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ABSTRACT 

This study compared the effects of sampling metrics 

(basal area, density) on community structure analyses. 

Additionally, an oak woodland classification system was 

developed from the basal area data for the southwestern 

United States. Minimum-variance clustering was used to 

define communities within oak woodlands. The communities 

defined by basal area data were more evenly distributed, 

showed more distinct communities, and were more homogeneous 

than the density-based communities. Thirteen communities 

were identified in the classification of oak woodlands, with 

mean basal area varying by an order of magnitude. Elevation 

had a major influence on the distribution of the 

communities. 
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CHAPTER I 

GENERAL INTRODUCTION 

Madrean evergreen oak woodlands cover about 0.5 million 

hectares in the southwestern United States (Chojnacky 1992). 

These woodlands occur at elevations of 1200 m - 2400 m, and 

receive an average annual precipitation of about 470 mm, 

ranging from 363 mm up to 600 mm in various areas (Brown 

1982). About half the annual precipitation falls in summer 

thunderstorms from July to September (Lopes and Ffolliott 

1992). 

Human beings have been living in or near oak woodlands 

for more than 11,000 years. They used the resources offered 

by oak woodlands without inflicting major disturbances for 

most of that time (Propper 1992). However since the late 

18th century the oak woodlands in Arizona and New Mexico 

have been extensively used and disturbed. Woodcutting for 

mine timbers, fuel wood, and fencing material was intense 

for the 30 years around the turn of the century (Bahre and 

Hutchinson 1985, Ffolliott 1992). At the same time, cattle 

and sheep grazing started at high stocking rates. Oak 

woodlands are still used as a grazing resource, but 

stocking rates are declining and are considerably lower than 

historic rates (McClaran et al. 1992). Oak woodlands are 

still an important source of wood (Medina 1987, Bennett 
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1992, Huber 1992). Oak woodlands are also valued for 

recreational opportunities and as wildlife habitats (Block 

1992, Ffolliott 1992, Propper 1992, Smith 1992). Despite a 

long history of human occupancy and use, ecological 

relationships are largely unknown for oak woodlands in the 

southwestern United States. For example, even rudimentary 

information concerning structure of oak woodland vegetation 

has not been detailed, although Brown (1982) extensively 

described the type. 

Classification systems of vegetation, soils, habitats, 

and ecosystems are used by resource managers, landowners and 

researchers. Vegetation classification systems have been 

developed and used extensively in the western United States. 

Any classification system is artificial and its main 

function is to facilitate communication. Although there is 

no absolute description of nature, a classification system 

should describe only the groups that actually are reflected 

in nature. By standardizing names, classification systems 

facilitate the exchange of information among resource 

managers, landowners, researchers and agencies (Allen et al. 

1991). 

The primary objective of this study (addressed in 

chapter 3) is to classify oak woodland vegetation from 

inventory data. The resulting classification does not claim 

to be absolute but provides a framework for communication 
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and suggests potential research hypotheses for more detailed 

studies of structure and ecology of oak woodlands in the 

southwestern United States. An additional objective 

(addressed in chapter 2) is to determine the influence (if 

any) of sampling metric (in this case, basal area and 

density) on the outcome of community analyses. Forest 

survey data such as those used in this study, are well 

suited for these purposes (Schreuder and Thomas 1991). 
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CHAPTER II 

EFFECTS OF DIFFERENT SAMPLING METRICS ON COMMUNITY ANALYSES 

INTRODUCTION 

Many difficulties associated with studying and 

defining communities have been identified in the ecological 

literature. These range from the basic question of "what is 

a community?" to the design of field experiments for 

community studies, including appropriate sampling 

techniques. Concerning sampling techniques, many authors 

have discussed problems of sample sizes, plot dimensions, 

plot shapes, scaling techniques, and classification methods 

(e.g., Podani 1984, Podani 1989, Kenkel et al. 1989). They 

conclude that most decisions depend on objectives of the 

experiment, and they propose various transformations to make 

data comparable. The influence of sampling metrics on 

vegetation classification has been neglected. Podani (1984) 

discusses how to simplify different metrics, such as basal 

area and density, but he does not discuss how different 

measures might influence the results of a classification. 

Smartt et al. (1974) discussed in detail the influence of 

frequency, cover, and biomass on results of different 

classification techniques. This study is exceptional in its 

comparative approach. However, density data were not 

included in the study, which was conducted in heath and bog 
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vegetation. 

Basal area and density are common metrics for community 

structure studies in forestry and ecology. In most cases, 

data have been collected in one form or the other, following 

the preference of the researcher or convenience in data 

collection. It is inherently assumed that either measure is 

appropriate for describing and classifying communities being 

studied. However, this assumption has never been tested. 

Cluster analysis should only yield similar results when 

basal area and density are perfectly correlated. 

This study will test the hypothesis that vegetation 

classifications based on density and basal area produce 

similar results. Density and basal area data from oak 

woodland vegetation in the southwestern United States will 

be used. 
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METHODS 

DATA 

The data used in this study were collected by the 

Forest Survey, an inventory division of the USDA Forest 

Service. The most recent inventory was conducted 1985 in 

Arizona and in 1986 and 1987 in New Mexico. Data from this 

inventory are stored at the USDA Forest Service 

Intermountain Station in Ogden, Utah. These inventories are 

part of a USDA Forest Service program to conduct regular 

inventories of forests and woodlands throughout the United 

States on a 10-year cycle to assess the resources of forest 

lands in the United States (USDA Forest Service 1991). For 

this purpose the Forest Service established permanent 

circular and rectangular plots of 202 m2 to 405 m2 on a 5000 

m or 10,000 m grid across the states (grid size varied with 

ownership type). Circular 13.5 m2 subplots were established 

in each plot to measure density of seedlings (< 2.5 cm 

diameter) and saplings (2.5 cm - 7.4 cm diameter) of each 

species (USDA Forest Service 1985, 1987). Over half the 

data collection was done by Forest Survey crews, with the 

remainder by other agencies (Chojnacky 1992). Field crews 

collected data on elevation, aspect, slope, soil texture, 

evidence of disturbance, diameter at root collar (DRC) for 

all noncommercial woody plants and diameter at breast height 
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(DBH) for all commercial timber species (cottonwood, poplar, 

aspen and all conifers except pinyon, juniper, and yew) as 

well as many other variables for plots and individual trees. 

Many of the environmental variables were not reliable for 

analyses because of high percentage of missing data. 

Trees were identified to the species level when 

possible. Arizona white oak (Quercus arizonica), emory oak 

(Q. emoryi), Mexican blue oak (Q. oblongifolia), gambel oak 

(Q. gambelii), and silverleaf oak (Q. hypoleucoides) were 

identified to the species level. All other Quercus sp. and 

some hybrids of all oaks were grouped into an evergreen oak 

category. This group probably included gray oak (Q. 

grisea), shrub live oak (Q. turbinella), wavyleaf oak {Q. 

undulata), palmer oak (Q. chrysolepsis), and netleaf oak (Q. 

reticulata). Three different codes were used for ponderosa 

pine (Pinus ponderosa): P. ponderosa_A is blackjack pine 

(young growth, very dark bark), P. ponderosaJB is yellow 

pine (old growth, heavily plated orange colored bark), and 

P. ponderosaJZ includes all other ponderosa pine trees. 

Basal area (m2/ha) and density (stems/ha) were calculated 

for each species on each plot, adjusting for different plot 

sizes and other irregularities of sampling procedures. For 

example, seedlings were not included in calculating basal 

area or density, because they are not considered 

"established" plants. Saplings were included, which may be 



problematic for density data in the small (13.5 m2) 

subplots: the multiplication (expansion) factor may 

generate a disproportionate number of saplings per hectare 

(Chojnacky 1993). This should not be problematic for basal 

area, because the contribution of saplings to total basal 

area is negligible. 
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OAK WOODLAND DEFINITIONS 

The first step in developing an oak woodland 

classification system is establishing an appropriate 

definition of an oak woodland. To this end, only plots with 

at least one evergreen oak tree were analyzed (N=955). 

Plots with gambel oak as the only oak were excluded because 

gambel oak is associated with high-elevation conifers, and 

not with evergreen madrean oak woodland (Brown 1982). 

Three definitions represented by 3 subsets of the data 

set were identified. All definitions were expressed in 

terms of basal area and density. The first definition 

reflects the Forest Survey definition of an oak woodland: 

less than 10% of the trees are commercial timber species 

and at least 50% of the total basal area (subset 1A) or 

density (subset IB) is contributed by oak (hereafter termed 

the Forest Survey definition). The second definition is 

similar: at least 50% of the total basal area (subset 2A) 

or 50% of the total density (subset 2B) is oak (50% oak 

definition). The third definition is based on dominance: a 

plot is defined as oak woodland if oak basal area (subset 

3A) or oak density (subset 3B) is greater than basal area or 

density of any other taxa on the plot (oak dominance 

definition). 



20 

ANALYTICAL METHODS 

The Sorensen index (Jongman et al. 1989), or 

coefficient of community (CC), was used to compare groups 

formed by each definition: 

2*C 
CC = , where 

A+B 

A = number of species in group A, 
B = number of species in group B, and 
C = number of shared species of groups A and B 

CC was calculated to compare all seven subsets. 

The "oak dominance" definition (3A, 3B) was selected as 

the most appropriate definition of an oak woodland. This 

definition is the broadest of the three definitions, so it 

includes more plots and more species than the other 

definitions. Moreover, the oak dominance definition had the 

highest coefficient of community with the set that included 

all plots with at least one evergreen oak tree. 

The two subsets (3A, 3B) were subjected to minimum-

variance clustering (Ward 1963), and the resulting 

dendrograms compared with respect to number and sizes of 
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groups and dendrogram structure. These post-hoc comparisons 

are necessarily subjective but no objective standards have 

been developed (Romesburg 1984). Cluster analysis is a 

multivariate numerical method used to identify groups within 

a data set. For completeness in comparing basal area to 

density, cluster analysis of each subset was conducted with 

both metrics. That is, subset 3A was "defined" based on 

basal area but cluster analysis was performed using basal 

area (3A1) and density (3A2), as measures of abundance. 

Subset 3B was similarly analyzed (density 3B1, basal area 

3B2), so that 2 cluster analyses were conducted on each of 

these 2 subsets. 

Pair-wise t-tests were used to compare means of each 

species' abundance (basal area or density) and means of 

environmental variables (elevation, slope, aspect, and soil 

texture) on either side of a dichotomy. Significance level 

was set at 0.05, but because each group has up to 40 

variables the significance level was adjusted with the 

Bonferroni method (Hays 1981). Chi-square tests were used 

to compare frequencies of the species variables in the 

groups when the expected value was greater than 5 (Hays 

1981). 

Communities were declared when there was reasonable 

statistical evidence of differences among the groups as well 

as differences in species composition and abundance. 
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Although efficient statistical differences among the groups 

were sought, the final choice to call a certain group a 

community is subjective. 

The name of a community was based on frequency (must be 

near 100%) and abundance (must have the highest percentage 

of basal area or density of all taxa in the group). Several 

levels of abundance were used to further describe 

communities (Table 1). 
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RESULTS 

Forty-three woody taxa were identified in the 955 plots 

containing at least one evergreen oak tree. Elevation 

ranges from 1160 to 2440 m, on slopes of 0-80%, and on all 

aspects (Table 2). Subsets 1A and IB include 164 plots and 

27 different woody taxa. Subset 2A includes 253 plots and 

30 woody taxa, and subset 2B includes 333 plots and 33 woody 

taxa. Subset 3A includes 291 plots and 31 woody taxa, and 

subset 3B includes 374 plots and 36 woody taxa. Using 

subsets (i.e., defining oak woodlands more narrowly than 

merely including evergreen oak) produced little or no effect 

on the range of elevation, aspect, and slope on which oak 

woodlands occurred (Table 2). Coefficient of community 

varied from 0.77 between subsets 1A and All and IB and All 

to 1.00 between subsets 1A & IB (Table 3). 

Cluster analysis revealed 13 communities for 3A1 

(Tables 4), 11 communities for 3A2 (Tables 5), 15 

communities for 3B1 (Tables 6), and 11 communities for 3B2 

(Tables 7). Dendrograms are shown in Figures 1-4. The 

number of plots (i.e., "examples") representing each 

community varied from 3 to 50 (mean = 22.4, standard 

deviation = 15.5) for clustering of subset 3A based on basal 

area (3A1), and from 3 to 167 (mean = 34.0, standard 

deviation = 48.3) for clustering based on density (3A2). 
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Similarly, the number of plots representing each community 

varied from 5 to 58 (mean = 24.9, standard deviation = 16.1) 

for clustering of subset 3B based on basal area (3B1), and 2 

to 152 (mean = 26.2, standard deviation = 46.9) for 

clustering based on density (3B2). 

The four dendrograms are similar with respect to 

variables which differ on either side of the first 

dichotomy. For all four dendrograms, the first dichotomy 

divides the main group into a group with relatively high 

basal area or density and a larger group with lower basal 

area or density. Species with higher means in the lower 

basal area or density group include lower productivity 

species [Quercus arizonica and Q. emoryi]. Variables with 

higher means in the other group include total basal area or 

density, total oak basal area or density, Quercus sp., and 

P. ponderosa_C (other ponderosa pine). Subsequent 

dichotomies are different for all four sets and do not 

follow any consistent pattern. 

Comparing the four dendrograms and the resultant 

communities it appears that there are many similarities but 

some interesting differences. All four dendrograms contain 

a low elevation-low basal area or low density mixed oak 

community. The size of these communities is 48 and 54 plots 

for basal area-based analyses and 167 and 152 plots for 

density-based analyses. All dendrograms contain one or more 
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Q. gambelii communities. Basal area dendrograms have 2 and 

1 Q. gambelii communities. The 2 communities in 3A1 have 17 

and 3 plots of medium and very high basal area, 

respectively. The community in 3B2 is included in a 

community dominated by P. ponderosa and it has 23 plots. 

Density dendrograms have 2 and 1 Q. gambelii communities. 

Communities in 3B1 have 18 and 5 plots of high and very high 

density, respectively, whereas the Q. gambelii community in 

3A2 has only 5 plots. A further similarity of all the 

dendrograms is that all contain several Q. arizonica 

communities. The two density-based analyses have 2 Q. 

arizonica communities with 27 and 3 plots in 3B1 and 13 and 

2 plots in 3A2, respectively. Dendrograms based on basal 

area have 3 Q. arizonica communities in 3A1 and 4 Q. 

arizonica communities in 3B2, respectively. The 3 

communities in 3A1 have 38, 30, and 14 plots of low, medium, 

and high basal area, respectively. The 4 communities in 3B2 

have 34, 14, 11, and 28 plots. Two of the latter 

communities are not dominated by Q. arizonica, but by Pinus 

ponderosa and Juniperus deppeana. 

All four dendrograms have one Quercus sp./Pinus 

ponderosa community. Analyses based on basal area contain 

13 and 21 plots of this community, whereas density-based 

analyses have 3 and 4. 

Finally, all dendrograms have 4 Quercus sp. communities 



varying from low to very high basal area or density. The 

number of plots representing this community varies from 5 

58 in basal area-based dendrograms, and from 3 to 76 in 

density based dendrograms. 

Analyses based on basal area data contain a Q. emoryi 

community with 19 (3A1) to 25 plots (3B2). Of the 2 

density-based analyses, only 3B1 contains a Q. emoryi 

community (21 plots). Both basal area-based dendrograms 

contain a Q. hypoleucoides community (n = 5 plots in each) 

whereas neither density-based dendrogram contains a Q. 

hypoleucoides community. 

Both data sets defined by one metric, then clustered 

based on the other metric (3B2, 3A2) contain 2 communities 

dominated by taxa other than oak. All communities in the 

other 2 data sets (3A1, 3B1) are dominated by oaks. 
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Table 1: Levels of abundance for basal area and density 
used to differentiate between oak woodland communities with 
similar species composition. 

Level of abundance Basal area Density 
low 0-20 m2/ha 0-1500 stems/ha 

medium 20 - 30 m2/ha 1500-3000 stems/ha 

high 30 - 40 m2/ha 3000-5500 stems/ha 

very high 40 - 80 m2/ha 5500-10000 stems/ha 

Table 2: Oak. woodland subsets as defined by three criteria: 
Forest Survey definition (1), 50% oak definition (2), oak 
dominance definition (3) for data measured in terms of basal 
area and density (A and B, respectively). 

Subset 
Number 

of plots 
Number 

of species 
Elevation 

Tml Aspect 
Slope 
r%i 

All 955 43 1160 - 2440 all 0-80 

1A 164 27 1160 - 2440 all 0-80 

IB 164 27 1160 - 2440 all 0-80 

2A 253 30 1160 - 2380 all 0-80 

2B 333 33 1160 - 2440 all 0-80 

3A 291 31 1160 - 2380 all 0-80 

3B 374 36 1220 2440 all 0-80 
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Table 3: Coefficients of community between oak woodlands 
defined by different criteria: Forest Survey definition 
(1), 50% oak cover definition (2), oak dominance definition 
(3) for data measured in terms of basal area and density (A 
and B, respectively). 

Subset All 1A IB 2A 2B 3A 3B 

All 0.77 0.77 0.82 0.86 0.83 0.91 

1A liOO 0.88 0.87 0.90 0.87 

IB 0.88 0.87 0.90 0.87 

2A 0.89 0.98 0.85 

2B 0.88 0.96 

3A 0.87 
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Figure 1: Dendrogram of oak woodland communities in the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 291 plots, using 
basal area of woody plant taxa as a measure of abundance 
(subset 3A1). Arabic numbers label dichotomies, underlined 
arabic numbers are numbers of plots, and roman numbers 
indicate communities. 
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Table 4: Communities within oak woodlands of the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 291 plots, using 
basal area of woody plant taxa as a measure of abundance 
(subset 3A1). The numbers refer to the communities of Figure 
1. 

Communi ty 
number Community name 

Total basal Quercus basal 
Elevation range area range area range 

Number [mean] [mean] [mean] 
of Plots Cm'/ha) (m'/ha) 

1 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

Low elevation, low basal 
area mixed oak 

Low basal area Quercus 
arizonica 

Q. emorvi 

48 

38 

19 

Medium basal area Q. gambelii 17 

Low basal area Quercus sp. 50 

Q. hvpoleucoides 5 

Medium basal area 30 
Q. arizonica 

High basal area Q. arizonica 14 

Medium basal area Quercus sp. 27 

High elevation Quercus sp./ 13 
Pinus ponderosa 

High basal area Quercus sp. 21 

Very high basal area 3 
Q. gambelii 

Very high basal area 6 
Quercus sp. 

1160-2130 
[1660] 

1460-2040 
[1770] 

1400-1860 
[1620] 

1710-2160 
[1960] 

1280-2380 
[1740] 

1620-2010 
[1870] 

1430-2260 
[1835] 

1430-2070 
[1800] 

1280-2200 
[1770] 

1770-2100 
[2000] 

1370-2130 
[1790] 

1490-1950 
[1800] 

1680-2010 
[1800] 

0.57-19.28 
[6.93] 

4.68-27.75 
[12.73] 

7.45-27.75 
[15.30] 

15.61-55.59 
[29.28] 

6.15-27.78 
[14.05] 

25.75-80.37 
[43.61] 

12.78-45.93 
[28.31] 

22.87-53.76 
[25.52] 

18.04-35.38 
[25.60] 

20.51-50.02 
[33.74] 

24.93-67.78 
[39.01] 

64.37-85.66 
[74.46] 

43.31-80.78 
[61.50] 

0.57-18.92 
[5.08] 

3.28-14.77 
[7.65] 

7.45-24.09 
[13.52] 

8.27-34.45 
[15.32] 

4.10-18.93 
[9.80] 

22.04-80.37 
[40.14] 

12.17-34.21 
[19.17] 

19.71-42.23 
[29.99] 

11.10-19.08 
[15.99] 

12.56-28.79 
[19.13] 

20.00-36.62 
[26.51] 

53.89-53.89 
[58.76] 

42.88-66.48 
[51.89] 
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Figure 2: Dendrogram of oak woodland communities in the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 374 plots, using 
density of woody plant taxa as a measure of abundance 
(subset 3B1). Arabic numbers label dichotomies, underlined 
arabic numbers are numbers of plots, and roman numbers 
indicate communities. 
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Table 5: Communities within oak woodlands of the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 374 plots, using 
density of woody plant taxa as a measure of abundance 
(subset 3B1). The numbers refer to the communities in 
Figure 2. 

Communi ty 
number Community name 

Nimber 
of Dlots 

Elevation range 
[mean] 
(m) 

Total density 
range 

[mean] 
(m*/ha) 

Quercus densi 
range 

[mean] 
(m'/ha) 

I Low elevation, low density 
mixed oak 

167 1160-2380 
[1710] 

25-2335 
[358] 

25-1952 
£233] 

II Q. emorvi 21 1590-1980 
[1770] 

334-2582 
[1112] 

321-2557 
[942] 

III Low density 0. arizonica 27 1520-2070 
[1800] 

544-2679 
[1345] 

445-2679 
[1007] 

IV Lou density auercus SD. 74 1280-2440 
[1770] 

334-3694 
[1078] 

284-2679 
[763] 

V High density 0. arizonica 3 1830-2040 
[1940] 

2954-5856 
[4535] 

2569-4151 
[3574] 

VI High density 0. gambelii 18 1770-2320 
[2040] 

1517-8948 
[4188] 

137-5955 
[2724] 

VII Medium density Ouercus SD. 28 1400-2130 
[1890] 

1495-5103 
[2556] 

1025-3385 
[1922] 

VIII Hiqh density Quercus SD. 16 1590-2230 
[1930] 

3163-7104 
[4777] 

2767-4769 
[3578] 

IX Very hiah density Q. qambelii 5 1710-2160 
[1990] 

8698-26859 
[16504] 

8537-19718 
[12241] 

X Very high density Quercus SD. 11 1650-2040 
[1890] 

5807-13207 
[9165] 

5461-10983 
[7658] 

XI Quercus SD./Pinus oonderosa 4 1770-2010 
[1920] 

17210-22226 
[19760] 

13491-18273 
[16070] 
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Figure 3: Dendrogram of oak woodland communities in the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 374 plots, using 
basal area of woody plant taxa as a measure of abundance 
(subset 3B2). Arabic numbers label dichotomies, underlined 
arabic numbers are numbers of plots, and roman numbers 
indicate communities. Groups represented by only one plot 
were regarded as outliers and therefore are not shown. 
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Table 6: Communities within oak woodlands of the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 374 plots, using 
basal area of woody plant taxa as a measure of abundance 
(subset 3B2). The numbers refer to the communities in 
Figure 3. 

Communi ty 
number Community name 

Number 
of Dlots 

Elevation range 
[mean] 
(m) 

Total basal 
area range 
[mean] 
(m'/ha) 

Quercus basal 
area range 
[mean] 
(m'/ha) 

I Lou elevation, low basal area 
mixed oak 

54 1160-2100 
[1670] 

0.51-19.28 
[6.45] 

0.00-18.92 
[3.56] 

II Low basal area Quercus 
arizonica 

34 1460-1980 
[1720] 

4.68-26.87 
[12.89] 

1.85-12.60 
[7.16] 

III Q. emorvi 25 1340-1890 
[1620] 

5.79-27.87 
[13.50] 

2.14-24.09 
[11.56] 

IV Quercus SD./JuniDerus 
deDoeana 

26 1400-2440 
[1800] 

7.91-35.38 
[20.13] 

4.80-17.09 
[9.08] 

V Low basal area J. deDoeana 28 1710-2380 
[1840] 

6.83-28.73 
[16.73] 

0.45-9.56 
[3.91] 

VI Pinus Donderosa/Q. qambeli i 23 1770-2160 
[1940] 

15.61-43.67 
[23.21] 

1.75-21.86 
[7.91] 

VII P. Donderosa/Q. arizonica 14 1800-1980 
[1880] 

18.78-39.16 
[25.57] 

0.06-18.37 
[9.14] 

VIII Very high basal area 
J. deDoeana 

10 1710-2130 
[1900] 

30.81-49.77 
[41.43] 

5.29-20.51 
[13.54] 

IX J. deDoeana/ Q. arizonica 11 1770-1980 
[1870] 

30.06-51.74 
[37.61] 

9.81-23.02 
[15.82] 

X Medium basal area 
Q. arizonica 

28 1430-2260 
[1810] 

12.78-53.76 
[29.27] 

12.78-42.23 
[24.46] 

XI Q. hvDoleucoides 5 1620-2010 
[1870] 

25.75-80.37 
[43.65] 

22.04-80.37 
[40.17] 

XII Lou basal area Quercus SD. 58 1280-2380 
[1740] 

6.15-51.59 
[17.99] 

0.00-19.08 
[11.70] 

XIII Hiah basal area Quercus SD. 15 1370-2100 
[1740] 

24.93-47.03 
[35.46] 

20.00-36.62 
[26.78] 

XIV Hiah elevation P.Donderosa/ 
Quercus SD. 

37 1740-2320 
[2020] 

7.91-50.02 
[26.43] 

0.03-26.24 
[8.87] 

XV Very high basal area 
Quercus sp. 

5 1680-2010 
[1790] 

47.24-80.78 
[65.20] 

44.20-66.48 
[53.74] 
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Figure 4: Dendrogram of oak woodland communities in the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 291 plots, using 
density of woody plant taxa as a measure of abundance 
(subset 3A2). Arabic numbers label dichotomies, underlined 
arabic numbers are numbers of plots, and roman numbers 
indicate communities. Groups represented by only one plot 
were regarded as outliers and are therefore not shown. 
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Table 7: Communities within oak woodlands of the 
southwestern United States. Communities emerged from 
minimum-variance clustering (Ward 1963) of 291 plots, using 
density of woody plant taxa as a measure of abundance 
(subset 3A2). The numbers refer to the communities in 
Figure 4. 

Communi ty 
number Community name 

Number 
of Dlots 

Elevation range 
[mean] 
(m) 

Total density 
range 

[mean] 
(m!/ha) 

Quercus density 
range 

[mean] 
/ha) 

I Lou elevation, low density 
mixed oak 

152 1160-2380 
[1730] 

25-2706 
[426] 

25-2557 
[275] 

II Q. qambelu 5 1220-2070 
[1830] 

1161-3879 
[2185] 

667-1606 
[1101] 

III Low density Quercus SD. 76 1280-2320 
[1740] 

247-1977 
[886] 

151-1841 
[600] 

IV Medium density Q. arizonica 13 1520-2070 
[1860] 

914-3533 
[1676] 

395-2679 
[1208] 

V Hiah density Q. arizonica 2 1830-2040 
[1940] 

4794-5856 
[5325] 

4003-4151 
[4077] 

VI Medium density Quercus SD. 19 1400-2100 
[1830] 

1495-3892 
[2557] 

1347-3262 
[2025] 

VII High density Quercus SD. 4 1770-2070 
[1970] 

4731-5411 
[5062] 

3101-4164 
[3583] 

VIII Pinus Donderosa/JuniDerus 
deDDeana/Quercus SD. 

8 1800-2070 
[1950] 

3348-8648 
[6605] 

148-5955 
[1774] 

IX Very hiah density Quercus SD. 3 1890-2040 
[1950] 

6412-9513 
[8158] 

6017-8204 
[7277] 

X J. deooeana/Quercus SD. 3 1860-1950 
[1890] 

6214-19990 
[12553] 

124-7166 
[3064] 

XI Quercus SD./P. oonderosa 3 1890-2010 
[1970] 

17210-22226 
[19813] 

13491-18273 
[15983] 
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DISCUSSION 

I reject the hypothesis that vegetation classification 

based on density and basal area produce similar results. 

The USDA Forest Service definition of an oak woodland 

is biased toward timber production. For example, note focus 

on "commercial timber species". This definition yielded the 

fewest plots of any definition for both basal area and 

density subsets (i.e., it is the "narrowest" definition 

among those considered). Coefficients of community between 

USDA Forest Service definitions and other data sets were 

small relative to other comparisons. The dominance-based 

definition is the broadest of the three definitions 

considered. Therefore, subsequent analyses focussed on data 

sets produced by this definition of oak woodland. Of the 

955 plots containing at least one evergreen oak, 30% (291) 

were classified as oak woodland based on basal area, and 34% 

(374) were classified as oak woodland based on density with 

this definition. 

All seven oak woodland sets exhibit about the same 

range in elevation, aspect, and slope, indicating that oak 

woodlands (by any definition) are found in all areas where 

oak trees occur. This might be explained by the restricted 

occurrence of madrean oaks on mountain slopes with limited 

elevation ranges; evergreen oaks are rarely associated with 
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other communities besides those described as oak woodlands. 

Subsequent discussion will compare basal area to 

density as metrics for developing a vegetation 

classification system. For this purpose, the data sets 

resulting from the "oak dominance definition" were compared. 

Moreover, data sets derived from one metric, then clustered 

based on the other metric (3A2, 3B2) were compared to 

determine if the same data measured with the other metric 

would produce different results. 

Density-based data sets included 83 more plots than 

basal area-based data sets (374 vs. 291). This difference 

implies that oaks are represented by disproportionally many 

small trees compared to other taxa in oak woodlands. This 

contrasts with the findings of Borelli (1990), who indicated 

there is a lack of small oak trees in the oak woodlands of 

Arizona. Contrasting findings between Borelli and the 

current study may be attributable to the larger geographic 

region encompassed in the latter study. More likely, 

however, is the conclusion drawn by McPherson (1992) about 

Borelli's study: the single-year survey was conducted 

during an extremely dry year following virtually complete 

mast failure, so few small seedlings could be expected. 

A comparison of the four dendrograms reveals that basal 

area sets have more groups (13 and 15, based on 291 and 374 

plots, respectively) than density-based data (11 each). All 
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dendrograms exhibit "chaining" (Romesburg 1984). Chaining 

is the addition of groups sequentially to previous groups. 

Although all subsets exhibited chaining, subsets initially 

defined by basal area criteria (3A1, 3A2) exhibited the most 

chaining. Apparently, there is no correlation between 

chaining and use of the two metrics: one of two subsets 

based on each metric exhibited substantial chaining, whereas 

the others did not. 

Cluster analyses of basal area data have more even 

dichotomies than those of density data: the first dichotomy 

has 221:70 plots and 259:115 plots for the former analyses, 

whereas density data have 359:15 and 287:4 plots at the 

first dichotomy. This trend continues and is reflected in 

the final group sizes in the dendrograms. In basal area 

dendrograms, 3A1 has 1 group that is represented by less 

than 5 plots and 3B2 has no group that is represented by 

less than 5 plots. However, in the density dendrogram there 

are 2 groups represented by less than 5 plots in 3B1 and 5 

groups that are represented by less than 5 plots in 3A2. 

Moreover, in the basal area dendrograms the largest groups 

have less than 20% of the total number of plots (50 plots in 

3A1 and 58 plots in 3B2). In the density dendrograms the 

largest groups have 44% (167/374) to 52% (152/291). The 

largest group includes 20% or less of the total number of 

plots at the 65th dichotomy in 3B1 and the 81st dichotomy in 



40 

3A2. Thus, basal area-based cluster analyses contain more 

evenly distributed and less variable communities than 

cluster analyses based on density data. Therefore 

communities formed from the former analyses are more readily 

interpretable and demonstrate less within-group variability 

than communities formed from density data. 
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CHAPTER III 

CLASSIFICATION OF OAK WOODLANDS 

INTRODUCTION 

There are few vegetation classification systems for 

woody plant communities in the southwestern United States, 

probably largely due to the scarcity of commercially 

valuable forest products in this region. The lack of 

commercial interest in this area (with the exception of 

extensive ponderosa pine forests in northern Arizona and New 

Mexico) has contributed to scientific neglect of forest and 

woodland ecology. McPherson (1992) pointed out that 

although several authors have done descriptive work on the 

broad-scale distribution of vegetation in the southwestern 

United States, vegetation has not been studied within any of 

the broad communities outlined by these authors. Plant 

communities frequently have been described along elevation 

gradients. However, the coarse grain of resolution in these 

studies typically has limited descriptions to categories 

such as "open oak woodland" and "pine-oak woodland" (e.g., 

Wallmo 1955, Marshall 1957, Whittaker and Niering 1964, 

1965, Brown 1982, Goldberg 1982, Niering and Lowe 1984). 

Most attempts at vegetation classifications in the 

southwestern United States have been done by the USDA Forest 
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Service. Historically, the USDA Forest Service has been 

primarily interested in timber production. Therefore, 

woodlands in the southwestern United States have seldom been 

classified beyond the level of 'woodlands' in Forest Service 

publications. Furthermore, USDA Forest Service 

classification (as well as many others) use habitat types as 

classification units. This approach assumes that there is a 

single climax community (potential natural vegetation) for 

each land area: all areas capable of supporting this 

community are defined as the same habitat type (Daubenmire 

1952, Daubenmire and Daubenmire 1968). This simple 

"equilibrium" view of vegetation change is no longer 

considered appropriate for most communities (e.g., Giller 

and Gee 1987, Sprugel 1991). It is clear that oak woodlands 

have been classified only at a coarse grain of resolution, 

and that most classifications are based on inappropriate 

ecological theory. Therefore, the objective of this study 

is to classify oak woodlands into communities at a fine 

enough grain of resolution to facilitate communication, 

without violating false assumptions about community 

equilibrium, stability, or changes over time. 
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METHODS 

The USDA Forest Service recently conducted inventories 

in Arizona (1985) and New Mexico (1986/1987). They 

identified evergreen oak trees on 955 plots in this region. 

For the purpose of this study, 291 of the plots were defined 

as oak woodlands (plots in which evergreen oak had greater 

basal area than any other taxon). Basal area was used as a 

measure of abundance because (1) basal area data are often 

collected, and are therefore generally available, because 

basal area is highly correlated with wood volume, and (2) 

analysis of basal area data produced relatively meaningful 

classifications compared to density data (Chapter II). 

Basal area data of all woody plants in the 291 plots (subset 

3A1) were subjected to minimum-variance clustering (Ward 

1963), and the convention described in Chapter II was used 

to define names of communities. When a taxon contributed at 

least 30% to the total basal area cover, it was included in 

the community name. A descriptor of each community included 

brief descriptions of the dominant taxa, elevation (if 

appropriate), and basal area (e.g., very low basal area, low 

basal area, medium basal area, high basal area, and very 

high basal area). 
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Thirteen communities were identified (Figure 1, Table 

8). The first dichotomy in the dendrogram (i.e., 

differences at the coarsest scale) divides plots into low 

basal area groups (I-VIII) with basal area ranging from 0.57 

to 80.37 m2 (mean = 23.22 m2) and high basal area groups 

(IX-XIII) with basal area ranging from 18.04 to 85.66 m2 

(mean = 46.86 m2). The next dichotomy divided the low basal 

area groups into a high basal area Quercus arizonica group 

(VII, VIII) and a low basal area group (I-IV). The former 

group was represented by 44 plots with 100% Q. arizonica 

frequency and a basal area ranging from 12.78 to 53.76 m2 

(mean = 31.92 m2). The latter group had basal areas ranging 

from 0.57 to 80.37 m2 (mean = 20.32 m2). The spatial 

distribution of the complete oak woodland community and each 

community is shown in Appendix III. 



Table 8: Mean basal 
parentheses) of taxa 

area (m2/ha) and frequency (%) (in 
in each community. 
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Taxon 1 11 111 VI V VI VII VI11 IX X XI XII XI11 

Total number 
13 21 of Dlots 48 38 19 17 50 5 30 14 27 13 21 3 6 

Arbutus SD. 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Arbutus SD. 
(0) (0) (0) (0) (0) (20) (0) (0) (0) (0) (0) (0) (0) 

Celtis SD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02 0.0 0.0 0.0 0.0 0.0 Celtis SD. 
(0) (0) (0) CO) (0) (0) (0) (7) (0) (0) (0) (0) (0) 

CercocarDUS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 

breviflorus (0) (0) (0) <0) (0) (0) (0) (7) (0) (0) (0) (0) (0) 

CercocarDUS 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.002 0.0 0.0 0.3 

montanus (0) (0) (0) (6) (0) (0) (0) (0) (0) (8) (0) (0) (17) 

Cornus SD. 0.0 0.0 0.0 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Cornus SD. 
(0) (0) (0) (6) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

Jualans SD. 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 Jualans SD. 
(0) (3) (0) (0) (0) (0) (0) (0) (0) (0) (0) (33) (0) 

JuniDerus 0.6 2.5 1.0 4.5 1.7 0.9 4.8 1.2 5.9 2.8 7.2 8.0 7.1 

deDoeana (42) (66) (32) (88) (54) (40) (73) (57) (81) (85) (76) (67) (83) 

Junioerus 0.3 0.1 0.0 0.02 0.0 0.0 0.3 0.0 0.0 0.0 0.7 0.0 0.0 

monosDerma (4) (5) (0) C6) (0) (0) (3) (0) (0) (0) (10) (0) (0) 

JuniDerus 0.02 0.02 0.0 0.3 1.0 0.0 0.2 0.0 1.0 0.0 0.5 0.4 0.1 

osteosDerma (2) (3) (0) (6) (24) (0) (3) (0) (33) <0) (19) (33) (17) 

JuniDerus 0.1 0.01 0.02 0.1 0.004 0.0 0.1 0.2 0.1 0.02 0.4 0.0 0.0 

scopulorum (4) (3) (5) (6) (2) (0) (7) (14) (11) (8) (14) (0) (0) 

Morus SD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 

(0) (0) (0) (0) (0) (0) (0) (7) (0) (0) (0) (0) (0) 

Olneva 0.02 0.0 0.0 0.0 0.0 0.0 0.001 0.0 0.02 0.0 0.0 0.8 0.0 

tesota (2) (0) (0) (0) (0) (0) (3) (0) (7) (0) (0) (33) (0) 

Pinus 0.3 0.0 0.4 0.0 0.4 0.1 0.3 0.0 0.0 0.0 0.7 0.0 0.1 

discolor (17) (0) (16) (0) (12) (20) (3) (0) (0) (0) (5) (0) (17) 

Pinus 0.2 0.6 0.04 0.5 0.7 0.0 1.2 0.7 0.7 0.2 0.6 0.0 0.0 

edulis (10) (37) (5) (29) (42) (0) (27) (36) (48) (23) (24) (0) (0) 

Pinus 0.0 0.0 0.0 0.0 0.004 1.3 0.0 0.0 0.0 0.0 0.1 0.0 0.0 

enaelmanni i (0) (0) (0) (0) (2) (20) (0) (0) (0) (0) (5) (0) (0) 

Pinus 0.0 0.0 0.1 0.02 0.04 0.2 0.0 0.0 0.0 0.6 0.0 0.0 0.0 

leioDhvlla (0) (0) (5) (6) (2) (20) (0) (0) (0) (31) (0) (0) (0) 
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Table 8, continued: 

Taxon I II III VI V VI VII VIII IX X XI XII XIII 

Total number 
of plots 48 38 19 17 50 5 30 14 27 13 21 3 6 

Pinus 0.2 1.4 0.0 4.0 0.04 0.0 2.1 1.4 0.5 0.0 0.3 0.0 0.0 
ponderosa A1 (8) (47) (0) (65) (2) (0) (37) (29) (22) (0) (14) (0) (0) 

Pinus 0.0 0.4 0.0 0.6 0.0 0.0 0.2 1.1 0.0 0.0 0.0 0.0 0.0 
ponderosa B2 (0) (29) (0) (29) (0) (0) (7) (14) (0) (0) (0) (0) (0) 

Pinus 0.2 0.0 0.0 3.2 0.3 0.0 0.0 0.0 1.3 10.9 1.0 5.2 1.3 
ponderosa C3 (8) (0) (0) (35) (14) (0) (0) (0) . (22) (100) (19) (67) (33) 

PODULUS SD. 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 PODULUS SD. 
(0) (0) (0) (6) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

Prosopis SD. 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Prosopis SD. 
(6) (0) (11) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

Prunus SD. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 Prunus SD. 
(0) (0) (0) (0) (0) (0) (0) (7) (0) (0) (0) (0) (0) 

Pseudotsuqa 0.0 0.02 0.0 0.4 0.04 0.2 0.0 0.0 0.2 0.1 0.2 0.0 0.6 
menziesil (0) (3) (0) (24) (4) (20) (0) (0) (11) (23) (19) (0) (17) 

Quercus 0.4 6.7 0.2 2.0 0.1 8.0 16.1 26.0 0.0 0.0 0.0 1.9 0.0 
arizonica (21) (100) (16) (41) (4) (40) (100) (100) (0) (0) (0) (33) (0) 

Quercus 1.1 0.5 11.3 0.0 0.2 0.3 2.3 1.9 0.02 0.0 0.4 0.0 0.0 
emorvi (38) (24) (100) (0) (10) (20) (37) (36) (4) (0) (10) (0) (0) 

Quercus 0.6 0.2 0.0 11.2 1.5 0.0 0.02 0.8 0.5 0.9 0.2 37.0 0.0 
aambeli i (19) (18) (0) (100) (6) (0) (3) (14) (15) (54) (14) (100) (0) 

Quercus 0.1 0.0 0.3 0.02 0.2 25.8 0.7 0.4 0.0 0.0 0.0 0.0 0.0 
hvpoleucoides (A) (0) (5) (6) (6) (100) (7) (14) (0) (0) (0) (0) (0) 

Quercus 0.8 0.04 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
oblonaifolia (13) (3) (5) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

Quercus SP. 2.0 0.2 1.7 2.1 9.2 6.0 0.1 0.8 15.5 18.3 25.9 19.8 51.9 Quercus SP. 
(63) (11) (26) (41) (100) (80) (7) (7) (100) (100) (100) (67) (100) 

Robinia 0.0 0.0 0.0 0.1 0.0 0.0 0.01 0.0 0.0 0.0 0.05 1.2 0.0 
neomexicana (0) (0) (0) (6) (0) (0) (3) (0) (0) (0) (5) (33) (0) 

Salix SD. 0.0 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Salix SD. 
(0) (3) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) 

1 Pinus ponderosa A = blackjack pine (young growth) 
2 Pinus ponderosa B = yellow pine (old growth) 
3 Pinus ponderosa C = ponderosa pine not defined as A or B 
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Community I. Mixed oak community: low elevation, very low 

basal area, many different oak species 

This community is represented by 48 plots. It 

is typically found at low elevations: mean elevation is 

1660 m, with a range of 1160 m to 2130 m. Mean total basal 

area is 6.9 m2 (range = 0.6 - 19.3 m2), with oaks 

contributing a large percentage (mean = 73%) of the total 

basal area (mean = 5.1 m2, range = 0.6 - 18.9 m2). This 

community has the greatest richness of oak taxa, including 

Quercus sp., Q. arizonica, Q. emoryi, Q. hypoleucoides, Q. 

gambelii, and Q. oblongifolia. Average juniper basal area 

is 0.95 m2, which represents an average of 14% of total 

basal area. No juniper species dominated, but Juniperus 

deppeana, J. osteosperma, J. scopulorum, and J. monosperma 

were sometimes present. Mean pine basal area is 0.8 m2, 

which represents an average of 12% of total basal area. 

Similarly to oaks and junipers, no species of pine 

dominated, although pinyon pines (Pinus edulis and P. 

cembroides) were more common than other pines. This 

community is representative of the low elevation very open 

'encinal' oak woodland. 
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Community II. Low basal area Quercus arizonica community: 

Q. arizonica, low basal area 

This community is represented by 38 plots. It is found 

at elevations of 1460 m to 1860 m, with a mean elevation of 

1770 m. Mean basal area is 12.7 m2 (range = 4.7-27.8 

m2). Mean total oak basal area is 7.7 m2 (range = 3.3 -

14.8 m2): oak basal area averages 60% of the total. 

Quercus arizonica occurs on 100% of the plots, with an 

average basal area of 6.7 m2. Junipers contribute an 

additional 2.6 m2 basal area (20% of the total). Juniperus 

deppeana is the dominant juniper with a mean basal area of 

2.5 m2. Mean pine basal is 2.4 m2 (19% of the total), with 

no pine species dominant within this group. 
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Community III. Low basal area Quercus emoryi community: 

Q. emoryi, low elevation, low basal area 

This community is represented by 19 plots. It appears 

at elevations between 1400 and 1860 m. Mean elevation is 

1620 m, the lowest of all communities. Mean total basal 

area is 15.3 m2 (range = 7.5 - 27.8 m2). Eighty-eight 

percent of the total basal area is oak. Quercus emoryi is 

strongly dominant, occurring on 100% of the plots with a 

mean basal area of 11.3 m2 (74% of the total basal area). 

Other oaks contribute an additional 2.2 m2 basal area (14% 

of the total). Mean juniper basal area is 1.1 m2 (7% of the 

total), with Juniperus deppeana being the dominant juniper. 

Mean pine basal area is 0.6 m2 (4% of the total). Within 

the pine group no species is dominant. 
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Community IV. Medium basal area Quercus gambelii community: 

Q. gambelii, large pine and juniper percentage, high 

elevation, medium basal area 

This community is represented by 17 plots. It is found 

at elevations from 1710 to 2160 m, with a mean elevation of 

1960 m. This is the second-highest mean elevation of all 

communities. Mean total basal area is 29.3 m2 (range = 15.6 

- 55.6 m2), which is near the average for all plots 

combined. Mean oak basal area is 15.3 m2 (range = 8.3 -

34.5 m2). An average of 52% of the basal area is oak. 

Quercus gambelii is the dominant oak with 100% frequency and 

11.2 m2 basal area (38% of the total). Mean juniper basal 

area is 4.9 m2 (17% of the total). Juniperus deppeana is 

the dominant juniper species, with an average basal area 4.5 

m2. Mean total pine basal area is 8.4 m2 (29% of the 

total). Pinus ponderosa is the dominant pine with a mean 

basal area of 7.6 m2 (25% of the total). 
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Community V. Low basal area Quercus sp. community: 

Quercus sp., relative high juniper cover, low basal area 

This community is represented by 50 plots. It is found 

at elevations from 1280 to 2380 m, with a mean elevation of 

1740 m. Mean total basal area is 14.1 m2 (range = 6.2 -

27.8 m2). Mean oak basal area is 9.8 m2 (range = 4.1 - 18.9 

m2). An average of 70% of the basal area is oak. Quercus 

sp. is the dominant oak with 100% frequency and 9.2 m2 basal 

area (65% of the total). Me,an juniper basal area is 2.7 m2 

(19% of the total). Juniperus deppeana and J. osteosperma 

are the dominant oak species. Mean pine basal area is 1.5 

m2 (10% of the total). Within the pine group no species is 

dominant. 
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Community VI. Quercus hypoleucoides community: Q. 

hypoleucoides, high oak percentage, high basal area 

This community is represented by 5 plots. It is found 

at elevations from 1620 to 2010 m, with a mean elevation of 

1870 m. Mean total basal area is 43.6 m2 (range = 25.8 -

80.4 m2). Mean oak basal area is 40.1 m2 (range = 22.0 -

80.4 m2). An average of 92% of the basal area is oak. 

Quercus hypoleucoides is the dominant oak with 100% 

frequency and 25.8 m2 basal area (59% of the total). 

Quercus arizonica and Quercus sp. are subdominant, with 8.0 

m2 (18% of the total) and 6.0 m2 (14% of the total), 

respectively. Juniperus deppeana is the only juniper 

species, with 0.9 m2 (2% of the total). Mean pine basal 

area is 1.7 m2 (4% of the total). Within the pine group no 

species is dominant. 
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Community VII. Medium basal area Quercus arizonica 

community: Q. arizonica, juniper, medium basal area 

This community is represented by 30 plots. It occurs 

at elevations from 1430 to 2260 m, with a mean elevation of 

1840 m. Mean total basal area is 28.3 m2 (range = 12.8 -

45.9 m2). Mean oak basal area is 19.2 m2 (range = 12.2 -

34.2 m2). An average of 68% of the basal area is oak. 

Quercus arizonica is the dominant oak, with 100% frequency 

and 16.1 m2 basal area (57% of the total). Quercus emoryi 

is subdominant, with 2.3 m2 basal area (8% of the total). 

Mean juniper basal area is 5.4 m2 (19% of the total). 

Juniperus deppeana is the dominant juniper, with 4.8 m2 (17% 

of the total). Mean pine basal area is 3.7 m2 (13% of the 

total). Within the pine group no species is dominant. 
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Community VIII. High basal area Quercus arizonica 

community: Q. arizonica, high basal area 

This community is represented by 14 plots. It occurs 

at elevations from 1430 to 2070 m with a mean elevation of 

1800 m. Mean total basal area is 35.5 m2 (range = 22.9 -

53.8 m2). Mean oak basal area is 30.0 m2 (range = 19.7 -

42.2 m2). An average of 84% of the basal area is oak. 

Quercus arizonica is the dominant oak with 100% frequency 

and 26.0 m2 basal area (73% of the total). Many other oak 

taxa, including Q. emoryi, Q. gambelii, Q. hypoleucoides, 

and Quercus sp. occur with small evenly distributed basal 

areas. Mean juniper basal area is 1.5 m2 (4% of the total). 

Juniperus deppeana is the dominant juniper. Mean pine basal 

area is 3.2 m2 (8% of the total). Within the pine group no 

species is dominant. 
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Community IX. Medium basal area Quercus sp. community: 

Quercus sp., high Juniperus deppeana percentage, medium 

basal area 

This community is represented by 27 plots. It occurs 

at elevations from 1280 to 2200 m with a mean elevation of 

1770 m. Mean total basal area is 25.6 m2 (range = 18.0 -

35.4 m2). Mean oak basal area is 16.0 m2 (range = 11.1 -

19.1 m2). An average of 62% of the basal area is oak. 

Quercus sp. is the dominant taxon with 100% frequency and a 

mean basal area of 15.5 m2 (61% of the total). Mean juniper 

basal area is 7.0 m2 (27% of the total). Juniperus deppeana 

is the dominant juniper species with a basal area of 5.9 m2 

(23% of the total). Mean pine basal area is 2.5 m2 (10% of 

the total). Within the pine group no species is dominant. 
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Community X. Quercus sp./Pinus ponderosa community: 

Quercus sp. and P. ponderosa, high elevation, high basal 

area 

This community is represented by 13 plots. It is found 

at elevations from 1770 to 2100 m with a mean elevation of 

2000 m, the highest of all communities. Mean total basal 

area is 33.7 m2 (range = 20.5 - 50.0 m2). Mean total oak 

basal area is 19.1 m2 (range = 12.6 - 28.8 m2). An average 

of 57% of the basal area is oak. Quercus sp. is the 

dominant oak taxon with 100% frequency and a mean basal area 

of 18.3 m2 (54% of the total). Mean juniper basal area is 

2.8 m2 (8% of the total). Juniperus deppeana is the 

dominant juniper species. Mean pine basal area is 11.6 m2 

(34% of the total). Pinus ponderosa is the dominant pine 

species with a mean basal area of 10.9 m2 (32% of the total) 

and a frequency of 100%. 



Community XI. High basal area Quercus sp. community: 

Quercus sp., high variety of juniper and pine species, high 

basal area 

This community is represented by 21 plots. It occurs 

at elevations from 1370 to 2130 m with a mean elevation of 

1790 m. Mean total basal area is 39.0 m2 (range = 24.9 -

67.8 m2). Mean oak basal area is 26.5 m2 (range = 20.0 -

36.6 m2). An average of 68% of the basal area is oak. 

Quercus sp. is the dominant oak taxon with 100% frequency 

and a mean basal area of 25.9 m2 (67% of the total). Mean 

juniper basal area is 8.8 m2 (23% of the total). Juniperus 

deppeana is the dominant juniper species with a mean basal 

area of 7.2 m2 (19% of the total). Many other juniperus 

species, including J. osteosperma, J. scopulorum, and J. 

monosperma are present in this community. Mean pine basal 

area is 2.7 m2 (7% of the total). Within the pine group no 

species is dominant but Pinus edulis, P. ponderosa, P. 

discolor, and P. engelmannii contribute similar amounts of 

basal area. 
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Community XII. Very high basal area Quercus gambelii 

community: Quercus gambelii, very high basal area 

This community is represented by 3 plots. It occurs at 

elevations from 1490 to 1950 m with a mean elevation of 1800 

m. Mean total basal area is 74.5 m2 (range = 64.4 m2 - 85.7 

m2). This is the highest basal area of all communities. 

Mean total oak basal area is 58.8 m2 (range = 53.9 - 61.5 

m2). An average of 79% of the basal area is oak. Quercus 

gambelii is the dominant oak species with 100% frequency and 

a mean basal area of 37.0 m2 (50% of the total). Another 

primary oak taxon is Quercus sp. with a mean basal area of 

19.8 m2 (27% of the total). Mean juniper basal area is 8.4 

m2 (11% of the total). Juniperus deppeana is the dominant 

juniper species with a basal area of 8.0 m2 (10% of the 

total). Pinus ponderosa is the only pine occurring, with a 

mean basal area of 5.2 m2 (7% of the total). 
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Community XIII. Very high basal area Quercus sp. community: 

only Quercus sp., very high basal area 

This community is represented by 6 plots. It occurs at 

elevations from 1680 to 2010 m with a mean elevation of 1800 

m. Mean total basal area is 61.5 m2 (range = 43.3 - 80.8 

m2). Mean oak basal area is 51.9 m2 (range = 42.9 - 66.5 

m2). An average of 84% of the basal area is oak. Quercus 

sp. is the only oak species occurring with 100% frequency. 

Mean juniper basal area is 7.2 m2 (12% of the total). 

Juniperus deppeana is the dominant juniper species with 7.1 

m2 (7% of the total). Mean pine basal area is 1.5 m2 (2% of 

the total). Pinus ponderosa is the dominant pine species. 
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DISCUSSION 

Previous descriptions have tended to treat oak 

woodlands as a complex homogeneous woodland without 

subunits, or have divided it into only two vegetation types 

(oak woodland, pine-oak woodland). The 13 distinct 

communities that emerged from this analysis indicate that 

the oak woodland is not the homogeneous assemblage reported 

by Brown (1982), Niering and Lowe (1984), and Muldavin and 

DeVelice (1987). Rather, oak woodlands vary from Quercus 

emoryi savannas with low basal area to closed-canopy mixed 

oak stands with basal areas exceeding those found in 150-

year old Douglas-fir (Pseudotsuga menziesii) stands in the 

Pacific Northwest (McArdle et al. 1949). The extensive 

descriptions of Wallmo (1955), Brown (1982), and Niering and 

Lowe (1984) include the oak woodlands only as a small 

portion of a larger vegetation complex. In addition, they 

are relatively qualitative. The description of madrean 

evergreen oak woodland by Brown (1982) will be discussed in 

detail, because it is extensive, and typifies the usual 

treatment of oak woodlands. 

Brown describes the encinal oak woodland as being very 

open at its lower elevational limit (this parallels the low-

elevation-mixed oak community in the current study). He 

describes the typical encinal oak woodland species as 
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Quercus emoryi, Q. arizonica, and Q. oblongifolia intermixed 

with Juniper deppeana, J. monosperma, and Pinus cembroides. 

The first two oak species, both junipers, and the pine were 

well represented in the Forest Survey data, but Q. 

oblongifolia was poorly represented. This, and the absence 

of Q. grisea and Q. rugosa from the Forest Survey data set, 

may reflect taxonomic imprecision in the Forest Survey data. 

Brown also mentioned that Q. emoryi is best represented in 

the eastern region of the encinal oak woodlands. The 

current study does not support this statement: the 

distribution of Q. emoryi is not restricted to the eastern 

part of the encinal oak woodland distribution (Appendix III, 

Figure 8). 

Habitat-type classification systems (e.g., Fitzhugh et 

al. 1987, Muldavin and DeVelice 1987, USDA Forest Service 

1987) represent another major category of vegetation 

descriptions that include oak woodlands as a subset. The 

classification system by Fitzhugh et al. (1987) for several 

National Forests in Arizona and New Mexico exhibits the 

usual bias towards timber production in USDA Forest Service 

classifications. Fitzhugh et al. exclude woodlands from 

their classification system: of 41 habitat types, only 2 

include an evergreen oak component. The habitat-type 

classification of Muldavin and DeVelice (1987) for 

southeastern Arizona takes a similar approach, although they 
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acknowledge the existence of woodlands. They place 

woodlands at the lower and drier end of the elevation 

gradient, blending into several pine-oak habitat types. 

Nonetheless, Muldavin and DeVelice do not attempt to 

classify woodlands. 

The USDA Forest Service (1987) classification is the 

only classification based on habitat types that classifies 

woodlands, recognizing 12 oak woodland habitat types 

dominated by 5 different oak species. There is considerable 

similarity between habitat types in the USDA Forest Service 

(1987) classification and the communities reported in the 

current study, with the exception of Quercus oblongifolia 

and Q. grisea habitat types in the former study. Taxonomic 

imprecision in the Forest Survey data probably accounts for 

the absence of communities dominated by these species in the 

current study. 

Brown et al. (1979) qualitatively classified madrean 

evergreen forest and woodland into two series (oak and oak-

pine) and 13 associations. They included Arizona, New 

Mexico, and a large part of northern Mexico in their 

classification area. Of the 13 associations, the mixed oak 

association, the Quercus emoryi association, the Quercus 

spp./Pinus spp. association, and the Q. arizonica 

association are represented in the present classification 

system. The Q. hypoleucoides/Q. rugosa association is 
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probably partially represented by the Q. hypoleucoides 

community in this study. The absence of a Q. chihuahuaensis 

and the Quercus spp./Arbutus xalapensis/Pinus spp. 

association in the present study can be accounted for by the 

large area in Mexico included in the Brown et al. 

classification system but not in this study. The absence of 

a Q. grisea community in this study is probably due to 

taxonomic imprecision in the Forest Survey data. Two of the 

associations in Brown et al. are not dominated by oak 

species, but by juniper and pine. The Quercus spp./Pinus 

cembroides/Juniperus spp. as well as the Quercus spp./P. 

leiophylla and the Quercus spp./P. engelmannii associations 

are partly reflected in the low, medium, and high basal area 

Quercus sp. communities (V, IX, XI) in this study. 

Interestingly, the classification system of Brown et al. 

includes no Q. gambelii or P. ponderosa associations, 

whereas these species are conspicuously represented in the 

present classification system. Nonetheless, there is a high 

level of agreement between the qualitatively-developed 

system of Brown et al. and the quantitatively-developed 

system of the current study. 

Medina (1987) classified woodland vegetation in a small 

part of southwestern New Mexico. Medina used cluster 

analysis on density data to identify communities within oak 

woodland vegetation. Medina included shrub, grass, and forb 



64 

cover as well as tree cover, whereas this study only used 

woody plants. Medina reported 6 woodland community types at 

Ford Bayard: 3 were dominated by oaks (Quercus emoryi, Q. 

gambelii, and Q. grisea), and Q. grisea was subordinate to 

Pinus ponderosa and P. edulis in another community. The 

first two communities are similar to 3 communities reported 

in this study (III, IV, XII). Taxonomic imprecision 

probably accounted for the absence of a Quercus grisea 

community similar to Medina's. The Quercus sp./Pinus 

ponderosa community (X) reported in this study is probably 

equivalent to the P. ponderosa/P.edulis-Q. grisea community 

reported by Medina. Dendrograms of both studies exhibit 

"chaining" (Romesburg 1984), although this is most evident 

in Medina's dendrogram. Medina did not differentiate 

between communities based on different density but that may 

be a result of the small area he sampled. Medina concluded 

that gradients of elevation or soil moisture primarily 

influenced community distribution, a pattern which is also 

evident at coarser scales of study (e.g., Whittaker and 

Niering 1964, 1965, Niering and Lowe 1984). 

A classification system developed for California 

hardwood rangelands (Allen et al. 1991) is comparable to the 

one developed here: both systems classify oak woodlands 

using basal area data supplied by Forest Survey. Allen et 

al. used data from the 1920s through 1940s, whereas data for 
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the current study are from the mid-1980s. Allen et al. 

reported 57 subseries on approximately 3 million hectares of 

hardwood rangelands, whereas this study recognized 13 

communities for about 0.5 million hectares of oak woodlands 

in Arizona and New Mexico. Thus, there are 4.4 times as 

many communities in California for an oak woodland area that 

is 6 times the size of oak woodlands in Arizona and New 

Mexico. Allen et al. divided communities based primarily on 

oak dominance, and secondarily on geographic location, 

elevation, moisture regime, and species composition of other 

taxa. The important influence of elevation and moisture 

regime on vegetation structure reported by Allen et al. 

echoes the findings of this study and many others in the 

southwestern United States. 

In conclusion, this study has accomplished the 

objective of producing a classification system at a finer 

scale of resolution than previously attempted, without 

violating assumptions about community equilibrium or 

stability. A potential limitation of this snap-shot (point 

in time) approach is that communities may change over time. 

Unfortunately, temporary changes in community structure are 

not predictable for most communities, and they have not been 

studied in oak woodlands. 



APPENDIX I: 

Table 9. Results of cluster analysis at 80% R2-level 

Set 3A1 3B1 3B2 3A2 

Total number of plots 291 374 374 291 

Number of groups 15 6 21 7 

Number of group with 
only one plot 

2 1 2 3 

Number of plots in 
largest group 

50 310 54 248 

Percentage of largest 
group of the total 
number of plots 

17% 83% 14% 85% 

Table 10 : Results of cluster analysis at 90% R2 -level 

Set 3A1 3B1 3B2 3A2 

Total number of plots 291 374 374 291 

Number of groups 33 9 48 10 

Number of group with 
only one plot 

6 3 8 4 

Number of plots in 
largest group 

46 292 52 248 

Percentage of largest 
group of the total 
number of plots 

16% 78% 14% 85% 
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Table 11. Variables with differences (p < 0.05) in mean (t-
test) or frequency of occurrence (Chi-square-test) at 
dichotomies in the dendrogram of 3A1 (Figure 1). Dendrogram 
is based on minimum-variance clustering (Ward 1963) of 291 
oak woodland plots in the southwestern United States, using 
basal area of woody taxa as a measure of abundance. 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

221 t Quercus arizonica, Q. emoryi, 
Pinus ponderosa_A1 

X2 Q. arizonica, Q. emoryi 
1 

70 t total basal area, total oak basal 
area, total juniper basal area, 
Quercus sp., P. engelmannii, 
Juniperus deppeana 

X2 Quercus sp., J. deppeana, 
J. osteosperma, P. ponderosa_Czzz 

177 t Quercus sp., P. ponderosa_C 

X2 Quercus sp., Q. gambelii 
2 

44 t total basal area, total oak basal 
area, Q. arizonica 

X2 Q. arizonica, P. ponderosa_A 

64 t 

X 2 

total basal area, total oak basal 
area, Quercus sp. 

X2 
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Table 11, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

61 t Quercus sp. 

X2 
4 

3 t total basal area, total oak basal 
area 

X2 

172 t Q. gambelii, P. ponderosa_K, P. 
edulis, P. ponderosa_C 

X2 
5 

5 t 

X2 

122 t Q. arizonica, Q. emoryi, Q. gambelii, 
P. ponderosa_K, total pine basal area 

X2 Q. arizonica, Q. emoryi, Q. gambelii, 
P. ponderosajk 

6 — — — — — 

50 t Quercus sp. 

X2 Quercus sp., P. edulis 

105 t Q. emoryi 

X2 Q. emoryi 

17 t total basal area, total oak basal 
area total pine basal area, 
elevation, Q. gambelii 

X2 J. deppeana 
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Table 11, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

86 t Q. arizonica, Q. gambelii, P. 
ponderosa_K 

8 
X2 Q. arizonica 

19 t total basal area, total oak basal 
area, Q. emoryi 

X2 Q. emoryi 

40 t 

X2 P. ponderosa_C 

21 t total basal area, total oak basal 
area, Quercus sp. 

X2 

30 t 

X2 

14 t total oak basal area, Q. arizonica 
10 

X2 

48 t Quercus sp. 

X2 Quercus sp. 
11 

38 t total basal area, total oak basal 
area, Q. arizonica, P. ponderosa_A, 
J. deppeana 

X2 Q. arizonica, P. ponderosa_K, J. 
deppeana, P. edulis 
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Table 11, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

27 t total juniper basal area 

X2 J. osteosperma 
12 

13 t total pine basal area, elevation, 
P. ponderosa_C 

X2 P. ponderosa_C 

Pinus ponderosa_K = blackjack pine (young growth) 
Pinus ponderosajC = ponderosa pine not defined as A or B 
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Table 12. Variables with differences (p < 0.05) in mean (t-
test) or frequency of occurrence (Chi-square-test) at 
dichotomies in the dendrogram of 3B1 (Figure 2). Dendrogram 
is based on minimum-variance clustering (Ward 1963) of 374 
oak woodland plots in the southwestern United States, using 
density of woody taxa as a measure of abundance. 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

359 t Q. arizonica, Q. emoryi, P. discolor, 
P. ponderosa_hz, P. ponderosa_Bzz 

X2 Q. arizonica 
1 

15 t total density, total oak density, 
total pine density, total juniper 
density, Quercus sp., P. 
ponder osa_Czzz, J. deppeana, C. 
montanus 

X2 Quercus sp. 

354 t Q. arizonica, Q. emoryi, 
J. osteosperma, P. edulis, P. 
discolor, P. ponderosa_K, 
P. ponderosaJB 

X2 
2 

5 t total density, total oak density, 
Q. gambelii, Pseudotsuga menziesii, 
C. montanus, Robinia neomexicana 

X2 

11 t 

X2 
3 

4 t total density, Quercus sp. 
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Table 12, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

310 t Q. arizonica, Q. emoryi, P. 
ponderosa_B 

X2 Q. arizonica, Q. emoryi, P. 
ponderosa_K, P. ponderosa_B 

4 
44 t elevation, total density, total pine 

density, total juniper density, 
Quercus sp., J. deppeana, P. 
leiophylla, P. ponderosajC 

X2 Quercus sp., J. deppeana, P. 
ponderosajC 

292 t Q. emoryi, P. discolor 

X2 
5 

18 t total density, total oak density, 
total juniper density, total pine 
density, Q. gambelii, Abies concolor, 
J. deppeana, P. edulis, P. 
ponderosajk, P. ponderosajC, 
Pseudotsuga menziesii, C. montanus, 
Robinia neomexicana 

X2 J. deppeana, P. edulis, P. 
ponderosa_K 

28 t 

X2 
6 

16 t total density, total oak density, 
Quercus sp. 

X2 P. ponderosajC 



73 

Table 12, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

289 t Quercus sp., J. osteosperma, P. 
discolor 

X2 
7 

3 t total density, total pine density, 
Q. arizonica, Q. emoryi, J. deppeana, 
P. edulis, P. ponderosajk, 
P. ponderosa_B 

X2 

215 t Q. arizonica 

X2 Q. arizonica, Q. emoryi, P. 
ponderosajk, P. ponderosa_B 

8 
74 t total density, total oak density, 

total juniper density, Quercus sp., 
Q. hypoleucoides, J. osteosperma, 
P. ponderosa_C 

X2 Quercus sp., J. osteosperma 

188 t 

X2 Quercus sp. 
9 

27 t total density, total oak density, 
total juniper density, total pine 
density, Q. arizonica, J. deppeana, 
P. edulis 

X2 Q. arizonica, P. edulis 
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Table 12, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

167 t Q. gambelii 

X2 Quercus sp. 
10 

21 t total density, total oak density, 
Q. arizonica, Q. emoryi 

X2 Q.emoryi 

I Pinus ponderosa_h = blackjack pine (young growth) 
II Pinus ponderosaJB = yellow pine (old growth) 
III Pinus ponderosa_C = ponderosa pine not defined as A or B 
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Table 13. Variables with differences (p < 0.05) in mean (t-
test) or frequency of occurrence (Chi-square-test) at 
dichotomies in the dendrogram of 3B2 (Figure 3). Dendrogram 
is based on minimum-variance clustering (Ward 1963) of 374 
oak woodland plots in the southwestern United States, using 
basal area of woody taxa as a measure of abundance. 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

259 t Q. arizonica, Q. emoryi, J. deppeana, 
P. ponderosa_Ax, P. ponderosa_Bxr 

X2 Q. arizonica, Q. emoryi, P. 
ponderosa_K, P. ponderosa_B 

1 
115 t total basal area, total oak basal 

area, pine basal area, Quercus sp., 
J. osteosperma, P. ponderosa_Czzl 

X2 Quercus spJ. osteosperma, P. 
ponderosaJZ 

110 t Q. gambelii, P. edulis 

X2 
2 

5 t total oak basal area, J. deppeana 

X2 

226 t P. ponderosa_C 

X2 Quercus sp., Q. gambelii, P. edulis 
3 

33 t total basal area, total oak basal 
area, Q. arizonica, Q. hypoleucoides 

X2 Q. arizonica 
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Table 13, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

73 t total oak basal area, Quercus sp. 

X2 J. osteosperma, P. edulis 
4 

37 t elevation, total pine basal area, 
Q. gambelii, P. ponderosa_C 

X2 Q. gambelii, P. ponderosa_C 

205 t P. discolor 

X 2 

21 t total basal area, total oak basal 
area, total juniper basal area, 
Q. arizonica, J. deppeana, P. edulis 

X2 J. deppeana, P. edulis 

28 t 

X 2 

t Quercus sp., Q. hypoleucoides 

X2 

167 t Quercus sp., P. discolor, P. 
ponderosa_C 

X2 Quercus sp., Q. emoryi, P. 
ponderosa_C 

38 t total basal area, total pine basal 
area, Q. arizonica, Q. gambelii, J. 
osteosperma, P. ponderosa_A 

X2 Q. arizonica, Q. gambelii, J. 
deppeana, P. edulis, P. ponderosa_A, 
P. ponderosa_B 
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Table 13, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

113 t Q. arizonica 

X2 Q. arizonica, Q. gambelii 
8 

54 t elevation, total basal area, total 
juniper basal area, Quercus sp., 
J. deppeana 

X2 Quercus sp., J. deppeana, P. edulis, 
P. ponderosa_C, Pseudotsuga menziesii 

58 t 

X2 

15 t total basal area, total oak basal 
area, Quercus sp., J. deppeana, J. 
scopulorum 

X2 

88 t Q. arizonica, P. ponderosa_A 

X2 Quercus sp., Q. arizonica 

25 t total oak basal area, Q. emoryi 

X2 Q. emoryi 

11 t Q. arizonica 

10 

11 
X2 

10 t 

X 2 
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Table 13, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

54 t Quercus sp. 

X2 Quercus sp. 
12 

13 

34 t total basal area, total oak basal 
area, Q. arizonica, J. deppeana, P. 
ponderosajk 

X2 Q. arizonica, P. edulis, P. 
ponderosa_A, P. ponder osaJB 

28 t 

X2 

26 t total oak basal area, Quercus sp. 

X2 Quercus sp. 

23 t Q. gambelii, J. deppeana 

X2 P. ponderosa_B 

14 t Q. arizonica, P. ponderosa_A 
14 

X2 

I Pinus ponderosa_h = blackjack pine (young growth) 
II Pinus ponderosa_B = yellow pine (old growth) 
III Pinus ponderosa_C = ponderosa pine not defined as A or B 
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Table 14. Variables with differences (p < 0.05) in mean (t-
test) or frequency of occurrence (Chi-square-test) at 
dichotomies in the dendrogram of 3A2 (Figure 4). Dendrogram 
is based on minimum-variance clustering (Ward 1963) of 291 
oak woodland plots in the southwestern United States, using 
density of woody taxa as a measure of abundance. 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

287 t Q. arizonica, Q. emoryi, P. discolor, 
P. ponderosa__hz 

X2 

1 
4 t total density, total oak density, 

total juniper density, total pine 
density, Quercus sp., J. deppeana, 
P. ponderosa_Czzz 

X2 

t Q. arizonica, Q. emoryi, P. discolor, 
P. ponderosa_K 

X2 

t total density, total oak density, 
total juniper density, Quercus sp., 
J", deppeana 

X2 

248 t Q. arizonica, Q. emoryi 

X2 Q. arizonica, Q. emoryi, P. 
ponderosa_h 

3 
35 t elevation, total density, total oak 

density, total juniper density, total 
pine density, Quercus sp., Q. 
gambelii, J. deppeana, P. ponderosa_C 

X2 Quercus sp., Q. gambelii, J. 
deppeana, P. leiophylla, P. 
ponderosa_C, Pseudotsuga menziesii 

283 
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Table 14, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

31 t 

X2 

4 
3 t 

X2 

23 t Quercus sp. 

X 2 

8 t total density, total juniper density, 
total pine density, J. deppeana, 
P. ponderosa_C 

246 t Quercus sp., Q. emoryi, P. discolor 

X2 

Q. gambelii, P. ponderosa_K, P. 
ponderosa_BIZ 

233 t P. discolor 

X2 Quercus sp. 

13 t total density, total oak density, 
total pine density, Q. arizonica, 
P. edulis 

X2 Q. arizonica 
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Table 14, continued: 

Number Variables greater on one side 
Split of plots Test of the dichotomy than the other 

157 t Q. arizonica 

X2 Q. arizonica, Q. emoryi, P. 
ponderosa_K, P. ponderosa_B 

8 
76 t total density, total oak density, 

Quercus sp., Q. hypoleucoides, P. 
discolor 

X2 Quercus sp., J. osteosperma, P. 
edulis, P. discolor 

19 t 

X2 
9 

4 t total density, total oak density, 
Quercus sp. 

X2 

152 t Q. emoryi 

10 
X 2 

total density, total pine density, 
Q. gambelii, P. ponderosa_A, P. 
ponderosa_C, Pseudotsuga menziesii, 
Juglans sp. 

I Pinus ponderosa_A = blackjack pine (young growth) 
II Pinus ponderosaJB = yellow pine (old growth) 
III Pinus ponderosajC = ponderosa pine not defined as A or B 
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Figure 5: Distribution of the oak woodland community (all 
291 plots) in Arizona and New Mexico. 
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Figure 6: Distribution of the mixed oak community in 
Arizona and New Mexico. 



Figure 7: Distribution of the low basal area Quercus 
arizonica community in Arizona and New Mexico. 
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Figure 8. Distribution of the low basal area Quercus emoryi 
community in Arizona and New Mexico. 
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Figure 9. Distribution of the medium basal area Quercus 
gambelii community in Arizona and New Mexico. 
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Figure 10. Distribution of the low basal area Quercus sp. 
community in Arizona and New Mexico. 



Figure 11. Distribution of the Quercus hypoleucoides 
community in Arizona and New Mexico. 
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Figure 12. Distribution of the medium basal area Quercus 
arizonica community in Arizona and New Mexico. 
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Figure 13. Distribution of the high basal area Quercus 
arizonica community in Arizona and New Mexico. 
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Figure 14. Distribution of the medium basal area Quercus 
sp. community in Arizona and New Mexico. 
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Figure 15. Distribution of the Quercus sp./Pinus ponderosa 
community in Arizona and New Mexico. 
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Figure 16. Distribution of the high basal area Quercus sp. 
community in Arizona and New Mexico. 
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Figure 17. Distribution of the very high basal area Quercus 
gambelii community in Arizona and New Mexico. 
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Figure 18. Distribution of the very high basal area Quercus 
sp. community in Arizona and New Mexico. 
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