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An Evaluation of Landscape 
Units 

Land system delineation on the basis of photographic image 
tone, texture, and pattern is proposed as a technique for 
obtaining land classification entities in a timely and cost 
effective manner for the Guadalupe Mountains National Park 
of west Texas. 

INTRODUCTION 

G UADALUPE MOUNTAINS NATIONAL PARK 
(GMNP) in southwest Texas was estab- 

lished in 1972 largely because of its striking 
beauty and geological significance, as well 
as because it contains several indigenous or " 
endangered species of plants and animals. 
The Guadalupe Mountains are composed 
largely of limestone, a remnant of a huge reef 

well as provide for the enjoyment of visitors, 
the Park Service needs to identify and assess 
quickly the land areas which will require 
different management practices. If this is to 
be done economically, a technique must be  
used which obviates a great deal of field 
work since the mountains are extremely rug- 
ged and access is difficult. To be practical, 
areas must be homogeneous enough to re- 
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boundaries of the delineated units were real in terms of slope, veg- 
etative, and geologic variables; (2 )  the units were unique and inter- 
nally homogeneous; and (3) homogeneity involued the biophysical 
composition of sites as well as the number of sites. 

The land system concept accommodates the need for detailed in- 
formation f ron~  which broader generalizntions can be drawn, and it 
concomitantly organizes the collection and analysis of data in such a 
way that the interrelationships of physical and biological charac- 
teristics are recognized and preserved. 

called the Capitan Barrier Reef (see Figures 
1 and 2). The Park, approximately 31,376 
hectares (77,500 acres), contains the entire 
range of plant communities from xeric desert 
shrub to mesic coniferous forest and it in- 
cludes animals as diverse as cottontails and 
mountain lions, porcupines, and elk (Na- 
tional Park Service, 1973). 

As a consequence of the diversity of the 
Park and the need to protect the resources as 
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spond predictably to a given management 
practice, yet large enough to prevent differ- 
ing management practices from coming into 
conflict. 

The land system or landscape concept is a 
technique which has potential for applica- 
tion to the needs cited. Initially developed 
through the work of Bourne (1931) and Un- 
stead (1933), this method defines small areas 
and combines them into larger areas on the 
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FIG. 1. Satellite photograph of the Guadalupe 
Mountains with Park boundaries superimposed 
(Skylab Photo SL2-94-291). 

basis of the interrelation of many factors, one 
or more of which may be dominant at a given 
time or place. Australian researchers have 
further refined the landscape concept by 
defining and then identifying land units and 
land systems on aerial photographs (Chris- 
tian and Stewart, 1953, 1968). 

They defined the land system as "an area 
or group of areas, throughout which there 
[was] a recurring pattern of topography, 
soils, and vegetation." The recurring pattern 
was caused by land units each defined as 
having a distinct combination of topography, 
soil, and vegetation. A further subdivision, 

FIG. 2. Location map. 

the site, was defined as being "for all practi- 
cal purposes, uniform through its extent in 
landform, soil, and vegetation" (Christian 
and Stewart, 1968). 

Christian and Stewart (1968) primarily 
delineated boundaries along a "discernable 
geological or geomorphogenic feature or pro- 
cess." They assigned equal importance to 
"all significant factors, landform, soil, vege- 
tation, drainage, climate, and impact of 
man." Although not explicitly stated, they 
implied that a boundary line may occur due 
to any one or a combination of factors. Ex- 
tensive use of aerial photographs was made 
both in the laboratory and in the field ini- 
tially to define boundaries which were re- 
fined if necessary based on ground truth de- 
rived from sample transects in the final field 
work. 

Major contributions to land classification 
have also come from Great Britain, the  
Soviet Union, and the United States. Though 
terminology varies with authors, the basic 
units are defined essentially as those of 
Christian and Stewart (Bourne, 1931; Flynn, 
1974; Keuper, Peplies, and Gillooly, 1977; 
MacPhail, 1971; Nichol, 1975; Peplies and 
Flynn, 1972; Peplies and Wilson, 1970; 
Solntsev, 1962; Vinogradov et ul., 1962; Web- 
ster and Beckett, 1970). 

Although the techniques of land classifi- 
cation were potentially applicable to the 
GMNP,  it was considered necessary to de- 
velop some quantitative method by which 
the boundaries of land areas could be tested. 
Only by demonstrating the reality of the 
boundaries could the land classification 
technique (using aerial photographs) be con- 
sidered practical for park management ap- 
plications. 

The objectives of this research program 
were (1) to test thoroughly the boundaries 
delineated from aerial photographs using 
complete ground truth data on slope, vege- 
tation, and geology; (2) to compare all land 
areas with each other to determine their de- 
gree of uniqueness; and (3) to examine the 
homogeneity of the delineated areas in 
terms of the patterns of the aforementioned 
factors. 

The major steps to achieve the objectives 
set forth were to (1) delineate landscape unit 
boundaries on aerial photographs; (2) de- 
termine the kinds and quantities of various 
physical and biological factors in each land- 
scape unit from ground truth; (3) test the ae- 
rial photographic delineations with ground 
truth in order to verify the boundaries; (4) 
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test for any similarities among landscape 
units and; (5) test the landscape units for 
internal homogeneity. 

Land areas were delineated on the basis of 
homogeneous image signatures proposed by 
Lueder (1959) using black-and-white verti- 
cal aerial  photographs (average scale 
1:32,500). This identification and delinea- 
tion involved the use of several diagnostic 
characteristics associated with "photo image 
signatures," which included a combination 
of tone, pattern, and texture. Stereoscopic 
study permitted further refinements to be 
made on the basis of major topographic char- 
acteristics in the study area. These delinea- 
tions did not solely depict either major 
geologic or geomorphogenic changes or 
single landforms (the criteria for Christian 
and Stewart's land systems and land units 
respectively), but they did reveal repetitive 
patterns. As a result, it was decided that the 
delineations represented an intermediate 
classification, the landscape unit, and that 
the elements of the repetitive patterns were 
the sites. Thus the landscape unit is defined 
as an area exhibiting a unique photographic 
image on the basis of tone, texture, pattern, 
and topographic factors, the boundaries of 
which do not necessarily coincide with 
major geologic or geomorphologic divisions 
or specific landforms, but which are deter- 
mined by the occurrence of groups of re- 
petitive sites. 

The landscape unit delineations were en- 
larged to a scale of 1:24,000 to provide easy 

comparison with United States Geological 
Survey (uscs) topographic maps of the Park 
(Figure 3). Complete ground truth for the 
Park consisted of maps of vegetation associ- 
ations, surface geology, and slope. Soils data 
were not available. The  maps were all 
brought to a scale of 1:24,000. 

The vegetation map describes 139 differ- 
ent associations based on community form 
and descending order of genera or species 
dominance by growth form (Interagency 
Browse Survey Map, 1974). The surface ge- 
ology map depicts the eight major geological 
classifications in the Park (Goolsby, 1974), 
and the slope map, prepared from uscs 
maps, uses three classes to indicate gentle, 
moderate, and steep slopes. 

The four maps-landscape units, vegeta- 
tion, geology, and slope-were overlaid and 
a composite map was drawn. Within each 
landscape unit, sites were delineated which 
consisted of one class each of the factors 
slope, vegetation, and geology. Following 
this, the area of each landscape unit and its 
associated sites were measured. 

One additional term, the distinct unit, 
must be defined. A distinct unit consists of 
one or more sites having the same combina- 
tion of slope, vegetation and geology. To il- 
lustrate this concept, a map of landscape unit 
32 is presented (Figure 4) and a tabular de- 
scription of each site in that landscape unit is 
given (Table 1). Each site on the map is 
numbered and corresponds to the site de- 
scription in the table. All sites which have 

1 I 

FIG. 3. Landscape units in Guadalupe Mountains National Park. 
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Mil.. 21  

FIG. 4. Landscape unit 32. 

identical descriptions within a single land- 
scape unit were combined for the purpose of 
analysis and the resulting unit is called a 
distinct unit. This is indicated on the map by 
assigning each set of the identical sites one 
graphic pattern each. Sites which occur only 
once are left blank. Brackets are used in the 
table to show which sites have been com- 
bined into distinct units. Distinct units may 
contain several sites or only one site. 

The significance of distinct units lies in 
the relationship between the total number of 
sites and the total number of distinct units 
within a particular landscape unit. If the 
ratio of sites to distinct units increases, this 
implies repetition within the landscape unit. 
That is to say, the landscape unit is com- 
posed of a relatively smaller number of 
uniquely different sites which are recurring 
or repeating throughout the landscape unit. 

BOUNDARY TEST 

The boundary test was developed to de- 
termine if the lines delineated on the aerial 
photographs represented actual differences 
between adjacent landscape units. Each 
physical factor (slope, vegetation, and geol- 
ogy) was compared independently. The per- 
cent composition for each class of a factor 
was obtained by dividing the area of a given 
class by the total area of the appropriate 
landscape unit. These percent compositions 

were then paired with the percent composi- 
tions of adjacent landscape units. The simi- 
larity level was obtained by adding the 
lower wercent com~osit ion in each class and 
s u m m i n g  t h e s e .  T a b l e  2 p r e s e n t s  a 
hypothetical example of the testing proce- 
dure. 

The lower wercent com~osit ion number in 
each class of the two landscape units was 
assumed to represent the greatest degree to 
which the landscape units were similar; 
therefore, the lower numbers were added 
and the sum equaled the minimum simi- 
larity level between the landscape units for 
the particular factor being considered. 

Because boundaries are rarely distinct, if 
two adjacent landscape units had similarity 
levels of at least 90 percent in all three fac- 
tors, they would be considered identical and 
the boundary line would b e  removed; they 
then became one landscape unit. If simi- 
larity was less than 90 percent in even one 
factor, the boundary was deemed real. 

The 90 percent level was chosen because 
mountain landscapes have such variety that 
different management practices may be es- 
sential for their protection and enjoyment. If 
a lower level of agreement was accepted, 
some landscape units might appear similar, 
yet if managed the same, serious harm could 
result. Thus, a stringent similarity test allows 
a safety margin which can be later relaxed if 
more detailed study so indicates. 

SIMILARITY TESTS 

The landscape units were tested for simi- 
larity by using ground truth data to verify the 
qualitative results of the photo interpretation 
which indicated that each landscape unit 
was visually different from all others in the 
Park in terms of tone, texture, and pattern. 

A pairwise comparison of all landscape 
units, whether adjacent or not, was made 
using the percent compositions of the classes 
for the slope, vegetation, and geology factors 
(each factor being tested separately). If two 
landscape units had similarity levels of at 
least 90 percent in all three factors, they 
were considered similar. 

One important aspect of the similarity 
level test was to determine to what degree 
the landscape units were dissimilar. It was 
decided that they had to be more than 10 
percent dissimilar to be considered unique, 
but, if all the landscape units evidenced 
greater degrees of dissimilarity, this would 
further support the contention that the de- 
lineated units were unique. This was ac- 
complished by choosing the pair of land- 



AN EVALUATION OF LANDSCAPE UNITS 

TABLE 1. LANDSCAPE UNIT 32 SITE DESCRIPTIONS 
- 

Area in Slope Vegetation Geology 
Square Factor Factor Factor Distinct 

Site Miles Classes' Classes2 Classes3 Unit 

I 

I1 

111 

IV 

v 

VI 

VII 

VIII 

XIV 

xv 
XVI 

' Percent Slope Ranges 
' Communit)i Types  5 - Mountain Shrub, 6 - Conifer, 10 - Hardwood 

Dominant Plants: Acgr - Acer grand~dentatum - big-tooth maple 
Arte - Arbutl~\ texana - Texas madrone 
Cehr - Cen,carpur l,rev~florr~s - mountain mahogany 
Cegr - Ceanothus greggii - desert ceanothus 
DALE - Dalea Spp. - indigo bush 
Gawr - Garrya w r ~ g h t i ~  -Wright srlktassel 
PP - P ~ n u r  ponderosa - ponderosa pine 
Psme - Pseudotsuga menziesii - Douglas fir 
QUER - Quercur Spp. - oak 

TI - Thin bedded limestone andior dolomite. 
MI - Massive or thick bedded limestone andlor dolomite. 

scape units which had the highest percent 
compositions in all three factors. For this 
pair, the lowest percent composition of the 
three factors was subtracted from 100 per- 
c e n t  a n d  t h e  r e s u l t  was  t h e  a b s o l u t e  
minimum degree of dissimilarity among all 
pairs of landscape units. For example, if the 
landscape unit pair having the highest per- 
cent compositions in all three factors had 

these similarity values: 60 percent, 100 per- 
cent, and 100 percent in vegetation, slope, 
and geology, respectively, then by subtract- 
ing 60 percent from 100 percent the result 
would b e  40 percent dissimilarity. Obvi- 
ously, for any other landscape unit pair hav- 
ing percent compositions less than those in 
the example, the result would be greater dis- 
similarity. 
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TABLE 2. HYPOTHETICAL AGREEMENT LEVEL TEST FOR ALL FACTORS 

Landscape Landscape Agreement 
Unit A Unit B Level 

Slope factor classes 
<5% 0 0 0 

5-50% 46 48 46 
>50% 54 52 52 

Geology factor classes 
Thin bedded limestone 
Massive limestone 
Sandstone 

Vegetation factor classes 
Mountain Shrub characterized by 
Nolina texana, Cercocarpus 
brevifloms, Dalea spp. and 
Quercus spp. 

Mountain Shrub characterized by 
PinusIJuniperus, Quercus spp. 
Mahonia trifoliata and Opuntia 
imbricata 

Mixed forest characterized by 
Pinus ponderosa, Pseudotsuga 
menziesii, Acer grandidentatum 
and Quercus spp. 

Desert shrub characterized by 
Viguiera stanoloba, Larrea 
tridentata, Parthenium incanum 
and Dalea spp. 

Because of the variety within the land- 
scape units it was possible that two might 
appear unique using the similarity levels of 
slope, vegetation, and geology separately, 
and yet they might be  similar in terms of the 
dominant distinct units, i.e., those distinct 
units whose areas summed to 50 percent or 
more of a landscape unit area. As a result, all 
landscape unit pairs were further tested for 
uniqueness using the descriptions of the 
dominant distinct units. Landscape units 
were considered unique if the dominant 
distinct units occurred only once among all 
46 landscape units. If a particular dominant 
distinct unit occurred in more than one land- 
scape unit and it was the only dominant dis- 
tinct unit in each landscape unit, then the 
landscape units would be  considered simi- 
lar. 

HOMOGENEI I'Y TESI'S 

Closely associated with the concept of 
u n i q u e n e s s  is t h e  c o n c e p t  of i n t e rna l  

homogeneity of the designated landscape 
units. For utility and viability of landscape 
units as management entities, the delineated 
landscape unit must display a greater level 
of homogeneity than would a series of ran- 
domly configured units of comparable size. 
That is to say, the landscape units are inter- 
nally more homogeneous than randomly 
configured units. 

Given the great diversity of slope, vegeta- 
tion, and geology in the landscape units and 
the range of sizes (areal extent), some means 
of analyzing the site composition of land- 
scape units had to be devised which would 
accommodate the variety and yet not make 
s i z e  a l i m i t i n g  c r i t e r i o n . *  A t o t a l l y  

* If the size of a landscape unit were the deter- 
minant factor in landscape unit analysis, then 
every landscape unit would have to be analyzed 
individually, which would preclude a synthesis of 
information and thus eliminate the landscape unit 
concept as a predictive tool. 
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homogeneous landscape unit is one which, 
throughout its extent, is made up of only one 
combination of slope, vegetation, and geol- 
ogy. Thus, it would have one site and one 
distinct unit. A totally heterogeneous land- 
scape unit would have many singular sites 
and an equal number of distinct units. 

Sites, although not defined in terms of 
areal extent, are generally much smaller than 
individual landscape units; therefore, in- 
crease in landscape unit size is a function of 
increasing numbers of sites being included 
within a particular landscape unit. Thus, the 
key element in evaluating homogeneity for a 
given landscape unit is site repetitiveness 
within the unit. 

If a landscape unit  were  to approach 
homogeneity, (1) sites would have to be- 
come repetitious; (2) the number of distinct 
units per unit area would not increase at a 
rate equal to the rate of area increase and; (3) 
the number of dominant distinct units would 
tend to remain low (Table 3). 

To test whether the delineated landscape 
units are, in fact, entities with greater inter- 
nal homogeneity than comparably sized ran- 
domly configured units, three minor null 
hypotheses were devleoped. These assumed 
that the delineated units were not effective 
in reducing internal homogeneity; that is, 
they were no better than a series of randomly 
drawn units. The three null hypotheses were 

The number of distinct units per unit area 
was independent of landscape unit size, 
The number of sites per dominant distinct 
unit was independent of landscape unit 
size, and 
The ratio of dominant distinct units to total 
number of distinct units in a landscape 
unit was independent of landscape unit 
size. 

These three hypotheses were tested using 
Hotelling and Pabst's test for Rank-Order 
Correlation with H, :: p = 0 (Bradley, 1968). 
Rejection of the null hypothesis (the vari- 
ables are independent) points to acceptance 
of the two possible alternative hypotheses, 
namely: there is a positive correlation be- 
tween variables; or there is a negative cor- 
relation between the variables. 

A caveat must be inserted at this uoint 
concerning hypothesis (b).  A paradox arises 
when totally homogeneous landscape units 
and totally heterogeneous landscape units 
are tested. Since the totally homogeneous 
landscape unit would have one site and one 
dominant dist inct  unit, the  ratio of the  
number of sites per dominant distinct units 
would be one. In contrast, a completely het- 
erogeneous landscape unit  would have 

many unique sites and an equal number of 
distinct units. As a result, the ratio of the 
number of sites to dominant distinct units 
would  also equa l  one .  Thus ,  bo th  t h e  
homogeneous and heterogeneous landscape 
units would have the same ratio value. Apart 
from these two exceptions, and remember- 
ing that they deal with models rather than 
reality, the tests presented appear to be  via- 
ble means of evaluating the hypotheses. 

Several landscape unit pairs showed high 
degrees of boundary similarity in two fac- 
tors, but  at least one factor in each case had a 
low boundary similarity. Thus ,  t he  first 
major hypothesis, that the boundaries de- 
lineated using aerial photographs were real, 
was verified. 

All landscape units were compared by 
pairing each landscape unit with every other 
landscape unit in order to find the individual 
similarity levels for slope, vegetation, and 
geology. In every case, one or two factors 
exhibited less than 90 percent similarity. 
The least dissimilarity that occurred was 39 
percent in the landscape unit pair 11 and 95; 
thus, not only were the landscape unit pairs 
not similar, but they also were dissimilar at a 
minimum of 39 percent. 

The dominant distinct units, those whose 
areas summed to at least 50 percent of a 
landscape unit, were listed for- all possible 
landscape unit pairs and their descriptions, 
using slope, vegetation, and geology simul- 
taneously, were compared with all other 
dominant distinct units. This additional test 
was performed because it was possible that 
two landscape units might appear unique in 
the individual factors, but could be similar if 
they each only had a single identical domi- 
nant distinct unit. With the exception of 
three landscape unit pairs-21 and 23, 28 
and 30, and 11 and 95-all other landscape 
units were found to be unique in terms of 
dominant distinct units. 

Considering the fact that there were 1425 
possible pairs of landscape units evaluated 
in the uniqueness testing, it is remarkable 
that only three landscape unit pairs were not 
clearly designated as singularly unique.  
Further examination of these three pairs re- 
vealed that, while each pair did have a single 
identical dominant distinct unit, the site 
distribution caused a sufficiently different 
pattern (on the aerial photographs) between 
members of a pair to be  indicative of a 
"uniqueness" which could possibly be of 
significance in the management of these 
areas. Therefore, it was deemed desirable to 
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TABLE 3. HOMOGENEITY DATA 

Ratio of 
Number Dominant 

of Number Distinct 
Number Distinct Sites/ of Units to 

Area in Number of Units/ Dominant Dominant Total 
Landscape Square of Distinct Square Distinct Distinct Distinct 

Unit Miles Sites Units Mile Unit Units Units 

consider also these landscape units to be  
unique at this time. 

The third major hypothesis dealt with the 
internal homogeneity of the landscape units, 
and this was examined by postulating three 
minor null hypotheses, all of which were 
tested using Hotelling and Pabst's Test for 
Rank-Order Correlation (Bradley, 1968). 

The  first ~ o s t u l a t e d  that the number of 

distinct units per unit area was independent 
of landscape unit size. A negative correlation 
(r = -0.57) was obtained, and the null hy- 
pothesis was rejected. The  alternative hy- 
pothesis of negative correlation was ac- 
cepted or, as landscape unit area increased, 
more repetitive sites were being included 
within the landscape unit  boundary. Al- 
though the total number of distinct units may 
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have increased with increasing landscane - 
unit size, the number increased at a much 
lower rate because more repetitive sites 
were being encountered (see Table 4). 

The second null hypothesis was that the 
number of sites per dominant distinct unit 
was indevendent of landscane unit size. In 
this case the number of sites per dominant 
distinct unit was positively correlated to 
landscape unit area (r = 0.70). The alterna- 
tive hypothesis of positive correlation was 
accepted. The  implication was that sites 
which constituted dominant distinct units 
were repeating themselves more frequently 
as a landscape unit area increased. 

The third null hypothesis states that the 
ratio of the number of dominant distinct 
units to the total number of distinct units in a 
landscape unit was independent of land- 
scape unit size. The correlation was negative 
(r = -0.75); thus, the null hypothesis was 
rejected and the alternative hypothesis of 
negative correlation was accepted. This re- 
sult implied that the number of dominant 
distinct units was remaining low, or in- 
creasing only slightly as landscape unit area 
increased. Hence, not only was site repeti- 
tion becoming more frequent, it was be- 
coming more frequent in the very restricted 
range of slope, vegetation, and geology of 
the dominant distinct units. 

I n  consequence, the following conclu- 
sions were drawn: (1) that identical sites 
were recurring as landscape unit area in- 
creased; (2) that the repetitive sites were re- 
curring frequently; and ( 3 )  that the frequent 
recurrence was particularly associated with 
the dominant distinct units. 

These results would not occur in a series 
of randomly configured landscape units de- 
lineated on aerial photographs. As random 
units increased in size, they would certainly 
encompass a larger amount of sites; how- 
ever, site repetitiveness within srich a nnit 
would occur only by chance which should 
not have to lead to rejection of the estab- 
lished null hypotheses. Thus, the contention 
that the landscape units do represent inter- 
nally homogeneous areas with respect to the 
variables of interest is supported by the  
ground truth data analysis. 

Thus ,  research indicates that  t h e  de -  
lineated landscape units are indeed distinct 
entities which display a greater degree of 
internal homogeneity than would a series of 
randomly configured units of similar size. 

Unit delineation on the basis of photo- 
graphic image tone, texture, and pattern was 

proposed as a technique for obtaining land 
classification entities in a timely and cost 
effective manner. 

In managing for preservation and recre- 
ation or, indeed, any other kind of land man- 
agement, the data used for analysis must 
meet two basic criteria. Initially, the data 
must include those natural elements whose 
interactions are predominant in the area of 
interest. Not all data can be derived from one 
source, but aerial photography can provide 
much of it, and other elements or their 
effects can be inferred. The data must be 
detailed enough to provide adequate infor- 
mation for small or unique areas which will 
require intensive management. Concomi- 
tantly, the data should be  able to provide 
information from which meaningful generali- 
zations can be drawn. As a result, the data 
must be suitable for analysis. 

The second basic requirement concerns 
the organization of the data. Natural ele- 
ments do not occur in isolation; rather, they 
form associations whose effects are often 
more  than  t h e  sum of t h e  parts .  Con-  
sequently, data organization should take this 
into account. 

The land system concept accommodates 
the  need for detailed infornlation from 
which broader generalizations can be drawn 
as required and, at the same time, organizes 
the collection and analysis of data in such a 
way that the interrelationships of elements 
are recognized and preserved. 

Specifically, for boundary delineations it 
was found that photographic interpretation 
distinguished fine differences in slope, veg- 
etation, and geology. Though further studies 
or management considerations may indicate 
that these fine distinctions can be  ignored, it 
is well to note that those differences do exist. 
Similarly, t h e  tes ts  which showed  the  
uniqueness of the landscape units were 
made at a very stringent level requiring 90 
percent agreement among all three fictors of 
slope, vegetation, and geology. This conld 
also be relaxed, but, the stringent test pro- 
vides a margin of safety in the event that fu- 
ture studies show differences to be impor- 
tant. 

The concept of homogeneity is particu- 
larly important to management because it 
can be used to guide the development of 
various practices. Homogeneity involved the 
physical and biological composition of sites 
as well as the number of sites. In regard to 
the latter, it was noted that the sites exhib- 
ited repetitiveness and that the frequency of 
repetition was particularly associated with 
the dominant distinct units, those which 
made up 50 percent or more of a given land- 
scape unit. 
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Landscape 
Unit 

Landscape 
Unit Rank 
(by area) 

Distinct Units 
per Unit Area 

Rank 

Rank 
Difference 

di 

Rank Difference 
Squared 

di = 

The critical v.~lue\ of r, for tl = 46 are -0.50 2 r, 2 0.50 with r = O.(K)05 
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Site repetition is important because it may 
suggest t h e  existence of catena or  cont inuum 
relationships or, a t  least, significant associa- 
tions. If an area has groups or  associations of 
identical sites, then a management  practice 
can b e  developed on a broader scale, avoid- 
ing the  necessity and  virtual impossibility of 
individual site management. I t  would also 
indicate the  diversity o f a  landscape uni t  and  
aid in  determining how flexible specific site 
management practices might have to be.  

T h e  rnanagernent of a land area is con- 
c e r n e d  with many things, i n c l r ~ d i n g  h o w  
much of the area is made  u p  of the  same or  
similar kinds of distinct nnits. If 50 percent  
or more of an area is made  r ~ p  of only a few 
distinct units, then  management  practices 
could b e  geared toward these few with the  
smaller areas identified and  used as limiting 
factors. T h e  smaller areas may b e  of critical 
importance in  terms of how they respond to 
management  practices, so it is important that 
they b e  included in the  analysis. 

This  research has shown that landscape 
units can b e  effectively del ineated in a re- 
gion of extreme diversity and  complexity. 
T h e  boundaries of the  del ineated units were  
shown to b e  real in  terms of slope, vegeta- 
tive, and geologic variables. T h e  units were  
shown to b e  un ique  a n d  to b e  internally 
homogeneous when  compared to randonlly 
configured units of similar size. In  addition, 
each landscape uni t  was dominated by  lim- 
i ted associations of slope, vegetation, and  
geology. T h e  recognition of dominant  dis- 
t inct  units holds part icular  va lue  for t h e  
application of the  land system concept  to  
rugged or remote areas. Provided that t h e  
landscape units are delineated with care, t h e  
necessity for complete  ground truth is ob- 
viated; hence,  only sarnpling would b e  re- 
cluiretl to obtain the necessary data for reli- 
ab le  extrapolation. Areas of par t icular  o r  
critical concern car1 also b e  readily iden-  
tified and  sampled Inore intensively as the  
situation demands.  
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Call for Papers 

International Symposium 
Space Geodesy and its Applications 

Cannes, France 
8-21 November 1980 

T h e  symposium, organized b y  t h e  Centre  National d 'Etudes Spatiales (CNES)  in coopera- 
tion with t h e  Institut Geographique National ( IGN) a n d  the  Groupe d e  Recherches d e  
Geodesie  Spatiale (GRGS) and  cosponsored by  the  International Association of Geodesie  
(IAG) and  COSPAR, will bring together research workers involved in various disciplines 
using space geodesy techniques (including VLBI on extra galactic sources) and  scientists 
specialized in such techniques. I t  will cover recent advances in space geodesy, including 

Techniques and instrumentation 
Gravity field modeling 
Combinations of multi-source (satellite and terrestrial) data 
Positioning 

T h e  symposium will also deal with the  impact of space geodesy in the following fields: 
Dynamics of the solid Earth, tides and Earth's rotation, tectonic movements, and earthquakes; 
Studies of the atmosphere, oceans and ice sheets, and contributions to climatic studies; 
Planetary physics; and 
Fundamental physics, time determination, relativity. 

Please submit  abstracts consisting of 200 to 300 words l ~ y  15 April 1980 to 

Centre  National d'Etudes Spatiales 
Depal tement  des  Affaires Universitaires 
18, avenue Edouard-Belin 
31055 Toulouse Cedex,  France 


