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ABSTRACT 

An Invest igation of Environmental Re lationships 

of Selected Forest Habitat Types in 

Northern Utah 

Penelope M. Lawton, Master of Science 

Utah State University, 1979 

Major professor: Jan A. Henderson 
Department: Forestry and Outdoor Recreation 
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It was the purpose of this study to examine an assumption basic 

to the forest habitat type classification system. Included in each 

habitat type is all land capable of suoporting a single climax plant 

commun i ty type . In practice, land is grouped based on species campo-

sition, relative abundance, and s uccessiona l trends of the vegetation 

supported by the land. Land units of the same habitat type are assumed 

to represent simi lar environments . No previous critical evaluation of 

this assumption has been done. 

Land in the study area had been previously classified under the 

habitat type system. Relationships between vegetation and environment 

were studied in the Abies lasiocarpa/Pedicularis racemosa, Abies 

lasiocarpa/Osmorhiza chilensis, Abies lasiocarpa/Berberis repens, 

Pseudotsuga menziesii/Physocarpus malvaceus, Pseudotsuga menziesii/ 

Berberi s repens, and Pseudotsuga menziesii/Cercocarpus ledi foli us 

habitat types. Env ironmenta l variables potentially important in 
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determining the vegetat ion characteristics defining the habitat types 

were measured over two summers {1977 and 1978) in stands representative 

of these types. These measurements showed these habitat types to 

occupy significantly different environments for most environmental 

variables studied. Environments were more variable between than within 

the habitat types. 

Two-di mensional direct gradient analyses for sing le and multiple 

environmental variabl es were compared to ordination results to find which 

of the environmental variables measured might determine the vegetation 

gradients indicated by the ordination. Gradients of elevation, max-

imum and min imum air temperature , and est imated annual incident solar 

radiation did not correlate well with ordination axes. Best correlation, 

0.78 and 0. 74 respective ly, resulted for summer soil temperature 

measured at 50 em for one ordination axis and, for the second ordination 

axis, a linear combination of soil moi sture percentage at 20 em, esti­

mated percent volume of coarse rock fragment s in the soil, and 

available so il water storage capacity estimated from soil texture 

class and percent rock. 

These temperature and moisture variables are felt to be important 

through their influence on plant moisture stress. Direct measurement 

of predawn plant moisture s tress on conifer saplings did not dif­

ferentiate between habitat t ypes. Results were highl y variable . Thi s 

wa s attr ibuted to morphological and microhabitat influences such as 

di sease, rooting pattern and shading which may obscure larger scale 

environmental differences between stands. 
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It is hypothesized that vegetation in these habitat types responds 

to environmental gradients that determine the availability of soil 

moisture to plant roots to meet transpirational demand and atmospheric 

influences on that demand. Hypotheses of the relationships of the 

habitat types to these environmental gradients were developed. 

It is tentatively concl uded that the habitat type classification 

system is effective in stratifying the physical environment in terms 

of environmental factors which are physiologically meaningful to the 

vegetation characteristics defining the habitat type classes. 

(102 pages) 



INTRODUCTION 

The habitat type concept wa s developed by Daubenmire and 

Daubenmire (1968) to provide an ecologically based land classification 

system for management purposes. Included in each habitat type is all 

land capable of supporting a single climax plant community type 

(Henderson et al. 1976) . Classification is based on plant species 

composition, relative abundance, and successional trends of the vege­

tation supported by the land. Characteristics of climate, soil, dis­

turbance, and time relationships are also taken into account in the 

definition of habitat type classes (Daubenmire and Daubenmire 1968) . 

It is assumed that land units of the same habitat type represent si~ilar 

environments, different from land units of other habitat types in some 

aspect of the environment important to management. 

Daubenmire (1952: Daubenmire and Daubenmire 1968) based hi s 

ori ginal classification of eastern Washington and northern Idaho on 

descriptions of mature sta nds as examples of "climax plant associations." 

He felt one could best understand the environmental relationships of 

vegetation through classification of these communities which are 

assumed to be in equilibrium with the physical environment. Vegetation 

differences on different sites are attributed to environmental rather 

than disturbance effects. Land support ing disturbed vegetation i s 

related to land classes .defined for mature stands through successional 

trends of the vegetation supported by the land. 

The definition of habitat type classes emphasizes plant species 

composition and abundance. The classes are arbitrary divisions of a 



continuum of individual species distributions along a gradient. If 

the vegetation responds to environmental gradients, different combinations 

of species will indicate different portions of those environmental 

gradients. 

The response of vegetation to management or natural disturbance 

is dependent on the physical environment. If the habitat type clas­

sification does group land into units of s imilar environment as assumed, 

similar vegetation response can be expected from units of land within 

the same habitat type. The more reliable the prediction of a part i cular 

portion of the environment gradient and the less vari able that portion 

is, the better the prediction of the vegetation response. This 

depends on the reliability with which combinations of plant species 

defining the hab i tat type classes indicate particular portions of an 

environmental gradient. Habitat types shou l d be different environ­

mentally and the environmental differences between classes should have 

cause and effect relationships to the vegetation differences defining 

the habitat type classes. The divi s ions of the environmental gradient 

should not be broad and overlapping. If these conditions are not 

met, the knowledge that a given piece of land belongs to a particular 

habitat type is not particularly useful in predicting vegetation respon se 

to management because the range of environmental conditions over 

which that habitat type can occur is large. 

The habitat type classif ication has proven useful in a variety 

of ma nagement applications (Pfister 1976, Arno and Pfister 1977). 

However, no cr itical evaluation of the effectiveness of the habitat type 

classification system in stratifying the physical environment has been 

done. 



It is the purpose of this study to provide a first step in such 

an evaluation by investigating the relationship between selected habi­

tat types in northern Utah and environmental gradients. Land in the 

study area has been classified into habitat types by Pfister {1972) 

for the subalpine forests and Henderson et al. (1976) who extended 

Pfister's work to forest communities of lower elevations. Environ­

mental variables examined are chosen to be potentially important in 

determining the vegetation parameters characterizing and differentiating 

habitat types. The specific objectives are: 

l . To measure environmental parameters in stands representative 

of selected forest habitat types in northern Utah as described by 

Pfister {1972) and Henderson et al. {1976). 

2. To determine if these habitat types are significantl y dif­

ferent environmentally and if environmental variation is greater 

between than within habitat types. 

3. To define major vegetation gradients and develop hypotheses 

about what environmental gradients correspond to these vegetation 

gradients. 

4. To characterize the physical environment occupied by dif­

ferent habitat types through comparison of the relationships of the 

types along environmental gradients. 

The environmental measurements are assumed to be representative 

of environmental conditions of other years. This implies that the 

environmental factors shown to be important in differentiating stands 

repre sentative of the habitat types based on the short-term measurements 

obtained in this study have been important in the past in determining 



the distribution of pl ant species by which the habitat type 

classes are defined. 
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LITERATURE REVIE\oJ 

Environmental relationships of 
vegetation classification systems 

There have been few investigations of the environmental rela-

tionships of vegetation classification systems in vegetation similar 

to that occurring in the study area. Del Moral and Watson (1978) 

analyzed the gradient structure of forest vegetation in the mountains 

of central Hashington through ordination and direct measurement of 

environmental parameters. Elevation, soi l surface pH, soil surface 

organic fraction, and an index of moisture and insolation based on 

aspect, slope, and radiation were the environmental factors considered . 

Two-dimensional ordinations based on tree and undergrowth species were 

calcu l ated separately for low and high el evation sites in three 

regions; eastern, central, and western. Ordination axes were correlated 

to temperature and moisture variables based on known environmental 

relationships of species included in the calculations . Position of 

stands along measured elevation and moisture-insolation index gradients 

were also calculated. Results were presented as mosaic diagrams for 

each region in which stand position produced by the direct env iron-

menta l measurements were modified according to ordination results. 

Community types to which the stands belonged were then identified. 

The pattern of community types in the two~dimensional mosaic diagrams 

relates the types to gradients of elevation and the calculated 

moisture-inso l ation index. 
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In a study s imilar to the present one, Zobel et al . (l976) investi­

gated environmental relationships in t~e H. J. Andrews EXperi men t al Ecolog­

ical Reserve in Oregon. Vegetation of thi s area wa s clas s ified by Oyrness 

et al. (1974). Eighteen stands representative of l6 community types 

they described were selected for study. Oyrness et al. {1974} had 

hypothesized that the two major axes of variation in vegetation cor ­

responded to gradients of temperature and moisture. Interzonal dif­

ferences were felt to be primarily temperature controlled while moisture 

differentiated communities within zones . Zobel et al. (1976) measured 

soil temperature, plant moisture stress, and soil moisture within the 

selected stands over a 3 year period. Temperature Growth Index 

(Cleary and Waring 1967) and plant moisture stress were determined 

to be the environmental variables cor responding best to the vegetation 

simi l arity axes. Where stands deviated from expected trends based 

on temperature and moisture measurements, nitrogen was thought to be 

1 imiting. 

Peet (1978) s tudied the relationships of forest vegetation of 

the southern Rocky Mountains to gradients of elevation and moisture. 

These en vi ronmenta 1 va ri ab 1 es ~1ere found to describe the vegetation 

distribution satisfactorily. He considered predominantly overstory 

species distributions and broad community types defined by overstory 

species without consideration of associated undergrowth species. 

Despain (1973) conducted a s imilar study in the Bighorn Mountains 

of Wyoming. He also cons idered broad community types based on overstory 

vegetation . Little prec ipitation occurs there. Geologic substrate and 



climatic variables controlling soil-water relationships were found 

to be important in determining vegetation distribution. 

These studies consider the environmental relationships of land 

classification systems based on vegetation the land currently supports. 

No studies have been done which investigate land classification systems 

based on characteristics of the vegetation the land can potentially 

support in relation to environmental gradients. It is assumed that 

habitat classification of l and by similarity of climax plant asso-

ciations segregates land into units of similar environment. This 

assumption has not been experimentally tested. 

The habitat type classification 
system 

The habitat type classification system was developed by Dauben-

mire (1952, Daubenmire and Daubenmire 1968) as a comprehensive ecological 

classification of land . The concept bears strong similarity to Finnish 

(Cajander 1926) and Soviet (Sukachev and Dylis 1964) work. Land units, 

called habitat types, are delineated based on characterization of 

"climax plant associations" (Daubenmi re and Daubenmi re 1968). Character-

istics of climate, soil, disturbance, and time relationships are also 

taken into acco unt (Daubenmire and Daubenmire 1968). 

Land supporting vegetation of other than near-climax successional 

status may be classified under the habitat type classification system. 

Daubenmire (1952, Daubenmire and Daubenmire 1968) based his classification 

on old growth forest stands as exampl es of the "climax plant associations." 

He felt one co uld best understand the environmental relationship s of 

vegetation through study of such communities which are assumed to be in 
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equi librium with their physical environment. This assumes that vege­

tation differences between sites are primar ily a refl ection of environ­

mental differences rather than disturbance, chance occurrence of 

species, or other factors. Land support ing disturbed vegetation is 

related through successional trends to l and units supporting "climax 

plant associations." In practice, the climax overstory species is 

indicated by examina tion of size and age cl ass distribut ions of indi­

viduals of each overstory species present on a given site. Undergrowth 

vegetation in mature stands is assumed to approximate climax compo­

sit ion and domina nce. Classification of land supporting early suc­

cessional vegetation where indicator spec ie s used in the classification 

may not be present relies on inference of environmental s imilarity to 

land units already classified. The environmental characteristics 

general l y considered are elevation, s lope steepness and confi guration, 

and topographic position. 

More recent classifications have stressed environmental strati ­

fication over a complete description of the climax plant associations 

(Pfister 1972, Henderson et al. 1976 , Pfister et al. 1977) . Classes 

are defined based on similarity of plant species composition and abun­

dance. Methods of analysis in these and s imilar studies (Henderson 

and West 19 77, Kerr and Henderson 1979) have included use of association 

tables of coverage values by species, s iMilarity matrices, cluster 

analysis, and ordination. Physiography and bedrock characteristics 

are considered in the final delineation of classes . However, description 

of environments occupied by different habitat types has been predom­

inantly qualita tive and inferred from vegetation characteristics. 



9 

flhile slope, aspect, elevation, and soil and bedrock type are 

often strongly correlated with temperature, moisture, and nutrient 

availability, they do not have direct physiological significance to 

plant growth and development. For instance, environments which are 

very similar physiologically to a plant may be produced by quite dif­

ferent combinations of slope, aspect, and elevation. The usefulness 

of the habitat type classification relies on vegetation species 

composition and abundance to indicate classes of similar environments. 

If evaluation of the effectiveness of the habitat type class system 

in stratifying the environment is to be meaningful, it must be in 

terms of environmental factors which have direct physiological cause 

and effect importance to the vegetation characterizing and differen­

tiating the habitat types. Actual measurement and comparison of 

environmental factors such as temperature, moisture, and nutrient avail­

ability on different habitat types has not been done. 
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STUDY AREA DESCRIPTION 

The study sites were located in the Bear River Mountains north 

and east of Logan, Utah in Cache and Rich Counties. These sites were 

located in stands representative of the six most common forest habitat 

types in thi s area. A map of the study area and stand locations is 

shown in Figure l. 

Elevation of the study sites ranged from approximately 1580 to 

2635 m. Selected forest stands at middle to high elevations occurred 

on a variety of slopes and aspects. Lower elevation sites most often 

occupied steep slopes of northerly aspect . 

Climate 

Weather stat ions in the area are located in the USU College 

Forest at an elevation of 2591 m {8500 ft) and at Utah State Univer­

sity at the mouth of Logan Canyon at 1457 m (4780 ft) . The higher 

elevation station i s in the vicinity of the highest Abla/Pera
1 

study 

sites. The USU station is below the lowest s tands representing the 

Psme/Phma habitat type. Locations of these weather station s are also 

indicated in Figure l. 

The climate is continental in character with long cold winters 

and short dry summers with some seasonal thunderstorms. The mean 

annual temperature at the high elevation station is 0. 0°C, with 

monthly means ranging from -9 .8°C in January to l4.7°C in Ju ly 

(Table 1). The mean annual temperature at USU is 8.7°C, ranging 

1 Habitat type names abbreviated as in Tabl e 5. 
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Figure 1. Map of study area showing location of stands and weather stations. 



Table l. Mean monthly temperatures (°C) measured at central climate mea suring station in USU College 
Forest (adapted from Lomas 1977). 

Mean monthl~ temEerature (°C) 

Month 1970 1971 1972 1973 1974 1975 1976 

January -- -- -11.3 -7.7 -11.6 -10.3 -8.2 
February -- -- -10. l -5.0 -8.8 -9.2 -5 .8 
March -- -- -5 .4 -4.2 -3. 8 -7.3 -7.5 
April -- -3.4 -3 .7 -1.5 2.3 -6.1 -0.9 
May 1.8 2.7 6.2 5.1 0.2 4.3 
June 8.9 9.0 8.6 l 0. 7 12.5 6.0 7. l 
July 15.2 15.2 13.8 13 .4 15.7 14.4 15.2 
August 16.5 15.6 13 .6 13 .6 12.2 11.9 11.2 
September 7.9 5.7 8.1 -- 9.7 9.7 8.3 
October 1.7 1.2 1.8 -- 4.6 1.0 2.9 
November -3.9 -5.6 -5.6 -5. 8 -4.6 --
December -11 .8 -9 .2 -- -9.8 -7.5 



Table 2. r1ean monthly temperatures ( oc) measured at Utah State University, Logan, Utah (from 
Office of the State Cl imato logist, Logan, Utah). 

Mean month lX tem~erature (°C) 
Month 197 1 1972 1973 1974 1975 1976 1977 

Ja nuary -2.3 -3 .0 -7.3 -4.4 -5. 1 -4 .8 -5.8 
February -0.9 0.1 -4.2 -4 . 4 -2.1 -4.3 -1.8 
March 1.6 6.6 1.8 4.7 2. 2 -2.2 1.2 
Apri 1 7.4 7.4 6.3 7.3 4.2 7.3 10.1 
May 13.1 13.9 13.7 13.4 10 .2 14.7 10.9 
June 17 . 6 19.2 17 .4 20.4 15. 7 16 .8 21. 2 
Jul y 22.3 22. 1 21.9 23.2 24.0 23.3 22.4 
August 23.3 22.3 22.3 21.8 20 . 2 19.9 21.3 
September 14 .0 15.2 14.4 17 .7 16.6 17 .2 16.4 
October 7.4 10 .6 10.7 10 .9 9.6 9.4 11.1 
November 1.6 1.8 3.4 3.7 1.6 4.5 3.4 
December -4.7 -7.0 -1.1 -3.3 -0.8 -1.6 0.9 

;::; 
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from -4.7"C in January to 22.7 °C in July (Table 2). There is a 

sharp gradient in precipitation with elevation. The average annual 

precipitation recorded at USU from 1971 to 1977 was 48.86 em (Table 3). 

At the higher elevation station average annual precipitation was 

105.84 for the six years of record (Table 4). Most precipitation 

falls as snow between November and April. Depth of snowpack may reach 

9 feet at high elevations and snow remains until June or early July 

(Lomas 1977). In lower elevation stands, snowpack did not remain 

beyond mid-April in the spring of 1978 (personal observation). 

Field study took place during the summers of 1977 and 1978, with 

a few observations occurring during the intervening winter. Total 

precipitation for June, July, and August, 1977 recorded at the USU 

weather station was 3DD percent of normal (Climatological Data 1977). 

The following summer was unusually dry with 56 percent of normal 

precipitation measured at the USU station for the same 3 months 

(Climatological Data 1978). Comparable precipitation data were not 

available for higher elevations. Snow accumulation during the inter­

vening winter was s l ightly above average in the mountains with approx­

imately 120 percent of normal water content (Whaley et al . 1978). 

Soils and bedrock 

A deep canyon has been cut by the Logan River to expose pre­

dominantly limestone and dolomite bedrock at lower elevations. Areas 

at high elevations are mostly underlain by the Hasatch formation, a 

red conglomerate consisting of quartzite, sandstone, and shale. This 

is sedimentary in origin and has been uplifted and block faulted 

since its formation in the early Tertiary Period (Lomas 1977). 



Table 3. Monthly precipitation (em) measured at Utah State University, Logan, Utah (from 
Office of t he State Climatolog i st, Logan, Utah). 

Month 1971 1972 1973 1974 1975 1976 1977 

January 4.93 2. 11 3.76 3.99 3.22 2.49 2.74 
February 2. 77 .89 2.87 4.34 2. 77 7.82 1. 37 
March 6.25 2.26 5.18 3.07 7.52 6.88 5.38 
Apri 1 7.72 9.70 3.68 6.81 6.30 8.05 .69 
May 3.68 .43 3.45 2. 77 4.85 2. 21 8.53 
June 5.33 4.75 3.68 2.01 2. 67 5.03 .53 
July .46 .10 3.56 .66 2.56 2.90 2.62 
August 3.05 .86 2. 72 . 61 . 66 4.90 12.80 
September 3. 10 3.96 12.52 .31 . 51 1. 55 3.73 
October 11 . 15 6.40 3.35 7.44 10.40 2. 01 3.43 
November 3.30 3.89 4.44 2.18 4.19 .10 3.96 
December 5.08 2.59 5.31 2.67 3.33 .20 5. 51 

TOTAL 56.82 37.95 54.53 34 . 39 49.00 44. 15 51. 31 



Table 4. Monthly prec i pitation (em) measured at central cl imate measuring station in USU 
Col l ege Forest (adapted from Lomas 1977). 

Month 1970 1971 1972 1973 1974 1975 1976 

January 22.61 20. 19 26 . 54 6.83 13.77 13 .92 10.08 
February 2.92 2.16 13.46 7.67 9.22 14 . 15 12. 06 
March 9.27 15.85 11.30 14 .83 15. 11 13.39 14 . 15 
April 10.54 7.70 15.24 9.14 7.75 10 .95 8 . 79 
May 8.26 4.83 .89 4. 19 5.89 10.06 3.66 
June 4.95 2.92 7.24 4.09 2.16 6.48 3.71 
July 1. 83 1. 22 0.00 3.68 3.48 1. 55 3. 30 
August .64 2. 97 1. 65 3.35 .84 1. 32 1.80 
September 4. 19 4.55 6.22 7.03 .38 1.47 2.84 
October 13. 28 11.20 8.30 3.86 8.86 9.80 
November 23.67 8. 51 7.57 18.03 5. 41 13.69 
December 18.39 19.28 20 .80 17.98 11 .00 7.59 

TOTAL 120.55 101.38 11 9. 21 100.68 83.87 104.37 

cr. 
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The Abla/Pera and Abla/Osch habitat types generally occur on the 

\·Jasatch Conglomerate. Several stands of these types occupy quartzite 

and sandstone glacial till near Tony Grove Creek. Stands of other 

types occur on deep fine-textured soils derived from limestone, 

dolomite, and sandstone members of the Jefferson, Garden City, Lake­

town, and Bloomington formations (Williams 1946). 

The soils of the various habitat types are typically Cryoboralfs 

(Abla/Pera), Cryoboro11s (Abla/Bere and Psme/Cele ) , Haploxero11s 

( Psme/Phma) and Xero 11 s and Boro 11 s (Ab 1 a/Osch and Psme/Bere) . 
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METHODS 

This study examines the environment of selected forest habitat 

types in northern Utah. The objective was to develop hypotheses of the 

relationship of the habitat type classification to environmental 

variables which could have cause and effect relationships with the 

vegetation characteristics differentiating the habitat type classes. 

This will l ead to evaluation of the effectiveness of the classification 

in stratifying the physical environment. 

Six forest habitat types were selected for study. These include 

Abies la siocarpa/Pedicularis racemosa (Abla/Pera), Abies la sioca rpa / 

Osmorhiza E_hile_!l_Sj_~ (E-Q.12f.Qsch), Abi~. }2_?iocarpa/Berberis repens 

(Abla/Bere), Pseudotsuga menziesii/Physocarpus malvaceus (Psme/Phma), 

Pseudotsuga menziesii/Cercocarpus ledifolius (Psme/Cele), and 

Pseudotsuga menziesii/Berberis repens (Psme/Bere). These types cover 

extensive areas within the study area, and are important regionally 

(Steele et al. 1975, Henderson et al. 1976, Pfister et al. 1977) . 

Physical environmental variables were measured in stands 

chosen to be typical of each habitat type as described by Henderson 

et al. (1976). The forest stands se lected for study sites exhibited 

uneven overstory diameter and age class distributions. An attempt 

was made to encompass some of the range in elevation and plant 

spec ies composition characteristic of each habitat type as described 

by Henderson et al. (1976). Additional criteria for stand se lection 

were accessibility and avoidance of excessively disturbed sites. 
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However, these factors were not allowed to force selection of stands 

not meeting the above requirements. 

The study extended from July 1977 to October 1978 . The first 

summer constituted a pilot study to obtain preliminary data and test 

field methods. Fifteen stands were studied including one on the 

Abies lasiocarpa/Vaccinium membranaceum (Abla/Vame) habitat type in 

addition to the six habitat types named above. Only one stand rep-

resented some types. The following summer 13 additional stands were 

selected. Thi s increased the number of sampled stands to 27 distri-

buted among the six habitat types named above. The Abla/Vame habitat 

type was not studied in favor of establishing more stands in the 

other types. This type is of minor importance in this area and only 

two suitable representative sta nds were found. The number of stands 

of each type observed each year i s shown in Table 5. 

Vegetation field methods 

Vegetation composition and percent cover by species for each 

sta nd were determined on a temporary 1000 m2 circular plot. Plot 

center was permanently marked and referenced. All species of vascu-

lar plants occurring on the plot were identified and percent canopy 

cover for each species was ocularly estimated. Each tree species 

was tallied by diameter at breast height in two-decimeter classes. 

Percent canopy cover of each tree species was estimated as a total for 

all individuals present and by breast-height diameter class (less 

than 1 dm, 1-3 dm, and greater than 3 dm). 



Table 5. Number of stands observed during each segment of this 
s tudy by habitat type. 

Summer 1977 Winter 1977-78 Summer 1978 

Ab1a/Pera1 2 4 

Abla/Osch 3 3 4 

Abla/Bere 3 3 

Abla/Vame 0 0 

Psme/Phma 5 

Psme/ Bere 4 

Psme/ Cele 5 

TOTAL 15 13 27 

Abbreviations of habitat names: 

Abla/Pera - Abies l asiocarpa/Ped iculari s racemosa 
Abla/Osch - Abies lasiocarpa/Osmorhiza chilensis 
Abla/Bere - Abies 1 asi.ocarpa[!3e.r~e.ris. ~ent?~'1s. 
Psme/Phma - Pseudotsuga menziesii/Physocarpus malvaceus 
Psme/Bere - Pseudotsuga menziesii/Derberis repens 
Psme/Cele - Pseudotsuga menziesii/Cercocarpus ledifolius . 

20 
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Physical environmental variables 

Percent slope and aspect were determined by clinometer and hand­

held azimuth compass . Plots were located on 7 l/2 minute USGS topo­

graphic quandrangles and approximate elevations determined. Other 

environmental variables were evaluated in the following manner: 

Maximum and minimum air temperature. One maximum-minimum 

thermometer with shelter cap was located permanently near the plot 

center of each stand. These were nailed to the north side of a tree 

trunk at approximately breast height (1.5 m). The thermometers were 

located to be shaded from direct sun and sun flecks. Temperatures 

were read for each plot every few days. Every week during the 

field season temperature data were collected from all stands in 

one day to provide common time periods for between plot comparisons. 

A single winter minimum air temperature was determined for each stand 

for the entire period between l October 1977 and l June 1978. Ther­

mometers were calibrated twice during the first summer using a mercury 

in glass thermometer and at the beginning and middle of the second 

summer using a copper-constantan thermocouple thermometer. Temper­

atures were read to the nearest 0.5° C. 

Soil temperature. During the first summer soil temperature was 

determined with a conventional probe thermometer at 20 em below the 

soil litter interface. Each measurement was an average of five to 

seven measurements within the stand taken to represent the dominant 

character of the stand. For the second summer the probe measurements 

were combined with thermocouple measurements . A Wescor, Inc. model 
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TH50 thermometer with internal reference of 0°C and 25°C was used. 

Copper-constantan thermocouples were buried at 0 em, 20 em, and 50 em 

below the soil litter interface at two locations within the stand. 

The 20 em probe thermometer was used to select sites of average 

temperature and exposure within the stand for location of the 

thermocouples and to take additional n1easurements when the thermocouple 

temperatures were read. Temperatures were read to the nearest 0.5°C 

with the probe thermometer and to the nearest O.l°C with the thermo­

couple thermometer. 

The Wescor thermometer was used to calibrate both the 20 em 

soil thermometer and the maximum-minimum air thermometers. The Wescor 

thermometer is accurate within~ 0.4°C for soil temperatures ran ging 

from -9.5 to l.6°C (Andersen l9v9) . Soil te~peratures were measured 

weekly. Due to problems of accessibility of all plots within a short 

time period these measurements were not taken at the same time of day 

in each plot. An attempt was made to correct for diurnal soi l 

temperature pattern but data discussed are uncorrected. Most measure­

ments were taken in the 3 hour period before 1:00pm MDT. 

Soil moisture. The dry weight percentage moisture content of the 

soil wa s determined to the nearest 0. l percent using a calcium carbide 

soil moisture pressure bomb (Speedy moisture tester, Soiltest, Inc . ). 

This instrument was calibrated gravimetrically and was accurate 

to~ 3.31 percent. Weekly soil moisture measurements were taken at 

one point in each stand near the so il temperature sampling site. 

Plant moisture stress. This was determined by pressure bomb 

(Waring and Cleary 1967) to the nearest 0 .1 atm on twigs from 1-meter 
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tall seedlings of the conifer species important in each stand. Measure­

ments were taken at predawn minimums as determined by diurnal measure­

ments on the same species. Data were collected for at least one tree 

of each species on each plot with three to five measurements per 

tree. Plant moisture stress for all plots 1~as determined periodically 

throughout the first summer of this study. 

It was found impossi ble to obtain reliable measurements within 

a short time period in 15 stands spread over a large area. Variation 

in data results was large. In the interest of examining other possible 

environmental variables and increasing the number of stands sampled, 

plant moisture stress was not measured the following summer. 

Soil descriptions . Soil pits were dug on all pl ots to a deptt) of 

100 em or bedrock if soi l was sha llower than 100 em. Descriptions 

were done by Rick Lawton, soil scientist, Soil Conservation Service. 

Variables described include, for each horizon, upper and lower boundaries, 

ocularly estimated percent coarse rock fragments by volume in gravel 

(0.2- 7.5 em), cobble (7.5-25 em), and stone {greater than 25 em) size 

classes, texture class, approximate percent clay, structure, pH, 

effervescence, and moist soil color. This information was combined 

with soil temperature data to classify the soil in each stand to the 

great group (Soil Survey Staff 1975). Type of bedrock from which the 

soil wa s derived was also determined . Available water storage capacity 

of the soil was estimated based on texture class and percent rock 

fragments by volume using formul as from Erickson and Searle {1974). 

Values for each horizon were summed to yield a total to 100 em or 
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bedrock if the soil was shallower than 100 em. Available soil 

water storage capacity was expressed both as an absolute number of em 

available in the soil profile and as a percentage of the soil depth. 

Incident solar radiation. An estimate of the yearly total incident 

solar radiation was obtained using the slope and aspect determined for 

each plot and tables from Buffo et al. (1972). Table values were 

linearly interpolated for slope and aspect. Values are for 40° north 

latitude . 

Phenology. Observations of phenology of both overstory and 

undergrowth species were recorded for the summer of 1978. Estimates 

of date of budbreak of con ifers by species and date of snowmelt 

def ined as the last day snow covered more than 10 percent of the plot 

were recorded. From these observations and the maximum-minimum air 

temperature readings two estimates of length of growing season were 

obta ined for each stand . These were the approximate number of days 

between budbreak of conifers and the first frost and between snow­

melt and first frost. 

Analysis of data 

Stands and locations within stands for measurement of environ­

mental variables were subjectively chosen due to limitations of time 

and equipment . Resulting bias in the sample is recognized. Non­

parametric statistical methods were rejected as being overly con­

servative due to the small sampl e size . The parametric tests employed 

are robu st to assumptions violated (Sakal and Roh lf 1969), except 

random sampling which is also an assumption of nonparametric statist i cal 
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methods. Had sampli ng been random, the parametric tests used below 

would have been used for data analysis. 

Analysis of variance. A single classification analysis of variance 

was done for each environmental variable using the STATPAC/ONE WAY 

program. 2 Stratification of the data was by habitat type. Where 

observat ions were missing, the values were coded and not included in 

the data analysis. F-ratio and probability of occurrence of an 

F-ratio greater than the computed value were calculated. These 

results were used to test whether variance is significantly (p 2_ .05) 

greater between or within habitat types for each environmental variable 

analyzed. The calculated F-ratio was also used to test for significant 

(p 2. .05) difference in the means for different habitat types. If s ig-

nificance was found, Tukey's honestly s i gnificant ~ultiple comparison 

procedure (SoRal and Rohlf l 9a9) was performed to locate those differences. 

Statistics of mean, variance, standard deviation, standard error, 

range, and maximum and minimum values were calculated for each 

environmental variable over all habitat types using a program from the 

Stat istical Package for the Social Sciences (Nie et al. 1975). Standard 

deviation by habitat type was used to determine which habitat types 

were most variable for environmental parameters measured. 

Ordination. This was accomplished using WISCON a FORTRAN IV 

program written by vJalter Valentine. The computations used Beal 's 

(1960) modification of the Bray-Curtis (1957) method. The data are 

2 . . USU Informat1on Process1ng Laboratory, 1977. 
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input as a matrix of elements Pij' representing the relative percent 

canopy cover of I species in J stands. Re lative percent canopy cover 

for each species was comp uted separate ly for overstory and undergrowth 

vegetation. Both were used in the ordination . Data in the matri x 

were doubly standardized as di sc ussed by Cottam et al. (1973). This i s 

accomp li shed by first makin g each Pij a percentage of the maximum value 

encountered in any sta nd for each of the I species. Then, for each 

of the J stands the Pij's are expressed as a percentage of the total 
J 
I PiJ.. The formul a for calculat ing the percent s imilarity between 

j=l 
stands j and K using unstandardized data is 

200 I min (P ij' pi k) 
i =l PS(j ,k) 

l: (Pij + pik) 
i =l 

esray and Curti s 1957, after Czekanowski )_. Hhen data ·are standard ized 

as above, the percent s imilarity formula reduces to 

PS (j ,k) 

The Bray- Curtis similarity measure was chosen for severa l rea sons. 

It has been used widel y in ordination of plant commun ities (Cottam et al . 

1973) and the assumptions on which it is based are simple . Recent 

comparative studies of different ordination techniques ha ve shown the 

Bray-Curtis method to do well on a variety of criter ia , even when 
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the assumptions are not met (Gauch and Whittaker 1972, Cottam et al. 1973, 

Phillips 1977). Bray-Curtis ordination of doubly standardized data 

is preferred over the same ordination based on unstandardized data 

(Cottam et al. 1973). 

The purpose of the ordination was to represent major trends in 

vegetation. All overstory species were included in the calculations; 

however, not all undergrowth species encountered were included. Two 

methods were employed to remove the less important species. Both 

were done after the original vegetation data had been converted to 

relative percent canopy cover. The first method, used to produce 

Ordination I, removed species that occurred in fewer than four stands 

or with a maximum cover of less than three percent in any stand . 

The second method, which produced Ordination II, summed relative 

percent cover from greatest to smallest for each stand until a 

cumulative percent cover of 85 percent was obtained. Remaining species 

were lumped and entered as a single "species." This lumped class 

varied from 12 to 15 percent of the total underg~owth cover, but should 

have little effect on the similarity relationships between stands. 

Direct gradient ana l ys~s . Stands were arranged in two 

dimensions defined by el evation and aspect gradients. The aspects 

were arranged along the horizontal axis to represent a topographic­

~oisture gradient similar to that used by Wh i ttaker and Niering 

(1965) and Peet (1978). 

A correlation matrix of all environmental variables and ordination 

axes was calculated using the Pearson correla t ion coefficient. 
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Direct gradient analyses (sensu Whittaker 1967) were performed using 

those environmental variables which showed high correlation with the 

ordination axes. Soil temperature observations for different dates 

were subjectively combined into a single gradient for each depth 

(20 and 50 em) emphasizing the relative position of the stands. This 

gradient was scaled from 0 to 10. Two-dimensional arrangements of 

stands were compared to that produced by ordination. 

Pearson's correlation coefficient was calculated to compare stand 

position along environmental and ordination axes. Results were used 

to determine if axes based on single environmental variables cor­

responded to vegetation gradients and separated habitat types as rep­

resented by selected stands satisfactorily. 

Regression analysis. Stepwise regression analysis was performed 

to develop axes based on linear combinations of several environmental 

variables that best predicted relative stand positions on ordi -

nation axes. This was accomplished with NEWSTEP, a FORTRAN IV 

program written by Dr. David Turner. Measured environmental variables 

were the independent variables and coordinates of stands along ordi­

nation axes the dependent variables. 

A list of variables included in this analysis is shown in Table 6. 

Choice of variables to add to or delete from the model was dependent 

on the partial correlation and the calculated F-ratio to enter (if not 

already in the model) or delete (if already in). These values change 

each time a variable is added to or deleted from the model. Variables 

were added until addition of another variable did not increase the 

R2 value by more than 10 percent. Three regression models were 

developed, one for axis 1 and two for axis 2 of the ordination. 
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Table 6. Environmental variables used in correlation matrix cal­
culations and step-.wise regression analysis for prediction 
of ordination axis stand coordinates. All measurements 
are from 1978 as discussed in text. 

Environmental variables 

Physiography 
Elevation (feet) 
Slope (percent) 
Aspect (cosine) 

Length of growing sea.son 
Number of days from date of budbreak to 

first frost 
Number of days from date of snowmelt to 

first frost 

Incident solar radiation 
Estimated annual total (cal-cm-2-yr-1) 

Air temperature 
Winter minimum 
June maximum 
June minimum 
July maximum 
July minimum 
August maximum 
August minimum 
September max imum 
September min imum 

Soil temperature at 20 em 
30 t~ay 
20 June 
27 June 
5 July 

11 July 
20 July 
25 July 
2 August 
9 August 

17 August 
22 August 
1 October 

Number of stands 
observed 

27 
27 
27 

27 

27 

27 

13 
13 
7 

27 
27 
27 
27 
23 
22 

6 
11 
20 

9 
27 
27 
11 
27 
13 
27 
27 
25 



Table 6. Conti.nued. 

Environmental variables 

Soil temperature at 50 em 
25 July 
2 August 
9 August 

17 August 
22 August 
l October 

Soil moisture at 20 em 
ll July 
19 July 
26 July 
2 August 
9 August 

16 August 
22 August 
l October 

Other soil variables 
Soil depth 
Estimated percent volume of coarse rock 

fragments in surface 20 em 
Approximate percent clay in surface 20 em 
Avai labl e soil water storage capacity 

as em available in soil profile 
as percentage of soil depth 

Number of stands 
observed 

ll 
27 
14 
27 
27 
23 

24 
20 
8 

22 
3 

21 
27 
23 

26 

26 
26 

26 
26 

30 
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RESULTS 

Plant moisture stress 

Plant moisture stress (PMS) is a measure of the pressure poten-

tial of the xylem sap (Boyer 1967). The word stress here refers to the 

phys ical stress on the water column and does not imply a measure of 

the physiological effect this has on the plant. PMS is affected by 

both atmospheric and soil conditions. The minimum value is controlled 

by the soil moisture conditions around a plant's root system. Thus, 

predawn minimum PMS values have been used as a physiologically meaningful 

measure of soil moisture availability to plants. 

Zobel et al. (1976) found PMS useful in differentiating plant 

community types. r~easurements in this study did not distinguish con­

sis tently between stands on different habitat types. Indicated rela­

tionships of habitat types were not the same from one measurement period 

to the next (Table 7). Variation in measurements on a single tree and 

betv1een individuals of the same species was often as large as that 

between stands (Table 7). PMS wa s quite different for some starlds 

on the same habitat types. Variation in data results is not discussed 

by Zobel et al. (1975) and the values they present are quite similar 

for different community types . Additional measurements may show that 

the community types are not significantly different in terms of measured 

PMS. 

Plant moisture stress was measured on different species in dif­

ferent stands. Hhen individuals of different species were measured 

in the same stand, PMS values were not the same. The differences 



Tabl e 7. Plant moisture stress measurements by species and stand number, summer 1977. 

Plot 
Plant moisture stress (atmospheres) 

Date Habitat type number Tree species 1 Average All measurements 

3 Aug Abla/Pera 1 Ab1a 8.7 7.4, 8.0, 8.8, 9. 1' 10.4 
Pi en 5.1 3. 1' 3.4 , 3.6, 6.4, 6.6, 7.4 

4 Aug Ab1a/Pera 2 Ab1l 5.6 4.8, 5.1, 7.0 
Ab1a 13.7 12.8, 14 . 1' 14 .3 
Pi en 7.1 6.0, 7 .6, 7.8 

1 Aug Ab1a/Pera 3 Ab1a 5.0 4.5, 4.9, 5. 7 
Pi en 5.8 5.6, 5.7, 6.0 

2 Aug Ab1a/Bere 11 Abla 10.0 8.9, 10.4, 10.7 

1 Aug Ab1a/Bere 12 Ab 1a 7.4 7.2, 7.6 
Ab1 a 8.0 8.0, 8.0 

5 Aug Psme/ Phma 8 Psme 22.8 22.6, 23.0 
Psme 23.4 22.9 , 23 . 2, 24.0 

2 Aug Psme/Bere 13 Psme 15.4 14.6, 14.8, 15.3, 15.7, 16.6 

5 Aug Psme/Bere 14 Psme 14.7 14.6, 14.6, 14.9 
Psme 15.6 14.9, 15.7, 16.1 

9 Aug Ab1a/Osch 5 Ab 1a 14.6 14 .4 , 14.5, 14 .8 
w 

"' 10 Aug Ab1a/Osch 6 Ab1a 12.5 12.4, 12. 5, 12.6 



Table 7. Continued. 

Plot 
Plant moisture stress (atmospheres) 

Date Habitat type number Tree species1 Average All measurements 

10 Aug Abla/Bere 10 Abla 11.2 11.0, 11.1, 11.6 

10 Aug Psme/Bere 15 Psme 12.3 17 .0 , 17 .1, 17 .l 

9 Aug Psme/Cele 9 Psme 14.2 13.8, 14.0, 14.8 
Psme 17 .l 17 .0, 17 .l. 17. l 
Psme 17.2 15.8, 16.1, 16.4, 17.2, 17.8 

19.8 

23 Aug Abla/Pera 2 Abla 5.7 5.3, 5.4, 6.4 
Abla 5.8 5.6, 5.8, 5.9 
Abla 10.6 10.4, 10 .6, 10 .7 
Pi en 4.9 4. 7' 4.9, 5.0 
Pi en 6.0 4.8, 6.0, 6.1' 7.0 

24 Aug Abla/Osch 5 Abla 5.4 4.1; 5. l, 5.2, 5.4, 7.4 
Abla 8.0 7.0 , 7.3, 9.2, 11.0 

22 Aug Abla/Osch 6 Abla 4.9 4.1' 4.4, 4.9, 5.2, 6.0 

23 Aug Abla/Osch 7 Abla 4.7 4.1' 4.5, 4.6, 4.9, 5.1, 5.3 
Abla 6.0 5.4, 5.9, 6.4, 6.4 

22 Aug Abla /Bere 10 Abla 4.9 3.8, 4.1, 4.6, 5.4, 6.8 
w 
w 



Table 7. Continued . 

Plot 
Plant moisture stress (atmospheres) 

Date Habitat type number Tree species1 Average All measurements 

22 Aug Psme/Bere 15 Psme 6.3 4.1, 6.6, 7.0, 7.4 

24 Aug Psme/Cele 9 Psme 7.7 7.0, 7.2, 8 .0, 8.6 
Psme 9.5 7.9, 9.8, 9.8, 10.6 

Tree species: Abl a =Abies l asiocarpa, Pien = Picea engelmannii, Psme = Pseudotsuga menziesii. 

Measurements are for different individuals when the species is indi cated more than once for 
the same pl ot number. 

w ..,. 
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were not consistent between Picea engelmannii and Abies la siocarpa. 

PMS measured on Pseudotsuga menziesii was consistently higher than that 

measured on Abies lasiocarpa. Zobel et al. (1976) did not find con­

sistent differences between species and they felt that the use of 

different species contributed no systematic error to the data. 

Zobel et al. (1976) explained exceptions to expected PMS values 

as occurring in stands growing on different geologic substrate 

than the majority of stands sampled. In this study stands occur on 

a variety of substrates. Th is may be an additional source of data 

error. 

Variability and difference of 
habitat type environments 

Measurements of environmental variables in sampled stands are 

listed in Appendix A. Results of the analysis of variance and other 

stati stica l analyses are presented in the following tables. 

Study sites were chosen to be representat ive of each habitat 

type. Environmental measurements in these stands should describe the 

variation along the vegetation gradients well. However, exact choice 

of samp le site will affect environmental measurements. Thus , measured 

difference between stands may not refl ect the average difference 

between those stands for the environmental variables measured. 

Variance of most environmental factors was not significantly 

different between habitat types (Table 8).. Soil temperature was more 

variable in the Abla/Osch, Abla/Bere and Psme/Phma habitat types with temp-

erature measurements at 20 em and 50 em showing simila r trends. Max imum 



Table 8. Results of Bartlett's test of homogeneity of variances and relative variability of types 
for each environmental variable measured. 

Most Least 

Significance1 variable variable 
En vi ronmenta l va ri able F-rati o Probability types2 types 

Physiography 
Elevation .968 .436 NS 5 l' 6 
Percent slope 1.493 .190 NS 4, 5 l 
Aspect (cosine) .263 .933 NS 5 4 

Length of growing season 
Number of days from date 

of budbreak to first 
frost 2.321 .042 ** 4, 6 l, 

Number of days from date 
of snowmelt to first 
frost 2.128 0 061 * 4, 

Incident solar radiation 3.345 .006 ** 3 

Air temperature 
Hinter minimum l. 445 .237 NS 3, 5 l 
June maximum .418 . 741 NS l 5 
June minimum .308 .585 NS 3 5 
July maximum 4.581 .0004 ** l 2' 4 
July minimum 1. 848 .102 NS 4, 5 6 
August maximum 2.205 .053 * 6 3 
August minimum .939 . 455 NS 4 2 w 
September maximum 4.708 .0004 ** 4 2' < m 

September minimum 1.356 .242 NS 4, 6 2 



Table 8. Continued. 

Most Lea st 

Significance1 variab~e variable 
Environmental variable F-ratio Probabi 1 ity types types 

Soil temperature at 20 em 
20 June .445 .644 NS 2 3 
27 June .988 .426 NS 6 4 
5 July 1. 372 .271 NS 1 2' 4 

11 July . 671 .646 NS 1 4 
20 July 1.114 . 351 NS 5 2' 4 
25 July .497 .686 NS 2 1 
2 August 1.897 .093 * 5 3, 4 
9 August .864 .491 NS 6 1' 3 

17 August 1. 925 . 089 * 5 3 
22 August 1.179 .318 NS 1 
1 October 2.455 .033 ** 6 2' 4 

Soil temperature at 50 em 
2 August 1. 250 .286 NS 5 
9 August 1. 420 .228 NS 6 3, 4 

17 August 2.694 .020 ** 5 2' 3 
22 August 1.1 80 . 318 NS 6 1' 2 
1 October 2.333 .042 ** 6 2 

Soil moisture at 20 em 
11 July 3.032 .011 ** 1 3, 
19 July 3.018 .012 ** 1 3 
26 July 4. 781 .041 ** 1 4 w 
2 August 2.462 .033 ** 4 5 ..... 

16 August .174 . 952 NS 6, 4 1' 3, 
22 August 1. 721 .128 NS 6 1 
1 October . 939 .456 NS 5, 6 1' 



Table 8. Continued. 

Environmental variable F-ratio 

Other soi l variables 
Soi l depth 2.827 
Estimated percent volume 

of coarse rock fragments 
in surface 20 em . 852 

Approximate percent clay 
in surface 20 em 2.540 

Available so il water 
storage capacity 

as em available in soil 
profile . 748 

as percentage of soil 
depth l. 300 

Probability Significance 

.097 * 

.513 NS 

.028 ** 

.588 NS 

.265 NS 

l 
Most 
variab~e 
types 

6 

3, 

Least 
variable 
types 

l, 

l, 6 

3, 4 5, 6 

Significance: NS =not significant (p < .10), *=significant (p < . 10) , **=significant 
(p ~ .05) . - -

Habitat type codes: 
6 = Psme/Cele. 

Abla/Pera, 2 = Abla/Osch, Abla/Bere, 4 = Psme/Phma, 5 = Psme/Bere, 

w 
CXl 
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air temperatures were generally most variable in the Abla/Pera type 

and least so in the Abla/Osch and Psme/Bere habitat types. Psme/Phma 

had the most variable min imum air temperature, and Abla/Osch the 

least. Types with variable maximum air temperatures generally had less 

variable minimum air temperatures relative to other types. No types were 

consistently more or less variable for soil moisture than others. 

The F-ratios and probability of greater F-ratio values occurring 

as calculated in the analysis of variance are shown in Table 9. 

These were used to test the hypothesis that environmental factors 

are significantl y (p 2 .05) different in different habitat types. 

If a significant difference in the means was indicated, Tukey's sta­

tistical procedure was used as shown in Table 9. Habitat 

types are ranked by means of environmental measurements. Those 

covered by a common line are homogeneous; those not covered by a common 

line are significantly different. 

The same calculated F-ratios and probabilities (Table 9) indicated 

the ratio of environmental variance between to within ty~es for each factor 

examined. Variability for most environr.1ental factors "1as significantly 

(p 2 .05) greater betv1een types than within them. Exceptions ~Jere all but 

one measurement of soil moisture, soil -depth, percent clay, and maximum 

and minimum air temperature for winter, June, July, and September. 

Ordination 

The ordination results are shown in Figures 2 and 3. Both are 

based on relative percent canopy cover of overstory and underg rowth 



Table 9 . F-ratio and probability of a greater F-ratio than computed occurring as ca lculated 
in analysis of variance . If significance (p < .05 ) is found, results of Tukey's 

honestly significant mu ltipl e comparison procedure to locate significantly 
different means are shown. 

Environmental variable F-ratio Probability Significance1 Tukey' s HSD2 

Physiography 
1 6 3 5 2 43 Elevation 10.949 .DODO ** 

Percent slope 6. 528 .0008 ** 1 2 3 6 5 4 
Aspect (cosine) 6.388 .DOll ** 6 3 1 5 2 4 

Length of growing season 
Number of days from date of bud-

break to first frost 22.264 .DODO ** 1 35624 

Number of days from date of snow-
135264 melt to first frost 46 .676 .DODD ** 

Incident solar radiation 3, 527 .0180 ** 4 3 5 2 1 6 

Air temperature 
Winter minimum 1.219 .3715 NS 
June maximum .735 .5636 NS 
June minimum 4.029 .1383 NS 
July max imum .970 .4583 NS 
July minimum 2.360 .0755 * 

August maximum 3.604 .0165 ** 1 3 2 5 6 4 

August minimum 2. 716 .0481 ** 3 6 1 5 2 4 

.t> 
0 



Table 9 . Continued. 

Environmental variable F-rati o Probability Significance1 Tukey' s HSD2 

September maximum .678 .6459 NS 
September minimum 2. 733 .0571 * 

Soil temperature at 20 em 
30 May . 951 .5494 NS 
20 June 1. 843 . 2515 NS 
27 June 14.519 .0000 ** 132 564 3 

5 July 4.748 .0833 * 

11 July 3.424 .0203 ** 1 3 2 5 4 6 

20 Ju ly 6.853 .0006 ** 135246 
25 July 11.986 .0060 ** I 3 2 5 6 
2 August 13.063 .0000 ** T"T25" 4 6 
9 August 12.361 .0027 ** 1 3 5 2 6 4 

17 August 26.558 .0000 ** 13256 4 
22 August 25 . 059 .0000 ** 1325 46 
1 October 2.455 .0707 * 

::: 



Table 9. Continued. 

Environmental variable F-ratio Probability Significance1 Tukey's HSD2 

Soil temperature at 50 em 
---=-3 

25 July 20.405 .0015 ** 1 3 2 5 6 
2 August 16.592 .0000 ** 1325 4 6 
9 August 14.750 .0007 ** 315246 

17 August 30.790 .0000 ** 132546 
22 August 19.115 .0000 ** 1 32546 
1 October 7.676 .0006 ** 135246 

Soil moisture at 20 em 
11 July 3.022 .0375 ** 123546 
19 July .574 . 7190 NS 
26 July .671 . 4728 NS 
2 August 1. 901 .1502 NS 
9 August 

16 August .214 .9265 NS 
22 August .565 . 7255 NS 
1 October . 601 . 7002 NS 

... 
N 



Table 9 . Continued. 

Environmental variable 

Other soil variables 

Soil depth 

Estimated percen t volume coarse 
rock fra gments i n surface 
20 em 

Approximate percent clay in 
surface 20 em 

Available soil water storage 
capacity · 

F-ratio 

2.250 

6.696 

.819 

-as em ava il ab le in so il profile 4.193 

-as percentage of soil depth 3.790 

Probabi 1 i ty 

.1843 

.0008 

.5507 

. 0091 

.0161 

Significance1 

NS 

** 

NS 

** 

Tukey' s HSD2 

n n ' • ' 53 

3 2 l 4 5 6 

3 2 l 6 5 4 

Significance: NS: not significance (p ~ .10), *:significant (p ~. 10), **:significant (p ~ .05). 

Results of Tukey's HSD: Habitat types are ranked by means of environmental measurements. Those 
covered by a common line are homogeneous, those not covered by a common line are significantly 
different. 

Habitat type codes: l : Abla/Pera, 2 : Abla/Osch, 3 : Abla/Bere, 4 : Psme/Phma, 5 : Psme/Bere, 
6 : Psme/Cele. 

., 
w 
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AXIS 1 

Figure 2. Ordination I. Stand position along each axis indicates 
relative similarity of each stand to stands objectively 
chosen as endpoints for each axis. The endstands of 
the first axis are the least similar to each other of 
all possible pairs of stands. Second axis endstands 
are dissimilar both to first axis endstands and to 
each other. Average similarity between sta nds is cal­
culated using the Bray and Curtis (1957) s imilarity 
index with importance of both overstory and undergrowth 
vascular plant species expressed as relative percent 
canopy cover. Less important species, as defined 
in text, were not inc luded in the calculations. 
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AXIS 2 

Figure 3. Ordination II. Stand position along each axis indi­
cates relative simi l arity of each stand to stands 
objectively chosen as endpoints for each axis. The 
endstands of the first axis are the least similar 
to each other of all possible pairs of stands. 
Second axis endstands are dissimilar both to first 
axis endstands and to each other. Average si mi l arity 
between stands is ca l cu lated using the Br.ay and 
Curtis (1957) si milarity index with importance of 
both overstory and undergrowth vascular plant species 
expressed as relative percent canopy cover. Less 
important species, as defined in text, were not 
included in the calculations . 
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species with different methods employed for removing unimportant 

undergrowth species as discussed previously . Patterns of types are 

very similar in the two resulting ordinations and axes are highly 

correlated (Table 10). Corresponding axes were chosen in different 

order by the computer algorithm . 

Table 10. Pearson correlation coefficients between axes of ordinations 
I and II. 

Ordination I 
Axis l Axis 2 

Axis l -.3790 . 9257 

Ordination II 

Axis 2 .9793 -.3913 

Ordination I was felt to differentiate the types better than 

Ordination I I. It also satisfied intuitive feel ings of those building 

the original cla ssi fication more satisfactorily (Henderson and Mauk 

1979) . For t hese reasons, and the high correlation of corresponding 

axes , Ordi nation I i s the only ordinat i on subjected to further analysis. 
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Direct gradient analyses 

Sing l e factor environmental gradients. Axes were developed 

to represent elevation and topographic-moisture gradients. The latter 

was based primarily on aspect subjectively arranged from mesic to xeric 

as tiE, N, NW, E, W, SE, S, to SW as done by Whittaker and Niering 

(1965). Stand position on this ax i s was modified to represent slope, 

configuration, and topographic position effects on moisture for the 

individual stands. This gradient analysis is shown in Figure 4. 

The habitat type pattern is not dominated by the effect of 

increasing aridity at lower elevations which shou ld cause a shift in 

type position to more mesic conditions at lower elevations (fJh ittaker 

1975). The Psme/Cele habitat type, in particular, does not follow 

this relationship. Comparison of these stands to others randomly 

selected from the stands used to bui ld the cl assification (data provided 

by R. L. Mauk) s howed the stands se lected for , this study were rep­

resentative of the habitat type relationships to these environmental 

gradients. 

Habitat types were not differentiated well, nor did this analysis 

represent well the relationships indicated by the ordination . Each 

type occupies a wide portion of the gradients and the types overlap . 

Correlation between environmental variables and ordination axes 

were calculated using Pearson's correlation coefficient. The results 

are shown in Tabl e 11. Environmental variables that were significantly 

highly correlated with the ordination axes were used to perform direct 

g~ad i ent ana lyses. The two-di~ensional arrangement of stands a lon g 

selected gradients are shown in Figures 5, 6, 7, and 8. 
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Figure 4. Stand position in relation to elevation and topographic­
moisture gradients. Stand position on horizontal axis 
defined as discussed in text, scaled from 0 (mesic) to 
10 (xeric). 
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Table 11. Correlation of measured en vi ronmenta 1 variables with 
Ordination I axis stand coordinates. 

Environmental variable Axis Axis 2 

Physiography 1 2 
Elevation .2514 ( .103) -.3650 ( .031) 
Percent slope -. 4636 ( . 007) .5550 ( .001) 
Aspect (cosine) . 4884 ( . 006) -.1076 ( .296) 

Length of growing season 
Number of days from budbreak 

to first frost -.1415 (. 241) .4184 ( .015) 
Number of days from snowmelt 

to first frost -.6188 ( .001) .6200 ( .001) 

Incident solar radiation -.1134 ( .287) -.2807 (.078) 

Air temperature 
Winter minimum -.1638 (.296) . 2826 (. 175) 
June maximum -.0483 ( .438) .1347 (. 330 
June minimum .8085 (. 014) -.1993 (. 334) 
July maximum - .1958 ( .164) . 1850 ( .178) 
July minimum -.1804 ( .184) .1763 ( .189) 
August maximum -.5275 (.002) . 3284 (. 047) 
August minimum . 0831 (.340) .2429 (. 111) 
September maximum .1170 ( .297) -. 2527 ( .122) 
September minimum -. 3132 ( .078) .1027 ( .325) 

Soil temperature at 20 em 
30 May -.5526 (. 128) .6117 ( .098) 
20 June -. 7911 (.002) .3615 ( . 137) 
27 Jun e -.7322 (.DOl) .6931 (.DOl) 
5 July -. 8414 (. 002) .4309 (. 123) 

11 July -. 5728 (.DOl) .4400 (. 011) 
20 Jul y -.6340 ( .001) .3898 ( .022 ) 
25 July -. 8932 ( .001) .3417 ( .152) 
2 August -.7344 ( .001) .5869 ( .001) 
9 August -.7800 ( .001) .4538 (. 060) 

17 August -. 7382 (.DOl) .5926 ( .001) 
22 August -.7 533 ( .001) .6302 (.DOl) 
1 October -.5496 ( .002) .2442 ( .1 20) 
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Table 11. Continued. 

Environmental variable Axts Axis 2 

Soil temperature at 50 em 
-.93371 (.001 )2 25 July .3027 ( .183} 

2 August -.7833 (.001) .5625 ( .001) 
9 August .7665 (.001) .5007 ( .034) 

17 August - . 7725 ( .001) .6041 ( .001) 
22 August - . 7 544 ( . 001 ) .5856 (.001) 
l October -.7167 (.001) .3832 ( .036 ) 

Soil moisture at 20 em 
ll July .5806 ( .001) -.2573 (.112) 
19 July .3156 (. 088) -.1245 (. 301) 
26 J ul y .5955 ( .060 ) -.0806 ( . 425) 
2 August .3068 ( . 082) .2840 (. 100) 
9 August 1. 0000 ( .001) -.3041 ( .402) 

16 August .2159 ( .174) . 2771 (. 112) 
22 August -.1851 (. 178) . 1041 ( . 303) 
l October - .2447 (. 130) . 1943 ( .187) 

Other soi l var iables 
Soi l depth .6119 (. 001) -.0864 ( .337} 
Estimated percent volume of 

coarse rock fragments in 
surface 20 em -.5554 ( .002) . 7121 ( . 001) 

Approximate percent clay 
in surface 20 em .0575 (. 390) .0698 (. 367} 

Available soil water storage 
capacity 

as em available in soil 
profile .5374 ( .002) -.3753 (.029) 

as percentage of soil 
-. 4538 (.010) depth .3892 (. 025) 

Pearson correlation coefficient r. 

Signif icance ca lculated us ing student's t-distribution. 
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Figure 5. Stand position in relation to gradients of estimated 
percent volume of coarse rock fragments in surface 
20 em of soil and soil temperature based on measurements 
at 20 em. 
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Figure 6. Stand position in relation to gradients of estimated 
percent volume of coarse rock fra gments in the surface 
20 em of soil and soil temperature based on measurements 
at 50 em. 
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Figure 7. Stand position in relation to gradients of length of 
growing season as measured by the number of days between 
date of snowmelt and date of first frost in the fall and 
soil temperature based on measurements at 20 em. 
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Figure 8. Stand position in relation to gradients of length of 
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soil temperature based on measurements at 50 em. 
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All soil temperature measurements showed a high correlation with 

axis of the ordination. These measurements were combined into a 

single gradient for each depth sampled. The ca lculated partial cor­

relation of these soil temperature gradients with axis l is 0.7628 

for the 20 em measurements and 0.7831 for the 50 em measurements. The 

relative position of stands is s imilar for both soil temperature axes . 

The correlation between the soil temperature measurements at 20 and 

50 em is 0.9818. Thus, the sta nd arrangements are similar in the 

two dimensional gradient analyses when the gradients shown here on 

the vertical axes are the same. 

In Figures 5 and 6 the environmental factors are ones which affect 

moisture availability and temperature. The habitat types do not sep­

arate well, particularly for those habitat types characterized by an 

Abies l asiocarpa overstory. The Psme/Cele and Psme/Phma habitat types 

represent the same envi ronment based on these measurements. 

In Figures 7 and 8 the horizontal axis represents a soil temper­

ature gradient . The l ength of growing season as measured by the number 

of days between snowmelt and first frost may be correlated with both 

temperature and moisture availability to plants. Thus the vertical 

ax i s may represent a complex temperature and moisture availability 

index. The soil temperature gradient in both cases shows a high cor­

relation with the seasona l axis. Thi s correlation is -0.9289 for soil 

temperature at 20 em and -0.8385 for soi l temperature at 50 em. The 

correlation i s not s urpr ising since soil temperature i s dependent on 

the seasonal moisture and temperature regime . 
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Multiple factor environmental gradients. The direct gradient 

analyses show that no two-dimensional combination of environmental 

measurements was able to separate the habitat types and represent the 

vegetation relationships indicated by the ordination satisfactori ly. 

Vegetat ion gradients may respond to severa l environmental factors 

simultaneously. Stepwise regression analysis was performed to select 

combinations of environmental factors which correspond to the vege­

tat i on gradients indicated by the ordination axes. 

The regression analysis used environmental variables as the 

independent variables and the Ordination I axis coordinates as the 

dependent variables. Three predictive mode l s were developed including 

one for axis l (Model A) and two for axis 2 (Models B and C) of the 

ordination. The difference between models Band C is in the environ-

mental variables included and the number of observations of these 

variables in the stands. Observation of one stand was missing for 

the variables included in Model B, and six observations were missing 

for the variables in Model C, thus these models were based on only 

26 and 21 stands respectively. The regression models and their r
2 

values are presented in Table 11 . Use of more than 3 variables in any 

model did not increase the correlation between the predicted ordination 

axis coordinates and the original axis coordinates significantly. 

Inc lu sion of additional variables in the regression models did not 

raise r2 above 0.80 for any model. 

Ordination of stands based on coordinates predicted from these 

models are shown in Figures 9 and 10 . Coordinates of original 

ordination axes and predicted values are l isted i n Appendix B. 



Table 12. Regression models predicting Ordination I axis coordinates of sampled stands based 
on measurements of environmental variables . 

Model A 

Predicted axis 1 coordinate= 106.1 + . 509 (Number of days from date of 
budbreak to first frost) 

r2 = . 759 

- 2.906 (Soil temperature at 50 em, 
2 August 1978) 

- 8.670 (Soil temperature at 50 em, 
17 August 1978) 

Model B 

Predicted axis 2 coordinate= -23 . 19 + .668 (Estimated percent volume of r2 = . 656 
coarse rock fra gments in so il 
surface) 

+ 2. 704 (Available soil water storage 
capacity in em of water) 

+ .161 (Number of days from date of 
snow melt to first frost) 

Model C 

Predicted axis 2 coordinate = -39.04 + .834 (Estimated percent volume .of 
coarse rock fragments in soil 

r 2 = .735 

surface) 
+ 2.723 (Available soil water storage 

capacity in em of water) 
+ 1.590 (Soil moisture at 20 em, 

2 August, 1978) 

U1 

" 
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Figure 9. Ordination produced by stand coordinates predicted by 
regression models A (axis 1) and B (axis 2), based on 
linear combination of environmenta l measurements. 
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Comparison of analyses 

The direct gradient analyses shown in Figures 5, 6, 7, and 8 

do a fair job of separating the habitat types . However, the rela­

tionships of the habitat types do not correspond well with those 

indicated by the ordination (Figure 2 ) . 

The soil temperature axes indicate that Psme/Bere is more 

similar to the Abla habitat types and Abla/Osch in particular than 
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is shown in the ordination. The temperature gradients do not dif­

ferentiate between Psme/Cele and Psme/Phma. The snowmelt to frost 

seasonal measurement better represents similarity relationships shown 

in the ordination than does the percent rock fragment measurement. 

The percent rock fragment measurement does not differentiate between 

Psme/Cele and Psme/Phma and indicates that Psme/Bere occupies a wide 

range of environments from moist to dry as indicated by this measure­

ment. These types are more distinct and narrowly defined by the second 

ordination axis than by either of these directly measured moisture 

gradients. 

The ordinations (Figures 9 and 10 ) based on regression models 

are very similar. Both indicate Psme/Phma to be more similar to 

Psme/Cele than is shown by the original ordination (Figure 2 ). The 

Abla habitat types cluster in both predicted ordinations although 

separation is better for that based on models A and C (Figure 10) 

than that based on models A and B (Figure 9 ). 

Although the habitat types are sho~m to be different by the 

ordination calculations, the correlation between the predicted 

ordination axes and the Ordination I axes is not high. Vegetation 



differences of the habitat types may be due to the response of vege­

tation to factors other than environmental or they may be an artifact 

of stand selection. Vegetation characterizing and differentiating 

the habitat types may respond to different environmental variables 

than those examined. For instance, Psme/Phma is similar environ­

mentally to the Abla habitat types because they both occupy 

steep northerly aspects. This is not indicated by the 

environmental variables used in either the single or the multiple 

factor direct gradient analyses . 



DISCUSSION 

Representation of vegetation gradients 
by ordinat ion axes 
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Ordinat i on arranges photosociological data, in this case from 

forest stands representative of selected habitat types in northern 

Utah, along several continuous axes in an attempt to represent complex 

vegetation patterns in a simpler, more interpretable form. Positions 

of stands along ordination axes ind i cate similarity relationships 

of stands in terms of plant species composition and relative abun-

dance. Ideally, axes represent vegetation gradients which correspond 

to environmenta l gradients. 

The Bray-Curti s ordination performed in this study produced two 

vegetation axes (Figure 2) . A third axis, determi ned by the computer 

al gor ithm, did not further differentiate stands as relative position 

of stands was the same for the first and third axes. Similar stands 

should be positioned close together and l ess similar stands should be 

further apart if the ordination represents t he major trends of variation 

in vegetation well. This is the case for the ordination calculated. 

Stands within the same habitat type were signifi cantl y more simi l ar 

(see Appendix B) to one another than to stands of other habitat types 

in most cases. Where relative position of stands in the ordination field 

indi cated stands were similar to more than one habitat type, examination 

of vegetation of the stand verified their intermediate character . The 

relationships of the habitat types indicated by the relati ve pos i t i on 
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of sampled stands supports the intuitive feelings of the builders 

of the habitat type classification (Henderson and t~auk 1979) . For 

these reasons the ordination is felt to adequately represent the major 

vegetation gradients of the sampled stands in two dimensions. 

Environmental gradients corresponding 
to vegetation gradients 

The ordination indicates Abla/Pera and Psme/Bere are the endpoints 

of the vegetation gradient defined by the first axis, while Psme/Phma 

and 8bla/Osch occupy the extremes of the second axis. The builders 

of the classification feel these ordination axes are related to 

temperature and moisture availability respectivel y {Henderson, Mauk 

and Youngblood 1979). Stands chosen as endpoints for the ordination 

axes are the same as would have been subjectively chosen to represent 

general temperature and moisture gradients based on field observations 

and qualitative descriptions of environments characteristic of these 

habitat types by Henderson et al. {1976). 

Single factor gradients . Direct gradient analyses produced two-

dimensional arrangements of stands in relation to measured environ-

mental gradients. Elevation and topographic-moisture gt·adients did 

not separate habitat types nor represent ordination relationships 

well. Other variables analyzed were those that were significantly 

correlated with ordination axes. These were soil temperature gradients 

based on measurements at 20 and 50 em, estimated percent volume of 

coarse rock fragment s in the surface 20 em of soil, and the number of 

days from date of snowmelt to date of "!t he first frost i n the fall. 
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These environmental variables are temperature and moisture 

related. Soil temperature is one aspect of the temperature regime. 

The 20 em soil temperature is influenced by diurnal air 

temperature fluctuation while so il temperature at 50 em reflects 

pa st seasonal air temperature patterns due to the time lag of temper­

ature penetration into the soil (Bannister 1976 ) . Percent rock 

in the soil is a measure of soil space unavailable for moisture 

storage or root penetration, thus this environmental variable is an 

important influence on the availability of soil moisture to plants. 

The length of growing season as measured by the number of days 

between snowmelt and first frost in the fall is indicative of both 

temperature and moisture regimes. 

The soil temperature gradients based on measurements at 20 and 

50 em are highly correlated . Re l ative positions of stands on these 

two axes are very similar to one another and to that along the first 

axis of the ordination. For the vertical axis, correlation bet1·1een 

stand positions along the ordination axes and along axes defined 

by environmenta l variable s is better for the axis based on percent 

rock than for the seasonal axis. However, habitat types are more 

distinct and relationships between types correspond more closely 

to ordination results for the snowmelt to first frost and soil temper­

ature gradient analysis than for the percent rock and soil temperature 

grad i ent analysis. Stand relationships in these direct gradient 

analyses wit h single environmental gradients defining axes did not 

exp lain vegetation gradients indicated by the ordination ~1ell. Stands of 
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different habitat types did not form distinct clusters, nor did rela­

tionships of stands correspond well to those indicated by ordination. 

The results of the calculation of correlation between environmental 

variables and the ordination suggest the vegetation gradients indi­

cated by the ordination respond to temperature (axis 1) and moisture 

(axis 2) or a combination of temperature and moisture variables 

(axis 2). The results of the direct gradient analyses support this 

conclusion. Both analyses suggest these vegetation gradients correspond 

to environmental gradients defined by more than one measured environ­

mental parameter such as percent rock or length of growing season. 

Multiole factor gradients . Regression analysis was performed 

to develop l inear combinations of measured environmental variables 

which might better predict ordination axes. Variables used in the 

models were selected objectively and were not purposely chosen to 

represent temperature or moisture gradients. Three regression models 

were developed, one predicting stand coordinates of the first 

ordination axis (Model A) and two for prediction of coordinates of 

the second axis (Models B and C). 

Regression model for the first ordination axis: This ax i s is 

again indicated to be a so i l temperature axis. Model A variables are 

soi l temperature meas ured at 50 em on two different dates in August, 

1978 and length of growing season as indicated by the number of days 

from the date of conifer bud break to the date of the f i rst frost 

in the fall. 

This measurement of length of growing season may be cons i dered 

primarily an indication of temperature . Moistu r e is probably not 
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limiting in any of these habitat types when conifer budbreak occurs. 

Zobel et al. (1976) similarly define length of growing season for 

calculation of Temperature Growth Index as being from date of bud­

break of conifer saplings to the date of the second frost in the fall. 

Regression models for the second ordination axis: The models 

developed for prediction of stand coordinates of this axis include 

variables related to moisture availability to plants. Both include 

estimated percent volume of coarse rock fragments in the soil surface 

and available water storage capacity expressed as centimeters in the 

soil profile to 100 em or bedrock if soil is shallower than 100 em. 

In addition to these variables Model B includes number of days from 

date of snowmelt to first frost as a measure of length of growing 

season and Model C includes August soil moisture percentage at 

20 em. 

The date of first frost ~1as quite uniform over the entire study 

area. Thus, variability in the length of growing season from date 

of snm'l\11e lt to date of first frost is due mostly to differences in 

date of snowmelt . This is affected both by the winter accumulation 

of snow and the temperature regime at each site. In this area most 

precipitation occurs during the winter, hence amount of snow and 

timing and nature of runoff are very important to the availability 

of moisture for plant growth. 

The August soil moisture percentage i s an indication of seasonally 

avai.lable water. Plant moisture stress reaches a maximum in August 

(Table 7 ). Soil moisture supply at this time is potentially impor­

tant in determining plant species dl'stribution and abundance through 
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its effect on plant moisture stress. If soils are rocky, soil moisture 

storage capacity i s li mited and the amount of moisture he l d by the 

fine portion of the soi l is cri tical. 

Correlation with vegetation gradients: Environmental gradients 

defined by linear combinations of environmental variables did not 

i mp rove correlation with ordination axes significantly over gradients 

based on single environmental parameters. Correlation with the first 

ordination axis was not much improved by multiple factor models over 

s ~ngle factor models. Correlation 1~ith the second ordination axis 

imp roved significantly . The relationships of the habitat 

types indicated by multiple factor environmental gradients corresponded 

more closely to ordination results than that produced by single factor 

gradients. The difference was primarily due to changes along the 

moisture gradient corresponding to the second ordination axis. Rela­

tionships of stands indicated by temperature measurements already 

correlated well with the first ordination axis. 

Corre l ation is only moderate. This is not unexpected since the stands 

included in the ordi nation analysis occupy a wide range of en vi ron-· 

ments. Both single and multiple factor environmental gradients 

represent average relative importance of these factors along the 

ent ire vegetation gradient. The relative importance of the environ-

mental factors should not be expected to be the same in all parts of 

the environmental gradient. Vegetation characteristics may still 

respond to temperature and moisture environmenta l variables along 

the entire gradient. However, the relativ e i~portance of expressions 
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of these will change so that different measured environmental param­

eters may characterize the habitat types in different portions of the 

vegetation gradient. 

This is indicated by the clustering of the Abies lasiocarpa 

habitat types in both predicted ordinations. Neither the temperature 

variables included in regression model A nor the moisture variables 

of model B separate these three habitat types. When measured soil 

moisture percentage fn August is used (Model C) the Abla/Osch 

habitat type is separated from the Abl a/Pera and Abla/Bere habitat 

types. 

These three habitat types occur at high elevat ions where availab l e 

water storage capacity in the soil is not as strongly limiting as in 

the Pseudotsuga menziesii habitat types. This is due both to heavy 

winter snow accumulation and the occurrence of more precipitation at 

higher el evations (Tables 3 and 4). Soil moisture at 20 em is useful 

in differentiating the Abla/Osch type from Abla/Bere and Abla/Pera 

habitat types. Ot her variables which different iate the three s ites 

are air and soil temperature, percent sl ope, and soil pH and organic 

matter content. The growing season was longer and soil temperatures, 

maximum air temperatures in July, August, and September and minimum 

temperature in August were all higher for Abla/Osch sites. The 

Ab 1 a/Bere type generally occurs on steeper s 1 opes than the Ab 1 a/Per a 

type. The soils are also l ess acid and higher in organic matter as 

indicated by the dark color in the Abla/Bere habitat type. 
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Dtherreasons correlation of the environmental gradients with the 

ordination axes is not high may be related to select i on of sampling 

locations including both the choice of a particular stand and the 

location of the environmental measurements taken within the stand. 

Different locations of these sites may influ ence the correlation, par­

ticularly if the measurements are not representative of stands or types. 

Another important influence on the correlation is stochasticity. 

The composition and relative abundance of species in plant communities 

is not wholly determined by environmental effects. There is an element 

of chance both in the order in which spec i es colon~e a pl ace and 

the kind and frequency of disturbance that may occur there. These may 

have l ong lasting effects on the characteristics of the plant com­

munity. Such stochastic effects may increase the variability of the 

relationship between vegetation and environment . 

An hypothesis 

In this study vegetation gradients have been shown to be cor­

related with temperature and moisture gradients. It is hypothesized 

that vegetation i s responding to these environmenta l gradients through 

their effect on plant moisture stress . 

Plant moisture stress. Moisture stress is significant to plant 

growth and development. Water deficits have been shown to cause 

red uction in growth (Bannister 1976). Cell expa nsi on, photosynthesis, 

respiration, and many other metabo li c processes are affected by water 

stress (Bannister 1976) . 
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Plant moisture stress is a function of moisture supply and demand. 

Soil moisture conditions such as water storage capacity and hydraulic 

conduct ivity affect the availability of moisture for uptake by plant 

roots. Atmospheric conditions such as radiation, air temperature, 

moisture content of the air, and wind speed affect evaporation and 

transpiration rates from plant leaves. Moisture stress may occur when 

soil moisture availability is low, when atmospheric stress is high, 

or when a combination of these factor s causes moisture demand to 

exceed moisture supply. 

Temperature and moisture effects: Temperature variables which 

corresponded to vegetation gradients were soil temperature measured 

at 20 and 50 em and length of growing seaso n as indicated by the 

number of days between budbreak and the first frost in the fall. 

Soil temperatures measured at 20 and 50 em on 17 and 22 August 

are highly significant for difference between habitat types (Table 9). 

These so il temperature measurements also correlated highly with the 

first ordination axis and the measurement for 17 August was included 

in the multiple factor environmental gradient regression model. 

Maximum predawn plant moisture stress was measured at approximately 

this time (Table 7). This lends support to the hypothesis that soil 

temperature is an important direct influence on plant moisture stress 

or a useful indicator of some other factor that influences plant 

moisture stress. 

The correlation of soil temperature and plant moisture stress 

may be the result of several important effects. Soil temperatures are 
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an important influence on the radiation environment of leaves which 

is an important factor in transpiration rate (Bannister 1976). Soil 

temperature directly affects any metabolic process occurring in the 

roots including active uptake of water by roots. Correlation of soil 

temperature may also be a reflection of the importance of air 

temperature. Soil temperatures reflect air temperature patterns which 

may not adequately be represented physiologically by maximum and 

minimum air temperature measurements. 

The moisture variables indicated to be important by this study 

are percent volume of coarse rock fragments in the soil, available 

water storage capacity, soi l moisture percentage at 20 em measured in 

August, and length of growing season defined as the number of days 

from date of snowmelt to the first frost in the fall . These are all 

important in determining moisture availability in the soil for uptake 

by plant roots as previously discussed. 

Direct measurement of plant moisture stress: Plant moisture 

stress measured by pressure bomb on conifer sap li ngs did not dif­

ferentiate types well. Variability in data results (Tab le 7) and 

accessibility of stands limited usefulness of this measurement. 

Although this method directly measures the water stress exper ienced 

by these trees, ma ny other variables than atmospheric and soil moisture 

stress are integrated by this measurement. Disease, rooti~g pattern, 

competition, shading and other microhabitat characteristics will affect 

the plant moisture stress experienced by an individual plant. These 

effects may obscure larger scale environmental differences between 

stands. Direct measurement of the environmental variables 
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most important in determining PMS is probably more useful than 

inference about these variables through plant moisture stress measure­

ment for investigating environmental differences between stands. 

Habitat type relationships. The hypothesized re lationship of 

the habitat types included in this study i s shown in Figure 11. 

The horizontal axis represents a gradient of atmospheric influences 

and the vertical axis soil moisture effects on plant moisture 

stress . In general these axes correspond to temperature and moisture 

environmental vari ables respectively. 

The arrangement of the habitat types in Figure 11 is pure 1 y sub­

jective, based on measurement of envi r onmental factors, ordination results, 

and field observation of environmental characteristics not included in the 

analysis. These include inferences about the radiation environment 

of each type including timi ng of radiation input relative to air 

temperature patterns . This is affected by elevation, s lope, and 

aspect. Winter snow accumulation is also considered as it affects 

potential availability of water for summer plant growth and is an 

important influence on soi l temperature. The growi ng seaso n for many 

plants may be limited by availability of moisture in the soi l in 

late summer. The influences of winter snow accumulation, water storage 

capacity of the soil, and timing of plant growth relative to moisture 

avai lability were also taken into account in development of 

hypothesized relationships of the habitat types. 

The Abla/Pera habitat type is cold and moist. It occurs at high 

elevations on deep, acid soils of the Wasatch formation. Snowfall 
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Figure 11. Hypothesized relationships of habitat types to gradients 
of soil moi.sture and atmospheric stress. Soil moisture stress 
is here considered to be influenced by factors affecting the 
capacity of the soil to provide moisture to the plant roots. 
Atmospheric stress is considered to be primarily influenced 
by temperature, incident solar radiation, and length of 
growing season . 



i s heavy and snowpack remains until late June or early July . The 

soi ls remain moist throughout the short growi ng season. Thi s 

combination of factors indicates low atmospheric and soi l moisture 

stresses. 

Stands on the ~~Osch habitat type also occupy environments 

74 

of low soil moisture and atmospheric stresses. These occur at middle 

to high elevations on deep fine textured soils. Although the stand 

in the Tony Grove area i s indicated to have shallow soil, the rock 

portion of the soi l consists of mostly large boulders. Tree roots 

may extend quite far down between these rocks. The fine portion of 

the soil retains water late in the summer as indicated by the soil 

moisture mea surements. Soi ls were quite moist at a depth of 1 meter 

when soil pits were dug in late August of 1978. Th e type i s warmer 

than Abla/Pera. Bas ed on these observations, it i s hypothesi zed that 

the Abla/Osch habitat type experiences lower soil moi sture stress 

and higher atmospheric stress than the Abla/Pera habitat type . 

The Abla/Bere and Psme/Bere habitat types are intermediate in 

character for both gradients . Both have cold air and soil tempera tures 

and rocky soils. The Psme/Bere type occupies steeper rockier sites 

on drier aspects than the Abla/Bere type. 

The Psme/Phma habitat type i s indicated to have high atmospheric 

stress because it occurs at low elevations, i s typified by warm air 

and so il temperatures, and has a long growing season. Thi s type 

receives l ess incident sol ar radiation than either Psme/Cele or 

Psme/Bere due to its occurrence on very steep north facing slopes . 



Not much snow accumulates on these types and soils are often rocky 

and shallow indicating high soil moisture stress. 
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The Psme/Cele habitat type represents both high soil moisture 

stress and high atmospheric stress. These sites occur on south facing 

slopes and ridges at middle to high elevations . Summer air and soil 

temperatures are high relative to the other habitat types. There is 

little snow accumulation on these sites in the winter and slopes are 

bare early in the spring. Thus, little moisture i s potentially available 

for soil storage. Soils probably dry early in the summer due to low 

soil moisture recharge by snowmelt and the high evaporation and trans­

piration potentials associated with exposure to wind and high incident 

solar radiation. Conifer budbreak did not occur until 2 months after 

snowme lt in these stands. This may indicate the growing season is 

short on this habitat t ype for most plants if summer drought i s limiting. 

The stand relationships hypothesized in Figure ll are based on 

environmental measurements but are conjectural in nature. This hypothesis 

needs further testing to determine if it is a useful generalization 

of the habitat type relations in the Loga n Canyon area, Utah. If va lid, 

the hypothesized relationships are probably applicable to adjacent areas 

supporting similar vegetation. Danger in extrapolation of this gener­

alization to other areas before supporting data are obtained should be 

recognized. 

The purpose of this study was to investigate how effective the 

habitat type classification system is in strat ifyi ng the physical 

environment. Stands were selected to be representative of habitat 
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types described in the classifications of the study area developed by 

Pfister (1972) and Henderson et al. (1976) . It would be surpr i sing 

if selection of stands by this criteria, where the habitat type classes, 

are defined based on the presence of a combination of several species 

did not yield stands that differed environmentally. If the habitat type 

class ifica t ion system is to be useful fo r management purposes, the types 

must not only be different environmentally but the environmental factors 

differentiating the types should be important in determining the vege­

tation parameters characterizing the types. The environmental dif­

ferences should also be mean ingful to management applications. 

It is hypothesized that the temperature and moisture environmental 

variab l es shown t o correlate to the vegetation gradients indicated 

by the ordination axes are important in determining plan t species 

di s tribution through their effect on plant moi sture stress. Further 

study of the environmental relationship s of habitat types i s needed 

to test thi s hypothesis and determine if the habitat type classification 

is effective in stratifying the physical environment . Better 

measurement of the environmental variables examined in this study and 

invest igation of other variables are needed. The environmental 

variables examined here are potentia ll y important in determining plant 

moi sture stress influences but methods of evaluation are crude and 

imprecise, particularly for the moi s ture gradient. Soil and air 

temperatures should be measured continuously rath er than as point-

in-time or maximum and minimum values. A measure of effective pre­

cipitation, that portion of the precipitation that is not lost to 

evapora tion, runoff, and drainage and i s actuall y available for utilization 
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by plants i s needed. A more physiologically meaningful measurement of 

length of growing season than either inc luded here i s also needed. 

Such a measurement must emphasize the limitation of plant growth by 

low soil temperature in early spring and moisture ava i labil i ty or low 

air temperature in late summer. Empha sis on those variables which 

are important to soil moisture and atmospheric influences on plant 

moisture stress may clarify the relationships between habitat types 

and improve correlation of env ironmental and ordination axes. Choice 

of environmental variables to consider and methods for their evalu ­

ation may be simplified. 
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SUt1MARY AND CONCLUSIONS 

The conclus ions of this study are based on the premise that the 

environmental relationships between stands indicated by the measure­

ments obtained are representative of these relationships in other years. 

This implies that the variables shown to be important in character­

izing and differentiating stands representative of the habitat types 

are important to the growth and establishment of the plant species 

on which the habitat type classification is based. Plant communities 

develop over long periods of time so that vegetation occurring on the 

land is influenced by both past and present environmental factors. 

The habitat type concept considers time and successiona l relationships 

of the vegetation . If conclusions about the environmental relation­

ships of habitat types, which are based on short term environmental 

measurements such as those obtained in this study, are to be valid, 

present environmental relationships of the vegetation occurring on 

the habitat types must be similar to those of the past and future. 

Based on the acceptance of this premise, my data show: 

l. The habitat types studied are significantly different and 

the environment is more variable between the types than within them 

for most environmental factors measured. 

2. There are two principal vegetation gradients in these habitat 

types. 

3. The directly measured environmental variables that correspond 

best to the vegetation gradients indicated by the ordination axes are 



79 

summer soil temperature measured at 50 em for one ax i s and a linear 

combi nation of variables affecting soil moisture supply for the other 

axis. These variables are soil moisture percentage measured at 20 em, 

estimated percent volume of coarse rock fragments in the soil, and 

estimated available water storage capacity in the surface meter of soil 

calculated from percent rock fragment and soil textural class data. 

4. It is felt these temperature and moisture variables are 

physiologically signifi cant to plant growth and development through 

their effect on plant mo i sture stress. These variables determine the 

availability of soi l moisture to plant roots to meet transpirational 

demand and atmospheric influences on that demand. An hypothesis of 

the relationships of the habitat types to these environmental gradients 

is presented in the form of a two -dimensional gradient analysis. 

5. Direct measurement of predawn minimum plant moisture stress 

on conifer saplings did not differentiate habitat types satisfactor il y . 

It is felt that this measurement integrates many microhab itat environ ­

mental factors which obscure the larger scale environmental differences 

between stands. 

6. It is tentatively concluded that the forest habitat types 

examined in this study do represent different environments. Thi s 

land classification system is effective in stratifying the physical 

environment in terms of environmental parameters which are both 

physio logically meaningful to vegetation characteristics defining the 

habitat type classes and have important impli cations to management 

applications. 
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The habitat type cl ass ifi cation system has proven useful in a 

variety of management applications (Pfister 1976, Arno and Pfister 1977). 

This st udy shows that the habitat types are not highly variable and 

broad ly overlapping in terms of environment. Si nce the response of 

vegetation is dependent on the physical environment, t hi s lends support 

to the co nc lusion that knowledge of the habitat type class of a particular 

piece of land is useful in predicting the response of vegetation to 

ma na gement manipulation or natural di sturbance. 
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Table 13 . Stand physiography, seasonal data (1978), and estimated total yearly incident 
solar radiation. 

Number of Numbe r of Est I mated 
days from days from total Incident 

Date of bud break snowmelt so lar ftabtt at Pl ot El evation Percent Aspect Date of Date of f irst to ftrst to f ir st radlat ton type number (me ters) sl ope (azimuth) budb reak SOOIO'Inelt frost frost frost (cal ·cm-2-yr·l ) 

Abh/Pera l 2634 8 76 6/25 7/01 8/25 60 55 197322 2 2418 17 3 6/25 6/28 8/25 62 59 17 4455 3 2439 10 304 6!16 6/26 8/19 65 62 1922 17 16 2567 8 30 6124 6130 8/20 57 51 190488 
Abla/Osch 5 2265 18 304 6/08 5/20 8/30 84 93 184537 6 2387 10 360 6112 5/28 8/25 75 90 18546 3 7 2055 37 334 1/28 5/20 9/01 96 104 147361 18 1954 18 2l 6108 5/20 8125 79 97 174458 
Abl a/ Bere 10 2421 14 275 6!18 6110 8125 68 76 197506 11 2122 54 332 6106 6/07 8/12 67 66 123684 12 2402 26 27 4 6!16 6123 8119 63 58 1911 245 27 2344 7 218 6!10 6!10 8!1 8 69 69 200094 28 2118 33 279 6/lO 6!12 B/18 69 67 187599 
Psme/Phma 8 1610 44 359 1!15 4/01 9115 124 168 129989 19 1707 81 12 5!15 4/ 01 9/15 123 168 88763 20 1579 77 328 5!15 tl/01 9/15 123 168 105069 21 2011 82 304 1!15 4/05 8/ 11 92 132 129008 22 1601 38 319 5/15 "101 9/01 lOB 153 154150 
Psme/Be re 13 2140 45 26 4 6107 5!15 8/l1 66 58 195263 14 1854 71 38 6102 5/05 8/20 79 107 11 60 19 15 2491 23 344 6122 6/0l 8/25 64 85 166303 29 23 41 38 305 6118 5/15 8/24 67 101 16482£' 
Psme/Cele 9 2293 44 l7J 6/05 4/10 8/JO 86 142 239061 23 2375 34 202 6/18 4!15 8/24 67 13 1 184781 24 224 7 29 230 6/10 4/10 8/12 63 123 219679 25 2439 27 260 6/15 4/lS 8/12 58 11 9 202822 26 2195 51 220 6!01 4/1 0 8/18 74 130 230326 

~ 



Table 14. Maximum and minimum air temperatures (°C) by month, 1978. 

Habitat Plot Winter1 June June July July August August Sept. Sept. 
type number minimum maximum min imum maximum mini mum maximum minimum maximum minimum 

Abla/Pera 1 - N02 NO NO 24.5 6.5 24.5 2. 0 23.0 -6 .0 
2 -18.5 25.5 NO 36 . 5 5.0 26 .5 0.5 27.0 -6.0 
3 -20 .5 22.5 NO 38.0 4.0 25.0 0.0 22.5 -7.0 

16 NO NO NO 28.0 3.0 24.0 0.0 21.5 -6.5 

Abla/Osch 5 -15. 0 24.5 NO 28.5 5.5 28.0 2.0 26.0 -3 . 5 
6 -15.0 23.0 NO 28.0 3.5 28.0 1.0 25.5 -5.5 
7 -16 .5 23.5 -1.5 29.0 6.0 28 . 0 2.0 26.0 -5.0 

18 NO NO NO 29.5 5.5 31.0 1.0 27.5 -3 . 5 

Abla /Bere 10 -15.0 23.0 3.0 28.5 3.5 28.0 1.5 28.0 -5.5 
11 -22. 5 25 .5 -3.5 31.0 2.5 27.5 -2.0 25.5 - 10.0 
12 -23.5 26.0 0. 5 29.5 2.0 28.5 0. 0 25.5 -8. 5 
27 NO NO ND 31.0 2.5 28.5 0.0 26.0 -6.0 
28 NO NO NO 30.0 5.0 29.0 -0.5 25.5 -6 .0 

Psme/Phma 8 - 3. 5 27.0 -1.0 31.0 6.5 31.0 3.5 NO NO 
19 NO ND NO 32.0 6.0 28 .5 2.5 NO NO 
20 NO NO NO 31.5 8.5 31.5 3.0 11.5 NO 
21 NO NO NO 31.5 2.0 32.0 -1.0 29.0 -5.0 
22 NO ND NO 32.5 5.5 28.5 3.5 29.0 -1.0 

Psme/Bere 13 -1 8.5 24.5 -4.0 29.5 3.0 33.0 -1.0 27.0 -9 .0 
14 -25.0 22.0 -6 .5 30.5 0.5 30.0 1.0 NO NO 
15 -16.5 23.0 NO 27.5 5.0 27.5 1.0 25.5 -6.0 00 29 ND ND NO 28.5 4. 5 27.0 1.5 25.5 -5 .5 00 



Table 14. Continued. 

-----------------
Habitat Plot Winter 1 June June July 
type number minimum maximum minimum max imum 

Psme/Cele 9 -17.0 25.0 ND 32.0 
23 ND rm ND 35.5 
24 NO ND ND 28 .5 
25 ND ND ND 27.0 
26 ND NO ND 31.5 

Winter minimum from l October 1977 to l June 1978. 

2 ND; No data; stand not observed. 

July August August 
mini mum maximum minimum 

6.0 31.0 1.5 
5.0 34.5 0.5 
5.0 29.0 0.0 
5.5 25 .5 0.0 
5.5 29.0 -1.0 

Sept. 
max imum 

25.0 
26.5 
16. 0 
22.0 

ND 

Sept. 
mi nimum 

-2.0 
-7.0 
-2.5 
-6 .0 

ND 

00 
1.0 
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Table 16. Soil temperature ( OC) at 50 em by date of observation, 
1978. 

Habitat Plot Dates 

type # 25 Jul y 2 Aug. 9 Aug, 17 Aug. 22 Aug. l Oct. 

Ab1a/Pera 1 5.5 6. 4 7.7 6.1 6.2 5.1 
2 N01 7.7 NO 7.3 6.7 5.6 
3 NO 8.2 8.6 7.0 6.9 NO 

16 5.6 6.0 NO 6.2 5.8 3.8 

Ab1a/Osch 5 9.0 9.4 NO 8.4 8.3 7. 1 
6 6.8 7. 2 NO 8.3 6.8 6.2 
7 NO 8.6 8.5 8 .1 7.6 6.4 

18 NO 9. 3 9.4 8.6 8.0 6.6 

Ab1a/Bere 10 6.1 6.6 NO 7.3 6.0 5.7 
11 7.2 7.7 7.8 7.5 7. 0 4.4 
12 NO 6.8 7.4 6.9 6.8 NO 
27 7.0 7.6 NO 7. 4 6.8 5. 3 
28 6.8 7.4 7.6 7.6 7.4 5.3 

Psme/Phma 8 NO 11 .5 NO 11 . 1 10.7 7. 4 
1g NO 11. 9 11.4 11.0 10.0 7.6 
20 NO 13. 3 NO 12.4 11.9 7.2 
21 NO 11.8 11.7 9.9 9.6 6.5 
22 NO 10.2 NO 11 .3 9.6 7. 3 

Psme/Bere l3 NO 9.5 9.4 7.9 6.6 5.7 
14 NO 12.6 NO 11 . 0 9.4 NO 
15 8.0 8.5 NO 8.5 7.9 6 .9 
29 NO 7.9 8.4 8.3 7.8 6.0 

Psme/Ce1e 9 NO 14.0 NO 11. 0 12.5 11. 3 
23 NO 13.5 15.0 11.7 ll , 5 7.0 
24 10 .7 11. 4 11.6 10. 8 9,7 7.5 
25 11. 8 11.1 NO 10. 8 9.4 8.5 
26 NO 13.4 13.4 11.9 12 .2 NO 

NO ~ No data observation. 



Table 17 . Soil mo i sture (percent of dry weight) at 20 em by date of observation, 1978. 

Habitat Plot Date 
type # 11 July 19 July 26 July 2 Aug. 9 Aug. 16 Aug . 22 Aug. 1 Oct. 

Abla/Pera l 24.0 16.7 13.6 13.9 NO 30 .3 12.7 13.6 
2 18.4 13.9 NO 14.5 ND 14.6 15. 4 21.6 
3 20.1 13 .6 ND 15 .6 ND 20.1 15.2 14.2 

16 36.5 31.6 30 . 2 27 .l NO 32.8 16.2 24.3 

Abla/Osch 5 14.9 14. l NO 12.3 NO NO 30.3 24.9 
6 21.1 17.0 13. 8 13. l NO NO 15 . l 16. 6 
7 17.0 14.6 NO 8.6 ND 15.7 17.6 21.8 

18 17 .5 14.9 NO NO 13.4 15.7 16 .7 11 .0 

Ab l a/Bere 10 18.2 17.8 NO ND NO NO 16 . 9 19.8 
ll ND 17.8 17 .6 20.6 ND 19.7 22.4 32 .7 
12 16.1 16 .3 NO 15.1 ND 32.7 14 .0 12.6 
27 17 .3 ND 15.2 17 . l ND 14.7 18 . 0 28.8 
28 17.3 ND 17.5 18.5 ND 13.6 19 .l 24.1 

Psme/Phma 8 17 .2 NO NO NO NO 20.7 17 .8 19.2 
19 15 .8 ND ND 14 . 5 ND 16.8 16.3 NO 
20 NO ND NO 27.1 NO 36.3 22.9 NO 
21 11.9 11.0 NO NO 12 .0 14.5 15.6 10 . 9 
22 17 .2 16. 3 ND 15 .5 NO 37.1 20.7 26. l 

Psme/Bere 13 16.0 14.0 NO 14.8 NO 14 .4 14 .9 14. 0 
14 18.2 NO NO 14.1 NO 30.4 27.0 NO 
15 NO 14 .9 18.6 14.9 NO NO 21.2 47.4 <D 29 17.0 17.0 NO 16.2 ND 17.5 17 .0 20 .9 N 



Table 17. Continued. 

Habitat Plot 
type # ll July 19 July 26 July 

Psme/Ce l e 9 10.2 13.6 ND 
23 15 .7 14.4 ND 
24 12.4 ND 6.8 
25 20.0 19.7 NO 
26 17.0 15 . l NO 

ND = No data observation. 

Date 

2 Aug . 9 Aug. 16 Aug . 

15.0 ND ND 
14.6 ND 36.4 

ND 7. 1 13.4 
12.4 ND ND 
10.8 ND 12.8 

22 Aug . 

20.9 
29.3 
10.3 
15 . 4 
15.6 

l Oct . 

ND 
27.7 
18.6 
40 .6 
14. 8 

"' w 
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Table 19. Estimate of available soil water capacity based on texture 
class, estimated volume occupied by rock fragments, and 
depth of horizons. Value is calculated for each horizon, 
summed to 100 em or bedrock if soil was shallower than 
100 em using formulas from Erickson and Searle (1974). 

Available water 
storage expressed 

Available as a percentage 
water storage of soil depth 

Habitat Plot Soil in soil profile (em of water/ 
type # depth (em of water) em of soil) 

Abla/Pera 1 100 11 .11 
2 100 8 .08 
3 100 10 . 10 

16 100 9 . 09 

Abla/Osch 5 100 14 . 14 
6 70 8 .11 
7 70 8 .11 

18 89 12 . 13 

Abla/Bere 10 79 6 .07 
11 100 8 .08 
12 100 8 .08 
27 84 13 .15 
28 100 8 .08 

Psm2/ P'1 '1c: 8 85 7 .08 
19 100 9 . 09 -
20 50 5 .10 
21 75 6 .08 
22 83 6 .07 

Psme/Bere 13 85 13 . 15 
14 100 8 . 08 
15 100 17 .17 
29 100 14 . 14 

Psme/Cele 9 74 13 .18 
23 92 9 .10 
24 NDl ND ND 
25 60 5 .08 
26 100 8 .08 

l NO no data observation. 
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Table 20. Calculated stand coordinates on axes of Ordination 
II by habitat type. 

and 

Habitat Plot Ordination r Ordination II 
type # Axis . l Axis 2 Axis 1 Axis 2 

Abla/Pera 1 76.19 34.43 39.26 75.64 
2 72 . 70 14.25 36.20 62.78 
3 69.57 36.92 40 .78 69.51 

16 76.19 29 . 43 42.85 72.39 

Abla/Osch 5 44.55 16.75 35.05 44.21 
6 55 .58 20.25 33.89 44 .21 
7 46.15 0.00 0.00 41.37 

18 40.88 7.49 15 .98 3 6.08 

Abla /Be re 10 59.53 29.89 41.92 47.42 
11 42.43 29.02 43.14 39.30 
12 65.33 26.90 37.03 58.60 
27 54.91 38. 11 34.27 46.47 
28 48.98 20.40 30.18 42 .95 

Psme/Phma 8 32.98 63 .59 77.41 37 . 25 
19 35.67 60.13 54.76 32.96 
20 41.67 70.17 74.69 37.25 
21 31.77 62 . 02 61.75 31.29 
22 38.71 59.55 72.06 38.74 

Psme/Bere 13 26.48 46.54 66.24 30.42 
14 28.45 40.80 58.63 29.86 
15 27.84 60.04 69 . 42 35.03 
29 24.70 60.59 64.29 28.54 

Psme/Cele 9 4.93 53.73 55.91 11.71 
23 10.43 50.97 55.72 13.79 
24 0.00 39.29 43.29 0.00 
25 6.51 42.71 51.77 8.98 
26 2.58 45.49 47.61 6.01 
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Table 21. Predicted stand coordinates for axes of Ordination I by 
habitat type. Regression models A, B, and C are for 
axis 1 (27 stands), axis 2 (26 stands), and axis 2 (21 
stands) respectively. 

Habitat Plot Model A Model B Model C 
type # Axis l Axis 2 Axis 2 

Abla/Pera l 65. 16 32.12 33.87 
2 52.00 31.33 35.00 
3 54.68 37.23 42.19 

16 63.93 9.38 28.55 

Abla /Osc h 5 48.72 33.02 22.80 
6 51.40 22.99 16.08 
7 59.75 21.91 4.75 

18 44.73 24.92 

Abla/Bere 10 58.25 24.23 
11 22.81 35.80 48.87 
12 58.59 32.14 31.25 
27 54.99 25.81 26.26 
28 53.83 22.78 25.77 

Psme/Phma 8 39 .57 63.55 
19 38.76 62 .28 51.68 
20 22.56 58 . 94 67.55 
21 32 .81 46 . 62 
22 33.47 56.52 49.10 

Psme/Bere 13 43.60 27.20 29.85 
14 14.33 
15 40.29 57.46 65 .01 
29 45.29 54.80 58.56 

Psme/Ce1e 9 13.83 52.04 45.58 
23 - 0.46 49.00 42.05 
24 11.41 30.21 
25 9.74 45.62 38.73 
26 1. 66 60.75 52.87 
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Table 22. Association table showing relative percent canopy 
cover of overstory and undergrowth vascular plant 
species occurring on all plots. 
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