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ABSTRACT 

Landscapes are changing environments. Conservation 

of the amenities associated with landscapes must take into 

account the tendency of a landscape to change over time. 

Change is considered to be influenced by both cultural 

land use practices and natural resource processes which 

act on the landscape. 

A technique is developed which demonstrates an 

approach to measure the stability of landscapes. This 

approach also provides a means to qualify the importance 

of the elements which make up the landscape, thus defining 

the matrix of the landscape. A case study of the San Pedro 

National Conservation Area is used to demonstrate the 

technique. Sampled at three intervals 1935, 1973 and 1986 

the landscape is shown to be stable, identifying this area 

with intrinsic value for conservation. Landscape scale 

assessments are shown to be inappropriate for ecosystem 

scale changes. 
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CHAPTER 1 

INTRODUCTION 

Surrounded by privately owned and managed land the 

San Pedro River Resource Management Area is recognized as 

an internationally valuable resource. Recently acquired 

by the Bureau of Land Management, this agency now is 

responsible for the river's long-term stewardship and 

management. Conservation of the amenities associated with 

the San Pedro River is the primary management objective 

for the Resource Management Area. However, competing 

demands for the local resources, and the varying 

perceptions about the capability of the area to support 

diverse uses of the landscape are the major problems 

restricting the success of long-term conservation. 

The local landscape accommodates numerous land uses 

and is in multiple ownerships. The expansion of Sierra 

Vista, for example, represents one of several conflicting 

issues within the San Pedro River Valley. Unregulated 

groundwater withdrawal from the aquifer recharging the San 

Pedro River has created a cone of depression below Sierra 

Vista. Continued water mining without regulation in the 

San Pedro Basin is a serious threat to the long-term 

supply of water for the riparian area. Other conflicts 

occur in the area as well. A recent survey (Zube, Simcox, 
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and Hoffman 1986) of the residents of the Upper San Pedro 

River Valley revealed that real estate agents and decision 

makers perceive that "a lot more growth" can be 

accommodated in the area, and that the expansion could be 

absorbed without disturbing the resource base. 

Contrasting this view, the general population and other 

groups prefer land management practices * in riparian areas 

that protect natural processes and support and preserve 

wildlife and natural areas. This dichotomy of the 

attitudes and perceptions of the residents of the Upper 

San Pedro River Valley presents many important questions 

for future planning of the San Pedro National Conservation 

Area. 

Treatment of this resource area as a legally 

protected "island" immune to pressures of the surrounding 

culturally malleable landscape is not recommended. 

Newmark (1985) illustrates a major problem with this 

approach using eight national parks in the western United 

States. He found that legal boundaries seldom coincide 

with biotic boundaries, and consequently management of 

even minimal viable populations for select wildlife 

species would require management practices to overflow 

beyond the boundary of the protected area. Landscape 

disturbances originating as either natural factors or 

cultural land use practices will continue to occur and 

result in change to the landscape regardless of its 



10 

protective status, further complicating the management of 

resources. 

Alternatively, management of the riparian area should 

be intricately tied to the functional and spatial 

characteristics of the landscape. Bounded by privately 

owned and managed land, the San Pedro River Riparian Area 

is greatly influenced by cultural land uses. Agricultural 

practices, and urban interactions represent considerable 

disturbances of local natural resources, especially 

wildlife and groundwater. For example, since 1973 Sierra 

Vista has grown by 86% (Zube, Friedman, and Simcox in 

press) in the direction of the San Pedro. Associated with 

this growth in area is the larger population base and the 

expanded demand on water and other natural area resources. 

The research reported in this thesis identifies 

historic spatial and temporal relationships within the 

cultural and natural landscape of the San Pedro River 

Valley. The following objectives are identified to 

accomplish this goal: 

1. identify where the cultural landscape has modified 

the natural landscape; 

2. identify and map land use practices sympathetic and 

non-sympathetic to conservation goals? 

3. identify changes in the landscape from 1935 to 1986. 
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The recent acquisition of the San Pedro River Resource 

Management Area by the Bureau of Land Management (BLM) is 

the initial step to long-term stewardship of the river's 

resources. My intent in this research is to examine the 

recent historical development of the local landscape and 

to examine the stability of the landscape in the context 

of designing a conservation area. 

Secondly, this study focuses on cultural interactions 

with the natural landscape. It is clear from prior survey 

results that resource interactions are not clearly 

comprehended by the people of the San Pedro Valley. This 

study will attempt to identify land uses that pose threats 

to the ecological patterns and processes of the riparian 

landscape. Management of the San Pedro River Resource 

Management Area by the BLM and local decision makers would 

then be able to choose between future land uses with a 

clearer perspective of environmental consequences. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Landscape Ecology The Multidisciplinary Approach 

Cultural geographers were the first to consider the 

interrelationship between regional ecology and cultural 

land use practices. Evidence of this is found in writings 

from Carl Sauer and Carl Troll. Sauer, perhaps one of 

this country's most influential geographers visualized 

culture as a formative process of landscapes in his 1925 

essay "The Morphology of Landscapes" (1963a). He 

included cultural attributes; population, housing, 

production, and communication as components that modified 

the natural environment to reflect the cultural landscape. 

Landscapes were dynamic phenomena to Sauer because as 

cultural influences dynamically replaced one another the 

land was reformed to reflect the influence of the new 

dominating cultural influences. Sauer also knew that 

cultural land use differs among different cultures, "by 

his cultures he makes use of the natural forms, in many 

cases alters them, in some destroys them" (Sauer, 1963a pg 

341). Sauer (1963b) observed this process on the San 

Pedro River and commented that through misuse the 

landscape was altered from lush cienegas to a landscape 

with lowered water tables, difficult to travel roads, and 

large arroyos. 
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As a geographer Sauer was aware of the importance of 

the environment on settlement patterns and was also 

familiar with the concepts of ecology. He contemplated 

(1963a) using the term "cultural ecology" to identify this 

field of inquiry. Instead he chose "cultural morphology" 

explaining, "since we (geographers) waive the claim for 

the measurement of environmental influences, we may use, 

in preference to ecology, the term morphology to apply to 

cultural study, since it describes perfectly the method." 

The goal of the cultural morphologist, as Sauer perceived 

it, was to understand the record of man upon the 

landscape. 

Troll, a biogeographer, was able to advance the 

concepts Sauer developed by including references to 

spatial patterns of the natural and cultural landscape. 

Although no references are found that indicate Troll was 

influenced by Sauer it is likely that he was familiar with 

Sauer's earlier work. Troll introduced the term 

"landscape ecology" in 1939 and indicated that it was his 

goal to integrate the ecological approach which 

concentrated on vertical relationships—functional 

interrelationships—in the ecosystem with the horizontal 

relationships—geographical interrelationships—of natural 

phenomena. 
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Troll was able to synthesize what Sauer had intended. 

Troll knew, as did Sauer, the value of studying biological 

features as measures of environmental organization and 

processes. However, the ecological spatial 

characteristics which Sauer was unconcerned with Troll saw 

as vitally important. Using aerial photographs of large 

regions he was able to see distributional patterns of 

cultural influences on the landscape. Troll recognized 

that the distribution of cultural attributes largely 

determines the importance of those features with regard to 

the integrity of the natural landscape. Troll (1971) 

considered the goal of the landscape ecologist to be that 

of unraveling the relationships between the human 

settlement and the supporting environment that occurs on a 

definite distributional pattern. 

Ecologists hesitated to adopt this integrative 

approach preferring to limit their studies to the vertical 

interrelationships occurring in communities (Risser et al. 

1984). This was likely for two reasons. First in the 

1930s the science of ecology was relatively young, and 

ecologists needed a chance to take some fundamental steps 

forward in their attempts to explain the processes, 

structure, and interactions of biotic systems with the 

abiotic environment. Secondly, ecologists preferred to 

work in homogeneous areas. As Naveh and Lieberman (1984) 

explain ecologists were attracted to the vertical, 
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functional interplay of natural phenomena. Ecologists 

conceptually limited the system to the "functional 

ecosystem." The introduction of horizontal variation 

would add "other ecosystems" to the area of study, 

complicating their observations many times. 

Peter Luder (1981) examined the appropriateness of 

extending the ecological theories of succession, 

diversity, and stress from the ecosystem level to the 

landscape level. He concluded that these theories are 

only partially transferable, with the concepts of 

diversity and stress being consistent at both scales. 

Implications for resource management are numerous 

when entire landscapes are considered. David Loeks (1985) 

discussed important questions dealing with management 

approaches of critical resource areas. His judicious 

observation that no resource area is independent of the 

peripheral contiguous landscape points to the idea that 

management should integrate the management of critical 

areas with the whole landscape rather than consider them 

islands. Loeks was concerned with disturbance factors in 

the heterogeneous environment overlooked in the 

homogeneous ecosystem. Clearly then the importance of 

addressing cultural influences on valuable natural 

resource areas is self evident. Denslow (1985) agrees, 

urging management to approach their goals with a knowledge 

of the disturbance history of the site allowing a picture 
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of the successional relationships to be drawn. 

Risser, Karr and Forman (1984), Forman and Godron 

(1981, 1985), Noss and Harris (1986), Vink (1983) and 

others offer the landscape as an alternative to the 

ecosystem for management plans. While several definitions 

of landscape have been proposed, the following by Noss and 

Harris (1986) is considered appropriate here: "A 

landscape is a heterogeneous and ever changing entity that 

nevertheless maintains a constancy and predictability of 

disturbance and recovery patterns in a time scale 

meaningful to human beings." 

To understand the suitability of the landscape as a 

fundamental ecological entity Forman and Godron (1981, 

1986) have discussed its structural and dynamic 

characteristics. Examining the landscape structure, they 

observed that it is a mosaic of patches, corridors, and 

networks of interacting elements. They describe each of 

these elements in terms of spatial and temporal qualities, 

and define the dominant element as the matrix of the 

landscape, the element that binds the complex together. 

Within the matrix are patches and corridors of landscape 

elements. 

Energy, minerals, matter and gases are exchanged 

within the environment across the synthetic boundaries of 

these resource patches, linking them in terms of their 

productivity, species diversity, and stability. It 
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appears that management of "information exchange" should 

be the objective of resource management activities since 

these exchanges are responsible for the maintenance and 

development of resource patches. However, management has 

not followed this concept until recently as Risser, Karr, 

and Forman (1984) state: "... the distribution among 

landscape elements thus represents a dynamic in ecological 

systems that has largely been ignored by ecologists; until 

very recently dynamics of heterogeneous environments were 

largely ignored by the ecological sciences." Pickett and 

White's (1985) timely work The Ecology of Natural 

Disturbance and Patch Dynamics includes several references 

to landscape scale disturbances interactions. Interest in 

the heterogeneous organization of landscapes has 

increased. 

Regarding dynamic processes, Forman and Godron (1985) 

continue their discussion with an in-depth examination of 

the role of the natural processes of patch formation; they 

concentrate predominantly on geomorphology and the 

extinction and immigration of species including man into 

landscape patches. Modification of the landscape mosaic 

and its matrix through agricultural practices, resource 

extraction and alteration redistributes the energy, 

mineral, matter, and gas fluxes between patches, forcing 

the landscape to reorganize itself to a new metastable 

equilibrium plateau (Forman and Godron 1985). The degree 
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of the modification is reflected in a human modification 

gradient. This gradient scales the landscapes elements 

ordinally as natural, managed, cultivated, suburban, urban 

and megalopolis reflecting increasing degrees of 

modification. 

Management then becomes concerned with the control of 

the dynamic landscape process which includes both an 

account of the natural and the cultural influencing 

forces. Vink (1983) describes this branch of landscape 

ecology as anthropocentric landscape ecology, conveying 

the significance of the involvement of man as an 

influencing agent of the landscape. 

Arguing against the commonly held belief that "more 

is better" Odum (1969) objectively argues that landscapes 

are exhaustible resources and that the demands placed on 

them in many circumstances are in opposition to our 

current theory of ecological organization and process. 

Demanding increased production from the land we tip the 

scale in our favor with soil amendments, pesticides, and 

expensive technological (satellite monitoring) tools to 

manage our land resources. But our energy expenses far 

outweigh the additional biomass produced. Odum compares 

natural environment production/energy ratios with 

culturally modified production/energy ratios and states 

clearly that the former is the much less expensive. 
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Odum recommends compromise as a means to achieve the 

desired mixture of valued products from the landscape. 

Conventional zoning restrictions could be used to 

partition landscapes into protective, productive, urban-

industrial and compromise zones (see Table 1 for a 

comparison of Odum and Forman and Godron's 

classification). Odum perceived the landscape with a 

hierarchical structuring of energy demands. Natural 

areas, production and compromise zones, powered by 

photosynthetic energy, return usable biochemical energy 

and amenity values to society. Considered non-essential 

by Odum, the urban-industrial zone, on the other hand, is 

driven by derived energy contained in fossil fuels making 

them more expensive to maintain in the landscape. He 

considered the loss of protected compartments of the 

landscape to be too risky, because our knowledge of how 

the entire biosphere functions still remains a mystery. 

Compartmental landscapes with reserve areas could function 

as land banks providing capital investments for future 

generations. The alternative, he said, is to encourage 

the development of landscapes where the quality of life 

and products of the landscape are only marginally 

acceptable. 
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Table 1. Comparison of Forman and Godron's hierarchical 
landscape and Odum's Compartmental Ecosystem. 

Forman and Godron Odum's Compartment 

Natural 
Managed 
Cultivated 
Suburban 
Urban 
Megalopolis 

Protection 
Production 

Compromise 
Urban-Industrial 

Odum's model is a fundamentally valuable classification 

scheme in the context of this thesis. I have 

investigated the stability of a landscape identified by 

both local and national interests in conservation of 

valued riparian habitats and the coincident wildlife. 

Forman and Godron approach landscape analysis by 

disaggregating it's components into their primary 

categories. Odum's model assembles these components in a 

scheme which illustrates how the total landscape is 

functioning. This is one of the primary goals of the 

landscape ecologist. Additionally conservation management 

must be aware of both the historic and the likely future 

landscape composition in order to design management 

strategies appropriately. This model provides one of the 

direct methods of providing this information. 
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Cultural and Natural History 
of the San Pedro River Valley 

The historical development of the landscape in the 

San Pedro River Valley has received considerable attention 

in the literature. The significance of both the natural 

and cultural landscape reflect a dynamic continuum of 

change. Accounts of early conditions report lush marshes, 

few cottonwoods, and beaver and fish in the riparian 

environment. Hastings and Turner (1980) indicated that 

this relationship was predominantly influenced by the 

environmental conditions prior to 1854, and since this 

period cultural modifications have played the greater role 

in development of the landscape. 

Haynes (1966, 1974) excavated Clovis man hunting 

sites at Murry Springs, near the San Pedro River, 

recovering the only known evidence proving that man was a 

hunter of mammoths in North America. He also collected 

mesophytic and hydrophytic pollen samples indicating a 

fresh water lake had occupied the valley between 12,000 

and 30,000 years ago. Hastings and Turner's (1980) 

account of the historical, cultural, and environmental 

interactions indicates that the early Indian and Spanish 

cultures were dependent on the environment. They 

considered the nomadic cultures to have insignificant 

roles, albeit they may also have been factors in plant 

dispersal. Ranchiera cultures of the late 1600s 
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established settlements along the water courses and 

influenced the short-term appearance of the landscape. 

These groups practiced irrigated agriculture planting 

cotton, corn, beans, and squash along the river. Hastings 

and Turner suggested that these practices were significant 

enough to present ample opportunity for the expansion of 

mesquite (Prosopis sp.) along the water courses, noting 

though that the expansion did not begin for another two 

hundred years. 

It is still unclear what the long-term influence of 

the Spanish culture was on the landscape. By 1694 

Spaniards had imported almost 100,000 cattle to the 

headwaters of the San Pedro River in Sonora, Mexico. 

However, the consequences of this cultural activity is 

still being debated, as major changes to the vegetation 

and erosion of soil do not coincide with these events 

(Hastings and Turner 1980, Lacey et al. 1975). Hastings 

and Turner (1980) concluded that no generally acceptable 

evidence has been presented proving that cattle grazing 

initiated the expansion of mesquite or the accelerated 

erosion and arroyo development. Lacey et al. (1975) 

agreed with Hastings and Turner and further promote the 

idea that both climate and grazing were synergistically 

responsible for the changing landscape. 

By the middle of the 1800s the landscape had changed 

enough for Hastings and Turner (1980) to suggest that 



cultural disturbances had progressed to the level where 

they were responsible for significant long-term changes. 

In the period from 1820 to 1830 cattle numbers were lower 

than previous times and ranches were not very abundant. 

By the late 1840s to the middle of the next decade the 

Indian wars precipitated another change—the abandonment 

of the cattle and the out-migration of the ranchers from 

the area. Estimates for the number of cattle left behind 

range from 50,000 to 150,000. It would be roughly 40 

years before the area was resettled. Hastings (1959, in 

Lacey et al. 1975) traced the rise in cattle numbers in 

the San Pedro River Valley from 1883, 1886, and 1889 as 

68,000, 156,000, and 243,000 respectively. Hastings and 

Turner (1980) described this cultural interaction as 

follows: 

Ecologically, then, cattle-raising was 
extensive enough to result in a thorough 
dissemination of mesquite seeds; 
insufficient to reduce the grass to the 
impoverished conditions that they knew by 
1890; sufficient to constitute the severest 
cultural stress yet imposed on the region. 

(Hasting and Turner pg. 34) 

The important cultural modifications in this area 

were till this time principally short-term alterations of 

the natural landscape. The second chapter of cultural 

influence on the landscape in the San Pedro River Valley 

was beginning and coincided with the earthquake of 1888, 

arrival of the railroad in the 1880s and the confinement 
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of the Apaches on reservations. The importance of 

unpredictable events like the earthquake of 1888 cannot be 

overlooked. This event may have had greater long-term 

significance than the preceding cultural modifications, 

upsetting the natural hydrological process of the valley 

and setting into motion dynamic changes in the riparian 

environment. Hastings and Turner (1980) reported that the 

arroyo development did not start until the 1890s. Arrival 

of the railroad promoted accelerated importation of cattle 

and assisted the development of the silver mining 

activities of Tombstone. The community of St. David was 

settled in 1877 and by 1880 the Indian raids were no 

longer a deterrent to settlement. The valley was secure 

for the first time and settlers began to resettle the 

valley around 1882. According to Walker and Bufkin (1979) 

data from the first official census taken in the state, in 

1890 indicated that there were about 6938 residents in 

Cochise County. In 1984 the population increased to 

92,600. Many of the present changes observed along the 

river today had their origins at the turn of the century. 

Roeske and Werrell (1973) reported that the Saint David 

irrigation ditch was constructed and in operation by 1881, 

and by 1899 diverted water to 51 canals supplying 

irrigation water to 3500 acres. The Pomerene Canal above 

Benson came into service in 1912. Agriculture was 

prosperous and irrigation practices increased at the 
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expense of native riparian communities. By 1939, 4000 

acres were being irrigated. There was a consistent 

increase through 1966 when 12,000 acres were irrigated 

followed by a decrease to 9700 acres by 1970. 

Lee (1905) and Evans (1905) wrote about the 

agricultural practices and hydrological conditions of the 

San Pedro River Valley and they provided an interesting 

look at the history of this region at the turn of the 

century. Lee found that approximately 200 wells had been 

drilled between Benson and an area 8 miles south of 

Fairbanks. Several of these wells were within 5 miles of 

the river and the shallowest was 470 feet deep. Evans 

(1905) reported that the deepest wells occurred near 

Benson and decreased in depth up stream. This is 

consistent with Reichhardt et al. (1978) who reported that 

the artesian conditions characteristic of the upper 

watershed decreased downstream. Evans was primarily 

interested in the feasibility of constructing a dam on the 

river and his report contains references to the current 

value of agriculture in the valley. His observations 

suggest a very productive area, marketing $2 million worth 

of "garden products" annually. Irrigation was crucial for 

the production of peaches, strawberries, watermelons, and 

alfalfa. The complexion of the cultural landscape had 

changed dramatically in a very short time period and the 

landscape was altered. 
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Roeske and Werrell (1973) investigated the 

groundwater supplies of the San Pedro River Valley, and 

found water level fluctuations coincided primarily with 

seasonal demands from agriculture. For the basin as a 

whole, however, groundwater elevations had not been 

affected. They did find a cone of depression centered 

beneath Sierra Vista. Generally though they observed no 

long-term net decline in groundwater levels indicating 

that recharge to the flood-plain alluvium along the San 

Pedro River has been sufficient to balance the use of the 

water by phreatophytes and the use of water for 

irrigation. Brown et al. (1966) offer an alternative 

perspective. They examined long-term hydrographs and 

found an average annual draw down in the water table of .4 

of a foot. They suggest that from Palominas to Charleston 

the river acts as a drain, and in the Fort Huachuca-Sierra 

Vista area pumping was not sufficient to account for 

lowering of the water table. They offer two interesting 

hypotheses to explain the characteristics of the aquifer: 

the first is that the recharge was insufficient to 

maintain the higher water table, and the second is that 

the water table is still adjusting to the lowering of the 

stream bed following the earthquake of 1888. The 

groundwater maps developed by Brown et al. (1966) for the 

west side of the San Pedro River Valley are consistent 

with the map developed by Hollyday (1963) for the 
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Tombstone mining district on the east side of the valley. 

Groundwater, in the mid 1960s, near Fairbanks was located 

at approximately 3800 feet (mean sea level), roughly 50 

feet below the surface. 

Even the with extensive development of the landscape, 

wildlife diversity in the valley may be unmatched 

elsewhere in the United States. Hoffmeister and 

Goodpaster (1954), Simpson (1964) and the U.S. Fish and 

Wildlife Service (1978) have commented on the biological 

richness of the San Pedro River Valley. Situated on an 

ecotone connecting the Sonoran and Chichuana Deserts and 

the Plains Grasslands this area produces favorable habitat 

for numerous wildlife species. Hoffmeister and Goodpaster 

found 78 mammal species residing in the grasslands between 

the river and the Huachuca Mountains on the west side of 

the valley, noting that "probably nowhere else in the U.S. 

do more species so closely related occur so together, 

seemingly in the same ecological niche." Simpson (1964) 

mapped the biogeography of mammal diversity in North 

America and wrote of the San Pedro Valley: 

The area is nationally significant, if not 
internationally, in regard to its mammalian 
diversity in that it is the richest 
assemblage of land mammal species in the 
entire United States and the second known 
richest in the world, exceeded only by the 
diversity found in the montane cloud 
forests of Costa Rica. 

(U.S. Fish and Wildlife Service pg 24) 
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Today these statements could no longer be made, 

although avian species' diversity is exceptional, with 

reports of more than 300 bird species occurring within the 

riparian corridor (BLM 1986). Landscape changes in the 

riparian zone of the San Pedro were first attributed to 

biological (cattle), climatic, and geological conditions 

(Lacey et al. 1975). Recently though the interest in 

agriculture practices has received more attention. Lacey, 

Ogden and Foster (1975) evaluated automatic mapping 

technology by mapping riparian vegetation in the Upper San 

Pedro River Valley. They reiterated Hastings' (1959) 

earlier contention of riparian habitats indicating that 

these sites are expected to be dynamic with changing 

proportions of vegetation communities through time 

responding to the normal dynamic nature of the stream 

channel. They also suggested that cultural activities 

were becoming a crucial factor in the dynamic nature of 

the landscape citing mining, farming, ranching, 

introduction of ornamentals and legislative acts like the 

Reclamation Act of 1902 as principal agents promoting 

change. 

Lacey et al. (1975) compared 1936 Soil Conservation 

Service (SCS) photography of the San Pedro riparian 

environment with 1972 photographs of the same area. They 

reported that the conversion of riparian communities to 

other vegetation types occur at the rate of 1.4 percent 
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annually. Conservation planning in riparian environments 

for riparian values according to these authors will be a 

difficult struggle. They said: 

" . . .  t h e r e  i s  l i t t l e  r e a s o n  f o r  l o n g - t e r m  
optimism regarding the riparian environment 
in many parts of Arizona. There is no 
rationale to expect a reversal in the ever-
increasing population and ever-declining 
groundwater table." 

(Lacy, et al pg. 89) 

With this in mind the Reichhardt et al (1978) 

findings are interesting. They compared changes in the 

riparian environment among crop lands, riparian 

vegetation, mining and cultural-industrial uses and 

reported a 23 percent increase in dense riparian 

vegetation, a 17 percent increase in agriculture and an 8 

percent increase in the cultural-industrial land. The 

major change they observed fell into the "Other" category; 

in 1935 this class accounted for 66 percent of the area, 

and in 1978 had decreased to 18 percent. Some local 

conditions are reported here as well. From Fairbanks to 

Lewis Springs mesguite occupied 11,300 acres, cottonwood 

willow 1,700 acres and agriculture 4,200 acres. 

Specifically they hypothesized that the cultural 

modifications to the riparian environment (upstream 

impoundments, channelization, groundwater pumping, cattle 

grazing, etc.) have contributed to a reduction in the 
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cottonwood community along the San Pedro River over the 

last one hundred years. However, historic photographic 

records of certain areas along the San Pedro (Hastings and 

Turner 1980) indicate cottonwood had a very minor role 

until recently, suggesting an increase from earlier times. 

The third chapter of the San Pedro River Valley 

landscape has begun with the acquisition of San Juan De 

Las Boquillas Y Nogales and the San Juan Del Rafael Land 

Grants by the Bureau of Land Management (BLM). This 

agency now holds roughly 45,000 acres of the most 

productive riparian environment in the country. 

Approaching this resource area with the clear objective of 

establishing a management plan that will promote long-term 

conservation directions the BLM is currently developing 

its long-term plans. Current operation are being carried 

out under Interim Management Guidelines (USDI 1986) issued 

by the BLM in April 1986. The objective is clear: 

The paramount management objective for the 
San Pedro lands is the implementation of a 
management system that protects, maintains, 
and enhances the riparian ecosystem, with 
its inherent biological resources, and the 
unique cultural and paleontological 
resources. The San Pedro lands also contain 
other significant resource values that will 
be managed consistent with the primary 
objective. 

(Bureau of Land Management pg 23) 
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PURPOSE OF RESEARCH 

The purpose of this research is to identify the 

interrelationships between the cultural and natural 

landscape of the San Pedro River Valley in 1935 in 1973, 

and in 1986. The analysis is based on changes in spatial 

characteristics of the landscape that have occurred during 

this fifty year time period. 



Outline of Thesis Project 

32 

Landscape elements are classified into four 

compartments: protection, production, urban-industrial, 

and compromise land use. Two criteria are used to assign 

specific landscape elements to one of the four 

compartments. The first criterion is the value and 

attitude for the particular landscape type held by the 

residents of the Upper San Pedro River Valley. Survey 

results reported in Zube et al. (1986) provide the initial 

guide for the classification of landscape. This survey 

requested survey participants to rank the most appropriate 

and least appropriate land use for eleven land use 

categories. Ranking was consistent for both the most 

appropriate and least appropriate land uses. The land 

uses rated most appropriate and, listed in order of 

preference were: wildlife habitat protection, nature 

preserves, protection of water flows, public recreation 

land, farming, grazing, flood protection, hunting, 

subdivisions, off road vehicle use, and mining. 

The second criterion used to classify landscape 

elements will be a rating scheme developed by Fabos and 

Hendrix (1981). Using Odum's Strategies of Ecosystem 

Development as a basis for the classification these 

authors assessed two parameters of 40 unique landscape 

types. Estimates of the production/respiration ratio, 
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biomass and yield for each of the landscape types were 

gathered from the literature for landscapes in the 

Northeast United States. Regression analysis was used to 

classify each landscape type. They were able to correctly 

classify landscapes at the 88% level for cases where these 

parameters were known. When these parameters were not 

available the correctly classified landscapes served as 

references for further classification. Specific 

classification of the landscape type into the four 

compartments is based upon the inventory of the landscape 

from aerial photography. 
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CHAPTER 3 

METHODS 

The assessment of landscape stability in the San 

Pedro River Resource Management Area was accomplished 

using aerial photography and a geographic information 

system. The aerial photographs represent conditions along 

a 3 mile by 5 mile section of the Resource Management Area 

in 1935, 1973, and 1986. Photographs were provided by the 

Soil Conservation Service for the 1935 coverage. This 

black and white coverage is in a 14" X 14" format at a 

scale of 1:31680. The 1973 coverage is a black and white 

orthophotoquad of the Lewis Springs Quadrangle, scaled at 

1:24000. The Bureau of Land Management provided the 1986 

black and white 9" X 9" format, 1:24000 scale coverage 

(see table 2 for a comparison of photographic coverages 

used in this thesis). Map Analysis Package (MAP, Tomlin 

1986) served as the geographic information system. 
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Table 2. Comparison of Photographic coverages. 

Date Presentation Form Format Scale 
1935 Black-White 14" X 14" 1:31680 
1973 Orthophotoquad 7.5 minute 1:24000 
1986 Black-White 9" X 9" 1:24000 

Interpretation of the photography: Six landscape themes; 

1) transportation networks, 2) industrial land uses, 3) 

vegetation communities, 4) residential land uses, 5) 

agricultural land uses, and 6) hydrological features were 

interpreted from the photography and transcribed to mylar 

overlays for each of three time period maps. Information 

for a seventh theme, cultural resources, was provide by 

the Arizona State Museum. Cultural resource site locations 

were transcribed from museum maps to mylar base maps. 

Figure 1 is a conceptualized view of the San Pedro River 

Resource Management Area and the seven landscape elements 

that contribute to the landscape. Table 3 presents the 

elements from each of the landscape themes. 
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Figure 1. Conceptual view of the San Pedro River Valley illustrating 

landscape themes. 
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Table 3. Landscape themes and the elements include 
in the stability assessment model. 

Theme Elements 

Transportation Networks paved roads, dirt 
roads rail road, 
and abandoned 
rail road 

Hydrological features San Pedro River, 
washes, stock 
ponds 

Vegetation communities communities 
described at 
series level 

Residential land uses houses, and 
associated 
buildings 

Culture Resources archeological 
sites 

Industrial land uses mining operations 

Agriculture land uses field pasture hay 
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Coordinate Registration: In order to use the MAP 

geographic information system a common study area boundary 

was required to establish the spatial registration for 

each of the three time periods. The 1973 orthophotoquad 

was used to establish a 3 mile east-west by 5 mile north-

south study area boundary window. This coverage was 

selected as the control because it had the greatest 

spatial accuracy. The river was selected as the center of 

the study area window, which was established by measuring 

from the center of the river to a distance 1.5 miles to 

either side of the river. Reference points were 

established on the orthophotoquad parallel to the river. 

This window was then transcribed to the 1973 mylar maps. 

Ten points were required to capture the 15 square mile 

study area. 

Two of the time period photographic records shared a 

common map scale (1973 and 1986), but none shared a common 

format (refer to Table 2) . An automated approach was used 

to determine the common study area boundary window on the 

three mylar maps. The Arizona State Museum at the 

University of Arizona provided access to Coordinate, a 

software program, which is used primarily to register USGS 

maps to a digital data base, using the Universal 

Transverse Mercator System (UTM) of the map. This program 

was used to register the Lewis Springs 7.5 minute 

quadrangle map and to identify UTMs of three control 
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points (a rail road bridge on the river, the intersection 

of two dirt roads and an intersection of the rail road and 

the state highway), common to the three time periods, and 

UTM points on the study area boundary window. The 

following procedure was used to accomplish this task. 

Initially the USGS Lewis Springs 7.5 minute 

quadrangle map was registered to the digitizer using 2 

northing and 2 easting tTtM"Coordinates. Next the UTM 

coordinates of each of the control points common to the 

three time periods were identified. The 1973 mylar map 

was then registered to the digitizer using the UTM 

coordinates of the three control points. Once the 1973 

mylar map was registered properly, the UTMs of the 10 

points used to define the study area boundary window were 

identified, recorded and used to register the maps for 

1935 and 1986. 

Registration of the 1935 mylar map followed a similar 

approach. In this case though registering the map to the 

digitizer was accomplished by the UTMs of the three 

control points. Identification of the study area boundary 

window was accomplished by reversing the procedure. 

Instead of identifying the UTM of a known point, the point 

representing a known UTM was desired. This was 

accomplished as follows. The general vicinity of the map 

where the boundary window point was most likely located 

was iteratively searched identifying coordinates until the 
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position of the desired coordinate was located within an 

acceptable tolerance of its true coordinate position. 

This procedure accounts for the differences in 

photographic scale and also in the format. 

The 1986 coverage, although presented in a different 

format, is the same scale as the 1973 coverage. In this 

case the study area boundary window established for the 

1973 coverage also represented the 1986 window. The 1973 

mylar map was traced to a new mylar sheet along with the 

three control points for the 1986 map. A vertical sketch 

master was then used to project the photographic image 

directly on the mylar. By using this approach the 

vertical and horizontal distortion in the 1986 photography 

was eliminated from the 1986 map. 

Digitization: The mylar maps representing each time period 

included the seven themes used in the assessment. These 

maps were coded and then digitized using Mapit (Itami, 

1986), a software package which accepts data as polygons, 

lines, and points. The data files established were edited 

and converted to MAP for analysis. Table 4 provides a 

description of the digital form of each of the landscape 

elements in the data base. 
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Table 4. Digital form of each of the landscape 
elements in the data base. 

Landscape Element Digital Form 

mining 
roads and railroads 
vegetation communities 
agriculture 
housing 
cultural resources 
river and tributary washes 
stock ponds 

polygons 
lines 
polygons 
polygons 
points 
polygons and points 
lines 
points 

Map files were formatted as raster files with each grid 

cell representing 209 feet on a side. This provided a 

data base with 13,843 cells, 9,636 of which were within 

the study area boundary window. 

The Stability Model: Odum's 1969 ecosystem compartmental 

model was used for classification of the San Pedro River 

Resource Management Area. This model classifies the 

landscape into four compartments; protection, production, 

compromise and urban-industrial. This model was used by 

Fabos and Hendrix (1981) to compare two northeastern 

communities, in which they identified 40 land use types. 

These authors conducted a literature search of energy 

input requirements and biomass production reported for 

these land use types. They then preformed a regression 

analysis based upon these factors to determine the 
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relationship of land use and energy requirement/biomass 

production. Their motive was to determine how accurately 

they could assign a land use to the four compartments. 

Their results were significant in the majority of cases 

(88% of the land uses were classified correctly) and where 

they were not, the land use types were assigned to the 

appropriate classification. 

The model used in this study employees rules of 

combination (Hopkins, 1977) to establish the desired 

classification of the landscape elements into the four 

compartments. Table 5 presents the classification scheme 

used in this study. 



Table 5. Classification of landscape elements 
according to the four compartments. 

Element Classification 

Transportation Network 
paved roads 
dirt roads 
rail road 
abandoned 

Urban-Industrial 
Compromise 
Urban-Industrial 
Compromise 

Hydrological Features 
San Pedro River 
washes 
stock ponds 

Protection 
Protection 
Production 

Vegetation Communities* 
Creosote-Tarbush Series 
Mesquite Series 
Cottonwood-Willow Series 
Sacaton-Scrub Series 
Mixed-grass Scrub Series 

Production 
Protection 
Protection 
Protection 
Protection 

Agriculture 
field pasture hay Production 

Residential 
housing and associated 
buildings Compromise 

Cultural Resources 
archeological sites Protection 

Industrial Lands 
mining operations Urban-Industrial 

* Vegetation communities were classified to the 
series level following Brown, Lowe, and Pase 
1979. 
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Since the San Pedro River Resource Management Area 

was established because of the importance of the riparian 

environment the vegetation communities were coded to three 

categories, riparian, upland, and agricultural. Riparian 

vegetation was classified as a protection component in the 

model and includes all vegetation types that require 

either surface or shallow subsurface water tables. 

Cottonwood-Willow communities, mixed grass-scrub 

communities, and all vegetation communities with mesquite 

were treated as riparian. Creosote-Tarbush and 

agriculture were both classified as production, without 

subsetting the natural production from the cultural 

production type. Hydrological elements includes the San 

Pedro River, tributary washes, and in the later time 

periods, stock ponds. The river and washes were classified 

as protection elements while the stock ponds, principally 

associated with cattle production, were classified as 

production elements. The cultural resources were 

classified as components of the protection compartment. 

Maps showing vegetation, water features and the cultural 

resources were combined using the MAP command "cross" to 

identify the spatial locations of protection and 

production landscape elements. Figure 2 is a flow chart 

showing how the theme maps were combined. 
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Figure 2. Flow chart illustration of the combination of landscape themes and 
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The "cross" command allows specific values to be assigned 

to combinations of map categories. Figures 3 thru 5 

illustrate the values assigned to these maps. The coded 

vegetation map was initially coded such that upland 

vegetation community is 1, riparian vegetation is 2, and 

agriculture is 3. This map was "crossed" with the water 

features map which had the following codes, San Pedro 

River is 1, washes are 2, and stock ponds are 3. The 

resulting map "PRODPROT" was developed according to the 

following rules; 

Rule l. A value of 3 is assigned when upland vegetation 
occurs with either no water feature or with washes or 
stock ponds. 

Rule 2. A value of 3 is assigned where agriculture 
occurs. 

Rule 3. A value of 4 is assigned where riparian 
vegetation occurs. 

Rule 4. A value of 4 is assigned where the river and 
no vegetation, upland vegetation or riparian 
vegetation interface. 

The resulting map identifies both the production 

compartment value 3, and the protection compartment value 

4. 

This map was then crossed with the cultural resource 

map. Cultural resource is a binary map with a 0 value 

indicating absence of archeological sites and a value of 1 

signifying the presence of archeological sites. The 

following rules applied to the combination of these maps; 
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Rule 1. A value of 3 is assigned only when no 
cultural resources are present and the production 
assignment was achieved from the combination of the washes 
and vegetation map. 

Rule 2. A value of 4 is assigned to cells when cultural 
resources are present regardless of 
the assignment from the combination of the washes and 
vegetation map. 

The Urban-Industrial and Compromise compartment zones 

were identified by combining the industrial map, 

transportation network map, and the residential housing 

location map. Value assignments were developed using the 

"cross" command. This portion of the model was 

constructed by first defining the infrastructure locations 

of the study area. This was accomplished by "crossing" 

the binary housing map with the transportation map. 

Housing was coded 1 signifying presence of housing and 0 

indicating the absences of housing. The transportation 

network map was a nominal map with four categories; paved 

roads 1, dirt roads 2, railroads 3, and abandoned railroad 

right-of-ways 4. The nominal categories were considered to 

represent both urban-industrial locations (paved roads and 

railroad) and compromise (dirt roads and abandoned 

railroad right-of-ways) components. The rules of 

combination that apply to these maps are; 

Rule 1. A value of 1 is assigned when a cell is either 
a paved road or the active railroad tracks, housing may 
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or may not occur in the cell for this assignment to 
hold. 

Rule 2. A value of 2 is assigned when a cell is either 
dirt road or thei abandoned railroad. Housing may or may 
not be present for this assignment to hold. 

In the map resulting from the "crossing" of these two maps 

the 1 represents, the Urban-Industrial compartment and 2 

the Compromise compartment. 

The map representing both the Urban-Industrial and 

Compromise compartments was developed by combining the 

infrastructure map with the binary mining map. The 

mining map was coded 0 to indicate the absence of mining 

activity and 1 to indicate the presence of mining 

activity. The rules governing the combination of these 

maps are as follows; 

Rule 1. A value of 1 is assigned when either mining is 
present in a cell or when the Urban-Industrial 
assignment was developed from the combination of 
housing and transportation network map. 

Rule 2. A value of 2 is assigned only when the 
Compromise compartment was identified from the 
combination of the housing and transportation maps and 
there is no active mining occurring within the cell. 
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The final map showing locations of each of the 

compartments was developed by covering the Production-

Protection map with the Urban-Industrial map. The MAP 

cover command function is used to replace the values of 

cells in the map being covered with the values assigned to 

cells in the map covering the first map when there is a 

spatial overlap. If the map covering the first map does 

not have a value assigned to a cell then the value of the 

map being covered is retained. In this application the 

Urban-Industrial Compromise map identifies locations not 

sympathetic to conservation. Hence the cells indicating 

non-sympathetic land uses take precedence over cells 

showing sympathetic land use practices. The resulting map 

is a nominal map with 4 categories, where 1 indicates 

Urban-Industrial, 2 indicates Compromise, 3, indicates 

Production and 4 indicates Protection. 

This model was run against each of the three time 

periods to determine the status of the landscape at each 

point in time. Appendix A contains the batch files 

developed to run the analysis in MRP. 
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Water Features 
No Features River Washes Stock Ponds 

Vegetation 

No Vegetation 

Upland 1 

Riparian 2 

Agriculture 3 

Figure 3. Rules-of-Combination for the combination of the 
water features map and the coded vegetation map. Map 
Legend: PRODPROT where 3 is Production and 4 is 
Protection. 

0  1 2 . 3  

0 4 4 3 

3 4 3 3 

4 4 4 4 

3 3 3 3 

PRODPROT 

Production Protection 
0 3 4 

Cultural Resources 

Absences 0 

Presence 

0 3 4 

4 4 4 

Figure 4. Rules-of-Combination for the combination of the 
PRODPROT and the Cultural Resources maps. Resulting map 
Sites, legend Production is 3, Protection is 4. 



HOUSING 

No Housing Housing 

0 1 
Transportation 

Paved Roads 1 1 1 

Dirt Roads 2 2 2 

Railroads 3 1 1 

Abandoned 
Railroads 
Abandoned 
Railroads 4 2 2 

Figure 5. Rules-of-Combination for the development of 
the infrastructure map, by combining the housing and 
transportation network maps. Legend for INFRAST map 1 
Urban-Industrial and 2 is Compromise. 
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Stability Assessment: A graphical technique developed by 

Herman and Montroll (1972) was used to determine the 

stability of the study area. The original application by 

Herman and Montroll was to illustrate how countries have 

changed over time. These authors used historic data of 

the numbers of individuals'associated with agriculture, 

services, manufacturing, and trade to characterize several 

countries. They plotted each of the four parameters on a 

common graph, thereby developing an illustration of the 

characteristic of the country. By following these 

parameters through time they were able to determine the 

trajectory of each country's development. 

In the application reported here, the technique is 

used to show the stability rather than the trajectory of 

the landscape. The technique is based upon the idea that 

several parameters (n-dimensional) can be plotted on a 

two-dimensional surface to develop a graphical 

representation. Siedlecki, Siedlecki, and Sklansky (1988) 

reviewed mapping techniques of multi-dimensional 

parameters and indicated that reducing these multisphere 

graphics to two dimensions produced more meaningful and 

comprehensible figures. The resulting graphic is known 

as a snowflake diagram. These diagrams are conceptually 

analogous to polygons with a central mass, or centroid, 

which represents it's phase point. The phase point is an 

abstract characterization of the influence of the combined 
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parameters on the whole system being modeled. 

In this study a two-dimensional diagram consisting 

of 4 rays originating from a common origin was 

constructed. Each ray was assigned to one of the four 

compartments of the model (protection, production, 

compromise, and urban-industrial). The length of the ray 

representing the compartment was drawn in proportion to 

the contribution of the compartment to the whole 

landscape. Points were then plotted on each axis 

corresponding to the percentage of the compartment's 

contribution to the landscape. These points were 

connected to develop the snowflake diagram. By assessing 

the same landscape repeatedly over time and constructing 

the snowflake diagram and plotting the phase point the 

stability of the landscape was determined. 

The phase point was calculated according to the 

following formula: 

_ N N 
X = 1/N 2 xj COS[(j-1)360/N]; Y = 1/N 2 xj SIN[(j-1)360/N] 

i=l i=l 

where X and Y are the coordinate pairs of the phase point, 

N is the number of the rays on the snowflake, xj is the 

number assigned to parameter and (j-1)360/N is the angle 

of the snowflake ray originating from the origin. 

Snowflake diagrams were constructed for each time period 
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to compare the shape of the snowflake and position of it's 

central mass. 
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CHAPTER 4 

RESULTS 

Interpretation of the aerial photography resulted 

in the development of three time-period maps of a 15 

square mile section of the San Pedro River Resource 

Management Area. Landscape elements withinj the study area 

were mapped and assessed to provide a basis, for comparison 

of the change which occurred over the 51 years between 

1935 and 1986. Classification of the landscape elements 

into the four compartments provided a basis for comparing 

landscape stability in terms of changes occurring within 

both the natural and cultural landscape elements. 

Coordinate Registration: The available aerial photography 

required the use of an automated procedure to identify the 

common study area boundary window. Ten UTM coordinates on 

the study area window were located through an iterative 

search strategy. These points were reestablished to 

within 17 meters of the original values identified on the 

USGS 7.5 minute quadrangle maps. Table 6 compares the 

original UTM values with the UTM values on ;the mylar maps. 

Although no statistical test was performed,: the small 

error in the placement of the boundary area; window is not 

considered to be significant. Visual inspeption of the 

mylar overlays for the 1973 and 1986 maps showed that 



these maps fit directly with one another. The 1935 map, 

although it could not be overlaid with maps of the other 

time periods, due to differences in scale, also had the 

correct shape and positions of the points on the boundary 

window. 
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Table 6. UTM coordinate pairs for the 10 study area 
boundary window. Difference is expressed in meters. 

15 Minute USGS Map Mylar map UTM Difference* 
Northing Easting Northing Easting North East 

A 3496797 
B 3496871 
C 3493472 
D 3492723 
E 3491227 
F 3490012 
G 3488821 
H 3488784 
I 3491971 
J 3495455 

578022 
582671 
583915 
583772 
584133 
584690 
584962 
580308 
579148 
578544 

3496795 
3496888 
3493467 
3492714 
3491232 
3490023 
3488819 
3488778 
3491986 
3945450 

578018 
582679 
583910 
583773 
584133 
584696 
584962 
580308 
579144 
578544 

- 2  
+17 
-5 
-9 
+5 
+11 

-2  
- 6  

+15 
-5 

-4 
+8 
-5 
+1 
0 

+6 
0 
0 

-4 
0 

* + numbers indicate that the UTM was positioned that 
number of meters further north or east of the original 
UTM, - numbers indicate that the UTM was positioned that 
number of meters short of the original UTM. 
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Annotation of the landscape elements to the mylar maps 

resulted in a non-uniform amount of spatial distortion 

being incorporated into the maps. Comparison of the mylar 

maps show portions of the landscape in shifted misaligned 

positions. Conversion of the maps to raster data struc

ture in MAPIT produced an unquantified magnification of 

this error. Most commonly, map cells are shifted to the 

northeast corner of the map, however, as indicated above, 

this distortion is not consistent. Rubbersheeting techni

ques used to correct positional distortion require consis

tency of errors in order to correctly transform the 

image. Because of the registration problem, between time 

period comparisons were not done within the MAP program. 

Overlays were constructed only for within time period 

analysis where spatial registration was consistent. 

Vegetation Typing and Change: Vegetation types were cla

ssified to the series level following the digital classi

fication scheme developed by Brown, Lowe and Pase (1979). 

The signatures on the 1973 orthophotoquad for the riparian 

vegetation was a large solid dark area with a constant 

tonal and textual quality which restricted the typing of 

several component vegetation types. Figure 6 provides a 

comparison of the acres of each of the vegetation types 

recoded from the aerial photography. The compartmental 

model required reclassifying the vegetation as either 
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upland or riparian in order to conform to Odum's clas

sification model, therefore the signature problem did not 

hinder the analysis. Additionally, the landscape theme, 

Agriculture, was incorporated into the collapsed vegeta

tion map to ease data handling. Figure 7 presents the 

data for the vegetation used in this study. 

Examination of the figures 6 and 7 shows that the 

vegetation did change over time. The change in the upland 

vegetation between 1935 and 1973 was a loss from 8208 

(85.2%) acres to 6779 (70.4%) and between 1973 and 1986 an 

increase to 7514 (77.9%) acres. The net result over the 

50 years was a -8.4% change in this vegetation class. 

Riparian vegetation also changed during this time period. 

In 1935 there were 1428 (14.9%) acres of riparian vegeta

tion, by 1973, 2398 (24.9) acres were identified as 

riparian and in 1986 this had decreased to 1860 (19.3%) 

acres. The net result was a positive 29.5% change. 

Expansion of the Cottonwood-Willow community accounts for 

the largest proportion of this change. This community 

expanded its range on the San Pedro from 112 (1.2%) acres 

in 1935 to 373 (3.9%) acres in 1986 for a net 222.6% gain. 

Agricultural land use was not found for the 1935 time 
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Figure 6. Vegetation change between 
1935 and 1986. 

* Photographic scale arid resolution prevented detection 
of these vegetation types in all time periods, however 
they may have been present in all periods. 

Acres Thousands 

Upland Riparian Agriculture 

BB 1935 IM 1973 GUI 1986 

Figure 7. Change between-classified 
vegetation 1935, 1973, and 1986 
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period. However by 1973, 459 (4.8%) acres of native 

vegetation had been converted to this use. The incentives 

for agriculture were short lived in this area as suggested 

by the decline from this total to 262 (2.7%) acres by 

1986. 

A closer examination of the changes within the 

central riparian corridor was conducted to assess the 

dynamic activity observed here. In this analysis the 

riparian corridor was defined as a one-half mile wide 

strip centered on the river. Vegetation communities in 

this neighborhood were tracked from 1973 to 1986 to 

determine the extent of the changes in this area. Here 

the vegetation was assessed at the series level, and three 

vegetation community types are included; Mesquite-Sacaton 

Series, Cottonwood-Willow Series, and agriculture (table 

7). In the short time interval of 13 years, 312.3 acres 

of the vegetation communities comprising this neighborhood 

were lost to an increase in non-riparian vegetation 

communities. Specifically losses were observed in the 

mesquite-sacaton community (28.4%) and in agriculture 

(56.7%). Cottonwood-Willow was found to have increased by 

48.3%. 
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Table 7. Vegetation changes occurring within a 
one-half mile wide corridor of the San Pedro River 
between 1973 and 1986. Values are expressed in 
acres. 

VEGETATION 
Mesquite-Sacaton Series 
Cottonwood-Willow Series 
Agriculture 

1973 1986 % CHANGE 
920.4 656.3 -28.7 
182.1 270.0 48.3 
240.2 104.0 -56.7 
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Housing and Transportation Network Changes: In 1935 

there was a limited amount of cultural modification to the 

landscape along the San Pedro River. Housing was a minor 

addition to the landscape with only 5 acres dedicated to 

this type of land use. The transportation network existed 

much as it does currently, with the paved road system 

providing 3 miles of access along the southern portion of 

the study area. This road serves the traffic moving 

between Sierra Vista, Douglas, and Bisbee, Arizona. Three 

hundred ten miles of roads provided access to the upland 

and riparian portions of the study area. By 1973 a 

limited amount of change had occurred. Housing had 

expanded from 5 acres to 14 acres, all of which is 

concentrated in the northwest corner of the study area 

(figure 8). This increase is a direct expansion of the 

small community of Escapule, present in the earlier time 

period. The paved road system has remained constant 

through the years. The dirt road network however, did 

expand from 310 miles in 1935, to 599 miles in 1973 a 

48.2% change over the 38 year time period. This trend was 

also seen in the 1973 to 1986 time period when 640 miles 

of dirt roads were found. However, the rate of change has 

declined substantially. During the first 38 year interval 

7.6 miles/year of new roadways were added to the 

landscape. In the last 13 years this rate of increase has 

declined to 3.2 miles/year. 
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Between 1935 and 1973 the railroad abandoned or 

removed 89 miles of tracks from the central portion of the 

Resource Management Area, and also removed at least one 

river crossing. Bench marks which were located on rail 

road trestles dated from the 1940's indicating that these 

tracks were in service at this time. The 1973 coverage 

showed that the trestle spanning the river had been 

removed. Since this time period no additional track has 

been removed from active use. This right-of-way has been 

invaded by thick stands of mesquite and other vegetation. 
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Figure 8. Housing changes between 
1935 and 1986. 
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Industrial Land Use Changes: Land identified from the 
i 

aerial photography as industrial uses was only found in 
i 

the 1986 time period. This use was identified for two 
i 

extractive mining operations. Fifty-five acres of the 
i 

study area were so identified. The larger of the two i 

operations is located directly in the San Pedro River j 

channel, while the smaller operation is located in the 

upland area along a wash entering from the eastern side of 

the study area. 

Cultural Resource Land: One hundred forty two acres of 

the study area were identified as supporting cultural 

resources. Eighteen sites were identified within the 15 

square mile study area. The majority of these sites were 

found on the west side of the river. The sites are fairly 

evenly distributed but not in size. Five sites (98 acres) 

were found within 1/2 mile of the river, 6 sites (41 

acres) between 1/2 and 1 mile, and 7 sites (3 acres) from 

1 mile to 1 1/2 miles. 

Compartmental Model: Three maps (figures 10, 11, and |12) 

were produced in the MAP which identify the portions of 

the landscape conforming to the Odum classification 

scheme. The maps identify the Protection compartment ; 

which consists of the centrally located portion of the 

study area, the arms extending outward from the central 

area represent washes, and small disconnected areas which 
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represent several cultural resource sites not within the 

riparian corridor. This compartment is buffered by the 

larger more wide spread Production zone. The Urban-

Industrial compartment is shown as a linear feature, which 

includes the paved roads, and active rail road right-of-

way. The Compromise compartment includes residential 

housing, inactive rail road right-of-way, and dirt roads. 

Summary statistics (count and frequency) of each 

map category were generated in the Map Analysis Package. 

Cells in this data set were 1 acre in size. Because the 

frequency data is based upon the total number (13,843) of 

cells contained within the map area, these data were 

transformed to represent relative frequencies based on the 

number of cells within the 9,636 cell study area. These 

data were used in the snowflake diagrams. 



Figure 10. Map of Lewis Springs Study Area 1935. The 
landscape mosaic is a composed of four compartmental 
zones; the Compromise 3.22%, Protection 16.81%, Production 
76.93%, and the Urban-Industrial 3.03%. 
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Figure 11. Map of Lewis Springs Study Area 1973. The 
landscape mosaic is a composed of four compartmental 
zones; the Compromise 7.05%, Protection 22.29%, Production 
68.50%, and the Urban-Industrial 2.15%. 
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Figure 12. Map of Lewis Springs Study Area 1986. The 
landscape mosaic is a composed of four compartmenta1 
zones; the Compromise 7.23%, Protection 17.63%, Production 
72.85%, and the Urban-Industrial 2.28%. 
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The landscape elements were classified as components 

of the four compartments of Odum's model following the 

rules established and explained previously. In each time 

period the largest proportion of the landscape was 

classified as belonging to the Production compartment, 

followed by Protection, Compromise, and Urban-Industrial 

(Table 8). The analysis indicated that there was change 

in the proportional amounts of each of the compartments 
» 

between the three time periods. However, when these 

proportions were plotted as snowflake diagrams, the change 

is shown to be relatively minor, as indicated by the Phase 

Points for the three time periods. 
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Table 8. Proportions of the Lewis Springs study 
area classified according to the Odum model. 

Compartments 1935 
3.22 
16.81 
76.93 
3.03 

1973 
7.05 
22.29 
68.50 
2.15 

1986 
7.23 
17.63 
72.85 

2 . 2 8  

Compromise 
Protection 
Production 
Urban-Industrial 

The snowflake diagrams were constructed using the 

decimal equivalents of the proportional values of each 

compartment for each of the three time periods to compare 

the organizational structure of the landscape. Tables 9 

thru 11 present the factors used in the formula to 

calculate the phase points for each of the time periods. 
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Table 9. Factors used to calculate the Phase Point for 
the 1935 time period. 

Compartment Proportion Snowflake Cos(angle) Sin(angle) 
angle 

Jx (j-X)(360/4) 

Compromise .0322 0 10 

Protection .1681 90 0 1 

Production .7693 180 -1 0 

Urban-Industrial .0303 270 0 -1 

Phase Point Coordinates -.1842 .0344 

Table 10. Factors used to calculate the Phase Point for 
the 1973 time period. 

Compartment Proportion Snowflake Cos(angle) Sin(angle) 
angle 

Jx (j-1)(360/4) 

Compromise 

Protection 

Production 

.0705 

.2229 

.6850 

Urban-Industrial .0215 

Phase Point Coordinates 

0 

90 

180 

270 

1 

0 

-1 

0 

1536 

0 

1 

0 

-1 

.0503 



75 

Table 11. Factors used to calculate the Phase Point for 
the 1986 time period. 

Compartment Proportion Snowflake Cos(angle) Sin(angle) 
angle 

Jx (j-1)(360/4) 

Compromise . 0723 0 1 0 

Protection .1763 90 0 1 

Production .7285 180 -1 0 

Urban-Industrial . 0228 270 0 -1 

Phase Point Coordinates -.1640 .0383 
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Comparison of the snowflake diagrams (figures 13 thru 

15) reveals two elements of interest. First, the overall 

shape of each diagram is consistent between time periods 

indicating that the landscape has retained it's 

orientation to the Production and Protection 

compartments. The importance of the Compromise and Urban-

Industrial compartments has also remained consistent over 

the years. 

The second element is the minor shifts occurring 

between the 1935 and 1973 time periods. During this 

interval there is a shift in the landscape away from the 

Production compartment to the Protection and Compromise 

compartments. This change is in part a reflection of the 

expanded riparian vegetation. It is interesting that the 

agricultural land use that was first observed in 1973 was 

not a significantly large change to offset the expansion 

of the riparian corridor. Additionally the largest 

expansion of the dirt roads in the transportation network 

occurred during this interval. The ray defining the 

Compromise compartment reflects this change. The 1973 

snowflake is shown to be pulled back to the central axis 

along the Production ray and moving away from the central 

axis along both the Protection and Compromise rays. 
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Figure 13. Snowflake diagram for 1935. Phase point coordinates 

X = -.1842, Y = .0344 
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PRODUCTION COMPROMISE 

URBAN-INDUSTRIAL 

Figure 14. Snowflake diagram for 1973. Phase point coordinates 

X = -.1536, Y = .0503 
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URBAN-INDUSTRIAL 

Figure 15. Snowflake diagram for 1986 Phase point coordinates 

X = -.1640, Y = .0383 
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The snowflake representing the 1986 time period shows 

a small shift back towards the configuration seen in the 

1935 diagram. These changes are in response to the 

increase of upland vegetation (see figure 7) and the 

decline of the riparian vegetation. This change is a 

result of the increased mileage of dirt roads that 

continued from 1973 thru 1986. The Production and 

Compromise compartments are shown to have a stronger 

influence on the landscape in this time period as well, as 

compared to the 1973 snowflake. Overall the 1986 time 

period snowflake appears to be more similar to the 1935 

diagram than to the 1973 diagram. 
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CHAPTER 5 

DISCUSSION 

The technique developed in this thesis provides an 

approach by which the overall design of a landscape can be 

addressed. It recognizes a series of issues pertinent to 

the planning of conservation areas. Initially it 

addresses the stability-dynamic relationships of a 

landscape from the perspective of a duality of change 

including cultural land uses and natural resource 

processes. The technique provides a way to incorporate 

several geographically related landscape themes, thereby 

providing the means to identify the most important 

features, or the matrix, which influences landscape 

character. 

Disturbance history is becoming a commonly recognized 

issue that is critical in the management of protected 

areas (Turner 1988). In this context it is important to 

recognize that protected areas are physically linked to 

the cultural landscape which surrounds and interacts with 

these areas, and that wildlife and their habitats can be 

greatly modified by the encroachment of changing cultural 

land uses. 

While the thesis concentrates on surface changes 

associated with cultural land use practices and natural 

resource processes, the consequences of surface land use 
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can be observed in subsurface resources as well. In the 

case of the San Pedro National Riparian Conservation Area 

subsurface groundwater conditions are affected by the 

development of Sierra Vista. The Arizona Department of 

Water Resources, Hydrology Division (Putman, Mitchell and 

Bushner, 1987) indicate that by the year 2000 water levels 

within one mile of the San Pedro may decline by as much as 

4 feet. In this simulation study the authors did not find 

a decline in the water table closer to the river than this 

distance. Zube, Friedman, and Simcox (in Press) reported 

expansion of the developed area in Sierra Vista of 86% 

between 1973 and 1986. This rate of growth can only 

result in an increasing demand on water resources. 

Clearly, these changes, and particularly if they continue 

into the future demand attention through regional 

landscape planning. 

The importance of the technique introduced in this 

thesis can be viewed in a variety of ways. First the 

model lends itself to analysis of future trends in 

landscape change. Tracking the development and kind of 

change in this landscape, now that legislation has been 

passed establishing the San Pedro National Riparian 

Conservation Area, will become more important over time. 

Second, the model demonstrates a regional basis from 

which management can be approached. Regardless of the 

classification scheme followed to identify landscape 
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themes, a regional characterization is recommended to 

provide insights necessary to understand the interactions 

of the spatial characteristics of the landscape. 

Third, the model can be viewed as one which provides 

directional support for management strategies and policies 

guiding the stewardship of the San Pedro Conservation Area 

and it's surrounding valley. Integration of resource 

management throughout a landscape, rather than by 

approaching management from an insular perspective is 

recommended. Values expressed by the local population 

provided strong support for the management alternative 

which enhanced protection of riparian resources and 

wildlife. The objectives of the Bureau of Land Management 

and the sentiments of the local populous can better be 

reached if the valley is managed as a collective 

landscape. 

The model illustrates four compartments, representing 

seven themes characteristic of the San Pedro River Valley, 

undoubtedly there are other themes to consider. However 

the illustration provided by this model provides a view of 

the integrated landscape and a perspective of how strongly 

the compartments influence the whole landscape. 

Management of the resource is driven by the objectives to 

obtain or enhance desired resource values. Illustrating 

the structural organization, as has been done here, 

provides an important and useful view of the scale of the 
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task faced by management. 

In this regard, a fourth view of the usefulness of 

the technique is its use as a measuring device by which to 

monitor the success of the management strategy. While the 

optimal mix of the four compartments is unknown, and 

perhaps will remain so, the overall spatial composition 

and structural configuration of the landscape can be 

examined repeatedly. Repeated measurements of the 

landscape perhaps at standard time intervals will be 

useful to define and reinforce management strategies if 

the configuration moves away from the characteristics 

desired. 

Additional applications of the technique were 

identified as well. Comparison of several landscapes 

represented by common characteristics can be useful in the 

characterization of larger regions. It would be 

interesting to identify common characteristics of 

stability and dynamic tendencies in these landscapes. 

Ecological relationships and processes may be identified 

in these landscapes that have been overlooked previously. 

The technique is also thought to be useful as a 

selection screen for landscapes being considered for 

protection management strategies. Comparison of a number 

of landscapes may result in the ability to rank landscapes 

from most desirable to least desirable for protection. 

This could be developed further, providing a means to 
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prioritize the selection of areas which deserve protective 

management. Evaluation of endangered landscapes following 

this approach would assist management in their selection 

of resource areas needing special consideration. 

Landscapes require enormous expenditures of capital to be 

properly managed. Therefore a critical step in the 

selection process is identifying which area(s) to manage 

under the appropriate conservation objectives. For 

example, this study documents the landscape supporting the 

San Pedro National Riparian Conservation Area as a stable 

landscape. For the most part this is an upland landscape 

which has an ability to absorb change and remain stable. 

The riparian corridor, on the other hand, is shown to be a 

very dynamic segment of this landscape. While the 

landscape should be managed as an integrated unit, the 

riparian system demands a management strategy different 

from that prescribed for the upland area. 
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APPENDIX A 

Map analysis batch file of commands for the compartmental 
model. 

Batch file for only year 1986 is shown, all. other 
year models were generated following this example batch 
file, only minor changes were made to identify maps 
specific to 1935 and 1973 time periods. 

Recode Veg86 for codeveg assigning 2 t 3 th 6 / 
assigning 3 t 7 
Cross water86 with codeveg for protprod/ 
assigning 0 t 0 0 assigning 4 t 1 0 assigning 4 t 2 0 / 
assigning 3 t 3 0 assigning 3 t 0 1 assigning 4 t 1 1 / 
assigning 3 t 2 1 assigning 3 t 3 1 assigning 4 t 0 2 / 
assigning 4 t 1 2 assigning 4 t 2 2 assigning 4 t 3 2 / 
assigning 3 t 0 3 assigning 3 t 1 3 assigning 3 t 2 3 / 
assigning 3 t 3 3 
cross arch86 with protprod for sites assigning 0 t 0 0 / 
assigning 4 t 1 0 assigning 3 t 0 3 assigning 4 t 1 3 / 
assigning 4 t 0 4 assigning 4 t 4 4 
cross build_86 with roads86 for infrast / 
assigning 1 t 0 1 assigning 2 t 0 2 assigning 1 t 0 3 / 
assigning 2 t 0 4 assigning 1 t 1 1 assigning 2 t 1 2 / 
assigning 2 t 1 4 
cross infrast with mine_86 for comuind assigning 1 t 1 0 /, 
assigning 1 t 1 1 assignnig 2 t 2 0 assigning 1 t 2 1 
cover sites with comunid for zones 
multiply zones by comstud for zones 
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