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ABSTRACT 

The presence of trees is a limiting factor for wild turkeys (Meleagris gallopavo) 

throughout the arid and semiarid portions of their range.  Any long-term changes that 

occur to local tree populations will likely impact local wild turkey populations.  

Cottonwoods (Populus spp.) are the primary riparian tree of western North America and 

are linked to the flow regime of the river system.  From 2000 through 2006, we measured 

3,832 Plains cottonwoods (P. deltoides ssp. monilifera) at four sites in the Rolling Plains 

of Texas and Kansas.  Only 132 (3.4%) of these cottonwoods were <10 cm in diameter at 

breast height.  We documented large declines in daily flow following dam completion 

along the Canadian River, Texas.  We documented small declines in daily flow following 

dam completion along the Salt Fork of the Red River, Texas.  We documented low or 

intermittent flows along the Cimarron River, Kansas.  The large declines in flow rate 

along the Canadian River have led to channel narrowing and vegetation encroachment 

throughout the floodplain.  The small declines in flow rate along the Salt Fork of the Red 

River did not alter the meandering status of the river, sheltering it from the changes that 

occurred along the Canadian River.  The sporadic flow along the Cimarron River 

suggested this river was more unstable than the other rivers.  Regardless of river flow 

status, we failed to detect large quantities of cottonwood regeneration across the study 

area.  This leaves the future unclear for cottonwoods and wild turkeys in this region. 

 We were concerned by the limited regeneration of riparian cottonwoods and 

wanted to examine a period >7 years.  We used Landsat satellite imagery to identify 

changes, from 1973 to 2005, in riparian trees that may have occurred concurrently with 
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changes in local wild turkey populations.  Our supervised classification accuracies ranged 

from 0.9 to 64.0%, which were insufficient for us to complete our objectives.  Landsat 

imagery was not sufficient to identify changes in riparian trees in our study area.  Other 

satellite-based systems provide improved spatial resolution, but currently lack the 

necessary temporal resolution to be effective.  We suggest aerial photography and 

ground-based surveys remain the most useful tools for documenting changes in riparian 

trees.  
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CHAPTER I 

INTRODUCTION 

 

 The wild turkey (Meleagris gallopavo) originally occupied 39 states in the USA 

and Ontario, Canada (Kennamer et al., 1992).  Early estimates are not available for pre-

colonial populations, however, historical accounts suggested wild turkeys were prevalent 

throughout their range (Kennamer et al., 1992).  Prior to European settlement, the wild 

turkey was estimated to number more than 3 million birds in Kansas, Oklahoma, and 

Texas (Beasom and Wilson, 1992).  Of these 3 million birds, the Rio Grande subspecies 

(M. g. intermedia) comprised more than half the total population with estimates of 1.8 to 

2.0 million birds (Beasom and Wilson, 1992).  Rapid declines in wild turkey numbers 

throughout the United States followed unregulated human harvest and the clearing of 

land during western settlement.  At their lowest levels during the 1920s, wild turkeys had 

been extirpated from 18 states in the USA along with Ontario, Canada, and only small 

populations remained in inaccessible areas, primarily in the southeast (Kennamer et al., 

1992).  Following the Great Depression and the Dust Bowl years, the federal government 

acquired a large amount of over-exploited land, and much of it soon reverted back to 

forest.  As forests returned, along with soldiers from World War II, state governments 

began efforts to recolonize the lost range of the wild turkey (Kennamer et al., 1992).  

Through natural repopulation or trap and transplant efforts, the wild turkey has become 

established in 49 of 50 states in the USA and 6 Canadian provinces.  Wild turkeys now 

occupy more area than any other North American game bird (Kennamer et al., 1992).   
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 Despite their prevalence, a number of limiting factors have been identified for 

wild turkeys at various locales.  Predation and environmental factors are generally 

acknowledged to be the ultimate limiting factors for wild turkeys.  Vangilder and 

Kurzejeski (1995) reported 66.7% of the mortalities in eastern wild turkeys (M. g. 

silvestris) were caused by predation.  Predation also played a major role in limiting wild 

turkey populations in Massachusetts (Vander Haegen et al., 1988).  Predation rates vary 

with season, sex, and age.  Predation rates on male wild turkeys are variable (Miller and 

Leopold, 1992) with some populations exhibiting higher predation (Holdstock, 2003) and 

others exhibiting lower predation (Goodwin et al., 1992).  Predation on females 

comprised a large portion of overall mortality especially during the nesting season (Miller 

et al., 1998; Hubbard et al., 1999b).  Predation on poults also seems to be variable.  

Hubbard et al. (1999a) reported 47.7% of poults were lost to predation, while Speake et 

al. (1985) found 82% of known poult mortality was caused by predators.   In the Texas 

Panhandle and southwestern Kansas, poult survival ranged from 19 to 67% during the 

first 10 days and 47 to 100% from 10 to 16 days (Spears et al., 2005).  This suggests that 

wild turkey poults are especially vulnerable early in life, but survival improves as poults 

fledge, flight strength increases, and they are able to roost in trees at night. 

Environmental factors recognized as limiting factors for wild turkeys include: 

precipitation, distance to water, and availability of trees.  As daily or total rainfall 

increased, nest survival declined for eastern wild turkeys in New York (Roberts and 

Porter, 1998).  Fifty-four percent of depredated Rio Grande wild turkey nests were lost 

within 3 days of a precipitation event in the Rolling Plains of Texas and Kansas 

(Huffman, 2005).  Lowrey et al. (2001) found a similar pattern in Mississippi, in which 
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years with fewer rainfall events had more successful nests.  During winter months, wild 

turkey survival decreased as depth of snow increased (Wright et al., 1996) and minimum 

temperatures decreased (Gray and Prince, 1988).  Therefore, the variability in climatic 

factors leads to variability in wild turkey population responses in the northern portion of 

their range (Vander Haegen et al., 1988).  

Distance to water and availability of large trees are 2 other factors important for 

wild turkeys, with availability of trees being the main limiting factor throughout most of 

their western range (Beasom and Wilson, 1992).  In the southeastern USA, female wild 

turkey roosts were located closer to water and in stands with older trees during the 

majority of the year (Chamberlain et al., 2000).  This may simply have been a function of 

food availability along bottomland areas.  However, in arid and semi-arid regions of 

western North America, wild turkey distributions are limited by the availability of trees, 

and the majority of trees are located within riparian areas.  During the transition from 

engines to electricity for oil well pumps, the extensive system of power lines and poles 

allowed wild turkeys to occupy areas of western North America previously unavailable to 

them (Healy, 1992).  Wild turkeys concentrated along riparian areas and relied upon trees 

primarily for roost sites rather than food (Healy, 1992), as well as escape from predators 

(Beasom and Wilson, 1992).  Roost trees were limiting factors for Merriam’s wild turkey 

(M.g. merriami) in South Dakota (Rumble, 1992).  Healy (1992) noted that trees, not 

water, were the limiting factor of wild turkey distributions across western North America.  

These riparian areas were critical to the re-establishment of wild turkeys as they 

colonized new areas along these waterways (Beasom and Wilson, 1992) and remain 

critical to perpetuating these birds.   
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With trees being a limiting factor for wild turkeys, long-term trends in tree 

distributions should be reflected in wild turkey populations and distributions.  Wild 

turkey population estimates across the Texas Panhandle indicated stability for the region 

(Brunjes, 2005).  However, localized 10-year population estimates were variable.  

Coincidentally, declines in cottonwood (Populus spp.) distributions have been 

documented throughout western North America (Rood and Mahoney, 1990).  Stinnett et 

al. (1988) noted increases in overall tree coverage along 370 km of the Canadian River in 

Oklahoma, but failed to identify changes on a finer scale.  Little is known about local 

cottonwood distributions in the Texas Panhandle.  The following chapters attempt to 

answer some of the questions generated concerning the future of trees during the Texas 

Tech University Rio Grande Wild Turkey Project from 2000 through 2007.   

Chapter II, titled “Cottonwood regeneration in the Texas Panhandle and 

southwestern Kansas,” presents the results of our cottonwood distributions, updates for 

Holdstock (2003), flow data analysis, correlation between estimated tree age and peak 

flow, and percentage of dead trees.  Chapter II is formatted for the Southwestern 

Naturalist. 

Chapter III, titled “Limitations and problems using Landsat imagery to classify 

riparian trees in the Rolling Plains of Texas,” presents the results from our attempt to 

detect changes in riparian trees with Landsat satellite imagery.  Chapter III is formatted 

for the Southwestern Naturalist. 
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CHAPTER II 

COTTONWOOD REGENERATION IN THE TEXAS PANHANDLE 

AND SOUTHWESTERN KANSAS 

 

Abstract 

The presence of trees is a limiting factor for wild turkeys (Meleagris gallopavo) 

throughout the arid and semiarid portions of their range.  Long-term changes in local tree 

populations will likely impact local wild turkey populations.  Cottonwoods (Populus 

spp.) are the primary riparian tree of western North America and are linked to the flow 

regime of a river system.  From 2000 through 2006, we measured 3,832 Plains 

cottonwoods (P. deltoides ssp. monilifera) at four sites in the Rolling Plains of Texas and 

Kansas.  Only 132 (3.4%) of these cottonwoods were <10 cm in diameter at breast height.  

We documented large declines in daily flow following dam completion along the 

Canadian River, Texas.  We documented small declines in daily flow following dam 

completion along the Salt Fork of the Red River, Texas.  We documented low or 

intermittent flows along the Cimarron River, Kansas.  The large declines in flow rate 

along the Canadian River have led to channel narrowing and vegetation encroachment 

throughout the floodplain.  The small declines in flow rate along the Salt Fork of the Red 

River did not alter the meandering status of the river, sheltering it from the changes that 

occurred along the Canadian River.  The sporadic flow along the Cimarron River 

suggested this river was more unstable than the other rivers.  Regardless of river flow 

status, we failed to detect large quantities of cottonwood regeneration the study area.  

This leaves the future unclear for cottonwoods and wild turkeys in this region.   



Texas Tech University, Ryan N. Walker, December 2007 

8 

 

Introduction 

Trees play a major role in the survival of wild turkeys in the central Great Plains 

of the USA by providing roosting sites in a region otherwise devoid of vertical structure, 

with taller trees preferred (Beasom and Wilson, 1992).  Cottonwoods are the primary 

riparian tree in western North America (Rood et al., 2003; Lytle and Merritt, 2004) and 

Plains cottonwoods are the primary species used by wild turkeys in the Texas Panhandle 

(Swearingin, 2007).  As human water needs have increased, the amount of water 

available for flora and fauna has suffered.  The impacts of water loss on riparian 

cottonwoods are uncertain in the Central Plains.  Although the damming of rivers has 

influenced declines in cottonwoods throughout western North America (Rood and 

Mahoney, 1990; Howe and Knopf, 1991), effects of damming are uncertain in some areas 

(Stinnett et al., 1988; Johnson, 1994).  Holdstock (2003) recorded only 47 cottonwood 

seedlings or saplings on 16 of 2,344 2 × 20 m transects centered on wild turkey locations 

from 2000 through 2002 in Texas and Kansas.  Although a current age class profile may 

not be the best indicator of future outcomes for cottonwoods (Scott et al., 1997), the 

observed lack of regeneration in these areas has alarmed researchers.   Our objectives 

were to: 1) update Holdstock’s (2003) size distribution of cottonwoods, 2) identify any 

gaps in size classes, 3) quantify daily and maximum stream flow along dammed and 

undammed rivers, 4) relate cottonwood distribution to flood events, and 5) quantify the 

percentage of dead cottonwoods. 
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Methods 

Study Area 

The study was conducted on 3 sites in the Rolling Plains of Texas and 1 site in 

southwestern Kansas (Fig. 2.1).  The Matador site was centered on the Matador Wildlife 

Management Area in Cottle County, Texas.  The northeastern corner was located at 

34°15’00"N, 100°03’45”W and the southwestern corner was located at 34°00’00"N, 

100°01’45”W (Brunjes, 2005).  July had the highest average monthly temperature at 

36.1°C and January had the lowest average monthly temperature at 12.0°C.  The site 

averaged 49.42 cm of precipitation annually with May and June having the highest 

monthly averages (National Climate Data Center, 2007).  The main hydrologic features 

were the South and Middle Pease Rivers which flowed west to east through the site.  

Cattle ranching was the primary land use (Brunjes, 2005).  The site was a mixture of 

grasses and shrubs with trees concentrated in the riparian zone.  Primary grass species 

included:  little bluestem (Schizachyrium scoparium), sand dropseed (Sporobolus 

cryptandrus), purple three-awn (Aristida purpurea), Japanese brome (Bromus japonicus), 

and rescue grass (Bromus unioloides).  Primary woody species included:  honey mesquite 

(Prosopis glandulosa), Chickasaw plum (Prunus angustifolia), net-leaf hackberry (Celtis 

reticulata), Plains cottonwood (Populus deltoides ssp. monilifera), and red-berry juniper 

(Juniperus pinchotii).  Primary shrub species included:  sand sagebrush (Artemisia 

filifolia), Plains yucca (Yucca glauca), and prickly pear (Opuntia phaeacantha).  Primary 

forb species included:  western ragweed (Ambrosia psilostachya), silver-leaf nightshade 

(Solanum elaeagnifolium), Indian blanket (Gaillardia pulchella), wooly plantain 

(Plantago insularis), and Texas sleepy daisy (Xanthisma texanum). 
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The Salt Fork site was centered on private ranches in Collingsworth and Donley 

counties, Texas.  The northeastern corner was located at 35°07’30”N, 100°45’00"W and 

the southwestern corner was located at 34°56’15”N, 100°30’00"W (Brunjes, 2005).  July 

had the highest average monthly temperature at 35.0°C and January had the lowest 

average monthly temperature at 10.9°C.  The site received 56.71 cm of precipitation 

annually with May and June having the highest monthly averages (National Climate Data 

Center, 2007).  The main hydrologic feature was the Salt Fork of the Red River (hereafter 

Salt Fork River) which flowed west to east through the site.  Cattle ranching was the 

primary land use (Brunjes, 2005).  The site was a mixture of grasses and shrubs with trees 

concentrated in the riparian zone.  Primary grass species included:  little bluestem, purple 

three-awn, sand dropseed, Japanese brome, and Canada wild rye (Elymus canadensis).  

Primary woody species included:  honey mesquite, Chickasaw plum, Plains cottonwood, 

hackberry (Celtis spp.), black willow (Salix nigra), and elm (Ulmus spp.).  Primary shrub 

species included:  sand sagebrush, aromatic sumac (Rhus aromatica), Plains yucca, and 

shinnery oak (Quercus havardii).  Primary forb species included:  western ragweed, aster 

(Aster spp.), Indian blanket, mare’s tail (Conyza canadensis), and camphorweed 

(Heterotheca subaxillaris). 

 The Gene Howe site was centered on the Gene Howe Wildlife Management Area 

in Hemphill County, Texas.  The northeastern corner was located at 36°01’30”N, 

100°22’30”W and the southwestern corner was located at 35°52’30”N, 100°11’15”W 

(Brunjes, 2005).  July had the highest average monthly temperature at 34.9°C and 

January had the lowest average monthly temperature at 10.0°C.  The site received 52.82 

cm of precipitation annually with May and June having the highest monthly averages 
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(National Climate Data Center, 2007).  The main hydrologic feature was the Canadian 

River which flowed west to east through the site.  Cattle ranching was the primary land 

use with oil and gas production present (Brunjes, 2005).  The site was a mixture of 

grasses and shrubs with trees concentrated in the riparian zone.  Primary grass species 

included:  little bluestem, sand dropseed, Japanese brome, blue grama (Bouteloua 

gracilis), and sideoats grama (Bouteloua curtipendula).  Primary woody species included:  

Chickasaw plum, Plains cottonwood, hackberry, western soapberry (Sapindus 

drummondi), and elm.  Primary shrub species included:  sand sagebrush, aromatic sumac, 

and Plains yucca.  Primary forb species included:  western ragweed, camphorweed, 

mare’s tail, Indian blanket, and silver-leaf nightshade. 

 The Kansas site was located on the Cimarron National Grasslands in Morton 

County, Kansas, and also included private ranches in Stevens County, Kansas, and Baca 

County, Colorado.  The northeastern corner was located at 37°16’30”N, 101°37’30”W, 

and the southwestern corner was located at 36°59’00”N, 102°8’00”W (Brunjes, 2005).  

July had the highest average monthly temperature at 32.4°C and December had the 

lowest average monthly temperature at 8.1°C.  The site received 45.54 cm of 

precipitation annually with July having the highest monthly average (National Climate 

Data Center, 2007).  The main hydrologic feature was the Cimarron River flowing west 

to east through the site.  Cattle ranching was the predominant land use (Brunjes, 2005).  

The site was predominantly grasses with scattered shrubs and trees in the riparian zone.  

Primary grass species included:  sand dropseed, western wheatgrass (Elytrigia smithii), 

buffalo grass (Buchloe dactyloides), cheat grass (Bromus tectorum), and blue grama.  

Primary woody species included:  Plains cottonwood and elm.  Primary shrub species 
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included:  sand sagebrush, salt cedar (Tamarix chinensis), prickly pear, Plains yucca, and 

willow baccharis (Baccharis salicina).  Primary forb species included:  camphorweed, 

sandlily (Mentzelia nuda), wild buckwheat (Eriogonum annuum), western ragweed, 

Russian thistle (Salsola iberica), and sunflower (Helianthus annuus).      

Data Collection 

We measured vegetation in 10 × 20 m plots for wild turkey nesting, roosting, 

displaying, loafing and feeding sites, and random sites.  Our random sites combined plots 

randomly paired 50 m from wild turkey locations and plots randomly located throughout 

the study site.  Detailed wild turkey capture and tracking information can be found in 

Holdstock et al. (2006) and Spears et al. (2007).  We generated random points and 

coordinates in ArcGIS 9 (Environmental Systems Research Institute, Redlands, 

California).  We used the wild turkey location or random coordinate as the center of the 

plot.  We recorded groundcover at 10 equidistant points along a 5 m string along 

alternating sides of the center line every 5 m.  If we encountered a small cottonwood 

along the string, we recorded it as a shrub and its height class (0.5 to 1 m, 1 to 2 m, 2 to 4 

m, 4 to 6 m, >6 m).   

We used a 10-factor wedge prism to record the basal area from the center of the 

plot.  For all trees included in the basal area measurements we recorded the species, 

diameter at breast height (1.5 m) (DBH), height, and decay class (Maser et al. 1979) of 

the tree. We did not collect data at the Kansas site in 2002 or 2006. 

We grouped cottonwoods into 5 cm size classes from 5 to 215 cm DBH in order 

to create a size distribution and identify discontinuities in each distribution.  We only 

included cottonwoods that are useable by wild turkeys (i.e., decay classes 1 to 3).  We 
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included 0.5 to 2 m cottonwoods with the 5 cm DBH class, and 2 to 6+ m cottonwoods 

with the 10 cm DBH class.  We chose this separation point based on cottonwood growth 

characteristics in Braatne et al. (1996).  We created a distribution for all cottonwoods and 

for each site.  We then calculated an age for each size class based on the growth equation: 

 (Stromberg, 1998).  We used this equation because we did not have 

accurate cottonwood aging data available.  This equation was based on growth of 

Fremont cottonwood (Populus fremontii) in Arizona.  Equations reported in the literature 

for Plains cottonwoods were for areas with shorter growing seasons and smaller trees 

(Scott et al., 1997).  We felt Stromberg (1998) best approximated the growth in our 

region.  We calculated the percentage of dead cottonwoods measured for each site from 

2000 through 2006.   

We acquired stream flow data from the United States Geological Survey National 

Water Information System (United States Geological Survey, 2007).  There was no gage 

station located along the South or Middle Pease rivers at the Matador site, however, 

flowing or even standing water was a rare sight in these rivers from 2004 through 2006 

(R. Swearingin, Texas Tech University, pers. comm.).  United States Geological Survey 

gage station #07228000 was located in Canadian, TX along the Canadian River and 

provided data from 1938 through 2007.  The Sanford Dam was completed in 1965 in 

Sanford, TX, creating Lake Meredith (Canadian River Municipal Water Authority, 2007).  

It was the closest upstream dam, approximately 115 km to the Gene Howe site on the 

Canadian River.  United States Geological Survey gage station #07300000 was located in 

Wellington, TX along the Salt Fork River and provided data from 1952 through 2007.  

The Greenbelt Dam was completed in 1967 in Clarendon, TX, creating Greenbelt 
13 
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Reservoir (Texas Parks and Wildlife Department, 2007).  It was the closest upstream 

dam, approximately 24 km to the Salt Fork site on the Salt Fork River.  United States 

Geological Survey gage station #07155590 was located in Elkhart, KS along the 

Cimarron River and provided data from 1971 through 2007.  No dam existed upstream of 

the Kansas site on the Cimarron River.   

Data Analysis 

We calculated mean daily discharge and peak daily discharge for rivers with 

available data.  We compared mean and peak daily discharge before and after damming 

for the 2 dammed rivers.  Our before and after damming comparisons did not include 

flow data associated with the year of dam completion on their respective rivers.  We 

calculated mean daily flow for each month (hereafter monthly mean discharge) for all 

measured rivers, as well as before and after damming for the dammed rivers. 

We correlated estimated cottonwood ages with peak flow that occurred during the 

year of estimated cottonwood establishment, 1 year prior to estimated cottonwood 

establishment, and 2 years prior to estimated cottonwood establishment for the 3 rivers 

with available flow data in SPSS 14 (SPSS Inc., Chicago, Illinois, USA).  We assumed 

estimated recruitment events based on tree age would coincide with larger flow events 

(Bradley and Smith, 1986).  We produced correlations for 1 and 2 years prior to the year 

of tree establishment because limited above-ground growth may cause cottonwood 

detection to lag behind a flood event by up to 2 years (Bradley and Smith, 1986).  We 

used the peak flow for the entire year rather than the seed dispersal period because flood 

events that do not coincide with seed dispersal may deposit sufficient amounts of 
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sediment and remove sufficient vegetation to allow germination the following year 

(Cordes et al., 1997) 

 

Results 

We measured 6,864 vegetation plots, of which 4,108 were random plots and 2,756 

were wild turkey-associated plots.  In those 6,864 vegetation plots we measured 3,832 

Plains cottonwoods from 2000 through 2006 (Fig. 2.2).  Of those 3,832, we measured 

517 at Gene Howe, 600 at Salt Fork, 903 at Matador, and 1,812 at Kansas.  We found 

only 132 (3.4%) cottonwoods that were <10 cm DBH at all sites.  The majority (57.6% 

and 33%, respectively) of small cottonwoods were found at Kansas (Fig. 2.3) and Salt 

Fork (Fig. 2.4).  Very few (4.5% and 4.5%, respectively) small cottonwoods were found 

at Gene Howe (Fig. 2.5) and Matador (Fig. 2.6).  Our age estimates ranged from 3-121 

years.  The percentage of dead cottonwoods was 41.31% at Kansas, 19.84% at Salt Fork, 

20.40% at Matador, and 10.28% at Gene Howe.   

The Canadian River mean daily discharge from 1938 through 2007 was 7.6 

m3/sec (Fig. 2.7).  The mean daily discharge prior to damming was 16.0 m3/sec and after 

damming was 2.4 m3/sec.  The peak daily discharge prior to damming was 1,716.0 m3/sec 

and after damming was 359.6 m3/sec.  The Salt Fork River mean daily discharge from 

1952 through 2007 was 1.6 m3/sec (Fig. 2.8).  The mean daily discharge prior to 

damming was 2.0 m3/sec and after damming was 1.5 m3/sec.  The peak daily discharge 

prior to damming was 688.1 m3/sec and after damming was 495.5 m3/sec.  The Cimarron 

River mean daily discharge from 1971 through 2007 was 0.2 m3/sec (Fig. 2.9).  The peak 

daily discharge was 175.3 m3/sec.   
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The Canadian River monthly mean discharge peaked in June and again, to a lesser 

degree, in September (Fig. 2.10).  The before-damming means were much larger than the 

after-damming means throughout the year.  The after-damming means did not exhibit the 

bimodal distribution of the before-damming means.  The Salt Fork River monthly mean 

discharge peaked in May and again, to a lesser degree, in October (Fig. 2.11).  The 

before-damming means were larger than the after-damming means during the growing 

season.  The before-damming means were smaller than the after-damming means during 

the winter and early spring months.  The Cimarron River monthly mean discharge peaked 

in May and again, to a lesser degree, in August (Fig. 2.12). 

Only one of the correlations was statistically significant at the P < 0.05 level.  

This correlation was the Canadian River peak flow versus the estimated year of 

cottonwood establishment (r = -0.42536, P = 0.0382).  Despite being statistically 

significant, little variation was explained by this correlation (r2 = 0.1809). 

 

Discussion 

Cottonwood Distributions 

At the Kansas site, we measured 76 (57.6%) cottonwoods that were ≤10 cm DBH.  

This was 4.2% of the cottonwoods we measured at the Kansas site.  The age classes were 

more evenly distributed than other sites, but only 5 (0.2%) cottonwoods were ≥140 cm 

DBH (Fig. 2.3).  This suggests either few cottonwoods live to be as old as cottonwoods at 

the other sites, or cottonwoods grow slower at the Kansas site.  We did not detect large 

gaps in the cottonwood size classes besides the limited number of small cottonwoods.  

The apparent increase in regularity may be the result of increased sample sizes of 
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cottonwoods at this site.  Cottonwoods were the primary tree species available along the 

Cimarron River, whereas other species of trees were available along other rivers.  The 

irregularities within the flow data suggested limited opportunities exist for cottonwoods 

to regenerate.  This, in conjunction with the large percentage of dead trees, leads to an 

uncertain future along the Cimarron River for trees and wildlife alike. 

At the Salt Fork site, we measured 44 (33%) cottonwoods that were ≤10 cm DBH.  

This was 7.3% of the cottonwoods we measured at the Salt Fork site.  Ninety-five percent 

of these small cottonwoods were ≤5 cm DBH.  We measured 11 (1.8%) cottonwoods that 

were ≥140 cm DBH (Fig. 2.4).  We did not detect large gaps in the cottonwood size 

classes, although the 10 and 15 cm classes were poorly represented.  The cottonwood 

population at the Salt Fork site appeared stable, suggesting the construction of Greenbelt 

Dam had little impact on the system.  However, if the small declines in flow rate become 

large declines, it is possible the cottonwoods at the Salt Fork site may disappear.  

Uncertainty in the future of flow rate and limited amounts of regeneration, the future of 

cottonwoods remains unclear.  

At the Gene Howe site, we measured only 6 (4.5%) cottonwoods that were ≤10 

cm DBH.  This was 1.1% of the cottonwoods we measured at the Gene Howe site.  We 

measured 19 (3.7%) cottonwoods that were ≥140 cm DBH (Fig. 2.5).  Although the 

cottonwood distribution at the Gene Howe site (Fig. 2.5) appeared more sporadic than at 

other sites (Figs. 2.3, 2.4, and 2.6), we did not detect large gaps in size classes in which 

no cottonwoods were present.  The sporadic nature of the cottonwood distribution 

suggests this river system has been heavily influenced by decreased flows following the 

construction of Sanford Dam.  The combination of large, old cottonwoods and limited 
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regeneration increases the likelihood that cottonwoods along the Canadian River could 

disappear over the next century, unless the declines in flow rate are mitigated or an 

artificial regeneration program is begun.  

At the Matador site, we measured only 6 (4.5%) cottonwoods that were ≤10 cm 

DBH.  This was 0.7% of the cottonwoods we measured at the Matador site.  We did not 

detect large gaps in size classes besides the limited number of small cottonwoods.  We 

measured 9 (1.0%) cottonwoods that were ≥140 cm DBH (Fig. 2.6).  The sporadic nature 

of the South and Middle Pease rivers suggests the cottonwood population dynamics are 

different than along other rivers.  It is likely that localized extirpations of cottonwoods 

are common, but irregular large flows (M. Janis, Texas Parks and Wildlife Department, 

pers. comm.) may sustain the system as a whole. 

Although we found only limited regeneration from 2000 through 2006, a number 

of explanations are possible.  We may not have collected data over a long enough period 

to detect a regeneration event.  Cottonwoods produce millions of seeds annually (Braatne 

et al., 1996), and when favorable conditions are met, hundreds of thousands of these 

seeds may germinate (Beschta, 2003).  Successful germination recurrence intervals 

usually occur within 10 to 15 years (Bradley and Smith, 1986; Braatne et al., 1996; Scott 

et al., 1997), but have spanned up to 40 years (Friedman and Lee, 2002).  Howe and 

Knopf (1991) documented recurrence intervals up to 35 years, and suggested flooding 

was less likely to fully remove bank vegetation when recurrence intervals approached 30 

to 35 years.   

Cottonwoods, that we classified as shrubs, were not recorded unless >0.5 m in 

height.  It may take 3 to 4 years for newly germinated cottonwoods to reach a height of 
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0.5 m (Braatne et al., 1996).  In the later years of the study, we would have detected trees 

that were below this threshold during the early years of the study.  Our data may only 

represent cottonwood growth in areas used by wild turkeys rather than representing the 

actual cottonwood distribution across the landscape.  This bias may have been more 

prevalent at the Kansas site because some portions of the Cimarron River were devoid of 

trees.  However, our wild turkey locations were usually within 200 m of riparian 

corridors (Ballard et al., 2001; Brunjes et al., 2002).  Our data also contained random 

habitat measurements.  Large amounts of regeneration were not found in either plot type, 

nor were they found anywhere during this study, despite the large amount of time we 

spent in the field. 

Regardless of the recurrence intervals for the sites, regenerating cottonwoods 

require very specific conditions to be successful and these conditions may not have 

existed during this study.  Bare, moist areas, usually provided by floods, are required for 

successful germination because cottonwoods are shade intolerant (Friedman et al., 1998).  

All cottonwoods must maintain contact with the groundwater or the capillary fringe 

(Rood et al., 2003).  Recession of flood waters or groundwater exposes cottonwoods to 

desiccation (Amlin and Rood, 2002), leading to inhibited growth or mortality (Rood et 

al., 2003).  Young cottonwoods may only reach a height of 5 to 50 cm in the first 2 to 3 

years (Braatne et al., 1996) because early growth is focused on developing roots and 

maintaining contact with groundwater (Segelquist et al., 1993).  This limited 

aboveground growth makes cottonwood saplings vulnerable to browsing and to scouring 

during future floods.  Once roots become established, cottonwoods can reach 10 to 15 m 

by 10 years of age (Braatne et al., 1996).  Germinating conditions are different for each 
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river system and success may also depend on the location within the river system (Scott 

et al., 1999; Harner and Stanford, 2003).   

Our data agree with documented trends in limited cottonwood regeneration across 

western North America (Rood and Mahoney, 1990), raising concern about the future of 

cottonwoods (Johnson et al., 1976; Bradley and Smith, 1986; Howe and Knopf, 1991; 

Friedman et al., 1998; Dykaar and Wiggington, 2000) and perhaps wild turkey 

populations.  Aerial photograph interpretation indicated declines in cottonwoods along 

the Arkansas and South Platte Rivers in Colorado (Snyder and Miller, 1991).  Declines 

were attributed to dam construction and river channelization, and were more pronounced 

along the Arkansas River.  Cottonwood recruitment declined downstream of the Fresno 

Dam following its completion in 1939 on the Milk River in Montana and Alberta, Canada 

(Bradley and Smith, 1986).   Cottonwood stands with young trees were rarely found 

along the Rio Grande River in central New Mexico (Howe and Knopf, 1991).  Johnson et 

al. (1976) found little cottonwood regeneration while conducting ground surveys along 

the Missouri River in North Dakota.   

Perhaps more importantly, not all researchers found immediate declines.  

Although overall wetland area decreased, shrub and forest cover increased along the 

Canadian River in western Oklahoma from the 1950s through the 1980s (Stinnett et al., 

1988).  Surprisingly, reduced flows are likely the cause of this increase in woody cover.  

Sandbars and river edges are no longer scoured clean during flood events, allowing 

vegetation to remain and colonize the floodplain.  Johnson (1994) has documented 

similar increases in woodland area along the Platte River in Nebraska as diminished 

flows have resulted in channel narrowing.  However, these increases appear to only be 



Texas Tech University, Ryan N. Walker, December 2007 

21 

temporary.  As the channel narrows, upland vegetation begins to overtake the former 

floodplain.  This limits potential germination sites for riparian vegetation in the future.  

Current populations of riparian species will begin to decline in the face of channel 

regularity (Johnson, 1994).   

The alteration of the flow regime is not the only implicated cause of cottonwood 

declines, but increases in exotic invasive species have also impacted riparian systems as 

well.  Salt cedar (Tamarix chinensis) and Russian olive (Elaeagnus angustifolia) are the 

primary invasive species.  Both species have reproductive advantages over native species 

with regards to current altered flow rates (Howe and Knopf, 1991).  This allows both 

species to colonize a region during periods when native species are unable to do so.  

Altered flow regimes have allowed salt cedar to replace native cottonwood and willow 

(Salix spp.) stands along the San Pedro River in Arizona (Stromberg, 1998).  Russian 

olive and salt cedar were both taking over along the Rio Grande River in central New 

Mexico (Howe and Knopf, 1991).  These trends are of particular concern, as both species 

occur across our study area, and likely will have future impacts on these systems unless 

flow regimes are restored or other management is undertaken (Sher et al., 2002; Sprenger 

et al., 2002; Bhattacharjee et al., 2006; Taylor et al., 2006). 

One area that remains unclear, but may be critical, is the impact of ungulates on 

cottonwood regeneration.  The impacts of browsing are well known in Yellowstone 

National Park, where cottonwoods have regenerated when browsing by elk (Cervus 

elaphus) was reduced following the reintroduction of wolves (Canis lupus) (Beschta, 

2005).  Most studies concerning cattle impacts are ambiguous and have failed to 

scientifically quantify these impacts of cattle on new growth, instead basing conclusions 
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on anecdotal evidence (Braatne et al., 1996).  Those that have quantified these impacts 

have done so in different ways, resulting in different outcomes.  Lucas et al. (2004) 

conducted an enclosure study along 2 streams with different grazing intensities with 

cattle present 2 to 8 days.  Although they documented higher use of cottonwood in 

association with higher grazing pressure, they claimed that cattle did not impact 

cottonwoods during the 2 years of the study.  Beschta and Ripple (2005) compared 

grazed to ungrazed areas and found only 5% of trees in grazed areas were pole-sized, 

while 85% of trees in ungrazed areas were pole-sized.  Regardless of outcome, both of 

these studies appear to have some flaws, and more research is needed on this topic.   

Flow Data

The average daily discharge along the Canadian River was almost 7 times lower 

following the completion of Sanford Dam in 1965.  Stinnett et al. (1988) reported a 6-

fold decrease in stream flow at the Canadian, Texas gage station.  The peak daily 

discharge was almost 5 times lower after the opening of the dam.  Water has not been 

released from Sanford Dam since its completion in 1965 (Williams and Wolman, 1984).  

The severe flow declines along the Canadian River have led to channel narrowing 

downstream of Sanford Dam (Williams and Wolman, 1984; Stinnett et al., 1988).  The 

altered fluvial processes of narrowing rivers no longer produce bars and points (Bradley 

and Smith, 1986; Friedman et al., 1998) that early-successional plants, such as 

cottonwoods, are adapted to colonize. Rather than remaining bare, riparian vegetation 

colonizes the old floodplain, limiting the potential germination sites for cottonwoods 

(Williams and Wolman, 1984; Friedman and Lee, 2003).  Narrowing rivers tend to 
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produce uneven-aged tree stands within a few meters of the river channel (Scott et al., 

1997).     

The average daily discharge along the Salt Fork River was slightly lower 

following the completion of Greenbelt Dam in 1967.  The peak daily discharge was 

similar after dam completion, and should allow the river to continue meandering.  

Meandering rivers produce exposed bars and points as they move within the floodplain 

(Friedman and Lee, 2002).  This provides cottonwood seeds with competition-free areas 

to germinate given the proper water levels.  Floodwater recurrence intervals along 

dammed rivers may change even though average flows may not change (Bradley and 

Smith, 1986).  This leads to declines in meandering rates and, ultimately, cottonwood 

distribution (Johnson et al., 1976).  Decreased recurrence intervals lead to declines in 

meandering rate.   Meandering rivers tend to produce even-aged tree stands throughout 

the floodplain (Scott et al., 1997).  Even-aged growth over a large area should produce 

less frequent germination events with hundreds of thousands of successful seeds per 

event. 

The Cimarron River flowed intermittently from 1971 through 2007.  The average 

daily discharge along the Cimarron River was low and 78% of gage station 

measurements were 0 m3/sec.  Little or no literature is available for rivers and streams 

with long periods of no flow, but some literature is available for rivers and streams of 

extremely low flows.  The effect of a flood should persist longer along an intermittent 

river or stream because there are fewer floods to change those effects (Friedman and Lee, 

2002).  River systems dominated by intermittent flows are characterized by short periods 

of channel widening, followed by long periods of channel narrowing (Friedman and Lee, 
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2002; Shafroth et al., 2002).  These long periods of narrowing provide opportunities for 

riparian vegetation to colonize bare soils, given sufficient water is present.  These 

vegetating periods following channel narrowing may lead to increases in cottonwood area 

(Friedman and Lee, 2002) and overall wetland area (Williams and Wolman, 1984).  

Future floods are less likely to remove this expanded vegetation, possibly limiting future 

generations of cottonwoods (Shafroth et al., 2002).   

The highest monthly mean discharge occurred in May and June on all measured 

rivers (Figs. 2.10, 2.11, and 2.12).  This coincided with seed dispersal periods for 

cottonwoods (Braatne et al., 1996), suggesting successful germination events are 

possible.  The presence of a dam influenced each river system differently.  Despite 

diminished flows along the Canadian River after dam completion in 1965, a small 

increase in discharge still occurred during the seed dispersal period (Fig. 2.10).  Similar 

to the Canadian River, the highest monthly discharges along the Salt Fork River were 

reduced following dam completion (Fig. 2.11).  Unlike the Canadian River, the Salt Fork 

River displayed the typical dampened-flood-pulse flow distribution with lower than 

average flows during the growing season and higher than average flows during the non-

growing season (Rood and Mahoney, 1990).   

Cottonwoods and Flow 

We estimated the ages of measured cottonwoods to determine whether successful 

germination events coincided with flood pulses in our flow data.  Our correlations did not 

explain regeneration events.  Based on our age estimates, regeneration events did not 

coincide with the flow data for any of the rivers.  Our inability to synchronize data sets 

was attributable to large variations reported for age-to-DBH relationships in cottonwoods 
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(Knowe et al., 1998; Stromberg, 1998; Friedman and Lee, 2002).  Friedman and Lee 

(2002) cored select cottonwoods and measured nearby cottonwoods assuming similar 

aged cottonwoods grew near each other.  As an example, eighty year-old cottonwoods 

had neighbors that ranged approximately from 40 to 120 cm DBH (Friedman and Lee, 

2002).  This high level of variation made synchronizing cottonwood growth to flood 

pulses impossible using growth equations from the literature.  This reinforces the need for 

aging of cottonwoods on site rather than using estimates. 

Management Implications 

Although it is possible we did not detect a regeneration event on any of the sites 

across the Rolling Plains during the 7 years of this study, it does not seem likely one will 

occur in the near future.  Managers have the potential to notice changes to these systems 

before researchers.  Therefore, it is important for managers to remain vigilant to any 

changes and mitigate the impacts before they become severe.  We recommend that 

managers begin surveys for germination events during May and June throughout riparian 

areas and continue monitoring any germination.  This will provide managers with the 

information they need to determine if mitigation efforts are needed to sustain cottonwood 

populations.  If mitigation is needed, we recommend managers follow published 

procedures (Friedman et al., 1995; Taylor and McDaniel, 1998; Sprenger et al., 2002; 

Bhattacharjee et al., 2006) to begin restoration efforts of cottonwoods. 
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FIG. 2.1-- Rio Grande wild turkey project sites in the southern High Plains of Texas and Kansas, 2000 through 2006. 
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FIG. 2.2--Diameter at breast height (cm) distribution of all cottonwoods measured at 4 sites in Texas and Kansas (n = 3,832), 
2000 through 2006.   
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FIG. 2.3—Diameter at breast height (cm) distribution of cottonwoods measured at Kansas site (n = 1,812), 2000 through 2005. 
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FIG. 2.4—Diameter at breast height (cm) distribution of cottonwoods measured at Salt Fork site (n = 600), Texas, 2000 through 
2006. 
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FIG. 2.5—Diameter at breast height (cm) distribution of cottonwoods at Gene Howe site (n = 517), Texas, 2000 through 2006. 
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FIG. 2.6—Diameter at breast height (cm) distribution of cottonwoods measured at Matador site (n = 903), Texas, 2000 through 
2006. 
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FIG. 2.7—Daily discharge (m3/sec) for the Canadian River near Canadian, Texas, 1938 through 2007 (United States Geological 
Survey gage station #07228000).  The dashed line approximates the completion of Sanford Dam in 1965. 
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FIG. 2.8—Daily discharge (m3/sec) for the Salt Fork of the Red River near Wellington, Texas, 1952 through 2007 (United 
States Geological Survey gage station #07300000).  The dashed line approximates the completion of Greenbelt Dam in 1967. 
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 FIG. 2.9—Daily discharge (m3/sec) for the Cimarron River near Elkhart, Kansas, 1971 through 2007 (United States Geological 
Survey gage station #07155590).   
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FIG. 2.10—Monthly mean discharge (m3/sec) for the Canadian River near Canadian, Texas, 1938 through 2007 (United States 
Geological Survey gage station #07228000).  The river was dammed in 1965. 
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FIG. 2.11—Monthly mean discharge (m3/sec) for the Salt Fork of the Red River near Wellington, Texas, 1952 through 2007 
(United States Geological Survey gage station #07300000).  The river was dammed in 1967. 
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FIG. 2.12—Monthly mean discharge (m3/sec) for the Cimarron River near Elkhart, Kansas, 1971 through 2007 (United States 

Geological Survey gage station #07155590).
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CHAPTER III 

LIMITATIONS AND PROBLEMS USING LANDSAT IMAGERY TO CLASSIFY 

RIPARIAN TREES IN THE ROLLING PLAINS OF TEXAS 

 

Abstract

Wild turkeys (Meleagris gallopavo) require trees for evening roosts and 

protection from predators.   Rio Grande wild turkey (M. g. intermedia) populations in the 

Texas Panhandle were stable across the region, but were declining in some areas within 

the region.  We used Landsat satellite imagery to identify changes, from 1973 to 2005, in 

riparian trees that may have occurred concurrently with changes in local wild turkey 

populations.  Our supervised classification accuracies ranged from 0.9 to 64.0%, which 

were not sufficient for us to complete our objectives.  Landsat imagery was not sufficient 

to identify changes in riparian trees in our study area.  Other satellite-based systems 

provide improved spatial resolution, but currently lack the necessary temporal resolution 

to be effective.  We suggest aerial photography and ground-based surveys remain the 

most useful tools for documenting changes in riparian trees.   

 

Introduction 

In arid and semi-arid regions of western North America, wild turkey distributions 

are limited by the availability of trees (Beasom and Wilson, 1992), which are located 

almost exclusively within riparian areas (Rood et al., 2003).  These riparian areas were 

critical to the re-establishment of wild turkeys (Beasom and Wilson, 1992), and continue 

to be critical for maintaining populations.  Cottonwoods (Populus spp.) are the primary 
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riparian tree in western North America (Rood et al., 2003; Lytle and Merritt, 2004) and 

Plains cottonwoods (P. deltoides ssp. monilifera) are the primary species used by wild 

turkeys in the Texas Panhandle (Swearingin, 2007).  Unfortunately, cottonwoods have 

been declining across western North America (Rood and Mahoney, 1990).  Many 

researchers have documented inhibited growth patterns and decreases in seedling 

numbers and forest abundance (Johnson et al., 1976; Bradley and Smith, 1986; Rood and 

Heinze-Milne, 1989).  Although most cottonwood studies have been conducted in 

mountainous terrain and more northerly latitudes, cottonwood regeneration has been 

limited in the southern High Plains as well.  As part of the Texas Tech University Rio 

Grande wild turkey project, Holdstock (2003) found 47 cottonwoods ≤10 cm in diameter 

at breast height from 2000 through 2002 at 4 sites in the southern High Plains, when 

thousands are necessary to replace older trees.  In addition to declining regeneration in 

local cottonwoods, Rio Grande wild turkey population dynamics were variable below the 

regional level in the Texas Panhandle, indicating growth in some areas and declines in 

others (Ballard et al., 2001; Brunjes et al., 2002).  We were concerned that changes in 

wild turkey populations may be resulting from changes in riparian habitat because wild 

turkeys are linked to riparian trees.   

Our objectives were (1) to assess differences in the areal extent of tree coverage 

and (2) species composition of riparian areas, and (3) to locate regenerative stands of 

riparian trees using Landsat satellite imagery from 1973 to 2005.  
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Methods

Study Area 

The study was conducted on 3 sites in the Rolling Plains of Texas (Fig. 3.1).  The 

Matador site was centered on the Matador Wildlife Management Area in Cottle County, 

Texas.  The northeastern corner was located at 34°15’00"N, 100°03’45”W and the 

southwestern corner was located at 34°00’00"N, 100°01’45”W (Brunjes, 2005).  July had 

the highest average monthly temperature at 36.1°C and January had the lowest average 

monthly temperature at 12.0°C.  The site averaged 49.42 cm of precipitation annually 

with May and June having the highest monthly averages (National Climate Data Center, 

2007).  The main hydrologic features were the South and Middle Pease Rivers which 

flowed west to east through the site.  Neither river was dammed.  Cattle ranching was the 

primary land use (Brunjes, 2005).  The site was a mixture of grasses and shrubs with trees 

concentrated in the riparian zone.  Primary grass species included:  little bluestem 

(Schizachyrium scoparium), sand dropseed (Sporobolus cryptandrus), purple three-awn 

(Aristida purpurea), Japanese brome (Bromus japonicus), and rescue grass (Bromus 

unioloides).  Primary woody species included:  honey mesquite (Prosopis glandulosa), 

Chickasaw plum (Prunus angustifolia), net-leaf hackberry (Celtis reticulata), Plains 

cottonwood (Populus deltoides ssp. monilifera), and red-berry juniper (Juniperus 

pinchotii).  Primary shrub species included:  sand sagebrush (Artemisia filifolia), Plains 

yucca (Yucca glauca), and prickly pear (Opuntia phaeacantha).  Primary forb species 

included:  western ragweed (Ambrosia psilostachya), silver-leaf nightshade (Solanum 

elaeagnifolium), Indian blanket (Gaillardia pulchella), wooly plantain (Plantago 

insularis), and Texas sleepy daisy (Xanthisma texanum). 
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The Salt Fork site was centered on private ranches in Collingsworth and Donley 

counties, Texas.  The northeastern corner was located at 35°07’30”N, 100°45’00"W and 

the southwestern corner was located at 34°56’15”N, 100°30’00"W (Brunjes, 2005).  July 

had the highest average monthly temperature at 35.0°C and January had the lowest 

average monthly temperature at 10.9°C.  The site received 56.71 cm of precipitation 

annually with May and June having the highest monthly averages (National Climate Data 

Center, 2007).  The main hydrologic feature was the Salt Fork of the Red River which 

flowed west to east through the site.  The river was dammed in 1967 with the creation of 

Greenbelt Reservoir 24 km west of the site.  Cattle ranching was the primary land use 

(Brunjes, 2005).  The site was a mixture of grasses and shrubs with trees concentrated in 

the riparian zone.  Primary grass species included:  little bluestem, purple three-awn, sand 

dropseed, Japanese brome, and Canada wild rye (Elymus canadensis).  Primary woody 

species included:  honey mesquite, Chickasaw plum, Plains cottonwood, hackberry 

(Celtis spp.), black willow (Salix nigra), and elm (Ulmus spp.).  Primary shrub species 

included:  sand sagebrush, aromatic sumac (Rhus aromatica), Plains yucca, shinnery oak 

(Quercus havardii).  Primary forb species included:  western ragweed, aster (Aster spp.), 

Indian blanket, mare’s tail (Conyza canadensis), and camphorweed (Heterotheca 

subaxillaris). 

 The Gene Howe site was centered on the Gene Howe Wildlife Management Area 

in Hemphill County, Texas.  The northeastern corner was located at 36°01’30”N, 

100°22’30”W and the southwestern corner was located at 35°52’30”N, 100°11’15”W 

(Brunjes, 2005).  July had the highest average monthly temperature at 34.9°C and 

January had the lowest average monthly temperature at 10.0°C.  The site received 52.82 
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cm of precipitation annually with May and June having the highest monthly averages 

(National Climate Data Center, 2007).  The main hydrologic feature was the Canadian 

River which flowed west to east through the site.  The river was dammed in 1965 with 

the creation of Lake Meredith 115 km west of the site.    Cattle ranching was the primary 

land use with oil and gas production present (Brunjes, 2005).  The site was a mixture of 

grasses and shrubs with trees concentrated in the riparian zone.  Primary grass species 

included:  little bluestem, sand dropseed, Japanese brome, blue grama (Bouteloua 

gracilis), sideoats grama (Bouteloua curtipendula).  Primary woody species included:  

Chickasaw plum, Plains cottonwood, hackberry, western soapberry (Sapindus 

drummondi), and elm.  Primary shrub species included:  sand sagebrush, aromatic sumac, 

and Plains yucca.  Primary forb species included:  western ragweed, camphorweed, 

mare’s tail, Indian blanket, silver-leaf nightshade. 

Imagery Classification 

We obtained satellite imagery for all 3 sites from the United States Geological 

Survey Earth Explorer imagery archive (United States Geological Survey, 2005).  We 

selected images with minimal cloud cover and haze taken during the summer months.  

May and June were the wettest months, thus we selected early summer images that 

provided maximum canopy reflectance and minimal water stress.  We selected 2 images 

for each site (initial and current) with as much time between images as possible.  Our 

initial images were taken in June 1973 from the Landsat-1 satellite.  These were the 

earliest Landsat-1 images we could find which maximized canopy reflectance and 

minimized cloud cover.  Landsat-1 was a multi-spectral scanner satellite with a 60 m 

spatial resolution and a 4-band spectral resolution (green, red, near-infrared, and mid-
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infrared wavelengths [Lillesand et al., 2004]).  Our current images were taken in July 

2005 from the Landsat-5 satellite.  Landsat-5 was a thematic mapper satellite with a 30 m 

spatial resolution and a 7-band spectral resolution (blue, green, red, near-infrared, mid-

infrared, far-infrared, and thermal-infrared wavelengths [Lillesand et al., 2004]).  We 

removed atmospheric distortion from the Landsat-5 images with Atmospheric Correction 

Now 5 (ImSpec LLC, WA, USA) (Contreras, 2004).  We were unable to remove 

atmospheric distortion from the Landsat-1 images because files needed for correction 

were not included (Contreras, 2004).   

 The atmospheric correction process removed all coordinate data on the Landsat-5 

images and the Landsat-1 images did not come with coordinate data.  We added 

coordinate data, geometrically rectified, and cropped the images using ERDAS Imagine 

8.7 (Leica Geosystems AG, St. Gallen, Switzerland) (Leica Geosystems, 2003).  We 

rectified the images to Zone 14 North of the Universal Transverse Mercator system 

within the North American Datum of 1983.  The rectification process removed distortion 

inherent in the image collection process (Lillesand et al., 2004).  We selected a minimum 

of 9 points (Leica Geosystems, 2003), which corresponded to both the satellite image and 

reference data.  We used the non-atmospherically corrected Landsat-5 image as a 

reference to re-rectify the atmospherically corrected Landsat-5 image.  We used provided 

coordinates and aerial photographs to rectify the Landsat-1 image.  We selected major 

features such as road intersections.  We cropped the images to only include our sites 

using the subset tool in Imagine.   We checked the geometric rectification on a local level 

by comparing the satellite image to aerial photographs.  We measured minor 
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misalignments with the measurement tool and shifted the image with the shift tool in 

ArcGIS 9 (Environmental Systems Research Institute, Redlands, California, USA).  

 We generated unsupervised and supervised classifications for all images in 

Imagine 8.7 (Contreras, 2004).  This unsupervised process separated the spectral extent 

of the image into a number of divisions specified by the user with no other input (Leica 

Geosystems, 2003).  We used 10 and 20 divisions.  We used unsupervised classifications 

to determine if the use of supervised classifications was warranted.  The supervised 

classification process separated cover types using spectral signatures defined by the user 

(Contreras, 2004).  Each image required its own set of spectral signatures (Leica 

Geosystems, 2003).  The number of selected spectral signatures varied with each image 

and depended on the accuracy of the resulting supervised classification.  We attempted to 

differentiate between areas of known trees and riparian brush using an unaltered image.  

When it was not possible to differentiate between these areas we enhanced the image 

with the brightness inversion (Myneni et al., 1995), red-green-blue to intensity-hue-

saturation (Koutsias et al., 2000), intensity-hue-saturation to red-green-blue (Leica 

Geosystems, 2003), or histogram stretch tools (Leica Geosystems, 2003).   

We then used the grow-at-inquire tool within the area of interest menu to select a 

number of areas of similar reflectance, which were grouped into a signature (Leica 

Geosystems, 2003).  The grow-at-inquire tool selected adjacent image pixels based on 

nearest neighbor specifications and reflectance properties.  We used the 4-cell nearest 

neighbor rule, a maximum size of 1,000 pixels, and various reflectance properties.  We 

added the area of interest signature to the signature editor and compared the separability 

of all the signatures (Leica Geosystems, 2003).  We removed signatures of differing land 
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cover classes if the separability number was too low.  Low separability numbers between 

2 selections meant the spectral signatures were similar and would result in 

misclassification (Thomas et al., 2002).  Our separability divisions varied with signature 

type (e.g., trees, brush, bare ground) as signature selection was a subjective process.  

Once we were satisfied with the collected signatures, we generated the supervised 

classifications for each image.   

Next, we converted the raster supervised classifications to polygons using the 

Raster-to-Vector function in Imagine 8.7.  We used Imagine 8.7 to convert the supervised 

classifications rather than ArcGIS 9 because Imagine 8.7 automatically calculated areas 

of each polygon.  Once converted, the supervised classification accuracy was checked 

using known tree locations (Leica Geosystems, 2003).  We used collected coordinates of 

trees as ground control points for accuracy assessment.  We only report accuracies for the 

best supervised classification of each image.  We did not check the accuracy for all cover 

types, as we were only interested in accuracy for trees, not the entire classification.  

Anderson et al. (1976) suggest an overall classification accuracy of 85% as a standard 

goal for general land use/land cover classifications.  However, the practicality of 85% 

accuracy seems dependent on the project and what is acceptable to the user (Pettinger, 

1982; Wilson et al., 1994; Treitz and Howarth, 2000).  We used 85% as our standard. 

 

Results 

We collected known locations of 560 trees at the Matador site, 998 trees at the 

Salt Fork site, and 602 trees at the Gene Howe site from 2000 through 2006 to be used 

for ground truthing our classifications.  Our 10-class unsupervised classification 
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accuracies for 1973 and 2005 at the Salt Fork site were 5.7% and 10.1%, respectively.  

Our 20-class unsupervised classification accuracies for 1973 and 2005 at the Salt Fork 

site were 1.1% and 58.8%, respectively.  Our 10-class unsupervised classifications at the 

Matador site failed to distinguish riparian trees from other vegetation in either 1973 or 

2005.  Our 20-class unsupervised classification accuracies for 1973 and 2005 at the 

Matador site were 9.6% and 40.0%, respectively.  Our 10-class unsupervised 

classifications at the Gene Howe site failed to distinguish riparian trees from other 

vegetation for either 1973 or 2005.  Our 20-class unsupervised classification accuracies 

for 1973 and 2005 at the Gene Howe site were 0% and 38.4%, respectively.  These 

accuracies were sufficiently low enough to warrant supervised classifications considering 

all unsupervised classifications were <60% accurate with most <10%. 

 Our supervised classification accuracies for 1973 and 2005 at the Salt Fork site 

were 37.5% and 64.0%, respectively.  Our supervised classification accuracies for 1973 

and 2005 at the Matador site were 0.9% and 22.5%, respectively.  Our supervised 

classification accuracies for 1973 and 2005 at the Gene Howe site were 7.5% and 26.9%, 

respectively.  

 

Discussion 

Anderson et al. (1976) have called for a minimum standard of 85% in 

classification accuracy to be set.  Despite map production based on classifications lower 

than this (Pettinger, 1982; Wilson et al., 1994; Treitz and Howarth, 2000), we felt 85% 

should be maintained as the standard.  Considering our images were ≤64% accurate for 

trees, no further analysis was warranted.  We were unable to identify changes in areal 
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coverage of riparian trees, changes in species composition in riparian areas, or areas of 

regeneration using Landsat-1 and Landsat-5 satellite imagery.   

Problems 

Our low classification accuracies resulted from a number of problems.  First, 

although our sites were selected to be similar, there were noticeable differences in the 

amount of healthy vegetation during the same time periods.  Differences were apparent 

on the false-color infrared Landsat imagery (Fig. 3.2).  The Gene Howe site had areas of 

standing water or shallow groundwater present during most of the year, and contained 

sloughs and wet meadows along the main floodplain.  The Matador site was more arid 

and rarely had standing water anywhere on the landscape.  The Salt Fork site was a 

combination of the two, with areas of little standing water as well as areas of continually 

standing water.  These site differences required different enhancement techniques to 

maximize the classification accuracy of each image and exacerbated the remainder of the 

problems we encountered. 

Second, the spatial resolution of the Landsat imagery was not sufficient to detect 

riparian trees.  Riparian vegetation tends to grow in linear or curvilinear stands along the 

edges of frequently flooded waterways (Braatne et al., 1996). The 30 m pixel of the 

Landsat-5 imagery was usually able to detect linear stands of vegetation (Fig. 3.3).  

However, the 60 m pixel of the Landsat-1 imagery was unable to detect these same stands 

(Fig. 3.3).  This problem was especially apparent along the small tributary draws that had 

smaller arcuate bands of trees, usually only a few trees wide.  Landsat imagery can be 

used to map riparian classes (Hewitt, 1990), however we were attempting to refine our 

classifications beyond the abilities of the technology.  Jamieson et al. (2001) found 
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Landsat-5 and Landsat-7 imagery worked on a regional scale, but also noted similar 

problems with spatial resolution when analysis was conducted on a finer scale.  

Narumalani et al. (1997) integrated Landsat imagery with soils and topographic data in 

order to isolate riparian zones, as they point out that Landsat imagery is often insufficient 

by itself.     

Third, the spectral resolution of the imagery was insufficient for detecting 

differences between deciduous tree species and isolating trees from riparian brush.  

Although cottonwoods comprised the majority of the riparian trees at all of the sites, 

other species, such as elm, black locust, and hackberry, also occurred.  We initially tried 

to separate the species of tree, but the spectral differences were not great enough to 

differentiate between deciduous tree species.  Jamieson et al. (2001) also encountered this 

problem on the regional scale.  Subsequently, we incorporated all deciduous tree species 

in the supervised classifications as wild turkeys use more than just cottonwoods along 

these riparian systems (Holdstock, 2003).   

We encountered spectral resolution problems distinguishing between riparian 

trees and riparian brush adjacent to tree stands.  Riparian brush located along areas of 

standing water or shallow groundwater had similar reflectance values to healthy stands of 

cottonwoods throughout the image.  We had difficulty separating these areas during the 

supervised classification process.  The spectral resolution of the image hindered our 

attempts to isolate trees from brush.  We mainly encountered this problem at the Gene 

Howe and Salt Fork sites along sloughs and wet meadows.   

The fourth problem we encountered concerned the density of tree stands and the 

reflectance of the underlying groundcover (Fig. 3.4).  Sparse tree stands were not dense 
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enough to block out the reflectance from the understory.  We failed to detect these sparse 

stands as the overall reflectance within the stand was washed out and did not compare 

with denser stands of trees.  This problem was exacerbated by the spatial resolution of the 

Landsat imagery. 

Alternatives 

Ultimately, Landsat imagery used in this manner was not sufficient to accomplish 

our objectives.  However, there are a number of other systems available that may provide 

better results.  Current satellite based projects that provide improved spatial resolution 

while maintaining or improving spectral resolution over Landsat include:  Satellite Pour 

l’Observation de la Terra (SPOT), Indian Remote Sensing (IRS), Ikonos, Terra, 

Quickbird, OrbView, China-Brazil Earth Resources Satellite, and Republic of China 

Satellite (Environmental Remote Sensing Center, 2007).  Although this list appears to 

provide researchers with a multitude of options, some of these platforms have similar 

limitations.   

Many of these imagery platforms have temporal resolution limitations.  A list 

produced from the Environmental Remote Sensing Center in 2001 provides only 3 

options with useful time frames:  SPOT, IRS, and Ikonos (Jamieson et al., 2001).  The 

other 5 of the platforms are <6 years old, which does not provide researchers with enough 

data to accurately determine long-term changes in riparian tree distributions.  In addition, 

SPOT was launched in 1986 (Gugan, 1987), providing a 14-year shorter timeline than 

Landsat.  The first of many IRS satellites was launched in 1988, however, sub-30 m 

spatial resolution was not available from this platform until the mid-1990s (National 

Remote Sensing Agency, 2007).  While Ikonos data became available in 2000, currently 
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providing only 7 years worth of data, early data use was restricted (Baltsavias et al., 

2001). 

Finer spatial resolution is needed to effectively distinguish cottonwoods from 

other vegetation along riparian systems in western North America.  The point in spatial 

resolution to be able to determine inaccurate from accurate classification is unknown, but 

20 m spatial resolution does not provide vast improvements over 30 m spatial resolution 

(Jamieson et al., 2001).  Therefore, some of these systems may still prove to be 

inadequate for detection needs.  Early editions of SPOT satellites had a 20 m spatial 

resolution until 2002, then reduced to 10 m with SPOT-5 (Environmental Remote 

Sensing Center, 2007).  Early IRS satellites had a variety of spatial resolutions.  As 

mentioned above, sub-30 m resolution was not achieved until the mid-1990s (National 

Remote Sensing Agency, 2007), and then only 23 m resolution was achieved.  Not until 

2004 did IRS attain 5.8 m spatial resolution.  The Terra platform provides spatial 

resolution to 15 m (Environmental Remote Sensing Center, 2007).  The finest spatial 

resolution available from China-Brazil Earth Resources Satellite is 20 m, with future 

projects not expected to improve upon this number (Lillesand et al., 2004).  Ikonos, 

Quickbird, OrbView, and Republic of China Satellite are exceptions, providing sub-10 m 

spatial resolution since launch (Lillesand et al., 2004).  These sub-10 m systems may 

provide the best opportunity to accurately detect changes in riparian trees.  Whether or 

not 20 m spatial resolution will be sufficient to detect cottonwoods has not been 

determined. 

Spectral resolution is another variable that needs to be considered.  All of these 

systems are multispectral or collect data simultaneously from more than one spectral 
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range.  Most do not have the spectral range of Landsat and often do not extend much into 

the near-infrared spectrum (Lillesand et al., 2004).  The primary spectrums that are useful 

in detecting differences in vegetation are the red (0.6 to 0.7 μm) and near-infrared (0.7 to 

1.3 μm) spectrums (Gamon et al., 1995; Ustin et al., 2004).  None of these multispectral 

satellites provide the user with a spectral range beyond 0.9 μm, effectively removing the 

majority of the near-infrared band.  By limiting their spectral range from 0.5 to 0.9 μm 

these satellites produce a regular color image.  In combination with a larger than desired 

spatial resolution (20 m), many of satellites appear inferior to Landsat for land-use-land-

cover classification purposes.   

Most of these systems also take panchromatic, or black-and-white images, across 

the visible spectrum.  The panchromatic images are often of finer spatial resolution.  

Landsat-7 can attain 15 m spatial resolution with a panchromatic image.  Ikonos and 

OrbView multispectral spatial resolution is 4m, but panchromatic spatial resolution is 1 

m (Lillesand et al., 2004).  One meter spatial resolution approximates that of aerial 

photography, but at a much higher cost per image.  Panchromatic images also limit the 

researcher’s abilities to isolate specific wavelengths used for vegetation detection.  This 

process would involve more image interpretation rather than computer-assisted 

classification allowed by multispectral images, effectively making panchromatic images 

equivalent to aerial photographs.   

Most systems do not have the temporal resolution necessary to detect long-term 

changes in a tree species that can live ≥150 years (Braatne et al., 1996).   Spatial 

resolution of other systems has improved over the last 5 years and may be currently 

sufficient for cottonwood detection.  Improvements in spatial resolution, in conjunction 



 

 57

with current temporal resolution, do not equate to the production of a successful change 

detection.  In addition, spectral resolution is often limited.  These limitations in spectral 

resolution may prove to be insufficient for accurate cottonwood detection.  The 

limitations of current systems leave one remote sensing option for researchers, aerial 

photography. 

Aerial photographs currently provide researchers with the finest spatial resolution 

in conjunction with the longest temporal resolution.  Aerial photographs have been used 

to determine changes to cottonwood abundance along rivers in western North America 

with scales from 1:12,000 to 1:62,500 (Rood and Heinz-Milne, 1989; Johnson, 1994; 

Dykaar and Wiggington, 2000).  Land cover classifications performed with imagery with 

a scale from 1:8,000 to 1:60,000 provide sufficient ground resolution to separate forested 

lands by percent canopy cover (Avery and Berlin, 1992).  Land cover classifications 

performed with imagery with a scale from 1:60,000 to 1:125,000 provide sufficient 

ground resolution to separate coniferous from deciduous trees (Avery and Berlin, 1992).  

Aerial photography available for our study sites varied in scale from 1:15,840 to 

1:130,000 (B. Wallace, United States Geological Survey, pers. comm.).  Current images 

are available at 1:40,000 scale as part of the National Aerial Photography Program.  

Potential past images are available starting in 1937 for our sites and the majority of early 

photography is <1:60,000 scale.  Most of the images available during the 1960s and 

1970s are >1:100,000 scale.  This limits the classification potential by limiting ground 

resolution, but these images may be useful in determining timing of cottonwood changes, 

especially large changes.   
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The main problem with using aerial photography is cost of photograph acquisition 

and interpretation.  Jamison et al. (2001) estimated total costs of a regional scale aerial 

photograph project to be $160,000 (US$).  Half of this is for photograph acquisition, 

while the other half is for rectifying and digitizing the photographs, as well as ground 

truthing the classifications.  This cost is much larger than Landsat ($5,500 to 6,500 

[US$]) and Ikonos ($110,000 [US$]) classifications, but cheaper than Airborne Data 

Acquisition and Registration ($270,000 [US$]).  When estimated for a typical study area 

scale (in this case 10km of river), the cost of aerial photography becomes the least 

expensive method at $15,000 (US$) (Jamieson et al., 2001).  Ikonos estimated costs are 

$18,000 (US$) and $23,000 (US$) for Airborne Data Acquisition and Registration for the 

same 10 km study area.  Manual digitization of aerial photographs will require more 

classification time than computer-assisted classifications with Ikonos and Airborne Data 

Acquisition and Registration, however aerial photograph interpretation should be the 

most effective tool for future wild turkey roost assessments.     

Ground-based surveys have been used extensively (Johnson et al., 1976; Bradley 

and Smith, 1986; Howe and Knopf, 1991; Harner and Stanford, 2003; Samuelson and 

Rood, 2004) and touted as the best alternative for documenting changes in riparian 

habitats (Jamieson et al., 2001).  Ground-based surveys allow researchers to physically 

see what changes are taking place on the landscape rather than basing conclusions on 

interpretations and computer-assisted classifications.  They also allow for the 

identification of regeneration that would not be visible on any remote sensing image for a 

number of years.  However, issues of temporal resolution arise with ground-based 

surveys.  Long-term trends, obviously, require long-term data.  For most sites, there is no 



 

 59

adequate 30 to 100 year-old survey data.  Combining ground surveys with aerial 

photograph interpretation may have potential by accomplishing the objectives we 

attempted to address in this study.   

Management Implications 

Landsat satellite imagery was not a viable, accurate option for attempting to 

examine changes in riparian systems in our area.  Remote sensing platforms with sub-10 

m spatial resolution, having a limited temporal resolution, do not appear to provide 

solutions.  Aerial photography appears to be the most viable option for examining 

vegetation changes over a long time period and large area.  Ground surveys are viable 

options for documenting vegetation changes on a local scale.  The combination of aerial 

photography and ground surveys would provide managers with the most information 

about conditions in their areas and allow for better management decisions if mitigation is 

needed in the future. 
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FIG 3.1.--Rio Grande wild turkey project sites in the southern High Plains of Texas, 2000 through 2006. 
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Texas Tech University, Ryan N. Walker, December 2007 

 
FIG. 3.2—Differences in amount of healthy vegetation in Landsat-5 false-color 

infrared imagery between the Gene Howe (top) and Matador (bottom) sites, Texas.  
Bright red areas in the Gene Howe image indicate healthy vegetation, implying better 
access to water (e.g., riparian trees and shrubs).  Green and dull red areas in both images 
indicate less vigorous vegetation, implying limited access to water (e.g., sage and 
mesquite).
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FIG. 3.3—Differences in detection of linear stands of riparian trees in a supervised 

classification of Landsat-5 (top) and Landsat-1 (bottom) imagery, Salt Fork site, Texas.
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FIG. 3.4—Misclassification of known wild turkey roost as riparian brush rather 

than riparian trees in Landsat-5 supervised classification, Matador site, Texas.
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