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ABSTRACT 

The objective of this work is to estimate the effect of floods on the riparian veg

etation communities of the Gila Box, Arizona, based on historical maps, satellite 

images, and GPS-referenced airborne video. The condition and extent of selected 

riparian vegetation communities in 1973, 1982, and 1991 are documented. Changes 

in riparian vegetation communities for the time period from 1973 to 1982 and from 

1982 to 1991 are analyzed to assess the potential effect of floods that occurred in 1978 

and 1983, respectively. The results indicate that the floods in 1978 and 1983 may 

have had an impact on the mesquite riparian community. The effect of floods on ri

parian vegetation is most apparent in the downstream portion of the Gila River. The 

information collected and presented in this work can be used to formulate effective 

management plans to the Gila Box area. 
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CHAPTER 1 

INTRODUCTION 

Riparian areas are ecologically important habitats in the Southwest region of the 

United States. They provide water to man and other animals, forage for both do

mestic animals and wildlife, and fuel wood. They also play an important role in 

stabilizing stream channels, trapping sediment with their root systems, acting as nu

trient sinks for the surrounding watershed, controlling water temperature through 

shading, reducing flood peaks, and extending stream flow duration (DeBano and 

Schmidt 1989) 

Interest in riparian systems has significantly intensified in the last twenty years. 

Statewide, the riparian vegetation communities along the Gila River are the focus of 

much attention. The Arizona Desert Wilderness Act of 1990 (Public Law 101-G28) 

designates portions of the Gila River and Bonita Creek as a Riparian National Con

servation Area (RNCA) and states that the purpose of the conservation area is to 

conserve, protect, and enhance the aquatic, wildlife, archaeological, paleontological, 

scientific, cultural, recreational, educational, scenic, and other resources and values 

of the area. Because the value of the resources in the RNCA directly depends on 

the function, condition, and extent of the riparian vegetation communities, it was 
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necessary to analyze changes in riparian vegetation and their relationships to envi

ronmental factors and past and current land management practices so that reasonable 

management objectives could be formulated. 

A number of studies have indicated that riparian vegetation communities are sen

sitive to changes in their surroundings caused by human land use, floods, droughts, 

and other climate changes (DeBano and Schmidt 1989). This study attempts to 

characterize the effect of flood events on the riparian vegetation communities in the 

Gila River RNCA. The data from this study will provide a baseline for future studies 

of riparian vegetation communities in the Gila River RNCA. 

1.1 Objectives: 

The specific objectives of this study are 

1. documenting the condition and extent of the riparian vegetation communities 

in 1973, 1982, and 1991. 

2. analyzing the changes in riparian vegetation communities in the Gila River 

RNCA for the time periods of 1973 - 1982, 1973 - 1991, and 1982 - 1991 to 

estimate the effect of flooding on the riparian vegetation communities. 
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1.2 Overview 

The organization of this thesis is as follows. Relevant information on geography, 

hydrology, climate, and other important factors relating to the Gila Box RNCA is 

outlined in Chapter 2. A brief review on vegetation classification is also included in 

this chapter. Chapter 3 describes the methods used in data collection and analysis. 

It also includes an analysis of the potential mapper's bias in the data collection 

process. Chapter 4 describes the changes in riparian vegetation communities for the 

time periods of 1973 to 1982, 1973 to 1991, and 1982 to 1991. Chapter 5 contains 

the summary and conclusions. 
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CHAPTER 2 

BACKGROUND INFORMATION 

2.1 The Gila Box Area 

2.1.1 Location and Population 

The study area is primarily located in Graham and Greenlee Counties in south

eastern Arizona, about 180 miles east of Phoenix (Figure 2.1). This stretch of the 

Gila River is often called the Gila Box. The Gila Box is twelve miles northeast of 

SafTord and six miles south of Cliffton. It has approximately 21,767 acres of public 

land and 1,720 acres of private land within its boundaries. This area is called the Box 

because of its deep, narrow, and twisting canyon. The Gila Box area was designated 

as a Riparian National Conservation Area in 1990. It is the fifth National Conserva

tion Area established by the Bureau of Land Management (BLM), and is one of the 

most significant riparian zones in the Southwest. This portion of the Gila River also 

has remarkable wildlife and other resources and historic and cultural values (BLM 

1993). 

The area surrounding the Gila Box area is largely unpopulated. The towns of 

ClifTton and Morenci are eight miles north of the the Gila Box area and have a 

population of approximately 4,000. Southwest of the Gila Box area, the SafTord 
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Figure 2.1: The Gila Box study area. 
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Valley (including the towns of SafFord, Thatcher, and Pima) has a total population 

of about 20,000 (BLM 1993). 

2.1.2 Climate and Soils 

Climatic conditions in the Gila Box area are similar to those throughout the semi-

arid region. The range of annual precipitation is from 25.4 to 40.64 cm. Precipitation 

occurs mainly in summer and winter, and is appreciably greater during the summer 

months. Summertime storms are characterized by rainfall of high intensity and short 

duration. The dry season occurs from April to July. Droughts occur irregularly and 

usually last two to five years (BLM 1993). 

The Gila River is subject to flash floods. Based on the data for flood volumes 

recorded at a gaging station near SafFord, Arizona, between the period from 1914 to 

1991 {see Figure 2.3), flood volumes over 100,000 cubic feet per second (cfs) occurred 

in 1916, 1978, and 1983. These events are considered to have a return period equal 

or greater than 50 years. Flood volumes from 40,000 (cfs) to 85,000 (cfs) occurred in 

1915, 1916, 1965, 1972, and 1983. These floods are considered to have return periods 

in the range of 10 years to 25 years. Generally, floods occur in the period between 

late September to January. 

Temperatures are mild to warm throughout the year. Summer highs typically 

reach between 29° C to 38° C with low temperatures in the range of 15° C to 20° 
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C. Daytime winter temperatures typically range from 13° C to 17° C and nighttime 

temperatures average —4° C to 3° C (BLM 1993). 

Soils in the riparian area of the Gila Box usually are poorly developed and are 

derived from material from the upper watershed or slopes. Soil types are very complex 

due to the variations in deposition patterns and micro-site conditions. Riparian 

vegetation filters soil particles from moving water, trapping sediments that build 

terraces during periods of over-bank flow. Where riparian vegetation is removed, 

water-deposited soils are quickly eroded by subsequent overbank flows. Average soil 

depth is more than 101.6 cm. Permeability is rapid and available water capacity is 

low to very low. The effective rooting depth is 101 cm or more. Runoff is low, and 

the hazard of water erosion is slight to high (BLM 1993). 

Soils of upland areas within the Gila River Basin are different from the riparian 

areas. Most upland soils in the RNCA have a medium to high available water capacity 

with moderate to slow permeability, and a medium susceptibility to erosion when 

disturbed (BLM 1993). 

2.1.3 Flow of the Gila River 

Approximately twenty-three miles of the Gila River flows through this area. The 

portion of the Gila River within the RNCA starts at Owl Canyon, extending to 

the west of Bonita Creek. Compared to other perennial streams, the Gila River 

has a larger watershed that originates at high elevations that collect winter snows. 
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Thus, streamflow in the Gila River and its tributaries consists of a distinct winter 

discharge (November through April) from melting snow, frontal storms, and outflow 

of groundwater. Local rainfall produces the major summer discharge {BLM 1993). 

The steeper tributaries channeling to the Gila River produce turbulent water 

and can cause serious channel scour. Floodplains on tributaries are generally less 

developed due to the stony canyon walls that line the stream corridor. The flow of 

the canyon streams within the Gila Box area has been characterized as high-volume, 

short-duration discharges (BLM 1993). The annual peak flow from 1911 to 1991 had 

been recorded in the stations of BLM near ClifTton, Arizona and SafTord, Arizona 

(see Figures 2.2 and 2.3). 

2.1.4 Vegetation Communities and Management Issues in the Gila Box 

The Gila River lies within the Basin and Range Physiographic Province in a tran

sition zone between the Sonoran and Chihuahuan biotic communities. Consequently, 

the area is characterized by high biological diversity (BLM 1993). 

The BLM defines riparian areas as follows (Anderson 1987): 

"Riparian areas are zones of transition from aquatic terrestrial ecosys

tem, whose presence is dependent upon surface and/or subsurface wa

ter, and which the influence of reveals through their existing or potential 

soil-vegetation complex. Riparian areas may be associated with features, 
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Figure 2.3: Peak Flows of Gila River Near SafTord from 1911 to 1991 
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such as lakes, reservoirs, estuaries, pothole, springs, bogs, wet meadows, 

muskegs, and ephemeral, intermittent or perennial streams.11 

It has been estimated that the total riparian area in Arizona occupies about 111,600 

ha {1,116 km2), of which more than 40,000 ha (400 km2) is located at lower elevation 

along the Gila River (DeBano et al. 1984). 

Currently, the Gila River riparian zone has two primary plant communities. Mesquite 

(Prosopis velulina) forest and scrub communities grow on high terraces, while bur-

robrush (Hymenoclea monogyra) scrub communities dominate the intermediate ter

races, extending into the active channel. The active channel includes the wetted 

channel and channel surface exposed during low flow {Gregory et al. 1901). There 

are also several branches of the river with cottonwood-willow {Populus fremonlii -

Salix gooddingi) stands which develop in secondary channels and low terraces. Some 

old cottonwood-willow strips are also found on high terraces (BLM 1993). There also 

several old agricultural fields within the riparian corridor. 

By contrast, the primary upland plant community in the Gila Box Area is semi-

desert grassland with significant amounts of shrubs. Unlike the upland plant com

munity, riparian plants have adaptive characteristics that make them successful in 

surviving at the water's edge or on nearby terraces. 

The Gila Box riparian communities are subject to periodic disturbance or removal 

from flood. The heavily vegetated low terraces can be scoured clean by large flood 

events, like the ones occurring in 1978, 1983, and again in 1993. With changes in land 
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management, there is also high potential for rapid changes in the riparian communi

ties in the years between the natural floods {BLM 1993). Ecological processes have 

shaped the riparian communities along the Gila River. Following catastrophic floods, 

some areas are scoured to the water table. Trees such as willow (Populus gooddingi) 

and cottonwood (Populus fremonlii), shrubs such asseepwillow (Baccharis glutinosa), 

sedge (Artemisia), cattail, and rushes germinate and establish in the relatively wet 

soils. When flooding reoccurs, depending on the flood's velocity, height, and dura

tion, the areas may be returned to the water table. IF the flow is not too large or too 

fast, soil will be deposited around the trees as the water velocity slows, resulting in 

terraces (BLM 1993). Over time (in the absence of catastrophic flooding) terraces 

will be elevated above the water table, preventing seedlings that require a specific 

soil moisture condition from becoming established (BLM 1993). The minimum soil 

moisture content for the survival of seedlings is believed to be about 10% (Pope 

1984). The establishment of riparian vegetation depends highly upon the hydraulic 

condition of the site. For example, cottonwood-willows only germinate and success

fully establish in the fresh wet sand with higher elevation than the stream channel. 

Because the cottonwood-willow seedlings are not highly tolerant of flooding, they 

can grow to maturity only when lateral migration of the stream leaves the trees well 

above the level of prolonged submergence (Reichenbacher 1984). 
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Once the seedlings are well established and matured, they trap and build up the 

sediments and raise their elevation to a level at which soil moisture is no longer avail

able to the germination of the seeds or to the seedling establishment. At this stage, 

the ecological and biological succession of the plant community occurs and new plant 

communities such as mesquite (Prosopis velutina) and catclaw acacia {Acacia greg-

gii) may ultimately occupy this floodplain of relatively higher elevation (Stromberg 

1993). 

Human activities have also affected the Gila Box riparian corridor. Native Amer

icans farmed terraces in Bonita Creek for hundreds of years and built a large village 

and several isolated dwellings along its length. Large scale cattle grazing began in 

the 1870s. In the 1890s, numerous families established farms along the Gila and 

Bonita Creek. Terraces were cleared and crops planted. Without the protection of 

dense undergrowth that was removed through human practice, riparian terraces were 

subject to erosion. Firewood cutting was practiced on both drainages, with wood 

being sold to local mines, as well as serving as the primary energy source for cooking 

meals and heating homes. With terraces cleared for farms and fuel, and replacement 

trees reduced by year-long livestock grazing and the natural flood process, the normal 

ecological process of the Gila Box was modified for hundreds of years (BLM 1993). 

There is an ongoing debate about the relative impacts of natural flood events 

and grazing on the riparian communities in the Gila Box. Tt has been documented 

that grazing, particularly grazing of riparian areas can cause long-lasting detrimental 
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effects (Elmore and Beschta 1987). Historically, grazing and timber harvesting re

sulted in a loss of protective plant cover, with accompanying soil compaction. Where 

removal was severe, infiltration was reduced and overland flow increased. Excessive 

overland flow delivered more water to the channels so that channel capacity was ex

ceeded and resulted in channel enlargement and downcutting (Debano and Schmidt 

1989). The BLM's management has focused on controlling livestock access to the 

Gila River and Bonita Creek. Their management actions shifted the traditional un

restricted year long use to managed seasonal use through grazing systems and riparian 

pastures. The riparian areas are managed either by being divided among several pas

tures in a grazing system or as an individual riparian pasture within an allotment. 

Within the Gila Box, livestock grazing has been excluded since 1991 (BLM 1993). 

2.2 Historical Vegetation Maps of the Gila Box 

Typically, riparian vegetation is often mapped from the field or from aerial pho

tographs or other remotely sensed imagery. Once boundaries of vegetation commu

nities are interpreted from these images, the vegetation communities are described 

using some type of a classification system (Morain 1974). 

Lacey et al. (1975) classified the riparian vegetation in four drainage basins: the 

Gila River (from Solomon, Arizona, to the New Mexico border), the San Simon creek 

(from Solomon, Arizona, to the New Mexico border), the San Pedro River (Cochise 

County), and the Pantano Wash-Cienega Creek Complex (from Sonoita, Arizona, to 
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Tucson, Arizona). Lacey's riparian maps for the Gila were based on 1:31,680 scale 

color infrared aerial photography, flown April 6, 1973, six months after the 82,000 

cubic feet per second (cfs) flood of October, 1972. Photographic transparencies were 

examined individually and riparian communities delineated onto mylar overlays using 

a binocular microscope and light table. The resulting maps indicate polygons of 

riparian vegetation classified to the community or series level, and in some cases, to 

associations using Brown and Lowe's digitial classification system (Brown and Lowe 

1974). The classes were further refined and validated by observations from the ground 

and from low altitude aerial surveys. 

The maps available for use in this study were 1:125,000 enlargements photo copied 

from the Lacey el al. (1975) published report since the original 1:31,680 scale maps 

had been lost or destroyed. 

The Gila Box area was mapped again in March, 1984, by the U.S. Fish and Wildlife 

Service (USFWS). These unpublished maps were produced using a procedure similar 

to the one described above, but 1:12,000 scale black and white photographs were used. 

These photographs were taken at an unspecified date in 1982, prior to a major flood 

event (approximately 130,000 cfs) in October, 1983. Polygons of riparian vegetation 

were plotted as overlays on uncontrolled photographic mosaics printed on D-size 

paper sheets. 

The maps produced from the 1982 photography used a different classification 

system to characterize polygons of riparian vegetation. The percentages of dominant 
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vegetation species were used to assign map attributes. For example, the symbol 

^40^*35^25 would describe a polygon containing 40% mesquite (Prosopis velutina), 

35% Cottonwood (Populus fremontii), and 25% hackberry (Celtis laevigata). 



23 

CHAPTER 3 

MATERIALS AND METHODS 

Two steps were involved building a geographic information system (GIS) database 

for this study: (1) digitizing and revising the classifications from the historical veg

etation maps produced for 1973 (Lacey et al. 1975) and the 1982 USFWS maps, 

and (2) mapping the riparian vegetation along the Gila River in 1991 from satellite 

imagery and GPS-referenced airborne videography. LANDSAT Thematic Mapper 

imagery dated May, 1991, was available, as well as matching wide angle and zoomed 

GPS-referenced airborne videography produced by Dr. Lee Graham of University of 

Arizona's Advanced Resource Technology Program (Graham 1993). 

An updated, unpublished draft version of the Brown, Lowe, and Pase vegeta

tion classification system was used for riparian mapping (Brown 1982). This study 

compares vegetation change at the BLP series level. Vegetation series are defined 

based on the occurrence of particular dominant and co-dominant species, and are 

of generally equivalent to habitat-types as outlined by Daubenmire and Daubenmire 

(1968), Layser (1974), and Pfister et al. (1977). This study interpreted series codes 

by determining relative ground cover of the dominant and co-dominant species. For 

a species to be considered as a co-dominant species, it had to occupy at least half as 

much ground cover within the riparian zone as the dominant species occupied. 
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To effectively investigate the effect of hydrologic events on the changes in riparian 

vegetation, the Gila River was divided into four sections based on its hydrologic 

conditions. As mentioned earlier, the portion of the Gila River within the RNCA 

extends from Owl Canyon to the west of Bonita Creek. The San Francisco River, 

Eagle Creek, and Bonita Creek all intersect the Gila River in this area, causing 

hydrologic conditions to vary significantly. For this study, the RNCA was divided 

into four sections based on confluences with the Gila River. The four sections are 

described as follow: 

• Section 1 starts at the Owl Canyon and extends downstream to the San Fran

cisco River, 

• Section 2 starts at the San Francisco River and continues downstream to the 

Eagle Creek, 

• Section 3 starts at the Eagle Creek and continues downstream to the Bonita 

Creek, and 

• Section 4 starts at the Bonita Creek and continues downstream to the boundary 

of the RNCA. 

The four sections are illustrated in Figure 3.1. 



Section 1 

Section 2 

Section 

Section 4 

Figure 3.1: The four sections of the Gila Box RNCA. 
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3.1 Mapping Procedures 

Any study that tries to quantify vegetation change over an extended period of time 

must rely on materials from many different sources and of widely varying quality. 

Materials will be provided at different scales, using different classification systems, 

and on different types of media (photographs, line maps, digital databases, etc.). 

This was certainly the case for this study. A major effort was required to produce a 

spatially-accurate database with a uniform classification for the riparian communities 

through time. The following sections describe the procedures used for creating a 

consistent GIS database suitable for analyzing riparian vegetation change within the 

Gila Box. 

Preparation of the GIS database for this study involved 3 steps: (1) digitization 

and reclassification of vegetation paper maps from Lacey et al. (1975), (2) digi

tization and reclassification of vegetation maps for 1982, shown on the unrectified 

photographic mosaic maps produced by USFWS, and (3) interpretation and classifi

cation of vegetation for 1991 using LANDSAT TM and airborne video imagery. 

3.1.1 1973 Riparian Vegetation Layer 

Because the original 1:31,680 scale maps produced by Lacey et al. were not avail

able, this study used 11 x 17 in. enlargements of the 1:125,000 scale maps that 

were published in the report (Lacey et al. 1975). The enlargements were scanned 
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Table 3.1: Classification Code Conversion for Maps in 1973 

Vegetation Classification BLP Classification Mapping Classification 
A0a 224.53 

224.53 Populus jremontii 
-40c 224.53 

Bla 224.5211 

Bib 224.5211 Prosopis velutina 
mc 224.5211 
B\d 224.5211 

and rectified to U.S. Geological Survey (USGS) 1:24,000 topographic maps using the 

PC-based MIPS (Microimages, Inc.) software package. The number of control points 

for rectifing depended on the length of each section. The average interval between 

control points was about 150 meters. The error of each control point was kept un

der 30 meters. The resulting scanned images were converted from raster to vector 

format after rectifing, and exported to ARC/Info, running on a Sun Microstation 

Sparcstation 2. The vector maps were then edited and labeled. 

The older Brown and Lowe (1974) series and association codes assigned by Lacey 

el al. (1975) were related to a newer version of the Brown, Lowe, and Pase (Brown 

1982) classification system now being developed by the National Park Service and the 

National Biological Survey's Arizona GAP Analysis Program. The conversion table 

from the Brown and Lowe code to the Brown, Lowe and Pase classification system is 

shown in Tabel 3.1. 
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3.1.2 1982 Riparian Vegetation Layer 

As mentioned earlier, the unpublished USFWS maps were provided as line maps 

overlaid on uncontrolled photographic mosaics. The photographic mosaics were 

scanned and rectified to USGS 1:24,000 topographic maps using MIPS. The num

ber of control points was chosen again based on the length of each section. The 

average interval between control points was about 150 meters. The error of each 

control point was kept under 30 meters. On-screen digitizing was used to delineate 

the polygons of riparian vegetation mapped by USFWS. The resulting vector data 

layer was exported to ARC/Info for further editing and labeling. 

The vegetation codes in these maps were assigned by specifying the percentages of 

plant species found. These codes were used to determine dominant and co-dominant, 

specics for each polygon so that an appropriate Brown, Lowe, and Pase vegetation 

class could be assigned. For example, the previous symbol was classified 

to 224.521 based on the BLP classification system. The conversion table from the old 

classification system to the Brown, Lowe, and Pase vegetation classification system 

is shown in Table 3.2. 

3.1.3 1991 Riparian Vegetation Layer 

Landsat TM imagery (May, 1991) was used to differentiate the vegetated areas 

from the non-vegetated areas. Riparian areas were delineated using on-screen digi

tizing with a color, composite image (see Figure 3.2) as a backdrop. Color infrared 
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Table 3.2: Classification Code Conversion for Maps of 1982 

Vegetation Classification BLP Classification Mapping Classification 
M25Cat25Sn20G15Crl0Wo05 224.521 
M30Sn30Cat20Pp20 224.521 
M34G33Bw33 224.521 
M35Sn35HdlOPplOWlO 224.521 
M40Br35W25 224.521 
M45Cat35Snl5Cr05 224.521 
M50Cat45Sn05 224.521 
M55Se35WilO 224.521 Prosopis velulina 
M60Pp20W10Wol0 224.521 
M70S25Cat05Co05 224.521 
M75Cat25 224.521 
M80Cat20 224.521 
M85Catl5 224.521 
M90Co05Hd05 224.521 
M95H05 224.521 
M100 224.521 
M80C20 224.53 
C50H30Wi20 224.531 Populus fremontii 
C90S10 224.53 
C100 224.532 
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Figure 3.2: A sample of satellite image and flight line. 

photographs (October 1991) were used to verify the delineation of the vegetation 

polygons. GPS-referenced airborne video data (March 5, 1993) were used to iden

tify the type of riparian vegetation because the species of vegetation are difficult to 

classify based on the satellite image and aerial photographs alone (Graham 1993). 

Arcview, a desktop mapping system, was used to view and query these GIS files 

produced by the procedure above, which include satellite image, vegetation polygons, 

and GPS-referenced airborne video data (see Figure 3.2). 

After establishing the database for the three riparian vegetation layers of 1973, 

1982 and 1991, to minimize the errors in the procedure of georeferences, layers of 1973 

and 1982 were re-georeferenced to achieve a satisfactory overlay of layers of all three 

years. This adjustment was made based on the layer of 1991 because it was directly 
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obtained from well-rectified satellite images and was assumed to have the smallest 

controlled errors. To make the adjustment, both 1973 and 1982 layers were rectified 

to the layer of 1991 using MIPS. About 60 control points were chosen for rectifing. 

The error for each control point was kept under 30 meters whenever possible. 

3.2 Evaluation of Mapping Errors 

Because the maps for the year 1973, 1982, and 1991 were not made using similar 

materials and with the same mapping procedures, it is necessary to evaluate the 

potential mapping variations before quantifying the vegetation changes that may be 

related to the hydraulic events and land management changes. 

The mapping variations could come from: 

• Mapper's bias in delineating the vegetated area from non-vegetated area. Even 

a small bias could accumulate into significant difference in the total mapping 

area. 

• The distortion of paper size due to air moisture. The vegetation maps of 1973 

and 1982 are both printed on paper. 

• Error in georeferencing the maps and the satellite images. 

Among these, the bias of the mapper was considered to be the most significant factor 

and its significance was evaluated. 
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The area most unlikely to change over the mapping periods was used to evaluate 

the potential error due to mapper's bias. Considering that the riparian vegetation at 

higher elevations tends to be stable due to the lack of soil moisture and subsurface 

water and that it is also unlikely to be scoured by flood (McQueen 1993), a total of 27 

high-elevation areas (polygons) were randomly sampled to evaluate the significance 

of mapper's bias. The locations of these samples are shown in Figure 3.3. 

3.3 Statistical Methods 

A Spearman correlation analysis (Freedman et al. 1991) was undertaken to eval

uate the significance of the correlation between the percentage area of riparian veg

etations and the years when the maps were made, namely 1973, 1982, and 1991. 

The hypothesis was that the percentage area and the mapping year was significantly 

correlated. The rationale for this hypothesis was that floods occurred in 1978 and 

1983 and floods may have a significant impact on the riparian vegetation in the Gila 

Box area. Obviously, this correlation analysis could only reveal the possible connec

tion between floods and riparian vegetation. It is, however, difficult to establish a 

causal-efFect relationship between floods and riparian vegetation using the available 

data. The correlation analysis was done using the SAS statistical software package 

(SAS 1989). 
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Figure 3,3: Samples for evaluating mapper's bias. 
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Chi-Square statistics (Lapin 1975) were also computed to assess the significance 

of area changes in Prosopis velutina, Populus fremontii, and active channel in each 

section of the Gila Box for the periods from 1973 to 1982, and from 1982 to 1991. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4. 1 Results 

The riparian corridor's maps for 1973, 1982, and 1991 are illustrated in Figures 

4.1 - 4.12. They depict the 4 classes: 1) Prosopis veiutina (224.521) series, 2) Populus 

fremontii (224.532) series, 3) the active channel (which includes scrub communities), 

and 4) old fields (available only for Section 1). 

Computed areas for the 4 classes by river section and year are summarized in 

Table 4.1. Percent cover for each class is shown in Table 4.2. The percentage changes 

between mapping years for each class is shown in Table 4.3. The percent cover of 

Prosopis veiutina is plotted in Figure 4.1 as a function of section for each year. The 

percent cover of Populus fremontii is plotted in Figure 4.2 as a function of section 

for each year. The percent cover of the active channel is plotted in Figure 4.2 as a 

function of section for each year. Because percent cover of the old agriculture fields 

is available only for Section 1, a similar plot for the old agriculture fields is not made. 

The area percentages of each classification of all sections for the three years are 

also plotted in Figures 4.1 - 4.3. 
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Figure 4.1: Riparian vegetation maps for Section 1 of the Gila Box RNCA in 1973 
(top), 1982 (middle), and 1991 (bottom). 
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Figure 4.2: Riparian vegetation maps for Section 2 of the Gila Box RNCA in 1973 
(top), 1982 (middle), and 1991 (bottom). 
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Figure 4.3: Riparian vegetation maps for Section 3 of the Gila Box RNCA in 1973 
(top), 1982 (middle), and 1991 (bottom). 
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Figure 4.4: Riparian vegetation maps for Section 4 of the Gila Box RNCA in 1973 
(top), 1982 (middle), and 1991 (bottom). 
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Table 4.1: Mapping area (in m2) by classification for each of the 4 sections. 

Year 
Section BLP Code Class Description 1973 1982 1991 

224.521 Prosopis velutina 879001 856303 835289 
224.532 Populus fremontii 45489 52962 55995 
O.A.F. Old agricutural field 101537 100286 83673 

1 A.C. Active channel 528647 548051 560031 
Total Total area 1554674 1557603 1534988 
224.521 Prosopis velutina 305255 300198 255810 
224.532 Populus fremontii 20930 19431 21868 

2 A.C. Active channel 303839 336946 324487 
Total Total area 630025 656576 602166 
224.521 Prosopis velutina 915095 808301 609043 
224.532 Populus fremontii 0 4962 0 

3 A.C. Active channel 1218996 1346170 1584207 
Total Total mapping area 2134091 2159434 2193251 
224.521 Prosopis velutina 524019 412902 320126 
224.532 Populus fremontii 0 405 11466 

4 A.C. Active channel 368741 512901 556336 
Total Total area 884375 906262 881808 
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Table 4.2: Area percentage for each class in each of the 4 sections 

Year 
Class Description Section 1973 1982 1991 

1 56.6 55.0 54.4 
Prosopis velutina 2 48.5 45.7 42.5 

3 42.9 37.4 27.8 
4 59.3 45.6 36.3 
1 2.9 3.4 3.7 

Populus jremontii 2 3.3 2.9 3.6 
3 0.0 0.2 0.0 
4 0.0 0.0 1.3 
1 34.0 35.2 36.5 

Active channel 2 48.2 51.3 53.9 
3 57.1 62.3 72.2 
4 40.8 54.4 62.6 

Table 4.3: Area percentage change for each class in each of the 4 sections 

Time Period 
Classification Section 73 - 82 73-91 82 - 91 

1 -1.6 -2.1 -0.6 
Prosopis velutina 2 -2.7 -6.0 -3.2 

3 -5.5 -15.1 -9.7 
4 -13.7 -23.0 -9.3 
1 0.5 0.7 0.3 

Populus Jremontii 2 -0.4 0.3 0.8 
3 0.2 0.0 -0.2 
4 0.1 1.3 1.3 
1 1.2 2.5 1.3 

Active Channel 2 3.1 5.7 2.6 
3 5.2 15.1 10.0 
4 13.7 21.7 8.0 
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Figure 4.5: Area percentage for Prosopis velutina. 
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Figure 4.6: Area percentage for Populus fremontii. 
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Figure 4.7: Area percentage of active channel. 
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An analysis of variance (ANOVA) was undertaken to assess the effect of mapper's 

bias on the mapping area. In this analysis, the dependent variable was the area of 

the selected polygons. The independent variable was the year in which the map was 

made. Because the area variation is proportional to the magnitude of the area, a 

logistic transformation was applied to the independent variable before the ANOVA 

The result of the ANOVA indicated that the effect of the mapper on the area of the 

selected locations is insignificant at 0.01 level ([F(29,2) = 3.48, p<0.038]). Thus, 

the effect of flood can be reasonably estimated based on the database developed 

previously. 

A Spearman correlation analysis between year and percent area was undertaken 

for the mapped classes, Prosopis velutina, Populus fremontii, and active channel. 

Results indicate that the percent area decrease is significantly correlated with year 

for Prosopis velutina from 1973 to 1991 (r = -0.5913, p <0.0429, n = 12). The cor

relations between the percent area decrease and mapping year for Populus fremontii 

(r = 0.3166, p <0.3161, n = 12), and for active channel (r = 0.41392, p <0.1810, n 

= 12) were not significant. 

The results of Chi-Square analysis are shown in table 4.4. These results indicate 

that the area changes in Sections 1, 2, and 3 are insignificant. The area changes in 

Section 4 are significant (a < 0.05) over the periods from 1973 to 1982 and from 1982 

to 1991. 
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Table 4.4: Results of Chi-Square Statistics 

Area Change (%) 
Section Years Prosopis Populus Active x2 a 

Velutina Fremontii Channel 

1 73-82 -1.6 0.5 1.2 0.174 0.95 
82-91 -0.6 0.3 1.3 0.081 0.98 

2 73-82 -2.7 -0.4 3.1 0.410 0.9 

82-91 -3.2 0.8 2.6 0.525 0.8 

3 73-82 -5.5 0.2 5.2 4.789 0.1 
82-91 -9.7 -0.2 10.0 4.237 0.2 

4 73-82 -13.7 0.1 13.7 7.698 0.05 
82-91 -9.3 1.3 8.0 169.542 0.001 

4.2 Changes in Section 1 

In Section 1 of the Gila Box area, there was a 1.6% decrement (-1.6%) from 1973 

to 1982, and a 0.5% decrement (-0.5%) from 1982 to 1991 for the Prosopis velutina. 

These small changes may be due to the fact that this section is located in the upstream 

of the convergence of the Gila River and San Francisco River. 

The peak flood flow in 1978 was 58,000 cfs (cubic feet per second) while the peak 

flood flow in 1983 was 49,000 cfs measured at ClifTton, Arizona (see Figure 2.2). There 

was about 9,000 cfs difference in peak flow between the two floods. As a result, the 

damage to the vegetation growing in this portion of the Gila River was greater in 

1978 than in 1983. The total reduction of Prosopis velutina is 2.1% from 1973 to 

1991. The area change in Populus fremontii is also rather small in this section. The 

area change in the active channel almost reversed the pattern of changes in Prosopis 
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velutina {see Figures 4.1 — 4.3), in part, because the change of Populus fremontii is 

so small that the changes in Prosopis velutina is balanced by opposite changes in the 

active channel. 

4.3 Changes in Section 2 

The changes in Prosopis velutina in Section 2 of the Gila Box are slightly greater 

than those in Section 1 for both time periods (1973 to 1982 and 1982 to 1991). The 

loss of Prosopis velutina after the flood of 1978 is 2.7% in Section 2 which is 1.1% 

more than the loss in Section 1. The loss of Prosopis velutina after the flood of 1983 is 

3.2% in Section 2 which is 2.6% more than the loss in Section 1. The total reduction 

of Prosopis velutina in this section is 6.0% for the time period from 1973 to 1991. 

The difference in the loss of Prosopis velutina between Sections 1 and 2 may 

be a direct result of their geographic locations. As mentioned earlier, Section 1 is 

upstream of the confluence of the Gila and San Francisco Rivers. Consequently, the 

peak flood flow in Section 1 would be much less than the peak flood flow in the 

other sections. The peak flood flow was recorded to be 58,000 cfs at the station near 

ClifTton, Arizona, and 102,000 cfs at the station near Safford, Arizona, in 1978. The 

peak flood flow was recorded to be 49,000 cfs at the station near Clifton, Arizona, 

and 133,000 cfs at the station near SafTord, Arizona, in 1983 {see Figure 2.3). The 

difference in peak flood flow between Sections 1 and 2 was about 42,000 cfs in 1978 
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and about 84,000 cfs in 1983. As a result, the effect of flood on the vegetation in 

section 2 might be greater than that in section 1. 

The change in active channel is about +3.1% from 1973 to 1982, and +2.6% from 

1982 to 1991. The total increase is about 5.7% from 1973 to 1991. This again is 

a direct result of loosing vegetated area. Like in Section 1, the changes in Populus 

fremontii is also rather small in Section 2. 

4.4 Changes in Section 3 

The changes in Prosopis velutina in Section 3 are about -5.5% from 1973 to 1982, 

and -9.7% from 1982 to 1991. The total reduction of Prosopis velutina from 1973 to 

1991 is 15.1%. These relatively large changes could be accounted for by the fact that 

Section 3 is downstream of the confluences of the Gila and San Francisco River and 

Eagle Creek. The peak flood flow was probably much greater in this section than 

those in Sections 1 and 2. 

The pattern of change in Populus fremontii and active channel in Section 3 is 

similar to that in Section 2. Namely, the area of Populus fremontii is essentially 

unchanged. The change of active channel is opposite to the change in Prosopis 

velutina. 



'19 

4.5 Changes in Section 4 

Unlike the other three sections, the area changes in Section 4 are statistically 

significant. The changes in Prosopis velutina in Section 4 are about -13.6% from 

1973 to 1982, and -9.4% from 1982 to 1991. These changes are greater than those in 

the other three sections. Because section 4 is the downstream of the confluences of 

the Gila and San Francisco River, Eagle Creek, and Bonita Creek, it is expected that 

large changes occur in this section. The vegetation near the bank along this portion 

of the Gila could be easily damaged by the floods. 

The changes in Populus fremontii in this section are greater than those in the 

first three section. It increased by 1.3% from 1973 to 1991. This increase of Populus 

fremontii may be linked to its well established young stand (McQueen 1993) and the 

reduction of its competitor Prosopis velutina due to the floods. Part of this increase 

may also result from the change on the policy of excluding domestic animal in the 

Gila Box area. 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

The objective of this study was to estimate the effect of floods on the riparian 

vegetation communities based on existing maps, satellite images, and GPS-referenced 

airborne video. The data were collected and analyzed using geographical information 

systems. 

Results seem to indicate that the floods in 1978 and 1983 produced a negative 

impact on the Prosopis velutina association. The floods, however, seem to slightly 

increase the Populus fremontii association and significantly increase the active chan

nel. The slight increase of Populus fremontii is probably due to the fact that Populus 

fremontii were in mostly old stands and, thus, would not be seriously affected by 

floods. On the other hand, the floods, in some degree, may be benefical to Populus 

fremontii seedling establishment, resulting in a significant increase of Populus fre

montii in Section 4 (McQueen 1993; Stromberg 1993). The increase of the active 

channel is likely to be the direct consequence of the decrease in Prosopis velutina 

because these two classes dominate the mapping area (see Figures 4.5 and 4.7). 

The possible effect of floods on the vegetation is the most apparent in Section 3 

and 4 of the Gila Box area. The effect of flood seems to be less significant in Section 

1 of the Gila Box area where the watershed area is relatively smaller. 
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The results seem to be consistent with chronology of flood occurrence. Riparian 

vegetation in the Gila Box area had been in a relatively stable period, in terms of 

hydraulic condition, after the flood in 1916 which was a 50 year return period. A 

flood of this magnitude did not happen in this area for about 50 years (see Figures 

2.2 and 2.3). This hydraulic condition may be directly responsible for the ecological 

and biological succession of the plant communities in the Gila Box area (Turner 

1974). From the beginning of 1970, the large floods have started to re-occur much 

more frequently than the past 50 years. These floods may have a significant impact 

on the riparian vegetation communities (Stromberg 1993). The impact is visually 

identifiable from the results (see Figures 4.5 - 4.7). 

It should be pointed out that this work only provides a rough estimation on the 

effects of floods on the vegetation communities in the Gila Box area. Many undoc

umented natural and human activities in this area might could have influenced the 

vegetation communities. The differences in data collection and mapping methods 

may also introduce artifact to the analysis. Consequently, a desired, causal-effect 

relationship between floods and area changes in riparian vegetation cannot be estab

lished. However, the results do show the successional trends that would be expected, 

that with large flooding events the Prosopis velutina communities would be replaced 

by active channel or Populus fremontii communities. This area should continue to be 

monitored to evaluate the long-term effects of the recent floods. The newly exposed 

channel areas may convert to Populus fremontii in the future. The recent high flows 
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may be suppressing the Populus fremontii. The recent winter 1993 floods may have 

also significently affected this area. 

It is believed, however, that the information collected and presented in this work 

could be useful for formulating effective management plans to the Gila Box area. It 

can be used as an example of applying current technology in the study of riparian veg

etation. The now computerised database could be used for future research in riparian 

vegetation classification and nature resource management The effective preservation 

of this area can potentially benefit the environment of the State of Arizona and the 

Southwest region in general. 
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