an adequate source of large woody debris; 
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(13) floodplain/channel characteristics are adequate to dissipate energy; (14) point bars 

are revegetating; (15) natural sinuousity is occurring; (16) system is vertically stable; (17) 

the stream is in balance with water and sediment being supplied by the watershed. 

Riparian health was also assessed by completing a riparian health survey 

developed by University of New Mexico professor Bill Fleming (1999, 2001). The 

survey, containing 12 qualitative indicators, was completed at a variety of elevations and 

site conditions in the watershed, and at a recently restored site immediately outside the 

watershed.  

Barbour and Stribling (1991) and Jacobi et al. (1995) suggest criteria for 

evaluating riparian health in the western United States. Their criteria emphasize stream 

habitats for fish. Indices have been adapted for a wider range of organism classes, 

including birds (Fleming and Schrader 1998). Healthy riparian habitat can be the 

strongest supporter of biodiversity within various ecosystems. Table 3 describes 12 

criteria, beginning with riparian vegetation structural diversity, necessary to support a 

healthy aquatic habitat.  

Table 3 
Riparian health indices 

 
Parameter                                Excellent             Good                Fair                   Poor 
Score                                              4                       3                     2                        1  
Riparian vegetation               3 height               2 height             1 height          Sparse 
Structural diversity                classes                 classes                 class           vegetation 
Bank stability                         >90%                    50-90%            10-50%           <10%                          
                                                stable                    stable                stable              stable  
Bank cover                             >90%                   70-90%             50-70%           <50% 
Buffer width                           > 18 m                 12-18 m             6-12 m            < 6 m 
Vegetation diversity               > 20 species         15-20                 5-14                < 5 
Embeddedness                       < 25%                   25-50%             50-75%           >75% 
Flow (cubic ft/sec)                  >2 cfs                  1-2 cfs                0.5-1 cfs         <0.5 cfs 
Canopy shading                      mixed sun/           sparse                90% sun          no shade 
                                            shade                 canopy             or shade   
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Parameter                                Excellent             Good                Fair                   Poor 
Score                                              4                       3                     2                        1  
Benthic insects                         stoneflies            mayflies          midges              midges 
                                                 mayflies              caddisflies       caddisflies        dominant 
                                                 caddisflies 
Width/depth ratio                    < 7                       8-15                 16-25              > 25 
Pool/riffle ratio                        < 5                       6-15                 16-25              > 25 
Streambed geology                  > 50% boulders  25-50%            10-25%          <10% 
                                                   cobbles, gravel 

 

Streambed geology and embeddedness are critical for maintenance of substrate 

void spaces necessary for macroinvertebrates, which need a continuous flow of water, 

oxygen and food sources (Frissell et al. 1986). Stream reaches are evaluated by walking 

in a zig-zag pattern, stopping every two steps to determine size of material in front of the 

evaluator's boot (Potyondy and Hardy 1994). If more than 50% of material is comprised 

of grain sizes in gravel, cobble and boulder categories, the habitat is considered optimal 

(Barbour and Stribling 1991). At least 20 samples should be chosen in each reach and a 

range of grain size percentages calculated. If more than 50% of the substrate is sand size 

or smaller, the habitat is considered "poor." Percentage of fine material is considered a 

valuable indicator of upstream watershed disturbance (Frissell et al. 1986). 

Embeddedness measures how much of the surface area of larger substrate 

particles are surrounded by fine sediment (sand, silt and clay) (Platts et al. 1983). This 

parameter allows an evaluation of substrate as habitat for benthic macro- invertebrates and 

fish spawning (Barbour and Stribling 1991). Heavy silting is an indication of upstream 

watershed disturbance and is known to cause a reduction in insect diversity and 

production (Minshall 1984). 

Width/depth ratio - The ratio of bankfull channel width to depth is optimal for fish 

and aquatic insect habitat if less than 7:1 (Rosgen 1994). Width and depth are measured 



 143

from tops of banks at extent when full of water, typically once every two years. A very 

wide and shallow stream with a width/depth ratio of more than 25:1 is considered poor 

habitat for fish and the macroinvertebrate food supply they depend on (Gibson 1994). A 

tape measure and meter stick are used to measure the width and depth of the channel. 

Upper bank stability is considered excellent if less than 10% of the banks are 

vertical and unvegetated, while more than 50% of bank area in an unstable and eroding 

condition is rated poor (Barbour and Stribling 1991). Streams with unstable banks often 

have degraded instream habitat for fish and aquatic insects (Plafkin et al. 1989). The 

steeper the bank, the greater the likelihood for erosion and loss of soil into the stream, as  

steep banks are less likely to hold vegetation cover. The evaluator looks upstream and 

downstream from the reach to estimate the percentage of visible bank length that is not 

vegetated and actively eroding. 

Riffle/Pool Ratio - If the ratio of distance between riffles to stream width is 

between 5:1 and 7:1, heterogeneity for aquatic insects and fish is optimal. A ratio of more 

than 25:1 is considered a poor habitat (Frissell et al. 1986). Benthic communities thrive 

as a result of integrated environmental factors (substrate, food availability, current, etc.), 

Species have preferences for alternative substrate types. It follows that maximum 

variability in streambed morphology should support higher species diversity (Barbour 

and Stribling 1991). Upstream land use activities can profoundly change pool/riffle 

relationships, as well as human-caused changes in flood and low-flow discharge (Frissell 

et al. 1986). The evaluator uses a tape to measure the average distance between riffles 

and the width of the channel. 

Buffer width - Vegetative buffer strips are effective in filtering pollutants such as 
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sediment and nutrients from streams, and several authors consider 18 meters of buffer 

width to be sufficient for many riparian situations (Schueler 1987). Where riparian areas 

have very steep slopes and/or heavily fertilized agricultural runoff, a buffer of more than 

18m may be necessary. This parameter rates the entire riparian buffer zone on the side of 

the stream nearest to disruption (road, housing development, row crop, etc.), and if the 

vegetated width is less than 6m, it is considered poor (Barbour and Stribling 1991). A 

tape is used to measure the width of the least buffered side of the stream reach. 

Vegetative diversity is evaluated by determining whether at least 20 different 

species occur in the riparian zone, which is scored as optimum (less than 6 species is 

considered poor). The concept of species evenness, or relative density of each plant 

species in the riparian zone, is not considered here, but could be included in future 

method refinements. Vegetative cover, expressed as a percent, is estimated by randomly 

choosing a transect direction to walk and noting at every other step either vegetation 

cover or bare soil. Ninety percent vegetation cover is considered an adequate cover fo r 

erosion control, while less than 50% is considered poor (Brooks et al. 1997, Fleming 

1998). 

Shading provided by a vegetative canopy cover is important in reducing summer 

water temperatures. It is also a mediating factor in solar energy available for 

photosynthetic activity and primary production (Barbour and Stribling 1991; Platts et al. 

1983). A diversity of shade conditions is considered optimal by Barbour and Stribling 

(1991), with a stream reach receiving direct sunlight, complete shade, and filtered light 

over different areas. The evaluator estimates the percentage of sun and shade by looking 

upsteam and downstream from the middle of the stream reach. 
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Benthic insects are an important indicator of water quality and watershed health 

(Resh et al. 1996).  Orders of benthic insects were used in northern New Mexico as a 

rough indicator of riparian health based on their relative tolerance to watershed 

disturbance (Fleming 1999). Although tolerance can vary strongly by family within each 

order, habitats with Plecoptera (stoneflies, two-tailed, most sensitive), Ephemeroptera 

(mayflies, three-tailed, moderately sensitive), and Trichoptera (caddisflies, encased 

larvae, least sensitive of three) are seen as optimal. Habitats with mostly midges were 

seen as poor. Habitats with caddisflies and midges were fair, while those with caddisflies 

and mayflies were good. These orders also occur in mountain streams of the Sierra Madre 

Occidental. Resh et al. (1996) describe other methods for assessing benthic insects in 

more sophisticated rapid assessment protocols.  

Flow is important to good riparian habitat. Barbour and Stribling (1991) suggest 

two cubic feet per second (cfs) will support high quality, coldwater fishery, while less 

than 0.01 cfs will support poor habitat cond itions. Flow can be roughly estimated by 

floating a stick downstream over a measurable distance, determining average width and 

depth at that point, and timing its flow in seconds. 

Universal Soil Loss Equation (USLE) factors were determined for various upland 

sites, using Fleming (1999) and Spaeth et al. (2003) as a guide. The USLE formula has 

been used to predict erosion rates in the Midwest for over 40 years. It was recently 

adapted for Western rangelands (Brooks et al. 1997). The “modified” variety is used in 

the US Southwest because vegetation cover factor is better suited for rangelands than the 

agricultural practice factor validated for erosion plots in the Midwest. The “modified 

universal soil loss equation” (MUSLE) integrates four factors critical in evaluating 
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hillslopes: 1) precipitation intensity, 2) slope steepness and length, 3) soil stability and 4) 

vegetation cover.  

The power of high- intensity, short-duration storms to erode soil in the Southwest 

was evaluated by the National Resource Conservation Service (NRCS, USDA, 1977). 

Dimensionless MUSLE values generally increase with elevation. A value of 50 

corresponds with the topography and climate of the Rio Gavilan. 

With steeper and longer slopes, runoff will attain higher velocities and erode more 

soil, if other factors remain the same. Watershed management texts interpret “slope 

factors” to be used in the soil loss equation (Brooks et al. 1997). Slope steepness is 

quickly measured in the field with a clinometer and slope length determined with 

topographic maps.  

Depending on the grain size composition, percent of organic matter and 

infiltration capacity of soil, erosion potential changes (Brooks et al. 1997). Soil surveys 

evaluate the “K factor”, or erodibility factor, for soils, or publish grain size compositions 

which allow K factors to be calculated. Watershed texts include nomographs which 

evaluate the soil erodibility factor (Brooks et al. 1997). 

While the previous three factors in the soil loss equation usually remain the same 

with watershed disturbance, the vegetation cover may change significantly when 

development occurs. Activities resulting in reduced vegetation cover cause in an increase 

in the cover factor, and therefore higher soil loss rates (Brooks et al. 1997). Watershed 

management texts list vegetation cover factors with varying grasss cover percentages and 

types of overstory protection (Brooks et al. 1997). Field surveys of vegetation cover are 

made by randomly choosing several hillside plots and evaluating the cover at each foot of 
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a 10-foot transect. 

The four soil loss factors are multiplied together, resulting in soil loss rates in 

tons/acre/year. Rates less than 5 tons/acre/year are considered “tolerable” by the NRCS 

(Pimentel 1995). In rangelands of the arid and semi-arid western United States, a  soil 

loss rate of 1 ton/acre/year is considered sustainable (Pimentel 1995).   

Changes in river morphology near Leopold’s campsites were also evaluated, by: 

1) estimating the previous bankful width and depth of the river and tributaries using his 

1930s trip photographs that include horses and people for scale; and 2) field measuring 

present width and depth of the river and tributary channels in addition to the above 

protocol.  

Aldo’s second oldest son, after Starker, was Luna Leopold. Luna became a 

renowned fluvial geomorphologist who pioneered quantification of river processes. 

Leopold, Wolman, and Miller (1964) was used as a guide for interpreting results. Smelser 

and Schmidt (1998) was also used to help assess historical changes.  

Socioeconomic Health 
 

Socioeconomic characterization was done using data on municipios and 

communities surrounding the Rio Gavilan watershed. Data was limited for hamlets within 

the immediate watershed area. Data reliability can be questionable both in the US and in 

developing nations. This was the case in Mexico as recently as the early 1990s, when 

international lending organizations required better data to approve funding. The quality of 

data produced by INEGI has reportedly improved greatly since that time. 

Cortright and Reamer (1998) provide an overview of socioeconomic data used in 

regional economic analysis. They suggest that a lot of important information can be 
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portrayed without complicated statistical analysis. The keys are: knowing which data is 

important to your research question; and not merely reproducing data, but interpreting it 

to show “themes, patterns, and conclusions.”  

Cortright and Reamer (1998) list several simplified methods, including: time-

series analysis (showing change over time); cross-sectional analysis (showing jobs by 

industry, income by source, population by race, etc.); shift-share analysis (attributing 

change to specific factors such as base industry competitiveness, national economy, etc.); 

and location quotient (comparing local or regional business sectors to national sectors, as 

percentages of the total economy).  

All four of these methods were approached. However, data on individual business 

types, such as SIC codes available in the US for such methods, was limited. For time-

series analysis, a table (Table 11) was created to show change in population and lists of 

main industries over time. Cross-sectional analysis was difficult without data on jobs by 

business type, and given that many rural residents have several different part-time jobs, 

barter, and subsistence activities. Shift-share analysis was done narratively using 

knowledge of historical and current trends in the area. Location quotient was done using 

information on employment by primary, secondary, and tertiary sectors in Municpio 

Casas Grandes and the surrounding Municipios: Nuevo Casas Grandes, Madera, and 

Janos in Chihuahua; and Nacori Chico and Huachinera in Sonora. Further discussions of 

methodologies follow to give rationale for additional data and lay a foundation for the 

discussion section.  

Location quotient can be used to determine economic base. Crone et al. (1999) 

compared the assumption approach with location quotient using county- level data in the 
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Interior Columbia River Basin, a rural economy based largely on timber and agriculture. 

The assumption approach assumes timber and agriculture are economic bases as they 

traditionally bring in money from the outside. Results were similar, with a suggestion that 

location quotient may be more useful for examining potential growth, as “it focuses on 

sectors where specialization has already taken place.”  

Weinstein et al. (1994) used location quotient to outline opportunities for 

economic growth in northeastern Mississippi.  They compared the region to a reference 

area with similar demographic and socioeconomic characteristics (Fayetteville, NC). 

They found 35 non-manufacturing service sectors under-represented, including 

restaurants, hotels, and health services, that represent potential growth sectors.  

Crone et al. (1999) outlined several limitations of economic base models. 

Generally they do not adequately account for the role of non-basic industries such as 

tourism, and other factors such as amenity values, in bringing in outside funds and 

stopping leaks from local economies. Other missing factors are externalities of 

environmentally degrading sectors, and static “snapshots” that may ignore trends in 

declining or rising sectors, including sensitivity to changing world markets and prices.  

Forbes and Kaktins (2004) provide an overview of rural development literature in 

geography, emphasizing an increasingly broad, integrative approach to economic 

development. Rural geography has recently emphasized other socioeconomic parameters 

such as hidden amenity values (Nelson and Byers 1998), health services (Ricketts et al. 

1994), transportation (Moon 1987), and uneven development (Lorah 1997, Smith 1991). 

Horne and Haynes (1999) developed measures of socioeconomic resiliency for 

the Interior Columbia River Basin. Their index assumed diversity brings resiliency. They 
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applied the diversity index of Shannon and Weaver (1949) to analyze diversity of 

economic sectors (by income and employment) and lifestyles (by census information on 

education, affluence, race, urbanization, family structure). These were combined with 

population density and normalized to give a highest possible rating of 1.0. Communities 

with high resiliency lay near transportation corridors and scenic amenities. Communities 

with low resiliency covered about 2/3 of the area but contained roughly 1/5 of the people. 

They were located in more arid, remote areas (Horne and Haynes 1999).  

An increase in the service sector is also an indicator of more developed, resilient 

economies. Hourihan and Lyons (1995) use concepts from Christaller’s central place 

theory, including range and threshold to illustrate changes in rural services over time. 

Location of services with a larger range and threshold indicate a higher status on the 

hierarchy of central places. Thus this method can also portray uneven development.  

Sheridan (1988) studied the political ecology of a small town, Cucurpe, Sonora, 

Mexico. Wages and salaries were very difficult to determine due to the temporary nature 

of most citizens’ jobs and the amount of bartering and subsistence farming outside the 

formal cash economy. Therefore he used possessions at the village and household level to 

more accurately determine class structure based on accumulated wealth. 

Citizen Surveys on Land Health and Land Ethics 

Citizen surveys were used to assess local attitudes towards socioeconomics, 

forestry and grazing, land health, land ethics, and opportunities for change. Citizen 

surveys were conducted by interviewing locals randomly encountered on the three 

ranches and travel routes between the ranches and Pacheco. Interviews were conducted 

with heads of nine families in an area with a current approximate population of 150. The 



 151

nine family heads consisted of: four husbands, three wives, and two couples. The surveys 

asked citizens for perceptions on forest and grazing management, tourism, land health, 

and other economic and environmental issues. The survey repeated several questions 

from surveys in: Ejido Largo Madera (Garcia et al. 1994); Curry County, Oregon (Boo 

1995); and Denton, Texas volunteer restoration events by (Forbes and Benton 2001). 

Fogerty (2000) indicates that credible oral history: 1) is designed to collect 

substantive information and is conducted as a multiple- interview project; and 2) has a 

defined direction and is not a series of random conversations. These approaches were 

followed in focused interviews below.  

Oral histories were conducted with Floyd Johnson, who guided Aldo and Starker 

in 1938 and Starker in 1948 and 1952; Floyd’s wife Genevieve; LaRue Lunt, son of 

Leopold’s 1936 guide Clarence Lunt; Elvin Whetten, Rio Gavilan rancher since the 

1920s; Keith Bowman, teacher, landowner, and backcountry guide; and Buddy Jensen, 

USFWS fisheries biologist, whose mother grew up in nearby Garcia. Oral histories were 

primarily used for preliminary assessment, including location of Leopold’s campsites and 

estimation of previous land health conditions. However, they were also useful for 

socioeconomic research on citizen perceptions of land health and land ethics. 

Strategy Assessment 

Ecotourism Feasibility 
 

In addition to the citizen survey questions on tourism included above, analysis 

was conducted of history and current issues related to in Casas Grandes. Pros and cons of 

other regional, national, and international ecotourism projects were assessed. A 
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methodological approach to analyzing tourism expansion potential was followed, using 

Forbes (1998) and Patterson (1998), and compared with success stories.  

Difference in socioeconomics that could be made through sensitive ecotourism 

development was assessed, using Stynes (1999) and Young (1999). Target market 

analysis was also done to determine demand and potential cooperative business efforts 

and packages, based on Harvey and Kelsey (1994). Visitor registration data was 

randomly collected from the Paquime museum to determine visitor origins and trends. 

Business plans were developed for two start-up businesses, the Whetten Ranch, 

and Chihuahua Tours, building on the local Mormon heritage of guiding backcountry 

travelers (Spilsbury and Hardy 1985, Hatch 2002) and biologist recommendations 

(Lammertink and Otto 1997).  Estimated visitor numbers, trip fees, and costs were 

assessed to make these businesses viable as a part or full- time enterprise, using Patterson 

(1998) as a guide.   

Two conference field trips were led from Tucson: the joint meeting of the 

Ecological Society of America and Society for Ecological Restoration in August 2002 

(16 participants); and the Conference of Latin American Geographers in January 2003 (5 

participants).  Benefits, costs, and participant satisfaction surveys were collected from 

these trips. Questions on ecotourism development, used in Forbes (1998), were included 

in a local citizen survey. 

Restoration Feasibility 

Recommendation of restoration practices was made for the Bowman ranch, 

located near the starting point of Leopold’s pack trips, and the Whetten ranch, containing 

much of Leopold’s route and one of his campsites. Recommendations included methods 
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to mix monitoring and restoration using ecotourists, to hire local ejidatarios, and to 

include field curriculum for an ecology class at the local Mormon high school Academia 

Juarez. Herrick et al. (2003), Lunn (1999), and Sundt (2001) were used as guides.  

Community forestry/Forest certification feasibility 
 

A cursory assessment was made based on literature review on community forestry 

(Aguirre-Bravo and Reich 1998, Bray 1991, Glasmeier and Farrigan 2004, Klooster 

1996, 2000, 2002, 2003) and contact with the Forest Stewardship Council, the primary 

international certification organization. 
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CHAPTER 11 

RESULTS 

Forest health 
 
Estimating previous forest structure 

Snapshot photographs of Leopold’s trip from his hunting journal show an open 

pine forest landscape described as historically typical for the region by Fule and 

Covington (1994), Covington et al. (1997), and Johnson (1996). Except for the river 

campsite, exact locations are not available. Other historical photos were also used (see 

Figures 5, 6, 9, 15, 19, 20, 21). Using persons, horses, and mature trees in the 

photographs for scale, rough estimates were made of stand density and fuel model. 

Oral histories also confirm that the pre-1950s landscape was open, and most fires 

would burn at low intensity (Bowman 2001, Johnson 2001, Whetten 1997). One 

informant relates:  

I hunted on the north end of the Blues when you could see for two or three hundred 
yards with only the waving grass and the trunk of an occasional giant pine to obstruct 
the view. Later I went back to find the new growth of pines so thick that you could 
only travel on the roads that had been made with a bulldozer. No place for grass and 
the perfect set up for fire to create a raging inferno to leave the country blackened 
and dead taking years to return even to produce any graze for cattle or wildlife. 
 

Comparison with present forest structure  

Present forest structure is illustrated in Table 4. Cherry Creek is the 1936 

campsite; Camp 2 is the 1938 and 1948 campsite (Figure 30); these both represent river 

riparian stands.  La Lengua is the ridge between Diablo and Crack Canyons used as an 

entrance route; it represents open grassland. Mesilla 1 is the ridge immediately south of 
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Crack Canyon (La Greta); it was burned in a wildfire in 2000, and represents open, 

ridgetop pine-oak grassland; Mesilla 2 is approximately ½ mile upslope to the east of 

Mesilla 1; it represents closed, mature pine forest; Mesilla 3 is approximately one mile 

north of Mesilla 2, close to Leopold’s pack route into the Gavilan; it represents a dense 

oak stand in the midst of pine forest; Retiro 1 is in the upper portion of Bowman’s 

Rancho El Retiro, near the start of Leopold’s pack trips but in the Rio Piedras Verdes 

watershed; it represents upland pine forest; Retiro 2 is in the lower portion of Rancho El 

Retiro; it represents dense juniper encroachment, removed by cutting in 1999. 

TABLE 4 
Forest stand data – Rio Gavilan, Chih. 

 
                     Cherry   Camp 2    Lengua    Mesilla 1    Mesilla 2   Mesilla 3    Retiro 1    Retiro 2 
Trees/ha 988 741 1235 1606 865 2224 371 494* 
Pine/ha 124 0 0 247 494 0 124 0 
Oak/ha 124 0 0 1359 0 2224 124 0 
Juniper/ha 494 0 0 0 371 0 123 494* 
Maple/ha  123 124 0 0 0 0 0 0 
Sycamore 123 617 0 0 0 0 0 0 
Ceanothus 0 0 1235 0 0 0 0 0 
Overstory 
trees/ha 

741 617 0 371 247 0 124 0 

Midstory 
Trees/ha 

247 124 1235 0 371 1606 247 494* 

Under 
story trees 

741 0 0 0 247 678 0 0 

Regen/ha 0 0 0 1235 0 0 0 247 (1/2 
sprouting)  

Snags/ha 10 20 0 15 5 10 5 0 
FRCC 2 2 2 2 2 3 2 2 
Fuel model 2 9 4 2 9 4 2 6 
Notes: 
 

1936 
camp 

1938 
camp 

Pack 
route 

Burned 
2000 

Not 
burned 

Dense 
oaks 

Fenced 
5/99 

Juniper 
cut ‘99 

* stumps measured - all juniper in this area were removed in May 1999 restoration 
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 Estimates from historic photos and these plots were compared with regional 

stands described by Fule and Covington (1994), Covington (1997), and Johnson (1996). 

Fuel model types were estimated to predict fire behavior, based on Anderson (1982). 

Fule and Covington (1994) examined two unharvested sites in the state of 

Durango. Both sites had a mean fire interval of four years up to 1945. Site 1 now has an 

infrequent fire regime (three fires since 1945), with buildup of duff, large rotten woody 

fuels, and fuel “ladder” provided by understory brush, resulting in a higher risk of intense 

crown fire. Site 2 still has a frequent fire regime (15 fires since 1945), with more even 

distribution of diameters, increased growth rate, and less fuels.  

A threshold is reached in southwestern US forests where burning alone cannot 

restore systems, due to risk of high- intensity fires and need for mechanical reduction of 

fuel loading. Fule and Covington (1994, pp. 270-71) state:  

Baseline data on the characteristics of ecosystems structures and processes can serve 
to guide restoration efforts in fire-excluded forests, not simply through mimicking 
the conditions of a particular unharvested frequent-fire site but rather by adding to 
the development of a broad picture of the pre-exclusion forest, a picture that also 
includes reconstruction of previous forest structures, disturbance history, and 
historical account s of earlier conditions.  

 
Covington et al. (1997) also provide data for reference conditions in a ponderosa 

pine stand near Flagstaff, Arizona. Johnson (1996) compares 1910 and 1987 inventory 

data from forests of the US Southwest. Only conifers were included. Johnson uses data 

from 1910 plots by Woosley taken from typical stands on three national forests in 

Arizona, while 1987 data is from regional grid inventory plots on national forests in 

Arizona and New Mexico.  
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These US Southwest forests were also historically open stands and can provide an 

estimate of historic conditions for the Sierra Madre. They do not contain an oak 

component and thus are more representative of pine stands closer to the headwaters of the 

Rio Gavilan, though Leopold’s 1930s photos (Figures 9, 15, 19) show several stands 

made up of almost all large pine. 

TABLE 5 
Forest stand data – Durango, MX; Flagstaff, AZ; SW US; Rio Gavilan, Chih.* 

 
                          Dur. 1      Dur. 2       Flag. 1      Flag. 2      SW 1     SW 2    Gavilan 1    Gavilan 2 
Trees/ha 
   Pine 
   Oak 
   Other 

2730 
1500 
981 
253 

647 
275 
287 
85 

3098 
3098 
0 
0 

61 
61 
0 
0 

  
346 
 

 
51 
 

1267 
216 
927 
124 

316 
247 
55 
14 

Snags/ha       9 12 
FRCC 2-3 1 2-3 1 2-3 1 2 1 
Fuel model   9 2   2,2,4,9 2 
*Data are means; Durango data from Fule and Covington (1994); Flagstaff data from Covington 
et al. (1997); SW data from Johnson (1996); Rio Gavilan data is from four stands most 
representative of pine forest – Mesilla 1, 2, 3; Retiro 1; FRCC refers to Fire Regime Condition 
Class (Hann and Bunnell 2001; www.frcc.gov).  
 
 

 
 

Figure 30 – Forest structure at river campsite, with Apache pine (Pinus englemannii) 
seedlings in foreground of mature Quercus durifolia, and sycamore that stablize banks. 
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Rangeland health 

Rangeland health rating forms   

Results of rangeland health rating forms are illustrated in Table 6.   
  

TABLE 6 
Rangeland health ratings 

 

Indicators 
 

Extreme 
Moderate 
to extreme Moderate 

Slight to 
Moderate 

None to 
Slight 

Rills   1,3,5,6,8 2,4,7  

 
Presence of water 

flow 
 1,2,3,8 4,5,6,7   

Pedestals   1,2,7,8 3,4,5,6  

Bare ground  8 1-7   

Gullies   3,4,6,7,8 1,2,4  
 

Wind scour or 
deposition 

   1-8  

Litter movement  8 1,2,3,4,6 5,7  

Reduction in soil 
surface resistance 

 8 2,3,4,5,6 1,7  

 
Soil surface  

Loss 
 2,8 3-7 1  

Infiltration 
problems related 

to plant 
comp./distr. 

 6,8 3,5,7 1,2,4  

Compaction   4,5,6,8 1,2,3,7  
Departure from 
historical plant 

community 
 6,8 3,5,7 1,2,4  

 
Plant mortality, 

decadence 
 6 1,2,3,4,8 5,7  

 
Deviation from 
expected litter 

amount  

 6 2,3,5,8 4,7  
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Indicators 
 

Extreme 
Moderate 
to extreme Moderate 

Slight to 
Moderate 

None to 
Slight 

 
Deviation from 
expected annual 

production 

 6,8 1,2,3,5 4,7  

 
Presence of 

invasive plants 
   2, 7,8 1,3,4,5 

 
Reduction in 

perennial plant 
reproduction 

 6,8 1,2,3,5 4,7  

Total   19 68 45 4 

Average  1.1 4 2.6 0.2 

 
Riparian/watershed health 

 
Proper functioning condition  

This was assessed for Cherry (site 1), Camp 2 (site 2), Retiro 1 (site 7), and Retiro 

2 (site 8) using 17 qualitative indicators from Prichard (1998), which is the basis for 

recommendations of the US National Riparian Service Team, who visited in March 1999.  

TABLE 7 
Riparian Proper Functioning Condition ratings 

 

Indicators 
 

Yes 
 

No N/A 

Floodplain 
inundation 

relatively frequent 

1,2 7, 8  

 
Beaver dams 
active, stable  

  1,2,7,8 

Sinuosity, 
width/depth, 

gradient in balance 
with landscape 

7,8 1,2  
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Indicators 
 

Yes 
 

No N/A 

Riparian area 
widening or at 
potential extent 

1,2,7,8   

Upland watershed 
not contributing to 

degradation 

 1,2,7,8  

 
Diverse vegetation 

age class 
distribution for 
maint./recovery 

7 1,2,8  

 
Diverse 

composition 
riparian vegetation 

1,2,7,8   

Species indicate 
maintenance of 
soil moisture 

1,2,7,8   

 
Root masses 
capable of 

withstanding high-
streamflow  

1,2 7,8  

 
Riparian 

vegetation 
vigorous 

1,2,7,8   

Adequate riparian 
cover to protect 
banks, dissipate 

high flow energy 

1,2,7,8   

Adequate, 
sustained source of 

large woody 
material 

 1,2,7,8  

 
Floodplain/channe

l characteristics 
dissipate energy 

 1,2,7,8  

 
Point bars 

revegetating  
7 1,2,8  
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Indicators 
 

Yes 
 

No N/A 
 

Lateral stream 
movement 

associated with 
natural sinuosity 

7,8 1,2  

 
System is 

vertically stable  
1,2 7,8  

Stream in balance 
with water and 

sediment supplied 
by watershed 

 1,2,7,8  

Total  32 32 4 

Average 1.9 1.9 0.2 

 
Riparian/Watershed health index 

Riparian health was also assessed by completing a riparian health survey, 

containing 12 qualitative indicators and developed by University of New Mexico 

professor Bill Fleming (1999, 2001), at a variety of elevations and site conditions in the 

watershed, and a recently restored site immediately outside the watershed.  

Four river sites in the middle section of the watershed were evaluated for riparian 

health – Cherry, between Cherry and Camp 2, Camp 2, and El Gavilan ranch in the 

alluvial flat four miles downriver. La Mina creek at El Retiro was also evaluated. Each 

site was rated for 12 parameters (Table 8). Numerical ratings were summed for each site 

and the total divided by the number of parameters evaluated to determine the rating. A 

site with a score between 3 and 4 was rated “good”, between 2 and 3 “fair”, and less than 

2 “poor.”  Four river sites ranged from good in the two upper sites (3.1, 3.5) to fair in the 

middle site (2.6) to poor in the lower site (1.6). La Mina creek (El Retiro) was fair (2.8).  
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TABLE 8 

Watershed health ratings 
 

Indicators 
 

Optimal 
 
Sub-optimal Fair 

 
Poor 

 
Riparian 

vegetation 
structural diversity 

1, 2 3, 5  4 

 
Lower bank 

stability 
 1, 2, 5 3 4 

Lower bank cover 2 1 5 3, 4 

Vegetation buffer 1 2, 5  3, 4 

Vegetation 
diversity 

2 1 3, 5 4 

 
Embeddedness 5 2 1, 3 4 

Flow 1, 2, 3, 4   5 

Canopy shading 
water 

2 3 1, 5 4 

 
Benthic insects 2, 3 1 4, 5  

 
Width to depth 

ratio of lower bank 
 2, 3, 5 1 4 

Pools and riffles 1, 2, 3, 5 4   
 

Streambed 
geology 

2, 5 1, 3 4  

Total  19 18 12 11 

Average 1.6 1.5 1.0 0.9 

Plots: #1 is Cherry; #2 is between Cherry and Camp 2; #3  is Camp 2; 
 #4 is Rancho El Gavilan (flat); #5 is El Retiro (La Mina creek) 

USLE ratings 
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Soil erosion rates were determined for upland sites, using Fleming and Henkel 

(2001) and Spaeth et al. (2003) as guides. Potential erosion was measured at 5 locations 

in an elevational transect from Leopold’s 1938 campsite at 1760 m east to 2000 m on an 

adjacent mesa (Figure 10). Soil loss, calculated by the “modified universal soil loss 

equation” and based on field data on soils, slopes and vegetation cover, ranged from 1.3 

tons/acre/year (tay) to 54.4 tons/acre/year on 5 sites in the watershed. All sites had 

erosion rates exceeding sustainable rates because of heavy grazing pressure both in 

riparian areas and adjacent hillslope sites ranging in slope from relatively flat to 60%.   

TABLE 9  
Calculated Erosion Rates (tons/acre/year) 

 
Site Rainfall Slope Soil Vegetation Erosion 

Leopold 
camp 2 

40 0.4 0.18 0.45 1.3 

20% slope 40 10.0 0.16 0.10 6.4 
35% slope 40 25.0 0.10 0.15 15.0 
40% slope 40 20.0 0.34 0.20 54.4 
60% slope 40 55.0 0.15 0.15 49.5 

 
Erosion rates at all five elevations in the transect exceed an estimated sustainable 

rate of 1 ton/acre/year (Pimentel, 1993). Potential soil loss on 40% slopes are more than 

49 tons/acre/year, a rate greatly exceeding the probable rate of soil formation. This 

contrasts with the watershed that Leopold (1937) found “still retains the virgin stability of 

its soils and all the natural beauty that goes with that enviable condition.” 
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Figure 31 – Recent (within past 50 years) erosion of trincheras and river mainstem 

Fluvial geomorphology 
 

Changes in river morphology near Leopold’s campsites show downcutting 

ranging from one to four feet and increase of average bankfull width by approximately 

170% (39 feet to 66 feet; Table 10). The most striking change would be at Camp 2, the 

1938 campsite (Figures 31, 32), if the photo with bathers (Figure 29) was taken there. 

The minimum change in bankfull width would be from 18 to 68 feet, a 378% increase. 
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The reason this might be Camp 2 is the lack of other flat river locations in the area, the 

need to bathe near camp, and the similarity with current trees (sycamore, pine).  

TABLE 10 
Fluvial geomorphology measurements 

Site Bankfull width Downcutting 
Cherry Creek (tributary) 
    Average  
    140 feet up tributary 
    225 feet up tributary 
    300 feet up tributary 

 
16.8 feet 
14 feet 
23 feet 
13.5 feet 

 
N side 2 ft., S side 2.7 ft.  
N side 1 ft., S side 2.5 ft.  
N side 4 ft., S side 1.5 ft.  
N side 1 ft., S side 4 ft.  

Cherry (Rio Gavilan at 1936 
campsite) 

46 feet (30 ft. water) W side 1 ft., E side 2 ft.  

Camp 2 (Rio Gavilan at 1938 
campsite) 
    Average  
    Start of 1st bend, upper end 
    264 ft. down from 1st bend 
    708 ft. down from 1st bend 
    845 ft. down from 1st bend 

 
 
86 feet (25 ft. water) 
72 feet (51 ft. water) 
68 feet (25 ft. water) 
91 feet (22 ft. water) 
112 feet (23 ft. water) 

 
 
W side 1.7 ft., E side 5 ft.  
W side rock, E side 4.5 ft.  
W side 2 ft., E side 3.5 ft.  
W side 1.5 ft., E side 6 ft.  
W side 1.5 ft., E side 6 ft.  

1936-38 estimates 
    Average  
    Photo w/ bathers (Camp 2?) 
    Photo w/ horses crossing 
    Photo w/ bluff, hunter 
    Photo w/ high rock bluff 
    Photo w/ clump of pines 

 
39 feet (30 ft. water) 
18 feet (12 ft. water) 
50 feet (40 ft. water) 
32 feet (20 ft. water) 
60 feet (50 ft. water) 
35 feet (30 ft. water) 

 
W side 0.7 ft., E side 0.8 ft.  
W side 0.5 ft., E side 1 ft.  
W side 0.5, E side 0.5 ft.  
W side 0.5 ft., E side 0.5 ft.  
W side 0.5 ft., E side 0.5 ft.  
W side 1.5 ft., E side 1.5 ft.  

 

 

Figure 32 – Measurement of downcutting at river campsite 
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Socioeconomic health 
  

An overview of demographics is given first to illustrate hierarchies of towns and 

cities in the area. Municipios are larger, county- like entities. The cities of Casas Grandes 

and Nuevo Casas Grandes are in municipios of the same name that cover larger areas.  

The 2000 census by INEGI shows Municipio Casas Grandes (population 10,004) 

made up of 162 communities – 143 of them have less than 50 inhabitants. These can 

range from small hamlets adjoining larger communities to isolated groups of a few homes 

at ranches. The largest town is Viejo (Old) Casas Grandes, with 3,797 people. Next 

largest are Colonia Juarez with about 1,300 and Mata Ortiz with about 1,000. Eight 

communities range between 100 and 500 people in size, including the largest of these, 

Guadalupe Victoria, and Colonia Enríquez, El Rusio y Colonia Anchondo, all in the 

foothills, and El Oro, Garcia, Ignacio Zaragoza (Rancho Willy), and Pacheco in the 

mountains. El Oro is the only town in the Rio Gavilan watershed, but Garcia and Pacheco 

are much closer to Leopold’s campsites.  

Seven communities range between 50 and 100 inhabitants, including 

Chuhuichupa and Jovales Hernandez (Hop Valley) in the mountains near the Rio 

Gavilan. Towns outside the Rio Gavilan watershed west in Sonora include Nacori Chico 

with 1,674 people, and Huachinera with 1,051 people. 

Approximate sizes of other cities in the state of Chihuahua (pop. 3 million), by 

decreasing size in the 2000 census, include Juarez (1.2 million), Ciudad Chihuahua 

(670,000), Cuahtemoc (124,000), Delicias (116,000), Hidalgo del Parral (100,000), and 

Nuevo Casas Grandes (54,400).   
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The 2000 census indicated that of 8,808 respondents in Municipio Casas Grandes, 

7,456 (84.6%) were Catholic, and 668 (7.6%) were Mormon. Out of 10,004 residents, 

only 440 were born outside the state, and 149 were born outside the country, showing 

relatively low emigration. 

Indices of marginality (lying outside normal standards of income, infrastructure, 

education, health) indicate that Municipio Nuevo Casas Grandes has very low 

marginality and Municipio Casas Grandes has low marginality. The highest marginality 

in the state was in the indigenous Tarahumara area near Copper Canyon, with ratings of 

high and very high (Comision Nacional del Agua 1999). A contrasting 1990 study 

indicated Municipio Casas Grandes had high marginality. The difference may be due to 

improvements, such as increased tourism income due to the museum and Mata Ortiz 

pottery, but some difference may be due to different criteria and inaccuracy of data. 

Marginality is relative. Nuevo Casas Grandes is clearly better off than many other 

cities of its size in Mexico. Nuevo Casas Grandes has the infrastructure to support a more 

diversified economy, including two industrial parks, a technical post-secondary school, 

six banks, five hotels, two water treatment plants, two radio stations, and one cinema. 

Ejido Largo Madera, with its forestry income, is clearly better off than most other ejidos 

in Mexico. However, area wages are approximately 10-20% of that across the border in 

the United States. The minimum wage for the area, excluding the border city of Juarez, 

increased from $1.04 per day in 1991 to $4.17 per day in 2003 (Comisión Nacional de los 

Salarios Mínimos 2003). 

Cortright and Reamer (1998) list several simplified methods, including: time-

series analysis (showing change over time); cross-sectional analysis (showing jobs by 
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industry, income by source, population by race, etc.); shift-share analysis (attributing 

change to specific factors such as base industry competitiveness, national economy, etc.); 

and location quotient (comparing local or regional business sectors to national sectors, as 

percentages of the total economy). All four of these methods were approached.  

For time-series analysis, Table 11 was created to show change in population and 

lists of main industries over time. Key changes inc lude:  

1) Casas Grandes as a regional center for 1,000 years, surpassed by Nuevo Casas 

Grandes (7km to the west) with the railroad in the late 1800s – Municipio 

Casas Grandes remains near 10,000 population in the late 20th century as 

Nuevo Casas Grandes continues to grow;  

2) Mexico’s national population increases while the Rio Gavilan area (the three 

former Mormon colonies) also stays at a low density;  

3) Nuevo Casas Grandes increases its secondary sector after the 1980s;  

4) Casas Grandes and Nuevo Casas Grandes increase tourism and associated 

tertiary sector with opening of Paquime ruins museum in mid-1990s;  

5) Shifts between livestock and lumber as primary drivers in the backcountry, 

with drug growing also playing a leading role in the 1980s.   
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TABLE 11 
Time-series analysis of Chuhuichupa, Garcia, and Pacheco, Municipio Casas Grandes, 

Nuevo Casas Grandes, and the nation of Mexico – sources INEGI, various others 
 

Year Chuhuichupa 
Population, 
Industries 

Garcia  
Population,  
Industries 

Pacheco 
Population, 
Industries 

Mpo. Casas  
Grandes 

Pop., Ind. 

Nvo. C.  
Grandes 

Pop., Ind. 

Mexico 
Pop., Ind.  

1250 ~50(Paquime 
in area) 

  sedentary 
subsistence 

~500(Paquime 
in area) 
sedentary 
subsistence 

~500(Paquime 
in area)  
sedentary 
subsistence 

~3,500 
(Paquime) 

pottery, shells, 
macaws,parrots 

~100 
same as 

CG 

200,000 
Toltec ag, 
markets 

1450 ~ 50 (Opata 
in area) 

sedentary ag 

~ 50 (Opata in 
area) 

sedentary ag 

~ 50 (Opata in 
area) 

sedentary ag 

~200 
Abandoned 

ruins 

~ 50 
same as 

CG 

15 million 
Aztec 

agriculture 
1650 ~50(Apache 

in area) 
mostly 

nomadic 
subsistence 

~50(Apache in 
area) mostly 

nomadic 
subsistence 

~100(Apache 
in area) mostly 

nomadic 
subsistence 

~400 
(Spanish 
mission) 

cattle, mining 
    sedentary 
subs. 

~ 50 
same as 

CG 

2 million 
Mining, 
cattle, 

agriculture 

1800 ~50(Apache 
in area) 
mostly 

nomadic 
subsistence 

~50(Apache in 
area) mostly 

nomadic 
subsistence 

~100 (Apache 
in area) mostly 

nomadic 
subsistence 

~1,000 
(Spanish 
mission) 

cattle, mining 
    sedentary 
subs. 

~ 50 
same as 

CG 

5.7 million 
Mining, 
cattle, 

agriculture 

1894 ~50 
Mormon 
settlers 

~50 
Mormon settlers 

200 (Mormon) 
Lumber, 
livestock, 

cheese, fruit, 
potatoes, 

guiding hunters 

~1,500 
Govt. center, 

cattle, ag 

~ 500 
Railroad, 

Col. 
Dublan  
began 

12 million 
Mining, 

cattle, oil, 
agriculture 

1906 261 
Lumber, 
livestock 

270 
Lumber, 
livestock 

319 
same as above 

Govt. center, 
cattle, ag 

Railroad 14.5 
million 
same 

1912 200 
Lumber, 
livestock 

450 
Lumber 

same as above Govt. center, 
cattle, ag 

Railroad, 
transport 
center 

15 million 
same 

1920 revolution revolution revolution revolution revolution 14 million 
1937 190 

Livestock 
149 

Dairy 
94 

same as above 
Govt. center, 

ag 
Rail, 

Transport 
20 million 

Oil, ag, 
mfg. 

1950 ~100 
Lumber, 
livestock 

~100 
Lumber, 
livestock 

~100 
Lumber, 
livestock 

Govt. center, 
orchards, ag 

Transport, 
Lumber, 

Livestock, 
Orchards 

26 million 
Oil, ag, 

mfg. 
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* Nuevo Casas Grandes estimated population for 2003 was 59,007 

Time-series, cross-sectional, shift-share, and location quotient analyses can all be 

roughly estimated us ing local knowledge and the information in Table 12, showing 1990 

and 1995 employment by primary, secondary, and tertiary sectors in Municpio Casas 

Grandes, surrounding Municipios in Chihuahua (Nuevo Casas Grandes, Madera, and 

Janos), and towns immediately to the west in Sonora (Nacori Chico and Huachinera - 

1995 data only). Data source is CIEE, la base de datos del XI Censo General de 

Población y Vivienda y Conteo 1995.   

 

Year Chuhuichupa 
Population, 
Industries 

Garcia  
Population,  
Industries 

Pacheco 
Population, 
Industries 

Mpo. Casas  
Grandes 

Pop., Ind. 

Nvo. C.  
Grandes 

Pop., Ind. 

Mexico 
Pop., Ind.  

1960 ~100 
Livestock,  

lumber 

~100 
Livestock,  

lumber 

~100 
Livestock,  

lumber 

Govt. center, 
orchards, ag 

Transport, 
Lumber, 
Orchards 

35 million 
Oil, mfg., 

ag, tourism 
1970 ~100 

same as 
above 

~100 
same as above 

~100 
same as above 

Govt. center, 
orchards, ag 

Transport, 
Lumber, 
Orchards 

48 million 
Oil, mfg., 

ag, tourism 
1980 ~100 

Livestock,  
Lumber, 

drug 
growing 

~100 
Livestock,  

Lumber, drug 
growing 

~100 
Livestock,  

Lumber, drug 
growing 

10,861 
Govt. center, 
fruit packing, 

ag 

35,871 
Transport, 

wood, 
cattle, fruit 

pkg 

70 million 
Oil, mfg., 

ag, tourism 

1990 ~100 
Livestock,  

lumber 

~100 
Livestock,  

lumber 

~100 
Livestock,  

lumber 

10,042 
Govt. center, 
fruit packing, 

ag 

49,154 
Same plus 

tourism 

81 million 
Mfg., oil, 
tourism 

1995 ~100 
Livestock,  

lumber 

~100 
Livestock,  

lumber 

~100 
Livestock,  

lumber 

10,394 
Toursim, govt. 

center, fruit 
packing, ag 

54,061 
Same plus  

Maquiladora 
supply 

91 million 
Mfg., oil, 
tourism 

2000 ~100 
Livestock,  

Lumber, fish 
farming 

~100 
Livestock,  

Lumber, fish 
farming 

~100 
Livestock,  

Lumber, fish 
farming 

10,004 
(M.Ortiz 
~1,000) 

(C.Juarez 
~1,300) 

(C.Grandes 
3,797) 

54,390* 
same as 
above 

105 
million 

Mfg., oil, 
tourism 
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TABLE 12 
Primary, Secondary, and Tertiary Sectors in Area Municipios 

Source: CIEE, la base de datos del XI Censo General de Población y Vivienda y Conteo 1995 
 
Sector 
Municipio 

Employees 
1990 

Percent Employees 
1995 

Percent* 

Primary 
Casas Grandes 
Nvo. C.Grandes 
Madera 
Janos 
Nacori Chico 
Huachinera 

 
1,713 
2,739 
4,673 
2,416 

 
58.7 
17.7 
49.3 
72.3 

 
1,752 
3,840 
5,607 
1,984 
409 
249 

state Chih. 19.8 
38.9 
15.2 
41.3 
41.2 
65.1 
63.2 

Secondary 
Casas Grandes 
Nvo. C.Grandes 
Madera 
Janos 
Nacori Chico 
Huachinera 

 
487 

5,336 
1614 
434 

 
16.7 
34.4 
17.0 
13.0 

 
1,432 

10,409 
3,815 
1,633 

91 
56 

state Chih. 33.7 
31.8 
41.2 
28.1 
33.9 
14.5 
14.2 

Tertiary 
Casas Grandes 
Nvo. C.Grandes 
Madera 
Janos 
Nacori Chico 
Huachinera 

 
584 

6,717 
2,855 
404 

 
20.0 
43.3 
30.1 
12.1 

 
1,270 

10,738 
4,046 
1,170 
119 
67 

state Chih. 46.2 
28.2 
42.5 
29.8 
24.3 
18.9 
17.0 

Unspecified 
Casas Grandes 
Nvo. C.Grandes 
Madera 
Janos 
Nacori Chico 
Huachinera 

 
134 
706 
332 
88 

 
4.6 
4.6 
3.5 
2.6 

 
48 

278 
108 
29 
9 
22 

state Chih. 0.3 
1.1 
1.1 
0.8 
0.6 
1.4 
5.6 

* respective state percentages for 2000 were 8.9, 42.1, 45.5, 3.5 

Municipio Casas Grandes, which holds the old town of Casas Grandes, the 

Mormon community of Colonia Juarez, the pottery town of Mata Ortiz, as well as much 

of the Rio Gavilan watershed, showed increase in its manufacturing (secondary) and 

service (tertiary) sectors between 1990 and 1995 (Table 12). Influences include opening 

of the new Paquime ruins museum and related tourism, and transition of Mata Ortiz from 

agriculture to pottery with associated sales and tourism. Janos showed similar changes.  
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The value of diversification into the service sector can be illustrated by recent 

fluctuations in primary and secondary sector activities (livestock export sales and forest 

production) that dominate the state’s rural economy (Tables 13 and 14). These activities 

are very unstable.  

TABLE 13 
Export of beef cattle to the US from Chihuahua 

 
Year (Sept-Aug) Heads Annual Change (%) 

1994 - 1995 547,973 - 
1995 - 1996 188,848 -65.5 
1996 - 1997 231,207 +22.4 
1997 - 1998 323,013 +39.7 
1998 - 1999 378,588 +17.2 
1999 - 2000 402,422 +6.3 
2000 - 2001 468,502 +16.4 
2001 - 2002 334,519 -28.6 

Secretaria de Desarrollo Rural, Departamento de Desarrollo Ganadero 

TABLE 14 
Forest production in Chihuahua 

 
Year Cubic Feet Annual Change (%) 
1990 55,790,577 - 
1991 49,109,042 -12 
1992 52,676,659 +7.3 
1993 38,841,000 -26.3 
1994 36,168,068 -6.9 
1995 45,657,701 +26.2 
1996 46,516,370 +1.9 
1997 44,659,911 -4.0 
1998 52,794,206 +18.2 
1999 61,566,834 +16.6 
2000 73,834,905 +19.9 
2001 45,468,263 -38.4 

SEMARNAP, Delegación Chihuahua, Subdelegación Forestal 

Cattle and forestry activities, though important to rural areas, have taken on 

relatively minor roles in the state economy as a percentage of all exports, due to the rise 

of maquiladoras. For example, exported paper, cardboard, and lumber made up 16.6% of 
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non-maquiladora exports in 2002. Yet non-maquiladora exports made up only 3.4% of all 

exports (Secretaría de Economía).  

Chihuahua imports almost seven times the paper and cardboard it exports and six 

times the lumber and wood manufacturings. NAFTA is renowned for its ability to send 

jobs to Mexico from the US, but a large paper mill near Chihuahua City closed after 

NAFTA, as its technology could not compete in efficiency with US mills. 

Of the six border states, Baja California, Sonora, Chihuahua, Coahuila, Nuevo 

Leon, and Tamaulipas, Chihuahua was second to Baja California in trade balance in 2001 

(+17.2%) and 2002 (+15.6%). Only Nuevo Leon showed a deficit, while Mexico as a 

nation showed a deficit in 2001 (-5.9%) and 2002 (- 4.7%) (CIES, Bank of Mexico data).  

Citizen surveys - land health and land ethics 

Citizen surveys and literature were used to apply Leopold’s land ethic along with 

locals. Common and separate ground were analyzed. Leopold (1949), Callicott (1996, 

1999), Klaver (2001), Mallory (2001), Ouderdirk and Hill (2002), Star and Gresemer 

(1989) were used as guides. 

A previous study in Ejido El Largo –Madera, which extends from the Sierra 

Madre lumber town of Madera north to include the Rio Gavilan headwaters, offers 

insight (Garcia et. al. 1994). Their findings indicate: 1) 70% of the ejido population of 

10,000 depend on forestry; 2) only 6% are illiterate, but secondary education is limited; 

3) a major perceived problem is poor administration; 4) residents are worried about 

dependence on forestry, which could be over exploited or affected by NAFTA 

competition; 5) residents want diversified employment opportunities such as value-added 

forest product manufacturing, ecotourism, and fish farming; 6) residents want improved 
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infrastructure; 7) residents are naturally risk adverse – they have limited investment 

ability, and stick to activities that are known and guarantee income; 8) residents want to 

promote forest health – economics are important to link with this concept.  

TABLE 15 
Citizen Survey Responses 

 
Question Positive Negative Moderate Don’t know Comments (see appendix) 
#1 
Forest and 
grazing 
mgmt. 

11% 
 

44% 33% 11% Overcutting; bad roads; 
drought; been here 12 
years, very bad (forest), 
drought (very few cows); 
good (better), but very 
little; bad, but improving 
in forest mgmt 

#2 
Other 
opportunities 
for economic 
benefit 

100%    Pottery in Cave Valley, 
Rancho Willy; agriculture 
w/rainy season; road, sell 
apples, peaches; 
fenceposts, charcoal;  

#3 
What benefits 
you have 
received 

67% 11% 22%  Grazing, sawmill; nothing; 
everything; ocote (wood); 
work; wood, animals (no 
forest, no rain); recreation, 
(camping) and hunting; 

#4 
Danger of 
exhausting 
forest/grazing 
resources 

78% 11%  11% Ocote (heart of pine), 
small property, not enough 
wood to heat home; 

#5 
How to avoid 
resource 
exhaustion 

   22% Rest land; provide work; 
more control of timber 
cutting; save big trees, 
bring rain; conserve more 
forest; pine log harvest 
slowing down; better 
control and enforcement of 
laws; 

#6 
Respect for 
natural 
resource laws 

 56% 11% 33% Not always; not too much; 
very little but improving;  
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Question Positive Negative Moderate Don’t know Comments (see appendix) 
#7a 
What services 
community 
provides 

    Work; needs (water, 
teachers, doctors); 
electricity, stores, work; 
road; all (hospital, doctor, 
teacher, schools); phone, 
doctor; source of work; 
protect from game 
poachers, fishermen with 
electric, dynamite; storage 
tanks, fences, wolf poison, 
screwworm; medicine 
(USDA/MX), permits for 
deer, turkey, cougar; some 
fire control;  

#7b Proposed 
paved 
highway to El 
Largo  

50% 33%  17%  No jobs, no 
communication, no 
benefit, wants road here; 
good to make a new road; 
won’t happen, very 
difficult, same proposed 
for Willy; better in 
Pacheco, many arroyos to 
cross in Jovales; help a lot 
with transport costs 
(1/2hr.Jovales); 

#8 
Problems 
benefitting 
from govt. 
resources 

11% 89%   Not enough work (only 
short-term, no benefits); 
need middle school and 
after; solar panels sold 
cheap (2,000 pesos), not 
fixed by municipio; no 
problems, just drought; 
CONAF charge to teach 
children, no regular 
teacher; no work; permit 
delay, support for ejido 
that tried to take land; lack 
of compliance with laws;  

#9 
Suggestions 
to solve these 
problems 

   11% N/A; work; more diverse 
work, communication with 
govt.; n/a; more sources of 
work; work, occupy land; 
education and honesty; 
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Question Positive Negative Moderate Don’t know Comments (see appendix) 
#10 
How things 
should 
function in 
future 

   22% Roads, cheap gas, lower 
taxes; job that pays well; 
very well; weather (end 
drought); more work; land 
working; clear-cut laws 
that are practical and 
enforced; 

#11 
Biggest need 
in community 
(economics, 
health, other) 

   11% Work; jobs, education 
(kids have to leave); rain; 
new road; difficult, Ejido, 
also Col. Pacheco; more 
financial capital; wise and 
honest use of taxes; 

#12 
Endangered 
species 

 
67% 

  
22% 

 
11% 

Need more area for 
animals; doesn’t like to kill 
animals, need to protect; 
no fish left; parrots gone, 
too much cutting, fish 
dynamited at Rio and 
Horse Valley Creek every 
Easter; need to take care; 
okay to protect t-b parrot, 
trogon, Stellar jay; they 
need to be protected; 

#13 
Intrinsic 
value of 
wildlife 

67% 11%  22% (Does wildlife have value 
separate from people?) 
Yes, part of Sierra; yes, 
give land more value; 

#14 
Opportunities 
to benefit 
both nature, 
humans 

78%  11% 11% Yes, if we do them; yes, a 
healthy system would be 
enjoyed by people; 

#15 
How your 
religion 
affects your 
attitude 
towards 
nature 

56%  22% 11% A little bit (Catholic); 
Christian – God created, 
can’t destroy, must do our 
part to help; taught to be 
kind, not destroy; one of 
every 7 years set aside for 
animals (Mormon); 
Mormon taught to help, 
respect world a lot; helps 
better understanding, 
teaches to appreciate; 
teaches a respect for God’s 
creations; 
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Question Positive Negative Moderate Don’t know Comments (see appendix) 
#16 
Biggest local 
environmental  
problem 

 
 

   11% No water for animals, 
drinking; no economy, 
information; no work, 
fires, droughts; drought, 
spotlighting, doe hunt; 
sickness, health; none, 
very pure, clean here; 
drought; overgrazing and 
drought;  

#17 
What healthy 
land is 

    33% Take care of forest; 
productivity (past 
plantings lived); plenty of 
grass, water; having no 
pollution, trash; top 6” of 
soil; balance between use, 
conservation; 

#18 
How to make 
land healthy 

   11% N/A; take care of forest; 
more productivity; not 
overgraze, protect from 
fires (human); having no 
pollution, trash; conserve 
soil; control grazing, 
cutting of trees; 

#19 
How to protect 
integrity, 
stability, 
beauty of 
biotic 
community 

   22% Less cutting, rest for land; 
take care of it, build 
capacity of people; respect 
it; clean (ex: trash in 
river); don’t destroy; many 
ways; being educated; 

#20a 
Restoring low-
intensity fire  

45% 22% 22% 11% It’s good to have fires; 
hurts wildlife; less fire; 
hard to plan; care for 
ecology; have thought 
about it, if not too close to 
facilities, no danger; I 
would favor it; 

#20b 
Restoring 
wolves with 
rancher 
compensation 

33% 45%  22% Take cows, not sure how 
compensation would work; 
people would kill wolves; 
no wolves; much trouble 
with wolves, coyotes less a 
problem, easier to control; 
I would favor it; 
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Ecotourism feasibility 
 
Local citizen survey  

Questions on ecotourism development were included in the local citizen survey 

(Table 16). Some of the same questions were used in surveys by ecotourism consultant 

and author Elizabeth Boo in Curry County, Oregon (Forbes 1998).  

TABLE 16 
Citizen Survey Responses – Ecotourism  

 
Question 
(opinion on) 

Positive Negative Moderate Don’t know Comments (see appendix) 

#21 
Ecotourism 

 
78% 

  
22% 

 US people leave place 
better, natives destroy it; 
would help; not much 
tourism here; interested 
but not as 100% of 
livelihood; I am in favor of 
it;  

#22 
More tourism 
in mountains 

89%   11% People used to come; ok, 
good, projects like yours, 
no projects from Mexico; 
very good; in favor; I 
would like that;  

#23 
Benefits of 
more tourism 

78%   22% Money for people here; 
people get to know us, 
how we live; more history, 
nature protection, jokes, 
projects; better road 
conditions; interest in 
water; help land, economy, 
bring new culture that 
would be beneficial to 
land; economic and better 
care of land;  

#24 
Problems 
with  
More tourism 

22% 67%  11% None; helps; maybe more 
trash; tourists could have 
problems with authorities 
(bribes); need to control 
impact on land;  

#25 
Places to be 
off-limits to 
tourists 

11% 44% 11% 11% None; unless property 
owner doesn’t want it; 
depends on project; drug 
(marijuana) areas;  
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Trip participant satisfaction surveys  

Survey results in Table 17 were collected from two conference field trips led from 

Tucson: the joint meeting of the Ecological Society of America and Society for 

Ecological Restoration in August 2002 (16 participants); and the Conference of Latin 

American Geographers in January 2003 (5 participants).  

TABLE 17 
Visitor Satisfaction Survey Results, ESA trip (August 2002), CLAG trip (January 2003) 

 
Service Excellent Good  Fair  Poor 
Pre-trip 
information 

ESA – 9 
CLAG – 1  
Total – 10 

ESA – 4 
CLAG – 2  
Total - 6 

ESA –  
CLAG –  
Total -  

ESA –  
CLAG –  
Total -  

Food ESA – 6  
CLAG – 3 
Total – 9 

ESA – 7 
CLAG – 1 
Total – 8 

ESA –  
CLAG – 1 
Total - 1 

ESA –  
CLAG – 
Total - 

Lodging ESA – 8 
CLAG – 3 
Total – 11 

ESA – 5 
CLAG – 1 
Total – 6 

ESA –  
CLAG – 1 
Total – 1 

ESA –  
CLAG – 
Total - 

Campsite ESA – 7 
CLAG – 
Total – 7 

ESA – 5 
CLAG – 
Total – 5 

ESA – 1 
CLAG – 
Total – 1 

ESA –  
CLAG – 
Total - 

Equipment ESA – 7 
CLAG – 
Total – 7 

ESA – 5 
CLAG – 
Total – 5 

ESA –  
CLAG – 
Total - 

ESA – 1 
CLAG – 
Total – 1 

Hosts ESA – 10 
CLAG – 5 
Total – 15 

ESA – 3 
CLAG – 
Total – 3 

ESA –  
CLAG – 
Total - 

ESA –  
CLAG – 
Total - 

Itinerary ESA – 8 
CLAG –  
Total – 8 

ESA – 5 
CLAG – 
Total – 5 

ESA –  
CLAG – 
Total - 

ESA –  
CLAG – 
Total - 

Historical value ESA – 9 
CLAG – 3 
Total – 12 

ESA – 3 
CLAG – 2 
Total – 5 

ESA – 1 
CLAG – 
Total – 1 

ESA –  
CLAG – 
Total - 

Scientific value ESA – 8 
CLAG – 3 
Total – 11 

ESA – 4 
CLAG – 1 
Total – 5 

ESA – 1 
CLAG – 1 
Total - 2 

ESA –  
CLAG – 
Total - 

Conservation 
value (CLAG- 
geographic) 

ESA – 13 
CLAG – 3 
Total - 16 

ESA –  
CLAG – 2 
Total – 2 

ESA –  
CLAG – 
Total - 

ESA –  
CLAG – 
Total - 

Cultural value ESA – 11 
CLAG – 3 
Total – 14 

ESA – 2 
CLAG – 2 
Total – 4 

ESA –  
CLAG – 
Total - 

ESA –  
CLAG – 
Total - 
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 Excellent Good  Fair  Poor 
Overall trip ESA – 10 

CLAG – 4 
Total – 14 

ESA – 3 
CLAG – 1 
Total – 4 

ESA –  
CLAG – 
Total - 

ESA –  
CLAG – 
Total - 

Total  134 58 6 1 
 
Business plans  

Estimated visitor numbers, trip fees, and costs were assessed for these businesses 

as part or full- time enterprises, using actual costs of trips organized in 2002 and 2003 

(Table 18) and Patterson (1998) as a guide. Business plans for Gavilan Tours (John 

Hatch) and the Whetten Ranch show potential profits the first three years (Table 19). 

Start-up costs were included. This is based on twelve four-day trips of four persons each 

the first year and eighteen or twenty-four four-day trips of four persons in subsequent 

years. Profits increase considerably with larger groups (Table 18).  Full trip details and 

business plans are located in the Appendices. 

TABLE 18 
Cost/benefit analysis of ecotourism trips to Rio Gavilan area 

 
Trip  August 2002 (5 days) January 2003 (4 days) 
Participants 16 5 
Cost/person $475 $400 
Guide expenses/person $272 $290 
Profit/person $203 $110 
Total profit $3,255 $550 
 

 TABLE 19 
Summary of business plans for ecotourism trips to Rio Gavilan area 

 
Trip  Gavilan Tours Whetten Ranch 
4-person, 4-day trips/year first 
three years 

12, 18, 24 12, 24, 24 

Cost/person $500 $500 
Guide expenses/person $300 $350* 
Profit/person $200 $150 
Total profit $9,600; $14,400; $19,200 $7,200; $14,400; $14,400 

* higher expense includes purchase or rental of vehicle  
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Potential socioeconomic change 

Stynes (1999) outlines several approaches to estimating economic impacts of 

tourism. The simplest method is based on a National Park Service “money generation 

mode.” This model, while not as accurate for determining which economic sectors benefit 

from tourism spending, provides a rough estimate of benefits using a multiplier. The 

basic formula is:  

Economic Impact = number of tourists * average spending/visitor * mulitiplier. 

A standard yet conservative multiplier is 1.5 (for every dollar spent, 1.5 dollars is 

generated in the local economy through local circulation of the funds). Thus the 

economic impact of tourism generated by the two businesses, Gavilan Tours and the 

Whetten Ranch, during the first year would be determined as follows: 

48 visitors X 2 businesses = 96 visitors 

96 visitors * $500/visitor * 1.5 multiplier = $72,000 

Economic impacts at the household level vary by household. A rough estimate of 

changes in household income for the two tourism businesses is illustrated in Table 20. 

This is estimated based on a reportedly average “good” local salary in the Casas Grandes 

area of $12,000 per year, and reported average local salary in Pacheco of $3600 per year. 

There is no input on existing income levels at these households, for privacy reasons.  

TABLE 20 
Household impacts of ecotourism trips to Rio Gavilan area 

 
Household Gavilan Tours Whetten Ranch Pacheco labor 
Total profit 
- year 1,2,3 

$9,600; $14,400; $19,200 $7,200; $14,400; $14,400 $2400; $4800; $4800 

Salary change –  
year 1,2,3 

-20%; +20%; +60% -40%; +20%; +20%  -33%; +33%; +33% 



 182

 
Economic impacts at the village level also vary by village or town. A rough 

estimate of changes in village or town income for the two tourism businesses is illustrated 

in Table 21. This is estimated based on an informally reported average local salary in 

Municipio Casas Grandes area of $6,000 per year, multiplied by 2,000 households, 

reported average salary in Colonia Juarez of $8,000 per year, multiplied by 260 

households, and reported average local salary in Pacheco of $3600 per year, multiplied 

by 20 households. Effects of the tourism income include estimates at the third year and a 

multiplier of 1.5. 

TABLE 21 
Village, Town, Municipio economic impacts of Rio Gavilan ecotourism trips  

 
Village  Pacheco Colonia Juarez Mpo Casas Grandes 
Income $72,000 $2,080,000 $12,000,000 
Ecotourism 
income 

$4800 * 1.5 = $7,200  
 

$33,600 * 1.5 = $50,400 $38,400 * 1.5 = 
$57,600 

Change +10% +2.5%  +0.5% 
 
Survey of Paquime museum visitors 

Random pages of visitor logs were checked for the Centro Cultural de Paquime 

for August through November 2002. Only 56% of visitors were from Chihuahua, and 

68% were from Mexico. European visitors comprised 7%, while Americans made up 

25%.  Arizona had 7% of visitors, with New Mexico, Texas, and California at 2-3% each. 

Overall the Paquime museum had 70,000 visitors in 2002. In January and February 2003, 

27% of visitors were students, 57% of visitors were Mexican, while 13% were European.  

Restoration feasibility 

Bowman ranch (El Retiro), located near the starting point of Leopold’s pack trips, 

received recommendations from the National Riparian Service Team in 1999 (Figure 33) 
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(Lunn 1999). Practices were implemented a month later (Figure 34). Conditions were 

checked four years later (Figures 35-38) (Spring 2003). The index of proper functioning 

condition was checked. Results are in Table 22. This was assessed for Retiro 1 (site 7), 

and Retiro 2 (site 8) using 17 qualitative indicators from Prichard (1998). Changes are 

noted in parentheses.  

TABLE 22 
El Retiro - Riparian Proper Functioning Condition ratings 

 

Indicators 
 

Yes 
 

No N/A 

Floodplain 
inundation 

relatively frequent 

 7, 8  

 
Beaver dams 
active, stable  

  7,8 

Sinuosity, 
width/depth, 

gradient in balance 
with landscape 

7,8   

Riparian area 
widening or at 
potential extent 

7,8   

Upland watershed 
not contributing to 

degradation 

 7,8  

 
Diverse vegetation 

age class 
distribution for 
maint./recovery 

(7) 7,8  

 
Diverse 

composition 
riparian vegetation 

(7) 7,8  

Species indicate 
maintenance of 
soil moisture 

(7) 7,8  
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Indicators 
 

Yes 
 

No N/A 
 

Root masses 
capable of 

withstanding high-
streamflow  

(7) 7,8  

 
Riparian 

vegetation 
vigorous 

(7) 7,8  

Adequate riparian 
cover to protect 
banks, dissipate 

high flow energy 

(7) 7,8  

Adequate, 
sustained source of 

large woody 
material 

(7, 8) 7,8  

 
Floodplain/channe

l characteristics 
dissipate energy 

 7,8  

 
Point bars 

revegetating  
(7) 7, 8  

 
Lateral stream 

movement 
associated with 
natural sinuosity 

7,8   

 
System is 

vertically stable  
 7,8  

Stream in balance 
with water and 

sediment supplied 
by watershed 

 7,8  

Total    6 (15) 26 (17) 2 

Ratio 0.23(0.88) 1(1)  
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Figure 33 – Las Minas creek on Bowman Ranch (Rancho El Retiro) April 1999 
(west of ranch house) 

 

 

Figure 34 – Las Minas creek on Bowman Ranch (Rancho El Retiro) February 2001 
(same site west of ranch house) 
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Figure 35 – Las Minas creek on Bowman Ranch (Rancho El Retiro) April 2003  
(west of ranch house - note resprouting willows) 

 

 

Figure 36 – Las Minas creek on Bowman Ranch (Rancho El Retiro) April 2003  
at point of rock crossing for livestock (south of ranch house) 
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Figure 37 – Upland recovery at Bowman Ranch (left side of lower photo) 

 

Figure 38 – Juniper clearing and resprouting at Bowman Ranch east of ranch house 
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CHAPTER 12 - DISCUSSION 

Forest health 
 

Hypothesis: qualitative indicators of forest conditions will reveal “moderate” 

ratings, indicating decline from a highest rating yet some retention of land health. The 

research hypothesis is partially supported. Overall forest density is 87% of expected 

density if it was at moderate density (Table 23, based on Table 5). However, the pine-oak 

ratio is highly alterered (0.23/1 from expected 0.84/1).  

TABLE 23 
Observed versus expected forest stand density 

 

 Trees/ 
ha 

 Pine 
  

Oak 
 

Other Pine: 
Oak 

Snags Fuel model 

Observed 1267 216 927 124 0.23:1  9 2,2,4,9 
Expected 1455 824* 491** 127 0.84:1***  6**** 2,2,9,9***** 
% Expected 87% 26% 189% 98% 27% 150% 75% 
*         Includes SW data 
**       Includes Durango data only 
***     Expected pine:oak ratio is half of historical ratio 
****   Expected snag frequency is half that on historic photos 
***** Expected fuel model type is half 2, half 9 

Changes in pine-oak ratio are likely due to logging of pine and changes in fire 

regime. Sprouting oak increase their stems per hectare in response to fire. Native Apache 

pine also obtains a bush- like form in its seedling stage, similar to that of longleaf pine, 

allowing it to outcompete other trees after low-intensity ground fires. 

Fire regime condition class (FRCCC), which notes deviation from historic fire 

regimes, was rated as 2 (moderate) for seven of eight Rio Gavilan stands. Fuel models 

were rated as 2, 2, 4, and 9 for four stands.  

Pyne (1996) indicates crown fires in the US increased from 10,127 acres per year 

in the 1940s to 15,117 acres per year in the 1980s, despite a massive firefighting effort. 
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High- intensity fires can increase sediment runoff from a few pounds to 1.7 tons per acre, 

further reduce productivity through tree scorch and mortality, and sometimes converting 

forest to brush (Johnson 1996). 

However, many environmental issues can be clouded by black and white, 

“either/or” thinking within paradigms. The extent to which changing density increases the 

severity and abundance of crown fires is debatable. The current paradigm classifies pre-

settlement fires as low intensity underburns, and post-settlement fires as intense. Recent 

events show that perceptions of ecological damage by large fires can be exaggerated.  

Two of the three largest fires in the western US in 2002 burned in mosaic patterns 

with varying intensities. The 500,000-acre Biscuit Fire in Oregon had 40 percent of its 

area unburned, while water quality remained good and streams were still in functioning 

condition. The 137,000-acre Hayman Fire in Colorado burned 132 homes, but 51 percent 

of the area burned at moderate or low intensity and 17 percent was unburned. Even the 

higher intensity Rodeo-Chediski Fire in northeastern Arizona is predicted to increase 

watershed health in the long term by removing dense pines and junipers (Ring 2003).  

Additionally, geomorphologists are now finding evidence of catastrophic fire in 

ponderosa pine types during a dry period (900-1200 AD), the intensity of which is not 

likely human-caused (Meyer et al. 2001). Climate may be as important a factor in hot 

fires as density. A relationship between US Southwest fire area, fire intensity, and climate 

exists. Southern Oscillation indices (SOI) (El Nino-El Nina) explain 30 to 35% of annual 

fire variance. Widespread fires occurred in the US Southwest in 1716, 1748, 1785, 1837, 

1847, 1851, and 1879. Many of these occurred in dry El Nina winter/springs (narrow tree 

rings) following El Nino wet periods of two to three years (increased growth of fuels). In 
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the 20th century, area burned was greatest during severe El Nina winter-spring droughts 

(1934, 1946, 1956, 1971, and 1974). Area burned was reduced in wet springs of El Nino 

years (1926, 1941, and 1958) (Swetnam and Betancourt 1990).  

Heyerdahl and Alvarado (2003) recently correlated Sierra Madre Occidental fire 

regimes and climate with similar results. The nearest sample site to the Rio Gavilan was 

south in Salsipuedes (elevation 2,620 meters), near the town of Madera within Ejido 

Largo Madera. The fire interval at Salsipuedes from 1785 to 1951 was three to five years. 

Recent data from the year 2000 fires in Mexico, although it was an unsually high 

year for fire frequency around the nation, shows national variability in number and size 

of fires. Chihuahua was second among states in number of fires (1,084) but fourth in 

hectares burned (26,298). This put Chihuahua eighth of ten states in hectares burned per 

fire (24). The state of Mexico was number one in fires (2,152) while Coahuila was 

number one in hectares burned per fire (189) and Durango second (113). These figures 

could indicate wetter, rainy conditions affecting lightning fires in the higher elevations of 

Chihuahua and the state of Mexico, which tend to receive more moisture from orographic 

lifting. Rodriguez Trejo (1996) illustrates high variability in Mexican fire ecology by site.  

Density may affect fire intensity to varying degrees, but it also affects other 

important forest values (Johnson 1996). Water yield increased 25% as density dropped 

from 120 to 40 sq. ft./acre. Increases end in about seven years, due to forest regeneration, 

but periodic fire would likely maintain yields. Johnson (1996) states:  

Today, streams in the SW that were perennial a century ago do not flow year-round... 
However, where prescribed natural fire has occurred three or more times in the last 
two decades in the Gila Wilderness, streams are now flowing again that had not 
flowed for many years. 
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Similar conditions are reported in the Rio Gavilan. Local ranchers report El Fuste 

at La Mesilla was formerly a perennial creek, even before the recent five to ten-year 

drought. Juniper removal near El Robado on the Whetten Ranch resulted in increased 

streamflows for nearby use by dwellings (Whetten pers. comm. 2002). 

Excess forest floor fuels (debris, logs, needles) can also hinder soil productivity 

through tying up nitrogen that could be used for plant growth. Nitrogen is released after 

fires and lasts less than four years, so frequent fires can maintain this aspect of 

productivity, a common limiting factor (Johnson 1996). Emmerich (1999) found little 

nutrient loss or gain from moderate intensity burning in southeastern Arizona rangeland. 

Snag levels are currently at the minimum threshold number for habitat. Snags per 

hectare can increase in dense stands due to competition. However, snag levels may be 

lower in the Rio Gavilan due to economic pressure to harvest any merchantable material 

(Whetten pers. comm. 2003). La rge snags and logs such as that in Figure 19 are less 

common and should be retained where possible.  

In summary, forest density is linked to land health but is variable in the Rio 

Gavilan through a mosaic of habitats (Table 4). Density is only half that of the dense 

Durango site (Table 5), but the latter is at a higher elevation that supports more pine. Rio 

Gavilan forest density is currently at the maximum threshold on sites such as Mesilla 1 

and Mesilla 3 where oak to pine ratio has increased. Further rationale include current 

costs for restoration ($1.6 billion in the US western states) and local loss of year-round 

creek flows. Density is beyond the threshold at numerous upland sites where juniper 

encroachment has occurred, such as on the continental divide. Density at the El Retiro 2 

juniper removal site was approximately 25 times above historic levels.  
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Rangeland health 
 

Hypothesis: qualitative indicators of rangeland conditions will reveal “moderate” 

ratings, indicating decline from a highest rating yet some retention of land health. The 

research hypothesis is supported. Overall ratings of change towards degraded conditions 

(Table 6) indicate 68 of 136 ratings (50%) were in the moderate category, 45 (33%) were 

in the slight to moderate category, and only 19 (14%) were in the moderate to extreme 

category. 

The above protocol was originally designed for the Chihuahuan Desert. On 

upland forest sites, some of the same processes that affect forest health also affect 

rangeland health and productivity. Ridgetop rangeland exhibits considerable 

encroachment from junipers. Ridgetop and sideslope rangeland also exhibits areas of 

dense oak brush. 

Reduction of severe juniper stocking can increase water yield and reduce 

competition to grasses, shrubs, and other trees. In Central Oregon it was demonstrated 

that juniper trees were using over 12.6 inches of water in a precipitation zone of 15 

inches per year. This Oregon site had a density of 26 trees per acre over six inches in 

diameter and 454 trees less than six inches (Eddleman and Miller 1991).  

The Bowman Ranch had 494 juniper trees per hectare (206 trees per acre), with a 

higher percentage over six inches diameter, at a dense site where removal occurred. 

Increment bores and aging of stumps indicate most junipers on the Bowman Ranch were 

50-60 years old. 

Native grass species are still abundant and, in many cases, recover nicely when 

land is rested. Species include blue grama, sideoats grama, and little bluestem. All or 
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some of these species were seen at 1-3 feet in height on rested portions of the Whetten 

ranch, Bowman ranch, and Lupe Duran ranch (the latter just downstream from Rancho El 

Gavilan).    

Riparian/watershed health 
 

Hypothesis: qualitative indicators of riparian/watershed conditions will reveal 

“moderate” ratings, indicating decline from a highest rating yet some retention of land 

health. The research hypothesis is partially supported. Ratings of proper functioning 

condition at eight sites indicate an even split, among all individual rating categories (32 

of 64), between proper and improper functioning condition (Table 7).   

Ratings of riparian/watershed health at five sites indicate moderate health, with 19 

of 60 ratings (32%) indicating optimal condition, 18 of 60 ratings (30%) indicating sub-

optimal conditions, 12 of 60 ratings (20%) indicating fair condition, and 11 of 60 ratings 

(18%) indicating poor condition (Table 8). 

All sites had erosion rates exceeding sustainable rates because of heavy grazing 

pressure both in riparian areas and adjacent hillslope sites ranging in slope from relatively 

flat to 60%.  Erosion rates at all five elevations in the transect exceed an estimated 

sustainable rate of 1 ton/acre/year (Pimentel, 1993). Potential soil loss on 40% slopes are 

more than 49 tons/acre/year, a rate greatly exceeding the probable rate of soil formation. 

This contrasts with the watershed that Leopold (1937) found “still retains the virgin 

stability of its soils and all the natural beauty that goes with that enviable condition.” 

Fluvial geomorphology measurements indicate more than moderate change in 

streambeds. Some river sections have changed from Rosgen class B to class C, indicating 
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aggradation and a higher width to depth ratio. This correlates with remarks by Starker 

Leopold (1949) about changes noticed during his 1948 visit: 

The river bluffs were studded with crusty old junipers and oaks just as I had 
remembered them. But the river itself was not the same. What had been a narrow 
channel winding between grassy banks was now a wide, scoured trough of 
cobblestones left by summer floods 
 

Watershed health criteria falling outside the above indices include road density 

and road conditions. Road densities over 1.7 miles per square mile were considered high 

in the Interior Columbia Basin Ecosystem Management Project. Road density in the Rio 

Gavilan is below this threshold, averaging in the moderate range (0.7 to 1.7 miles per 

square mile). Road conditions are fair to poor. Water bars do not exist on backroads with 

little use. Gullies up to four feet deep run alongside main roads into the Rio Gavilan area.      

Socioeconomic health 
 

Hypothesis: qualitative indicators of socioeconomic conditions will reveal 

“moderate” ratings, indicating decline from a highest rating yet some retention of land 

health.  Hypothesis is partially supported. Socioeconomic health can be measured by the 

percent of employment in the service sector, which is also a rough indicator of diversity 

and resiliency and is less prone to price fluctuations (Tables 13, 14).  

Rural areas have had healthy decreases in percent employment in the primary 

sector component. Municipio Casas Grandes has gone from 58.7% primary in 1990 to 

38.9% primary in 1995 (Table 12). However, this is largely due to tourism, which has not 

reached the Rio Gavilan area. Rio Gavilan area employment may be more similar to that 

in Huachinera, which still has 63.2% employment in the primary sector. The Bureau of 

Business and Economic Research, University of New Mexico, indicates that six southern 
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New Mexico counties, by comparison, have primary sectors ranging from 5% to 17%, 

secondary sectors ranging from 4% to 22%, and tertiary sectors from 61% to 90%.  

Informal cross-sectional analysis (jobs by industry, income by source, etc.) 

indicates that Casas Grandes area economics are presently based on cash crop agriculture 

and orchards, small maquiladoras (foreign-owned border factories) or maquiladora 

suppliers, forestry, ranching, transportation, and subsistence agriculture (INEGI 1997). 

Informal shift-share analysis (attributing change to specific factors such as base 

industry competitiveness, national economy, etc.) indicates recent changes in Municipio 

Casas Grandes are due to growth in manufacturing (orchard packing cooperatives, 

maquiladora suppliers, pottery in Mata Ortiz) and services (tourism at the ruins and Mata 

Ortiz).   

Informal location quotient analysis, comparing primary, secondary, and tertiary 

sectors to regional and national sectors (rather than individual industries such as wood 

products), indicates reliance on primary production in the Rio Gavilan backcountry. This 

reinforces dependence on price fluctuations and little added value to products with 

corresponding multiplying effect on the economy. Changes in Municipio Casas Grandes 

have occurred increasing percentages in the secondary and tertiary sectors, but these are 

largely due to manufacturing and tourism increases (mentioned above) occurring in the 

lower foothill towns and cities. 

Service sector changes can indicate a shift in hierarchy, especially raising the 

importance of towns with a larger range and threshold of services (Hourihan and Lyons 

1995). The best example of this would be Mata Ortiz, whose pottery is now world-

renowned, attracting visitors from distant locales. Town residents, who used to depend 
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largely on communal cattle grazing, learned to manufacture Paquime replica pottery 

starting in the 1980s. Residents now reportedly send children to better private schools and 

overall quality of life has improved. 

By contrast, Pacheco has declined since the 1950s when it had twice the current 

population and was still a regional center for purchasing diverse home-made products 

such as cheese and acquiring services such as health care and repairs. Some tourism now 

occurs there occasionally through Mata Ortiz pottery workshops held in a mountain 

setting, and visitors occasionally traveling through on the longer route to the Cave Valley 

cliff dwellings.  

The Rio Gavilan area population has remained low throughout the centuries, and 

even the Casas Grandes area population has not risen in the same proportion as the 

national and world population (Table 11). This may change, at least in the Casas Grandes 

area, as the border region grows.  

Projections have the border almost tripling in population within two to three 

decades, with most increase in Mexico, but US border growth also faster than the US 

average. Projections indicate that today’s border metropolitan centers will become large 

cities. Due to a young population distribution and high immigration rates, El Paso, 

Juárez, and Las Cruces could soon become a single population center with a population 

around six million people (Peach and Williams 1999).   

The governor of Chihuahua presented a border economic development plan in 

New Mexico in January of 2001. The plan included proposals for improving 

infrastructure, agricultural processing, and tourism. Specifics included: a binational city 

at the Santa Teresa, New Mexico NAFTA crossing; improvements of highways and the 
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Nuevo Casas Grandes airport; establishment of an agrobusiness credit union; 

establishment of a shelling plant in Nuevo Casas Grandes; and marketing of the pecan 

industry. Minimum wage is about $4/day in Chihuahua and $5.15/hour in New Mexico.  

Tourism plans included: lifting checkpoints on tourist vehicle travel; expanding 

cultural tourism from Paquime ruins to Apache, Mennonite, and Mormon cultures; 

establishment of a zoo with regional species; restoring a scenic rail trip from Nuevo 

Casas Grandes to Madera; establishment of a tourism department at the technical college 

in Nuevo Casas Grandes; involvement of communities in tourism development; and 

promotion of alternative tourism. 

More recently the State Office of Economic Development in Chihuahua offered 

low-cost lines of credit of up to $120,000 pesos (about $10,000) to businesses in the 

municipios for expansion projects or to modernize equipment. The credit was distributed 

through a program called Integral Support for Micro and Small Businesses (Apoyo 

Integral a la Micro y Pequena Empresa) and is being channeled to municipios where there 

is a lack of bank credit. One of the purposes of the “Mypes” program is to decentralize 

credit services that are currently concentrated in the state's two major cities, Chihuahua 

and Ciudad Juarez.  

The State also undertook an intensive informational campaign in the municipios 

of Parral, Cuauhtemoc and Delicias as well as all the other small cities across the state. 

The State is also working on various projects involving foreign investment in small cities, 

following the interest raised at an international Borderland Trade Show held in El Paso. 

Rio Gavilan diversification plans can fit into these larger regional plans, largely 

through alternative tourism development, including ecotourism and cultural tourism. 
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Involvement of communities in planning tourism development is critical. Young (1999) 

illustrates the need to protect local resource access from outside parties. Conflicts may 

otherwise result in reduced local economic benefits and continued land degradation. 

Ejido ecotourism work by Balam Consultants near Mexico City included mostly business 

skills training for ejiditarios. 

Another opportunity in the Rio Gavilan and Pacheco area may be furniture 

making and charcoal production (Estrada et al. 1995). Furniture made in Chihuahua is 

already in demand in Japan, whose markets are considered the richest and most expensive 

in the world, but also the most demanding. Major Mexican competitors in overall 

furniture production include North Baja California, the Federal District and Tlaxcala. 

Chihuahuan furniture makers attended the largest furniture exposition in the world, in 

High Point, North Carolina.  

The most popular lines of Chihuahuan furniture in the US are rustic, made of 

sanded wood and forged iron. The rustic industry has grown since passage of NAFTA in 

1994, mostly due to recession in Mexico and the search by producers for new markets. 

Production centers exist in Ciudad Chihuahua and Juarez. Many shops have direct links 

to stores in the US Southwest. Transportation of wood from the Sierras is relatively 

inexpensive, but tariff reduction may increase use of US wood (Harner 2002).  

Production closer to the lumber source may offer a comparative advantage if 

direct links with markets can be established. These relationships, built on familiarity and 

trust, differ from American business culture based on contracts and informal contacts. 

The state's major competitors in rustic furniture are in the states of Jalisco, Michoacan, 

the Federal District, and Puebla (Harner 2002). 
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Forest certification can add an element of sustainability to the product. The 

charcoal industry especially may allow utilization of small material that has increased 

forest density to unhealthy levels due to fire suppression. If value cannot be added in the 

mountains, guarantees can be set up with mills in the Casas Grandes area. Estrada et al. 

(1995) indicated that value-added sawmill and charcoal production was highly feasible at 

neary Ejido El Largo. The biggest obstacle was quality of facilities and product. 

Empowerment can occur through microloans and open technical training. 

Citizen surveys - land health and land ethics 

Hypothesis: qualitative indicators of socioeconomic conditions will reveal 

“moderate” ratings, indicating decline from a highest rating yet some retention of land 

health.  Hypothesis is only partially supported.  

Socioeconomic health can also be measured by citizen surveys. Eight of thirty 

questions focused on socioeconomic conditions (Table 15). Responses to these first eight 

questions indicated 27 of 55 responses (49%) were negative, 21 of 55 responses (38%) 

were positive, and 7 of 55 responses (13%) were moderate.  

The distribution of responses was fairly even but there was a sharp divide 

between positive and negative responses, with few moderate responses, indicating several 

aspects of socioeconomic health need to be improved. These include forest and grazing 

management, respect for natural resource laws, and citizens benefitting from local 

government programs.  

Other main themes from survey results were: support of intrinsic value of 

wildlife; need for steady jobs instead of temporary ones; split on reintroduction of low 

intensity, frequent fire regimes and wolves.  The survey is somewhat limited by 



 200

potentially “leading” questions, lack of respondents’ previous knowledge of ecological 

issues, and local tendency to give positive answers if unsure (out of politeness).   

Oral histories indicated concerns for, in order of priority for respondents: 1) loss 

of big trees; 2) loss of year-round streams; 3) loss of frequent, low intensity fire; 4) loss 

of wildlife in general, including replacment of wolves with coyotes, despite several 

stories of encounters when wolves were shot; 5) increased areas of dense brush and 

juniper; 6) and adequate enforcement of forestry practices and wildlife laws.  

Ecotourism feasibility 

Hypothesis: conservation and development feasibility studies will show 

potentially even benefits among habitats, communities, cultures, social classes, and 

households. Hypothesis is not supported. Benefits are not evenly distributed. Although 

significant change is made in Pacheco households, two households based in Colonia 

Juarez receive most of the benefits (Table 20). More work would need to be done directly 

with Ejido Pacheco to spread benefits and empowerment more evenly.  

Hypothesis: ecotourism will show feasibility to raise qualitative ratings to the next 

highest category in the various indices. Hypothesis is partially supported. Ratings are 

raised to near the next level for three household incomes and percent employment in 

services in Pacheco. Difference is relatively small in larger communities such as Colonia 

Juarez and the entire Municipio Casas Grandes. 

The groups brought to the Rio Gavilan through conferences are not necessarily a 

representative sample of potential ecotourists, but they do show the area is marketable, 

has interest, and the trips can be satisfying. Paquime museum visitor logs show hidden 

potential in off-season European, US Southwest, and Mexican travelers. In the last three 
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weeks of March 2003, hotels in the Copper Canyon mountain town of Creel registered a 

100 percent occupancy rate, reflecting the growing interest by local Chihuahuenses as 

well as foreign vacationers in the Sierra.  

Key points of the ecotourism feasibility analysis are: developing higher priced, 

lower volume packaged home stays as an alternative to hotels; including trip surcharges 

that return funds to resources through a non-profit agency; and developing initial ecotours 

on private lands to retain control over visitor numbers. Opportunities should be explored 

on a small scale, without overcaution yet with mechanisms to limit initial scope of nature 

and heritage-based tourism.  

Primary support for backcountry ecotourism includes the Mormon heritage of 

guiding backcountry travelers (Spilsbury and Hardy 1985, Hatch 2002) and biologist 

recommendations (Lammertink and Otto 1997).  Monitoring and restoration should be 

done using ecotourists and students to build knowledge and ownership in land health. 

Land health education should be built into class and field curriculum for an ecology class 

at the local Mormon high school, Academia Juarez.   

Restoration feasibility 

Hypothesis: conservation and development feasibility studies will show 

potentially even benefits among habitats, communities, cultures, social classes, and 

households. Hypothesis is partially supported. Restoration can be implemented in forest, 

rangeland, and riparian areas that spreads benefits evenly among habitats. Some 

treatments help several habitats such as upland and riparian (rotational grazing). Certain 

habitats, such as old-growth forest (parrot nests) and the mainstem of the river, need 
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widespread watershed treatments to make changes, which might take decades to 

implement.  

Hypothesis: restoration practices will show feasibility to raise qualitative ratings 

to the next highest category in the various indices. The research hypothesis is supported 

by forest, rangeland, and riparian work on the Bowman Ranch (Table 22) and landscape 

estimates of fire regime condition class (Table 4). It is also supported by National 

Riparian Service Team reports on Bear Creek (similar semi-arid, pine habitat) in Oregon, 

which increased productivity eightfold after treatments similar to those recommended for 

the Bowman Ranch.  

The research hypothesis is also supported by Covington et al. (1997), who 

describe fuel models after restoration of a US Southwest pine forest:  

The remaining forest now has a fire behavior fuel model 2 (Anderson, 1982), in 
which surface fires occur but crown fires are improbable, rather than a previous 
rating of fuel model 9, in which stand-replacing crown fires are common. 
 
The hypothesis is also supported by recent widespread trinchera construction 

work on the Austin Ranch in the Chiricahua Mountains of Arizona. This work was 

combined with rotational grazing to successfully restore range health and perennial flows 

to previously year-round streams (Austin, J, V. Austin, 2002, personal communication). 

Community forestry/forest certification feasibility 

Value-added production could be achieved in Pacheco through rustic furniture 

construction. This could be a low capital investment. Grants may be available to send 

selected current residents to visit other mills in Chihuahua, Michoacan, etc. (see p. 196).  

Certification involves bringing assessors in from the US, with associated costs. 

Given the current restrictions on cutting green lumber, reaching the criteria may be 
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achievable. Given the appeal of the Leopold land ethic to both land managers and 

preservationists, Forest Stewardship Council (FSC) certification would be the most 

appropriate as it also appeals to both groups. Washburn and Miller (2003) outline FSC 

principles, including consideration of: compliance with laws; clear rights to land; 

indigenous peoples’ rights; community relations and workers’ rights; efficient use and 

benefits; maintain ecological functions and integrity; long-term management plan; 

monitoring; and plantations that complement and reduce pressure on natural forests.  

Cost of certification review may be done through a small grant proposal or by 

partnering with other high-elevation landowners with forested parcels. Hartsfield and 

Ostermeir (2003) indicate that two-thirds of FSC certified forest managers thought the 

benefits did not outweigh the costs, although half thought the benefits could increase in 

the future. The survey included four Mexican forest managers in sixty-nine respondents.  
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Summary of hypotheses 

This chapter summarized the results and discussion in light of the extensive 

literature review in Chapters 2-9, and key concepts of Leopold related to land health, the 

land ethic, and interdisciplinary work. Table 24 summarizes the results of the various 

land health hypotheses.  

TABLE 24 
Summary of research hypotheses – Land health will be rated as moderate;  

Ecotourism and restoration will distribute benefits evenly, raise ratings one level 
 

Topic Hypothesis 
Supported 

Hypothesis  
Partially supported 

Hypothesis  
Not supported 

Forest –  
stand density 

 x  

Forest – fire regime 
class condition 

 x  

Rangeland – 17 
indicators 

x   

Rangeland – brush 
encroachment 

x   

Riparian – 17 
indicators 

 x  

Riparian – 12 
indicators 

 x  

Watershed – soil 
erosion rates 

  x 

Watershed – road 
densities 

 x  

Socioeconomic – 
sector analysis 

  x 

Socioeconomic – 
citizen survey 

 x  

Ecotourism – even 
benefits distribution 

  x 

Ecotourism – raise 
income level 

 x  

Restoration - even 
benefits distribution 

 x  

Restoration - raise 
health rating level 

x   

Total 3 8 3 



 205

 
 

The previous discussion focused on results and how they supported or did not 

support hypotheses. The following discussion revisits Leopold’s version of land health, 

provides predictions on the future of various elements, and is followed by a more critical 

examination of his corresponding land ethic and diverse policy solutions. 

Revisiting Leopold’s land health 
 

Leopold (1949) provides, in the land ethic section of A Sand County Almanac, a 

summary definition of land health as: “the capacity of the land for self- renewal.” This 

criterion is evident in the Rio Gavilan to varying degrees. Examples of capacity for self-

renewal are provided by the supported or partially supported hypotheses in Table 23, and 

specifically by the following: recovery of native blue grama and bluestem grasses on 

rested land (Chapter 11, Table 22); recovery of willows and other aquatic vegetation on 

rested streambanks (Chapter 11, Table 22); potential for renewal of fire regimes (Chapter 

11, Table 4); and refugia for native trout and thick-billed parrots (Chapter 6, Hendrickson 

et al. 2003, Lammertink and Otto 1997).  

Examples of loss of capacity for self-renewal are provided by hypotheses not 

supported in Table 23, and specifically by the following: soil erosion rates far beyond 

natural rates (Chapter 11, Table 9); extirpation of grizzlies, wolves, and imperial 

woodpeckers (Chapter 6, Leopold, A.S. 1959, Appendix – Oral Histories, Lammertink 

and Otto 1997); and decades or centuries before self-renewal can restore the river from 

downcutting (Chapter 6 - Lunn 1999). 

Leopold (1999) provided more detail on his definition of land health, in a 

previously unpublished essay, “The Land Health Concept and Conservation.” He asks, 
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what are the probable conditions requisite for the perpetuation of the biotic self-renewal 

or land health? He suggests that “the biotic clock may continute ticking if we: 1) cease 

throwing away its parts; 2) handle it gently; 3) recognize that its importance transcends 

economics; 4) don’t let too many people tinker with it.” 

Leopold (1999) strongly tied biotic integrity with land health. Part of his rationale 

is based on the assumption that biotic communities were largely stable throughout time 

before human intervention. Leopold (1999) further lamented excessive control of nature 

through dyking and poisons, lack of integrating aesthetics, and increasing human density. 

A forecast for selected “parts” of the Rio Gavilan ecosystem is given below.  

Wildlife - birds 
 

Leopold’s “numenon” species of the Sierra Madre, the thick-billed parrot (Figure 

39), has stabilized in population. However, its future is not secure and depends on more 

conservation and research. Site-specific conservation strategies for nesting sites, the 

limiting factor in population, are needed. Critical nest sites vary in social dynamics.  

Cebadillas required more complex negotiation of alternatives to logging for 

numerous ejiditarios (McDonnell and Vacariu 2000, Norris 2001), including a 15-year 

temporary agreement. Logging of this critical nest site could still occur if alternatives are 

not found. Mesa Las Guacamajas, closer the US border, has less inhabitants and is more 

amenable to outright preservation and purchase. Only a few families need alternatives 

there, and they may actually benefit as caretakers and occasional hosts to research and 

tourism. 

Nest sites could be expanded through snag (dead tree) creation above 2300m. 

This might lessen the critical situation surrounding existing nest sites. Research is also 
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needed on wintering locations, which are relatively unknown. A new exhibit on thick-

billed parrots will be constructed by 2005 at the Queens Wildlife Center in New York, 

according to zoo manager Robin Dalton of the Wildlife Conservation Society. This 

should greatly increase worldwide education on the parrots’ status.  

 

 

 

Figure 39 – Thick-billed parrot at Arizona-Sonoran Desert Museum, Parrot Falls 
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The northern goshawk (Accipiter gentiles) has been identified as an indicator 

species for historic ponderosa pine forest structure in the Southwestern US, outside of the 

higher elevation mixed conifer where the Mexican spotted owl (Strix occidentalis) is a 

more appropriate indicator species (Braun et al. 1996, Long and Smith 2000). Braun et 

al. (1996) indicate the goshawk ranges into northern Mexico, but it is difficult to sight in 

the field. Marshall (1957) found, in his cross-border study, one of three total goshawks in 

the high Sierra Madre. The goshawk was not noted on species lists of Leopold (1938) or 

the Nature Conservancy (2003) on their visits. 

Braun et al. (1996) and Long and Smith (2000) suggest silvicultural management 

that creates stand structure favorable to the goshawk. Basic recommendations include: 

retaining the landscape in 20% old growth (24 inch and greater diameter, or dbh, of 

overstory trees), 20% mature forest (18-24 inches dbh), 20% mid-seral forest (12-18 

inches dbh), 20% young forest (5-12 inches dbh), 10% seedling-sapling (1-5 inches dbh), 

and 10% grass and shrub openings.  

Arrangement of stands would ideally occur in a mosaic, which is representative of 

past natural conditions in the US Southwest. Trees within stands would also have 

irregular distribution, emphasizing clumps of trees, but set on a wider individual spacing 

than now occurs. Crown closure should not drop below forty percent. The silvicultural 

systems are uneven-aged group selection and shelterwood, both with long-term reserve 

trees. These are designed to correct a previous emphasis on even-aged management 

(Long and Smith 2000). Wider spacing allows for better health of individual trees, which 

can maintain ten times the cone production of trees in dense stands (Braun et al. 1996). 
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Gould’s turkey, a species of economic importance due to foreign hunters, can also 

benefit from such practices. It habitat can be enhanced by a mosaic of forest openings, 

older large Chihuahua pine as roost trees, reduced competition from livestock, and 

increased water sources. The latter can increase through juniper removal, although 

juniper provides important mast along with oak (Schemnitz and Zornes 1995).    

Healthy stand structure also meets needs of other species. Examples are the nine 

species of birds (junco, Cassin’s finch, pine siskin, grosbeak, chickadee, crossbill, 

nuthatch, Stellar’s jay, Clark’s nutcracker) that use pine seeds as a critical food source 

(Braun et al. 1996). The list also includes the thick-billed parrot, whose population can 

fluctuate based on yearly variability in cone production (Snyder et al. 1999). Standard 

criteria for cavity-nesting birds include snags and downed logs in each of three stages of 

decay, each at a distribution of at least one per hectare over at least half the landscape 

(Pederson 1991). 

Riparian vegetation is especially important to bird diversity. Marshall (1957, p. 

49) indicates that “its height, diversity, rich understory of herbs, shrubs, and flowers, and 

its extended edge permit a greater concentration of birds, considering its narrowness, than 

in the surrounding pine-oak woods.” He suggests that “one expects to find in a mile of 

riparian woodland 49 pairs of birds, 11 of which belong to species which would not be in 

this canyon unless the riparian growth were there.” Schemnitz and Zornes (1995) also 

indicate high importance of riparian forest to Gould’s turkey.  

Thus Marshall (1957), Schemnitz and Zornes (1995), and Brown (1994) 

emphasize the importance of higher elevation riparian woodland. Rotational grazing 

practices also emphasize protection and restoration of riparian vegetation (Prichard 1998, 
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Lunn 1999). Forestry practices on area ranches that emphasize goshawk guidelines would 

also benefit a high number of bird species. This would be viable on most of the 5,000 

hectare Whetten ranch. Ranch elevations high enough to support mixed conifer forest, 

more suitable for the Mexican spotted owl, lie only at Cerro El Parque, east of La 

Mesilla. The latter would also be a logical site to create snags for potential thick-billed 

parrot nesting.  

The headwaters of the Rio Gavilan reach 2640m (8,660 ft.) at the extreme 

southeastern corner of the watershed near Moctezuma. Other notable high points are 

Sierra Azul (2,580m/8,465 ft.) in the center/south portion of the watershed, Puerto Los 

Mucheros (2,550m/8,364 ft.) in the northwest corner, and Paso El Oso (2,330m/7,642 ft.) 

at the eastern edge on the continental divide. Sierra Azul, across the Rio Gavilan gorge to 

the west of the Whetten ranch, contains steep, north-facing slopes that may be especially 

suitable for parrot nest sites isolated from nearby plateau logging.  

Tarango et al. (1997) document Mexican spotted owl habitat characteristics in 

high Tarahumara country to the south, indicating mean elevations of 2,352m (tree roosts) 

to 2,413m (cliff roosts). Douglas-fir and Mexican white pine were common associated 

tree species indicative of these high elevations, although oaks were common roost trees. 

Mean tree density was 610 trees per hectare. One nest site, located at 2,365m on a 

northeast-facing 81% slope with the highest canopy closure (71%), contained over half 

Mexican white pine, with associated aspen (contributing to canopy closure) and Arizona 

pine. Spotted owls in Mexico roosted on steeper slopes in shorter trees providing less 

canopy closure than in New Mexico.  
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Other significant bird populations include western Central Flyway waterfowl 

wintering near Casas Grandes. Approximately sixty percent of light geese in this flyway 

winter in Mexico. Drewein et al. (2003, 1996) report high populations in Chihuahua of 

lesser snow geese, Ross’ geese, Canadian geese, and sandhill cranes. Cranes were 

especially important to Leopold (1949) as a living link to deep evolutionary history, as 

represented in his essay “Marshland Elegy.”   

Laguna Babicora, approximately 100km south of Casas Grandes and southeast of 

Madera, is the most critical wetland in Chihuahua. It averaged 16,012 wintering sandhill 

cranes from 1953 to 1994. Lagoons near Ascension, northeast of Casas Grandes, 

averaged the second most sandhill cranes (2,405) during this period (Drewien et al. 

1996). Ducks Unlimited is involved in conservation at Laguna Babicora (Sosa 1993).  

Increases in light geese are similar to those in the US, influencing land managers 

to recommend increased hunting. Drewien et al. (2003) suggest increased bag and 

possession limits and relaxed requirements for foreign hunters as the best methods for 

reduction.  

An example of increases in light geese is the difference in winter reports in 

Chihuahua by Starker Leopold (1952) (13, 425 in 1951) and Drewien (2003) (223,232 in 

1999). Although Drewien inventoried more wetlands and included Ross’ geese (31-45% 

of local light geese), Laguna Babicora alone had 31,250 light geese, Ascension had 

42,950, and Nuevo Casas Grandes had 24,175 in 1999. Variability is shown by 1998 

counts, when Laguna Babicora was dry, Ascension had only 5,800 light geese, and 

Nuevo Casas Grandes had 28,300 (Drewien et al. 2003).  
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However, some Chihuahuan waterfowl populations such as greater white- fronted 

geese (Drewien et al. 2003) and pintail ducks (Lee 2002) have recently been declining. 

Increased hunts for light geese should take into account the potential of accidental 

takings. Other threats to Chihuahuan wetlands include groundwater withdrawals, water 

diversions, wetland drainage, drought, pesticides, increased erosion that hastens runoff, 

and changing crop patterns (from grain to cotton, chili) that lessen forage value (Drewien 

et al. 2003).  

Wildlife - mammals 
 

Ceballos et al. (1998) highlight priority areas for conservation of Mexican 

mammalian diversity. Much of their study is focused on areas of species richness in 

“megadiverse” Mexico, concentrated in the tropical part of the nation. Arita et al. (1997) 

illustrate how a focus on species richness misses Mexican mammals with restricted 

ranges. Some of these mammals are endemic, such as the Chihuahuan mouse 

(Peromyscus polius) and Mexican prairie dog (Cynomus mexicanus), which have 

Chihuahuan Desert home ranges. Many of these mammals have restricted ranges due to 

their location at the southern end of their range, which extends north to the US and 

possibly Canada (beaver, black bear, black-tailed praire dog, gray wolf). The outlying 

extent of home ranges can be important harbors of genetic diversity (Caughley and Gunn 

1996, Meffe and Carroll 1997, Ridley 1996).    

Wolves were last seen in the Rio Gavilan in 1984 (Chapter 6, Appendix – Oral 

Histories). Continued presence of individuals is speculative. Reintroduction is probably 

necessary to continue a viable population. Meek et al. (1991) note that about 60 captive 

animals, located at the Arizona-Desert Museum in Tucson (Figure 40) and La Michilia 
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Biosphere Reserve in Durango among other sites, are necessary to maintain the species’ 

genome and support a reintroduction program.  

Reintroduction should be done in remote areas with adequate prey base and least 

likely contact with livestock. Issues include older wolves ranging far from the 

reintroduction site after release. Using younger wolves is an option, although they are not 

as experienced at hunting and can take several years longer to breed.  Use of temporary 

pens at the start (first six months) of release of older wolves is another alternative (Meek 

et al. 1991). Livestock guard dogs can be added along with compensation (Vangelova 

2003). Establishment of pairs is a primary objective, indicated by conspicuous, frequent 

howling and scent marking, behavior less common among young wolves seeking territory 

(Meek et al. 1991).  

Especially important is local perception of reintroduction (Meek et al. 1991). 

Eleven Mexican gray wolves were released in Arizona and New Mexico’s Blue Range in 

1998. Five were shot and killed and at one point the others had been taken back in due to 

livestock predation. Perceptions were surveyed by Kellert (1985) and others and 

summarized by Meek et al. (1991). Negative responses almost equaled positive ones, the 

latter more common with urban respondents. Negative reponses were tied to lack of 

factual knowledge and association with livestock production, the latter group commonly 

exhibiting “highly antagonistic” views of predators (Meek et al. 1991).  

Rodriguez et al. (2003) indicate that Mexican authorities had planned to 

reintroduce two wolf packs into Chihuahua and Coahuila in 2000, but this did not occur. 

Public perception is a major concern. The authors surveyed Mexican citizens in 
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Chihuahua and Sonora and some attending university in Tucson. They received a 42% 

response rate on 899 questionnaires.  

Most respondents (63%) favored translocation, with highest support among 

Chihuahuan academics. Respondents associated with livestock in Sonora indicated the 

least support. Half of respondents against reintroduction indicated they would change 

their minds if rancher compensation were included. The authors recommend further 

surveys in rural areas. 

Citizen surveys described in Chapter 10 and 11 included the following question 

on wolf reintroduction, given to nine respondents, all in the rural Rio Gavilan area:   

Fifty years ago we had wolves here. Because of this, we had less coyotes. What is your 
opinion about bringing some wolves here again, if we are able to compensate ranchers for 
loss of cows to wolves. 

 
Three respondents favored reintroduction with compensation, four were opposed, 

and two didn’t have an opinion. Two of three in favor were associated with the livestock 

industry. Three of four opposed were associated with the livestock industry. Those 

opposed had the following comments: the wolves would take cows; they weren’t sure 

how compensation would work; people would kill wolves; a lot of work went into 

eradicating wolves; ranchers had much trouble with them; coyotes are currently less of a 

problem. 

Despite early shootings and livestock predation, theUS Fish and Wildlife Service 

wolf recovery program in Arizona and New Mexico’s Blue Range is promising. Thirty-

five wolves were present by 2002, with an estimated population of up to sixty possible. 

The objective is to have 100 wolves in the area by 2005. There are 260 Mexican wolves 

in captivity in zoos around the nation and world (Dollar 2002, Smithsonian 2003). 



 215

 

Figure 40 – Mexican gray wolf, Arizona Sonoran Desert Museum, 2003 

There have not been similar discussions to reintroduce grizzly bears, although 

another predator has recently found its way into the Rio Gavilan area.  Jaguars were 

recently (summer 2003) seen on the Whetten ranch. The speculation is that they were 

pushed from their typical, lower elevation habitat in Sonora up to the high country due to 

drought. They have also recently been seen in Arizona. Jaguars face a similar risk as 

wolves due to anti-predator sentiment among ranchers (Hadley, D. 2003).  

Deer include mule deer (Odocoileus hemionus) and Sonoran whitetail deer 

(Odocoileus virginianus). Mule deer tend to run at higher elevations, have drooping, 

black tails, and are not as graceful as whitetail deer. Leopold counted 187 deer in his 

nine-day trip in 1937-38. Only a handful of deer were seen in a similar time period in 

1998. Present accurate counts are not available, but numbers are thought to be lower due 

to hunting and poaching. Enforcement of game laws is an issue, but given low wages of 
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rural residents, not likely to increase significantly. Protection of critical winter range from 

hunting, located at lower elevations, could enhance populations.  

North America’s largest remaining colony of black-tailed prairie dogs (Cynomys 

ludovicianus) is at risk near Janos, as stated in Chapter 6.  Water rights for potato growers 

were curtailed, but local Mennonites still present a threat through plowing. Ceballos 

(2001) indicated the threat is at a high point and, as a result, land purchase and a national 

protected area are proposed for the site.  

Pronghorn are another desert species under threat. Pronghorn (Antilocapra 

americana), native to North America, are the last surviving member of the 

Antilocarpidae family. Once as plentiful as buffalo, only about 13,000 animals remained 

by the 1920s. There are now about half a million pronghorns in the United States and 

Canada due to conservation programs. Pronghorn are the fastest land animal next to the 

cheetah, reaching speeds up to 60 mph and sustaining 35-40 mph over long distances.  

However, only about 1,200 pronghorn remain in Mexico. Subspecies in Baja and 

Sonora are endangered, while the subspecies in Chihuahua and Coahuila (Antilocapra 

americana mexicana) is also at risk. Threats include overgrazing of forage by cattle and 

travel barriers such as roads and fences. Plans for improving Route 2 from Juarez through 

Janos to Sonora present a potentially serious additional travel barrier.   

Coatimundis (Nasua nasua), due to their comical displays, can be seen as a 

mammalian counterpart to the thick-billed parrot. They tend to run in packs of up to 

twenty individuals, and are sometimes kept as pets in the backcountry. Starker Leopold’s 

group kept one called “Annie” during their 1948 collection trip.  Coatis are still common 

in the Rio Gavilan area (Villa 1997).  
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Native fisheries 
 

Native trout (Figure 41) are also at risk, as mentioned in Chapter 6, from habitat 

reduction and hybridization and disease from fish farms. They remain relatively 

unstudied. Hendrickson et al. (2003) state:  

Knowledge of distribut ion, abundance, relationships and taxonomy, not to 
mention ecology and population biology, of native trouts of the Sierra Madre 
Occidental remains inadequate. Vast areas of most mainland drainages are still 
unexplored by fish collectors, and even rudimentary information regarding basic 
biology, ecology and population structure of stocks remains lacking. Concentrated 
exploration, research and management of this long overlooked and undervalued 
resource are all urgently needed. 

 
The authors state that native Mexican trout could reach endangered status 

rangewide given present trends. Tributary refugia (Figure 42) remain critical in the Rio 

Gavilan. Leopold’s land ethic is also tied to “retaining all the parts.” 

 

Figure 41 – Native Yaqui trout, base of Parrot Falls, April 1998 
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Figure 42 – Las Gueras creek, tributary refugia habitat for native Yaqui trout, 2002 

Ecological processes 

Fire frequency has decreased since the 1950s with corresponding increase in 

brush, but high density oak and juniper are spotty in distribution, concentrated on 

ridgetop sites such as Los Osos and El Perdido. Not all wildfires, including those in 2000 

and 2003, are high intensity. Realization is occurring that low-intensity fire and density 

reduction can be beneficial. Logging pressure will continue to keep pines at high density.  

Erosion will continue to be a major concern. Erosion control requires funds to 

install and maintain water bars, fencing, and other erosion control measures. Some 

reduction can occur through rotational grazing but roads will continue to be a big 

contributor until incentives are provided to see that they are erased, rehabilitated, and/or 

better maintained.   
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Revisiting Leopold’s land ethic 

The most famous maxim from Leopold’s land ethic is: “A thing is right if it tends 

to preserve the integrity, stability, and beauty of the biotic community. It is wrong when 

it tends otherwise.”  

All three of these criteria have been compromised to varying degrees since 

Leopold’s 1930s visits to the Rio Gavilan. Some examples are: integrity – loss of wolves, 

imperial woodpeckers, and numbers of thick-billed parrots and native trout (Chapter 6); 

stability – soil erosion rates well beyond natural sustainable rates (Chapter 11, Table 9); 

and beauty – loss of big trees and increase of gullies (Chapter 6, Appendix, Oral 

Histories). Key elements for preserving river stability are the bedrock riverbed and 

riverbank sycamores (Chapter 6, Lunn 1999).  

However, as stated in Chapter 3 through Jordan (1993), it is possible the land 

ethic criteria had already been compromised by Spanish grazing in the late 1600s, and 

recovered, before Leopold’s visits. Chapter 3 also suggests that integrity, stability, and 

beauty may also have been temporarily compromised, to a lesser degree, another 400 

years earlier by the Paquime (Leopold, A.S. 1948, Spoerl and Ravesloot 1995).  

Chapter 2 further illustrates ecosystem dynamics without human intervention, 

through Metcalfe et al. (2000) and Brown (1994). Gradual warming and drying over the 

past 4,000-8,000 years compromised the integrity and stability of previous mountain 

communities of spruce and fir and desert communities of pinyon pine and juniper. 

Curiously, while Metcalfe et al. (2000) state “some of the Late Pleistocene 

vegetation assemblages have no modern analogues,” Brown claims that many taxa in 

regional riparian communities have been together for “millions of years.” Thus riparian 
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communities may be a main focus for preserving Leopold’s criterion of integrity. 

Riverbank sycamores were also identified as critical to stability of the Rio Gavilan’s 

proper functioning condition (Chapter 6, Lunn 1999). 

Critiques of the land ethic 

Bloland (1999) points out complexities and dangers of blindly following famous 

people. Ikuenobe (2001) illustrates the value of teaching students to respectfully question 

ideas. Leopold himself encouraged critical thinking to learn about nature (Callicott 1989). 

Stegner (1987) suggests that A Sand County Almanac is the closest thing to a 

conservationists’ “bible.” However, McCullough (1998) suggests that Aldo Leopold 

would not approve of blind adulation of his views. Thus this section of the discussion 

reviews critiques of Leopold’s definitions of land health and the land ethic, to more 

accurately chart a course for the Rio Gavilan area.  

Ecosystem dynamics 

Callicott (1996) suggests that the integrity and stability criteria of the land ethic 

are currently in question. He also notes Leopold’s notions of “dynamic equilibrium” 

acknowledging possibility of less than perfect stability in nature. Callicott concludes that, 

given recent scientific challenges to integrity and stability of biotic communities under 

natural conditions, normal spatial and temporal scale of practices is more important to 

consider than integrity and stability when applying Leopold’s land ethic. Callicott 

emphasizes the current global, largely human-caused extinction crisis as an example of a 

process gone beyond normal spatial and temporal scale. 

Comparison with previous cultures can help determine scale of impacts since 

Leopold’s visits. As stated in Chapter 3, prehistoric impacts in the Rio Gavilan were 
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likely moderate (Herold 1994, Spoerl and Ravesloot 1995). Melville (1994) suggests 

European grazing transplanted indigenous practices and intensified land degradation in 

Mexico. As stated in Chapter 3, overgrazing may have occurred to a large extent in the 

Upper Bavispe drainage (Jordan 1993).  

However, several clues indicate that changes since Leopold’s visits take on a 

greater scale: 1) Herold (1965) documents only recent degradation of 750-year-old 

trincheras due to increased watershed runoff; 2) old-growth riverbank trees, including 

oaks estimated at 200-300 years old, do not hold an elevated position on the riversides 

that would indicate a previous period of major downcutting during their lifetimes; and 3) 

oral histories (Chapter 6, Appendix) that describe the intensity of logging, grazing, and 

roading beginning in the late 1940s and continuing into the 1950s and 60s. 

Additional examples are the thick-billed parrots and native trout that may be 

experiencing unprecedented reductions in population. Snyder et al. (1999) indicate an 

expanded range for the parrots in the Pleistocence, while native Yaqui trout may have 

evolved into a separate species in the Tertiary (late Cenozoic) period (Mayden 1992). 

Urbanization 

Gunn (1998) suggests that Leopold’s land ethic mostly addresses rural land use 

issues, with which our now mostly urbanized population has little direct connection. He 

claims that the philosophy of Ian McHarg (1969), suburban “design with nature,” is more 

applicable and should replace the land ethic in importance. McHarg, an innovator as a 

precursor to the geographic information system, combined a philosophical with a 

technical approach to urban environmental planning.  
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McHarg recognized the importance and dynamics of natural processes and 

integrated them with discussions of values. His selection of urban open space is not based 

solely on recreational values. One case study by McHarg and his associates illustrated 

that planned growth can be more desirable and as profitable as unplanned growth. 

McHarg was also an influential leader in the environmental movement, hosting 

“The House We Live In,” a 1960-61 CBS series, interviewing top intellectuals — from 

religious thinkers Paul Tillich and Swami Nikhilananda to anthropologist Margaret Mead 

and psychologist Erich Fromm — about religious, ethical and philosophical attitudes 

toward the environment.  

McHarg took a more confrontational and humorous approach than Leopold to the 

status quo, both in print and in meetings, especially with respect to engineers and road 

planning. McHarg (1996) once addressed a national meeting of engineers, reflecting on 

the destruction he initiated as an engineer in the British Army during World War II. He 

then added, “The difference between you and me, gentlemen, is that I quit when the war 

ended.” In this respect he was similar to Leopold in his criticism of the “violence” of 

development and the priority given roads in almost all landscapes. 

However, McHarg’s writing style was not as accessible as Leopold’s (Tallmadge 

1987). McHarg did not match Leopold’s concise eloquence that produced so many 

summarizing maxims, or “quotable quotes,” that so inspired the environmental movement 

(Meine and Knight 1999). McHarg also did not set out as clear a system for resolving 

conflicts as Leopold did by prioritizing the biotic community over individual members 

(Callicott 1989).  
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One could also make the claim that, given the disconnection between urban 

residents and rural spaces of production that Leopold himself often referred to, this was 

all the more reason to prioritize Leopold’s rural-based land ethic. This disconnection is 

further illustrated by controversy over Leopold’s views on hunting.  

Hunting 

 Leopold, after being taught hunting conservation by his father, became an avid 

hunter throughout his life. Elder (1986) describes how hunting almost helped Leopold 

relate paradoxically and intimately to nature in A Sand County Almanac. Leopold’s 

daughter Nina Leopold Bradley (1995) also described this relationship in a talk to a 

hunter’s association.  

Mallory (2001) critically reviews Leopold’s hunting through ecofeminism and 

concludes that this approach represents a dualism of nature and culture, a representation 

of nature as objectified “other” criticized in other ecofeminist works. She suggests that an 

uncritical reading of Leopold may miss a foundation of damaging relations between 

nature and culture. An example is acceptance of the priority of holism, or the community, 

over the individual in the case of hunting to reduce overabundant populations. This 

acceptance may miss an original cause rooted in human/nature dualism, such as predator 

removal by humans.  

Rachel Carson showed surprising lack of interest in A Sand County Almanac, 

possibly due to her disdain for hunting (Lear 1997, p.521). She vehemently objected to 

Leopold’s shooting practices, especially those described in the 1920s Colorado River 

Delta trip, in an unpublished review of Round River in 1954:  
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I shall have to express a very deep conviction: that until we have the courage to 
recognize cruelty for what it is – whether its victim is human or animal – we 
cannot expect things to be much better in the world. There can be no double 
standard. We cannot have peace among men whose hearts find delight in killing 
any living creature. By every act that glorifies or even tolerates such moronic 
delight in killing, we set back the progress of humanity. I am sorry that Oxford 
published this book.  
 
One could argue that the most graphic hunting accounts described times early in 

Leopold’s career, during the 1920s, when his ecological thinking had not yet evolved. 

Rethinking such wanton hunting practice was a key theme later in A Sand County 

Alamanac, in such essays as Escudilla, Monument to the Passenger Pigeon, and Thinking 

Like a Mountain. However, Starker Leopold continued with this practice for collecting 

specimens on the Museum of Vertebrate Zoology trip to the Rio Gavilan in 1948. Ward 

Russell states: “we just shot everything that was loose in there.” Obviously, accepted 

norms are much different today that encourage more selective collection of specimens. 

Chemical pollution  

Rachel Carson’s Silent Spring (1962) highlighted an issue Leopold’s land ethic 

did not address, the increasing toxicity of the environment due to chemical pesticides. 

Leopold’s successor as wildlife professor at the University of Wisconsin was Joe Hickey, 

who was instrumental in discovering the connection between DDT and decline in bird 

populations (Carson 1962, p. 102; Lear 1997, p. 333). Hickey, a research student and then 

instructor under Leopold, had studied chemical warfare at the University of Chicago 

during World War II (Meine 1988, p. 440).   

Incidentally, Leopold recommended his ornithologist Joe Hickey as author of a 

book on wildlife, in response to a 1941 inquiry by Knopf publishers. Knopf preferred 

Leopold as author instead, and it was Hickey who later organized Leopold’s family to 
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publish the resulting manuscript with Oxford in 1948, as A Sand County Almanac (Meine 

1988, p. 419, 524).       

Chemical pollution is not as much an issue in the Rio Gavilan area as it is at lower 

elevations, where pesticides are used in crop fields and orchards. A local issue near Casas 

Grandes may be pollution concentrations during low water levels in lagoons that harbor 

both wintering waterfowl and agricultural pesticide runoff.   

Although DDT and similar organo-chlorine pesticides are now also banned in 

Mexico, illegal use and other new chemicals can potentially present serious risk to both 

humans and wildlife. Wright (1990) documented serious health issues in Culiacan 

agricultural workers on Mexico’s west coast. Guillette et al. (1998) used an 

interdisciplinary rapid rural appraisal to note differences in children’s abilities that may 

be linked to pesticide exposure in the Yaqui valley in Sonora.  

Kiff et al. (1978) found DDT in Aplomado falcons in Veracruz. However, in a 

more recent study, Mora (1997) did not find major accumulations of the most persistent 

organochlorine pesticide, DDE, reported in Mexico or the US-Mexico border. Results 

showed concentrations similar to those found in the southwestern US. Mora indicated 

Chiapas may have continued use of DDT for agriculture and malaria control, and thus 

may have the highest chance to show evidence of major accumulations of persistent 

organochlorine pesticides. 

Ecosystem Management 

Leopold’s position in conservation can be summarized by some as lying between 

the wise, multiple use stance of Gifford Pinchot and the preservationist stance of John 
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Muir. Such a holistic middle ground is surfacing as a paradigm called “ecosystem 

management.”  

Zeide (1998) provides a critique of ecosystem management from the Pinchot side, 

claiming that Leopold’s philosophical and scientific basis for this is rooted in the now 

discounted “superorganism” theory. Callicott (1998) refutes this argument, noting that 

Leopold frequently qualified as tentative his stance on the dominant superorganism 

theory of his time, and the more solid scientific foundations for his land ethic lie in 

evolutionary biology and community and ecosystem ecology. 

Callicott (2000) elaborates in another article, “Aldo Leopold and the Foundations 

of Ecosystem Management,” that Leopold  “espoused – and practiced – integrating a 

degree of wildness into the working landscape.” Callicott suggests, based on previously 

unpublished essays of Leopold (1999), that retention of 25 percent of a Midwest farm in a 

mosaic of natural habitat met Leopold’s intentions.  

This approach, of course, is open to criticism from preservationists. Stanley 

(1995) relates ecosystem management to humanism, and concludes that the paradigm is 

seriously flawed. Problems he notes include assumptions that: science can tell us how 

ecosystems function; social/political systems will react to science appropriately; and 

humans will develop technology needed to manage ecosystems.  

Thoms and Betters (1998) echo some of these concerns in regards to 

implementing ecosystem management in Mexico’s forest ejidos. Critical is a previously 

unattained level of cooperation among government agencies, ejidos, and technical 

assistance organizations. Two-year terms of ejido officials are particularly problematic in 

generating and sustaining support. As noted in Chapter 6, Guerrero et al. (2001) outline 
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problems with political power structures in Chihuahua forest ejidos that may provide 

further obstacles.  

Quantitative science 

McCullough (1998) provides one of the most thorough critiques of the Leopold 

legacy. As a 1960s doctoral student under Starker Leopold at Berkeley, McCullough is 

highly respectful of the important role Leopold played in conservation history. His main 

criticisms are based on adulation of Leopold to the point where: 1) other leaders of his 

era, such as Joseph Grinnell and Charles Elton, are not given due credit; 2) his 

perceptions, such as predator removal as the reason for Kaibab deer irruptions, or the 

existence of previous harmony between man and land in the Rio Gavilan, are taken as 

unerring truths that are based on sound quantitative science. 

McCullough (2003) sees Grinnell, who promoted predator protection as early as 

the 1910s and 20s, as one of the first real conservation biologists. He also sees Elton and 

botanist John Curtis (Leopold knew Grinnell, Elton, and Curtis) as more astute at 

prioritizing individual and community dynamics over superorganism stability, and 

backing it up with numbers. Callicott (1998), in his response to Zeide referenced above, 

refutes much of the notion of Leopold’s adherence to the superorganism theory.  

Yet Leopold did often rely on his perception more than strong data collection and 

analysis. McCullough’s Rio Gavilan example points out that Leopold “took no 

measurements and did no research” in the Rio Gavilan, yet gave conflicting ages of trees 

growing behind the trincheras. “Conservationist in Mexico” indicates the oldest trees are 

200 years old, and “Song of the Gavilan” indicates they are 300 years old. Chapter 6 
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indicates potentially valid interpretations of Paquime impact that differ from Leopold’s, 

including an alternative view from Starker Leopold.  

McCullough’s critique of Leopold in the Rio Gavilan itself is partially flawed, 

however. He uses Round River, which describes one deer seen on the December 1937 to 

January 1938 trip, to suggest that Leopold inflated deer numbers to 187 in 

“Conservationist in Mexico” with no basis. However, the abundance of deer referenced 

by Leopold in the 1937 essay “Conservationist in Mexico” is based on notes taken during 

the September 1936 trip. A more detailed sheet breaking down the 187 deer by gender 

and approximate age is available in the Leopold Papers. 

Environmental justice   

One of McCullough’s most poignant criticisms is related to environmental justice: 

“It is important to recognize that his economic status allowed him to view the human 

relationship to the land in far different terms than was realistic for most common folk.” 

McCullough (1998) notes Leopold was not supportive of the Civilian 

Conservation Corps (CCC) job program, yet “While Leopold was spending leisure time 

at the shack, many people in rural areas lost their farms, savings, jobs, hope, and personal 

dignity.” McCullough, like Gunn (1998), notes the land ethic’s primarily rural focus, 

missing 90% of the consuming population that are disconnected from the land.  

McCullough also claims Leopold blamed much 1930s land degradation on poor 

practices when the main reasons were depression and drought, elements beyond the 

control of Dust Bowl farmers. McCullough notes: “Can any ethical system have validity 

if it ignores environmental justice? I think not. If anything, the greater guilt lies with the 

rich people and wealthy nations with options.” 
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Most cases of environmental justice refer to disproportionate impacts of pollution 

placed on communities of color or lower income class  (Bullard 1997). Most of these 

cases are urban (Middendorf and Grant 2003). Yet other aspects of environmental justice 

occur, including placing disproportionate blame for environmental degradation on lower 

income communities, as McCullough discusses above. Another related aspect is shifting 

burden of resource production to lower income communities.  

Consumption ethic 

MacCleery (2000) suggests that the land ethic is incomplete without a 

corresponding consumption ethic. He notes that softwood lumber imports increased from 

27 percent to 36 percent of US consumption between 1990 and 2000. Purposely 

paralleling a previous quote by Leopold about destructive farmers, MacCleery notes:  

A suburban dweller with a small family who lives in a 4,000 square foot home, 
owns three or four cars, commutes to work alone in a gas-guzzling SUV, and 
otherwise leads a highly resource-consumptive lifestyle is still (if otherwise 
decent) a respected member of society.  

 
MacCleery also notes that when a young Leopold was forming his views, forty 

percent of the US population was farmers. The figure is now close to two percent. Thus 

he echoes Gunn and McCullough’s concern over a possibly misplaced, rural focus of the 

land ethic.  

French (2000) notes that, since 1950 (two years after A Sand County Almanac was 

published), global trade has increased 17-fold. She cites Wackernagel and Callejas’ 1995 

study on the ecological deficit of nations, which subtracts ecological footprint from 

ecological capacity, both calculated in hectares per capita. The US was ranked as having 

the second highest ecological deficit of 20 selected nations, 3.5 times that of Mexico, 
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which was ranked 11th. When measuring just ecological footprint (hectares per capita), 

the US had an environmental impact four times that of Mexico.  

Multicultural land ethics 

Another critique of the land ethic is the questionability of its widespread 

application around the world, especially in mulitcultural settings such as indigenous 

communities. Callicott (1994) does an ambitious world survey of environmental ethics, 

He attempts to link Leopold’s land ethic, with its base in Darwinian science, as a 

potentially common, underlying world theme.  

Hester et al. (2002) challenge the notion of grant ing primacy to the land ethic, 

especially in regards to indigenous communities. They claim that Callicott’s proposal 

leans towards assimilation of native culture. The authors propose that indigenous land 

ethics are distinctly different in lack of overarching theory and emphasis on situated 

lessons, passed on through stories and ceremony. Hester et al. (2002) conclude:  

Callicott’s land ethic only just barely begins to glimpse the balanced worlds of 
indigenous peoples. The World Trade Organization and North American Free 
Trade Agreement may require that Callicott be permitted to export his land ethic 
to indigenous cultures, but those cultures, we hope, will not be required to buy it.   

 
Hester et al. (2002) themselves put forth a monist, rather than pluralist, version of 

indigenous land ethics, based only on a Native American approach and containing no 

references. Callicott (1994) actually makes a more nuanced proposal in his world survey, 

noting difference between Lakota and Ojibwa environmental ethics (the latter closer to 

Leopold’s community-based land ethic) and, like Leopold, making a reticent statement 

that realizes the potential for hegemony and “colonization” by Western epistemology.   
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Applications of this discussion to the Sierra Madre Occidental bring up complex 

questions of intervention – when, and at what scale, is it appropriate? How are citizen 

surveys, designed to illicit bottom-up planning, still biased towards Western views? How 

would applying Leopold’s land ethic be an imposition?  

Results from citizen surveys in Chapter 10, along with development literature of 

Kabeer and Sen, indicate that some increased presentation of options for locals is usually 

desired and warranted. It becomes more of an issue to the south in Tarahumara country, 

with its indigenous population of 60,000, where cultural integrity is more intact and links 

exist between linguistic and biological diversity in remote settings.  

Cross-cultural communication is more difficult there, and timber and tourism 

projects could also have the potential to be dominated by Mestizos more accustomed to 

modern business culture. Ecotourism development is underway based on Tarahumara 

ownership. Remoteness of villages will retain some cultural integrity. Salopek (2000) 

eloquently suggests conducting no Tarahumara development projects at all, yet the 

alternatives appear to be drug lords or timber barons.   

Zingg (2001) pointed out long-standing hybrid aspects of Tarahumara and 

Spanish culture (ex: sheep raising), and Pennington (1963) noted encroaching 

modernization as early as 1955. Yet the Rio Gavilan contains more of a hybrid culture, 

situated between indigenous heritage, Spanish and Mestizo influence, Anglo Mormon 

social capital, and US border cultural and mercantile effects. Bilingual (Spanish-English) 

residents are common due to the presence of the Mormon school Academia Juarez.  

The limited citizen surveys indicated that locals favored many of the aspects of 

Leopold’s land ethic, such as protection for endangered species, restoration of land health 
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processes, and enforcement of resource laws. Escobar (2001) points out how surveys can 

be a kind of colonizing process. Minteer and Manning (1999) see such surveys as 

essential parts of a new, more pragmatic environmental philosophy. Callicott (1999) 

argues that an underlying philosophy such as Leopold’s land ethic is still essential to 

avoid relativism and “extreme” pluralism.  

Klaver et al. (2002) echo Mallory (2001) and Warren (1999) in promoting a 

pluralistic land ethic where individuals are not automatically disregarded. Situations may 

arise where individuals may trump community rights.  

Future surveys in the Rio Gavilan may take the approach of Satterfield (2001), 

who promotes a more open, narrative or image-based process to illicit broader 

environmental values from interviewees, enhanced by researcher techniques such as 

coding or content analysis of responses.  

Kidner (1998) makes the claim that everyone has an innate, “unconscious” 

environmental ethic, or attachment to nature. This is somewhat similar to Leopold’s 

numenon, or indefinable essence, of the Sierra Madre, exemplified by the thick-billed 

parrot. It is a realm, inspired by Jung, “which does not reject the limited but powerful 

insights of rationality, but frames them within an all-encompassing symbolic awareness 

of their partial character.”  

Kidner suggests that there is a connection to nature much simpler than the 

complexity of ecological science and rationality:  

Environmental theory, if it is to offer us more than a gloomy intellectual 
commentary on the dismemberment of the natural world, cannot merely indulge 
itself in the self- flagellatory condemnation of its own intellectual foundations. 
Rather, it must point beyond deconstruction toward the fertility of the symbolic 
realm within which humanity and the rest of the natural world are already 
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integrated…a “conversation with the landscape” becomes a process which 
transcends the distinction between what is “internal” and what is “external”...By 
envisioning the structures and processes which are consistent with a healthy and 
diverse natural world, theory can enable action to move beyond protest against 
what is, toward a fertile vision of what could be.  
 
If such care for nature exists among the general population, how do Leopold-

inspired conservationists ellicit and bring out such care? Many discussions of the value of 

land ethics miss the point that a land ethic can provide the underlying philosophy that 

initiates action. Discussions often argue over differing philosophy when conflicts are 

actually about alternative ways to implement similar philosophies or goals. One example 

is deciding whether to use voluntary, regulatory, or monetary incentives to conserve 

endangered species. Relying on the evolution of a land ethic to save species is, of course, 

not effective by itself. Multiple approaches are needed to achieve the goal the underlying 

land ethic calls for.    

Multiple policy solutions – voluntary, monetary, regulatory incentives 

Voluntary approaches focus on interests of citizens as incentives for conservation. 

Moving on from Kidner’s claim of universal, unconscious concern for nature, 

considerable research has been done to determine what makes citizens or landowners 

participate in conservation practices.  

Voluntary incentives – environmental education and psychology 

A recent issue of Environmental Education Research explored “inner” influences 

on pro-sustainability learning and behavior. Matteny (2002) summarizes the findings:  

Pro-environmental behavior is more likely to endure in the long term if it is rooted 
in, and driven by, significant and meaningful experience – if a person’s “heart is 
in it” – and, conversely, that if behaviour changes in reaction to regulations, 
incentives, and/or anxiety alone, it is more likely to be “skin deep,” temporary, 
and prone to revert back to old habits.  
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Examples of meaningful experience included incremental change over time, based 

on continual observation, much like Leopold’s evolution in ecological thinking (Flader 

1974). The study was conducted in a largely urban UK setting, where several respondents 

mentioned upbringings where waste of resources, and taking privelege for granted, was 

frowned upon. For others a “one-off” experience made a difference. Examples included a 

child contracting leukemia, which increased their concern for pollutants and carcinogens 

(Matteny 2002). 

The research suggests that: “intellectual information about environmental 

problems is inadequate on its own to stimulate behavior change…experience of 

relationship is more likely to generate feelings of being part and parcel of ecological 

processes, rather than separate and somehow insulated from it” (Matteny 2002). Other 

motiviations include a heightened sense of self and well-being, which discounts “pure” 

altruism.  

Trivers (1971) outlines the evolution of reciprocal altruism in nature. 

Complexities in human altruism include: reducing individual gain so that total gain of 

both parties increases; tighter bonding when confronted by a common enemy; and the 

potential for cheating in reciprocal situations. The latter point is important where 

enforcement of natural resource laws is inconsistent. McCullough (1998) sees this as a 

key point of the land ethic – not so much extension of concern to the biotic community, 

but human acceptance of reciprocal responsibility when a selfish act can be more 

beneficial.    
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Kollmus and Agyeman (2002) point out that people from poorer countries rank 

environmental issues lower than economic ones, but when asked to rate severity of 

problems, environmental issues always rate high. This is partially supported by 

environmental concern shown in the limited citizen surveys in the Rio Gavilan area, 

although ranking was not requested. 

Werner (1999) points out the multiple approaches needed to affect behavior 

change in favor of the environment: social awareness; motivation to change; memory or 

situational prompts; opportunities to follow through; perceived competence to change the 

behavior correctly.  

Kollmus and Agyeman (2002) echo this concern, that reasons for sustainable 

behavior are complex, involving internal and external cultural and social forces, and 

multiple approaches are needed.  The biggest influence occurs when internal and external 

forces act synergistically. Internal factors include motiviation - one’s perceived needs 

(comfort, saving money and time) can often override more altruistic and social values. 

External factors include institutional, economic, and social and cultural influences. 

Kollmus and Agyeman (2002), like Matteny (2002) clearly point out that 

environmental education by itself does not affect significant change. Yet environmental 

knowledge is one of the necessities for action, and it can be increased through 

experiential learning, simultaneously meeting the experience needs outlined by Matteny 

(2002). 

Callicott (1989) outlines Leopold’s approach to environmental education. It 

involved: impressive knowledge in reading the land; constant prodding and questioning 

of students to inspire critical thinking in reading the land; a gentle approach to not 
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embarrass students; testing with essay questions rather than multiple choice or true-false; 

emphasis on ecological relationships, not just plant or animal identification; not 

preaching a land ethic, but assuming increased understanding will lead to a land ethic. 

Ikuenobe (2001) suggests that educators outline the reasons and roles of critical 

thinking at the outset of instruction, and to proceed in a non-threatening manner, as 

Leopold did. Reflexivity is necessary not just among citizens or students, but established 

natural resource professionals.  

Berglund (2001) and Pregernig (2002) illustrate the strong influence of social 

construction in professional forestry decision-making, where objective science may be 

more commonly assumed to preside. The latter refers specifically to the perception of 

urgency and its role in promoting temperate forest restoration. 

Bridging the gap between environmental knowledge and action, a focus of 

Matteny (2002) and Kollmus and Agyeman (2002), is also highlighted by Harms and 

Sylvia (2001) in relation to fisheries professionals and industry personnel. They suggest 

that differences occur in perceptions of resource abundance, but similarities occur in 

perception of acceptable levels of biological and economic risk. Industry also exhibited a 

surprising diversity of responses. Gaps between their stated conservation concerns and 

actions may be a result of not simply the desire for positive public relations image, but 

“misaligned institutional incentives” and property rights. 

Environmental education can make a difference, at least among attitudes, in the 

business world. Benton (1993, 1994) shows that, although American business students 

can be less environmentally aware than other students (including foreign business 
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students), courses that increase their knowledge of environmental issues can make a 

difference in attitudes. 

Callicott (1996) promotes Leopold’s land health as a forum for integrating 

business and environment in educational programs of developing countries. Orr (1992) 

promotes a reorientation of university education, whereby all programs promote 

sustainable development and environmental responsibility. Critical are challenging 

students to make social change; providing examples of ecological lifestyles; and 

integration of science and humanities. Leopold (1942) stated a similar concern much 

earlier:  

Perhaps the most important of these purposes [of higher education] is to teach the 
student how to put the sciences together in order to use them. All the sciences and 
arts are taught as if they were separate. They are separate only in the classroom. 
Step out on the campus and they are immediately fused. Land ecology is putting 
the sciences and arts together for the purpose of understanding our environment... 
 
Despite these earlier calls for reform, Niesenbaum and Lewis (2003) recently 

found that most conservation biology programs were still lacking in interdisciplinary 

programs that taught the critical advocacy and policy components of the field.  

Hargrove (1995) suggests that the dominance of economics as a value system had 

blocked comprehension and teaching of other values such as aesthetics and 

environmental ethics. A solution may be to use local or regional history and tradition as 

an incentive to retain or restore past value systems.  

Voluntary incentives - religion 

Local history has been common ground for discussing conservation on the Rio 

Gavilan. Local ranchers already have a deep interest in local history and are more than 

willing to participate in exploring the history of Leopold’s visits. Part of this respect for 
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history comes from the local Mormons who guided Leopold and his son Starker. The 

Mormons frequently document and publish local and family histories in books.  

Recent research on religion and ecology has covered diverse faiths (Tucker and 

Grim 2001). The combined topics can be a motivator in cases of environmental justice 

(Jablonski and Poling 2003). Research on religion and ecology has even branched out to 

explore the Mormon faith. Oelschlager (1994) wrote that the church is the “only 

denomination that has formally stated its opposition to ecology as part of the church’s 

mission.”  

However, citizen surveys in this study indicated that six of nine household leaders 

thought their religion had a positive influence on their attitude towards the environment. 

Four of the households were Mormon. Comments from those household leaders included: 

“God created earth, we can’t destroy it, we must do our part to help; we are taught to be 

kind, not destroy; one of every seven years is set aside for animals in our religion; 

Mormons are taught to help, respect world a lot; it helps better understanding, teaches to 

appreciate; it teaches a respect for God’s creations.”  

Additionally, it is important to note the work of Bratton (1993) and Cobb (1995), 

who both stress the importance of re-examining biblical accounts and passages (firsthand 

if possible) for guidance on current environmental issues. The same can apply today in 

reviewing writings of Joseph Smith and Brigham Young. 

 Brigham Young University historian Thomas G. Alexander (1998) maintains that 

Joseph Smith and Brigham Young both taught an environmentally conscious theology, 

based on the belief that human beings bore an absolute responsibility to care for God’s 

creations and to develop functional and beautiful communities.  
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Although this follows the stewardship ethic in most Western religions, this 

theology seems more strongly grounded in the doctrine that humans, animals, and the 

earth itself were all living beings with redeemable eternal souls. Smith wrote that the 

earth was the mother of all humans and possessed a soul distressed by the sin of her 

people. Smith urged members not “to kill a serpent, bird, or animal of any kind…unless it 

was necessary to preserve ourselves from hunger” (Doctrine and Covenants 77: 2-3, 88: 

25-26, as cited in Alexander 1998).  

Brigham Young tried to put Smith’s environmental theology into practice, 

criticizing Saints for killing more animals than they could eat. He also noted that humans 

could hold no simple title to the land since the earth and all its resources belonged to the 

Lord. Thus for a time settlers received their land as revokable inheritances. Noted 

Council of Twelve Apostles president Orson Hyde criticized Saints for overgrazing in 

1865 (Alexander 1998).  

Alexander (1998) cites the importation of a largely European culture as a major 

reason for the straying from environmental theology. He also cites the persecution of 

Mormons during the late 1800’s as another reason, whereby the Church no longer 

dictated economic or environmental policy to members. He argues against New Mexico 

geographer John B. Wright, who claims Mormons failed to embrace conservation 

because they awaited the next millenium.  

Alexander notes that Senator Reed Smoot was a strong supporter of the 

conservation programs of Roosevelt and Pinchot. A nephew of Joseph Smith, Church 

president Joseph F. Smith, also supported the establishment of forest reserves in Utah. 

Smith thought he saw a glimpse of Christ’s millenial reign upon observing fearless 
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animals in Yellowstone Park. Alexander goes on to cite urban planner and Council of the 

Twelve Apostles member Sylvester Q. Cannon as an example of a resurgence of 

environmental consciousness in the first half of the 20th century, following Smith’s call 

for building beautiful communities. Cannon was a utilitarian conservationist (Alexander 

1998).  

Evidence of a less utilitarian, more holistic Mormon environmental ethic rises in 

an important recent book, New Genesis: A Mormon Reader on Land and Community, 

edited by prominent nature writer Terry Tempest Williams (Refuge), William Smart, and 

Gibbs Smith (Williams et. al. 1998). Each of the book’s personal essays are introduced 

with a passage from the Bible, Book of Mormon, or Doctrine and Covenants. Essays 

come from environmental activists, conservation biologists, historians, schoolteachers, 

and professional writers. They cover a range of issues, including stewardship and 

preservationist philosophies. 

Monetary Incentives – ecosystem services 

Leopold (1949), in his explanation for why a land ethic was needed, called for 

looking at land in more than economic terms: 

It is inconceivable to me than an ethical relation to land can exist without love, 
respect, and admiration for the land, and a high regard for its value. By value, I of 
course mean something far broader than mere economic value; I mean value in 
the philosophical sense. 

 
Sagoff (2002) more recently warned against trends to look at land in economic 

terms, in response to a recent movement to assess the value of ecosystem services 

(Costanza et al. 1998). Yet economic incentives can be both powerful and effective in 

meeting some conservation goals. This can be especially true in developing nations. 
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Painter and Durham (1995) outline the complex social causes of environmental 

destruction in Latin America, many of them related to economic issues.  

Monetary Incentives – private property rights 

A recent case study found that African elephants were better preserved on private 

lands with hunting permits than on public nature reserves (Brandon 1998). Simpson 

(2002) suggests that free market approaches may be more effective in preserving tropical 

forest biodiversity. 

Starker Leopold (1963) participated in rancher interviews in the Sierra del Nido, 

Chihuahua, to determine interest in protecting the last remaining grizzly bears in Mexico. 

The ranchers with better economic status were clearly more willing to participate in 

measures that would protect the bears. Their reduced economic stress and increased 

available resources or time allowed such flexibility.  However, it only takes a few 

ranchers opposed to bear conservation to set out poison, and the bears were gone by the 

early 1970s (Villa 1977). 

Sheridan (1988) notes the better condition of range on private ranches in Sonora, 

described in Chapter 6 as a situation paralleled in the Rio Gavilan area. Although not the 

case in the Rio Gavilan area, higher income owners of smaller ranch parcels can also 

work against conservation. Kreuter et al. (2004) note that newer Texas ranch owners who 

do not generate their primary income from the smaller ranches are less willing to 

participate in environmentally beneficial brush control programs.  

Sheridan (2001) notes similar, complex difficulties with increasing fragmentation 

of rangelands on the US side of the border, including reduced habitat connections, 

increased water use, and economic marginality of small parcels as rangeland. In the case 
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of the Rio Gavilan, an owner of a smaller (100 hectare) ranch, a retired schoolteacher, 

was the first to implement practices recommended by the US National Riparian Service 

Team (Lunn 1999). 

Monetary Incentives – rural development 

Thus, given the current situation, raising the income levels in the Rio Gavilan area 

would promote conservation. Citizen surveys by both Garcia et al. (1994) and this study 

(Chapter 11) indicate locals are interested in diversifying their economy based on existing 

forestry and ranching industries.  

 Birch (1987), in a paper still influential today, suggested that most job creation 

comes from expansion of exisiting businesses, not attraction of new ones. Loveridge 

(1996) largely concurs, indicating that a lot of effort can be wasted in the competitive 

world of outside business attraction.  

Job creation could occur in the Rio Gavilan by existing ranchers, with the most 

access to capital, hiring local ejiditarios to conduct juniper removal, provide additional 

fencing and patrol for rotational grazing, and assist with ecotourism ventures. Businesses 

could eventually be run by those ejiditarios.  

Transition of workers from ecologically damaging industries is difficult. 

Marketing concern at the start of ecotourism ventures, when building a reputation of high 

quality customer service is important, can inhibit blue collar workers from moving 

immediately into the industry (Patterson 1998).  

Conway et al. (2002) indicate that a strong network, including new lines of 

communication, assisted fishing families in adapting, diversifying, or leaving their 

changing industry. Integration of women was important in several cases. 
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Foreign aid can help with infrastructure and technical assistance that assists 

diversification. Arvin and Barillas (2002) note that in some cases foreign aid and poverty 

reduction are not linked. Laarman (2001) notes that, compared to other nations, the US is 

an increasingly smaller donor of forestry aid, in relation to its national income. Increasing 

aid while empowering recipients and extending time frames could improve effectiveness.  

Incentives and permits fo r brush control are available in the Rio Gavilan but they 

can take years to acquire without proper reciprocal “incentives” for government officials. 

Requirements to improve data accuracy related to foreign aid have been met in Mexico 

since the 1990s. Similar requirements could be made to channel more funds directly to 

landowners for conservation practices. 

Much economic improvement in the Casas Grandes area has been linked to US 

trade, through its role as a maquiladora supplier and tourism and transportation center. As 

the US economy fluctuates, so does that of Mexico and Casas Grandes.  The Casas 

Grandes area could eventually take on similar trends to the “New West,” a term used to 

describe small communities in the rural western US that have seen an influx of higher 

income, footloose entrepreneurs looking for amenity values such as less traffic, scenery, 

and moderate real estate prices (Power and Barrett 2001).  

Regulatory incentives - international  

A third category of conservation “incentive” is regulatory, with associated law 

enforcement needs. Environmental policy over the past thirty years has moved, in 

general, from a focus on point source pollution and individual endangered species to a 

broader focus on non-point source pollution and ecosystems that incorporate biodiversity 

(Conca et al. 1995). 
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As world trade has increased, so have international environmental treaties, from a 

handful in 1950 to over 230 today. Effectiveness can vary. For example, only 51 percent 

of nations report regularly according to the Convention on Biological Diversity treaty. 

Lending institutions can often have more effect on environmental protection than local 

governments, with the World Bank, taking more lead than the International Monetary 

Fund. Oversight by non-governmental organizations can be effective. The World Wildlife 

Fund has over five million members (French 2000). 

French (2000) looks for improvement with programs like those addressed in this 

study, including forest certification, ecotourism, and non-timber forest produc ts. She also 

sees potential in, like Appadurai, international organizations that transcend boundaries 

regarding trade and the environment. Possibilities include an expanded United Nations 

Environment Programme, or a reformed World Trade Organization. 

One of the keys for French is what Sen also promotes, democratization of the 

development process. This is occurring with the latest version of the program to oversee 

environmental effects of NAFTA, Border 2012. It has a strong bottom-up focus to 

involve local communities. Much of the program is geared towards improving 

environmental infrastructure of growing border towns. 

The Commission for Environmental Cooperation (CEC), based in Montreal, was 

originally designated to monitor environmental effects of NAFTA. The Border 

Environment Cooperation Commission (BECC) now takes public comments and certifies 

infrastructure projects proposed for North American Development Bank funding.  

According to Kiy and Wirth (1998), these programs cannot keep up with the 

needs of the fast-changing US-Mexico border, so informal relationships fill the gap to 
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solve problems. Networking, varied approaches, and flexibility become important. They 

note that border environmental policy goes back one hundred years, in reference to water 

issues, but the landscape is changing.  

Social capital is active on both sides of the border. NGOs play a large part. An 

example of this is the online BECCnet, through which a lawyer noticed changes in 

appropriation for funding a border environmental program. He immediately contacted a 

network of lobbyists who helped restore the funding (Kiy and Wirth 1998).  

  The CEC has introduced International Standards Organization (ISO) measures 

for firms to voluntarily conduct self-monitoring of environmental impacts. The intention 

is to reduce regulatory costs and encourage cost-savings for firms through energy 

savings, etc. While promising, Kiy and Wirth (1998) state “it is clear that business 

responds most often when other players in the public and private spheres bring pressure.” 

Kiy and Wirth (1998) provide a more optimistic view of the future border 

environment than Barry and Sims (1994), who see issues such as counter-productive 

fragmentation of Mexican government agencies, lack of processes to incorporate public 

input at the local level, and chemical regulation problems.  

They claim that occupational safety issues are worse than environmental issues. 

As of their publishing date, no right-to-know laws were effective in Mexico. Labor costs 

were 13% of US costs. US hazardous material disposal costs were approximately $1,000 

per barrel. Out of 23 Mexcian maquiladoras surveyed in 1990, 75 percent had toxic 

discharges. Agricultural pesticides also led to cancer clusters in farming towns. The 

authors noted that conditions, while unacceptable, were improving (Barry and Sims 

1994). 
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Regulatory incentives - local 

Anecdotal evidence indicates that enforcement of environmental laws does occur 

in the Rio Gavilan area. Leopold encountered a game warden on his 1930s trips. Local 

ranchers have encountered recent moratoriums on cutting green timber. However, citizen 

surveys note enforcement of conservation laws is an issue (as can occur in the US, also). 

Integration 

Blending of voluntary, monetary, and regulatory approaches might be achieved 

through ecosystem health and ecosystem management, transdisciplinary approaches to 

environmental management. They can infuse Leopold’s concepts of land health with 

more recent trends in science and land management such as adaptive management and 

conservation biology.   

Bengston et al. (2001) noted an increase in positive attitude towards ecosystem 

management among US citizens from 1992-1998. However, pro-management bias of 

natural resource managers must be kept in check (Berglund 2001; Pregernig 2002). There 

may be warranted conflicts with conservation biology, which typically presents a more 

preservationist approach. Terborgh (2002) points out that logging has the potential to 

seriously deplete botanical resources. 

Klooster (2003) and Sheridan (2001) indicate that adaptive management, 

mentioned in Chapter 10, is appropriate for the complexity of influences in Mexican and 

borderland forestry and rangeland issues. Holling (2004) also still discusses adaptive 

management, including a new journal Ecology and Society, to promote integrative study 

on change and resilience. 
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CHAPTER 13 

CONCLUSION 

Summary of results 
 

Main conclusions of the study on Rio Gavilan land health are generally moderate 

land health, local interest, and potential for reciprocal projects. More specific findings 

include the following:  

1) Despite varying speculations, there was a pre-history and history of 
light to moderate land impacts by past cultures, including separate, long 
periods of dominance by the Paquime and Apache; a period of intens ive 
grazing by the Spanish may have occurred well before Leopold’s visits; 

 
2) Apaches provided resistance to development from the 1600s until the 

late 1800s, followed by the 1910 Mexican Revolution, which halted 
pending foreign capitalist projects and further delayed development 
another thirty to forty years; 

 
3) There were fluctuating periods of conservation and development in the 

20th Century where foreign capital dominated Mexico, interspersed by 
periods of land reform, nationalization, and monetary crisis; political 
power resulted in some corruption, and blame of land degradation on 
rural citizens; one of these national “boom” periods resulted in the post-
war development of the Rio Gavilan;   

 
4) Intensive logging occurred in the 1940s and 50s, involving many small 

sawmills, spurred by World War II and post-World War II lumber 
markets, with high demand across the border in the US; 

 
5) Intensive grazing, which followed new logging access roads came in 

the 1950s and 60s, led to subsequent changes in hydrology, fire regime, 
and predator control, similar to those occurring in the western US;     

 
6) Despite impacts, there is a generally moderate status of forest, 

rangeland, and riparian health, with the exception of erosion rates; 
potential exists for recovery of native species (stream willows, grama 
grass) and processes (fire regimes, erosion rates, water tables) with rest;  

 
7) Need exists to reduce juniper and oak encroachment, mostly on 
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ridgetop rangelands nearing the threshold of capacity for resilience; 
 

8) Road maintenance and rehabilitation, along with rotational grazing and 
trinchera restoration, are critical areas that could contribute to erosion 
reduction;   

 
9) Mainstem river channel impacts may take decades or centuries to 

repair, using watershed-wide strategies; and more immediate restoration 
opportunities at previously perennial upper tributaries;   

 
10) Some economic diversification has occurred in the lower foothills 

through maquiladoras, tourism, fruit cooperatives, and increased service 
sector business;  

 
11) The rural economy has high primary and low service sectors, a typical 

indicator of poor socioeconomic resilience;   
 

12) Local interest exists in the history of Aldo Leopold’s visits;   
 

13) Citizen surveys reveal a desire for economic diversification (including 
tourism), endangered species protection, positive links between religion 
and environment, and mixed desire to restore wolves and fire regimes;  

 
14) Leopold’s land ethic should be sensitive to lower economic classes, 

different cultures, non-hunting visitors, quantitative science, and 
chemical pollution; 

 
15) Conservation initiatives should be aimed at a mix of “bottom-up” 

voluntary, regulatory, and monetary incentives, using “boundary 
objects” (such as ecotourism, Apache history, religion and 
environment) as potential common ground among social groups;  

 
16) There is potential for future “reciprocal” projects that benefit locals, 

outside researchers and visitors, and the forest, streams, and rangeland;  
 

17) Biotic integrity, including species in decline (trout, parrots, etc.), should 
be addressed along with land health processes;  

 
18) Land health monitoring should mostly use relatively simple, applied 

science geared towards local and visitor participation; such monitoring 
should be used to test restoration practices, with results guiding 
“adaptive” management;  

 
19) Conservation may be more effective, at least initially, working with 

private property owners; 
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20) Environmental education should focus on significant experiences for 

locals and visitors that foster at least some critical thinking, and break 
down the duality of nature and culture;   

 
21) The thick-billed parrot, with its comical presence, represents the 

indefinable essence of the Sierra Madre Occidental.  
 

Moderate land health 
 

Hypotheses that assessments would yield moderate ratings of land health were 

fully or partially supported for forest, rangeland and riparian parameters. Key exceptions 

were below moderate ratings for soil erosion rates, socioeconomic health (as measured by 

percent tertiary sector), and potential for even distribution of ecotourism benefits.  

Local interest 
 

Local interest was generated by a natural interest in family and ranch history, and 

by desire to diversify livelihoods.  The research utilized approximately $5,000 in grant 

funding, and put at least the same amount into the hands of local ranchers and guides, the 

latter generated mostly from participant fees from experimental conference field trips.  

Potential for reciprocal projects 
 

Potential exists for numerous collaborative projects with locals, including using 

paying ecotourism visitors and local students to participate in restoration projects and 

monitor resulting land health; some of this can involve past cultures such as replicating or 

restoring Paquime check dams or involving Apaches in restoring ecology of sacred sites.   

Leopold’s land ethic in Latin America 
 

Leopold wrote about three places in Latin America: the Colorado River Delta 

(“Green Lagoons” 1949), Rio Gavilan (1937, 1940, 1949), and Rio Madre de Dios 
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(“River of the Mother of God” 1991). Leopold lamented possible development of these 

wilderness areas. These three places now differ from each other in current condition. 

Colorado River Delta 
 

The Colorado River Delta has had its water source virtually shut off for decades, 

resulting in devastating ecological changes that are only now being addressed with great 

difficulty (Bergman 2002).   

River of the Mother of God 
 

The Rio Madre de Dios, which Leopold never visited but wrote about as an 

example of global wilderness, is still in largely pristine condition. What Leopold did not 

know about the area then was that it harbors some of the highest biodiversity on the 

planet (Terborgh 1990). Unfortunately, it is at risk now from pending development of a 

proposed cross-continental highway (Conover 2003). The area also has more indigenous 

people, requiring sensitivity before importing a western land ethic (Cauper Pineda 2001).  

Rio Gavilan in perspective 
 

The Rio Gavilan sits somewhere between these two sites in degree of 

environmental degradation. In that respect, it also serves as an example for much of the 

global landscape today – not pristine, but also not severely altered. 

Unfinished business 
 

Leopold proposal to Sauer 
 

One of the objectives of this study was to follow up on Leopold’s research 

proposal to Sauer. This was done by updating Brand’s dissertation (done under the 

tutelage of Sauer) and Starker Leopold’s last impressions of the Rio Gavilan.  It is 
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appropriate here to revisit Sauer’s quote from Chapter 8, where Sauer (1941) describes 

the “personality” of Mexico:  

Mexico, like most lands in Latin America, has its main and living roots in a deep, 
rich past. The continuity with ages long gone is fundamental in this country. An 
invasion by the modern, Western world is under way, but this conquest will 
remain partial, as earlier did the rude assault of Spanish conquerors upon native 
ways. The American motorcar now does duty in remotest villages, but it is loaded 
with the immemorial goods and persons native to the land. The automobile is 
accepted as a better means of transport, as, centuries earlier, the pack and draft 
animals brought from Castile were accepted. It and the other machines, however, 
are being adapted to native ways and native needs; they will not dominate or 
replace native culture. 
 
Given the proposal for paving the road into the Rio Gavilan area, corresponding 

with the proposal for a transcontinental road to the River of the Mother of God in Peru, 

one wonders if Sauer’s prophecy will hold. These areas seem destined to increasingly fall 

under western models of conservation, with postage stamp parks, highly regulated, 

partially extractive national forests, and species brought to the brink of extinction.  

Inter-American Conference On Conservation In Latin America (1948)    

Aldo Leopold was scheduled to attend a conference in Denver, Colorado in late 

summer of 1948. He passed away in April of that year. The subject of the conference was 

Inter-American Natural Resource Conservation. One of the organizers was Leopold’s 

student Bill Vogt, whose own influential book Road to Survival (1948) indicated an 

urgent need to address population control and soil erosion in Latin America. 

Conservationists can look at moderately altered areas like the Rio Gavilan as half 

full, or half empty (Salwasser et al. 1997). Schmidt (1990), in a presidential address to a 

graduating class at Leopold’s alma mater Yale University, urged students to be positive, 

to avoid the “cynicsm of foreclosure.” Leopold himself, when confronted with Vogt’s 
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anxiety over the state of Latin American population and soil erosion, wrote: “just because 

the situation is hopeless does not mean we should not keep trying to do our best.”  

Conservationists in Mexico, Peru, and elsewhere, in keeping with Leopold’s 

refined taste for things natural, wild, and free, should collaborate with citizens so the 

northern Sierra Madre Occidental, and similar sites around the world, sing a “vast, 

pulsing harmony” long into the future. This may not necessarily be a perfect harmony, 

but one that respects Sauer’s “continuity with ages long gone.”  
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CHAPTER 14 

RECOMMENDATIONS FOR FUTURE RESEARCH 

Potential exists for numerous collaborative projects, including the following:   

1) Monitor rotational grazing using rangeland health monitoring protocol (Herrick); 

2) Survey more forest inventory plots, using methodology of Fule and Covington 

(1994) to better statistically quantify forest health and fire regimes;  

3) Use replicas of Paquime check dams (as Austins did in Arizona) to speed 

recovery of former perennial streams (done in concert with rotational grazing);  

4) Create snags at high elevation north faces to encourage thick-billed parrot nesting;  

5) Fund and monitor juniper and oak density reduction at ridgetop ranches (done in 

concert with rotational grazing);  

6) Periodically fence off more creeks during first part of growing season, following 

recommendations of (US) National Riparian Service Team, and monitor 

vegetation recovery and corresponding use by migratory birds;  

7) Experiment with visitors staying one night at ejido homes, to diversify visitor 

experience and spread ecotourism benefits;  

8) Continue monitoring land health using informal methodologies in this study, over 

a broader landscape and using visitors and local students;  

9) Include bird lists and native fish inventory into #8 above; 

10) Experiment with soil erosion reduction measures such as water bars on roads, 

road erasure, rotational grazing, upslope check dams, etc.; add erosion plots to #8 

above, per Brooks et al. (1997);  
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11) Use unmanaged or relatively unaltered, smaller watersheds nearby (such as the 

Rio Nutria) as potential control areas for erosion, other studies.  

The National Research Council (2001) recently published a booklet titled Grand 

Challenges in Environmental Sciences. Their recommended “Immediate Research 

Investment #1 (out of only 4): Biological Diversity and Ecosystem Functioning” reads 

remarkably similar to Leopold’s 1940s proposals to the Ecological Society of America 

and USDA Forest Service regarding the Rio Gavilan:  

Humans use a large proportion of the land surface of the Earth… creating the 
likelihood that biotic reserves-even combined with environmental restoration-will 
not by themselves be sufficient to prevent the extinction of many species…Work 
on ecosystems that are as close to natural as possible would reveal how those 
ecosystems function…The overall effort will require interdisciplinary research. 

 
Future research in the Rio Gavilan should not be limited to environmental 

sciences. Aldo Leopold’s daughter Nina Leopold Bradley and Buddy Huffaker (2002), 

director of the Aldo Leopold Foundation, point out that Leopold throughout his career 

lamented polarization between the sciences and humanities. They restate his desire for 

integration, such a focus of “Song of the Gavilan,” with his following unpublished quote:  

One of the anomalies of modern ecology is that it is the creation of two groups, 
each which seems barely aware of the existence of the other.  The one studies the 
human community almost as if it were a separate entity, and calls its findings 
sociology, economics, and history. The other studies the plant and animal 
community and comfortably relegates the hodge-podge of politics to the ‘liberal 
art.’ The inevitable fusion of these two lines of thought will, perhaps, constitute 
the outstanding advance of the present century. 

 
Future research can also include, through studies, talks, or hands-on workshops, 

the new fields of environmental economics, environmental history, environmental 

sociology, as well as environmental literature and environmental philosophy.  Research 

should be geared towards solving local, on-the-ground issues. Lorbiecki (1998) illustrates 
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how New Mexico influenced Leopold. Certainly Mexico did as well. The Rio Gavilan, 

despite changes, is still an inspirational, working landscape – it will influence others, too.  
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