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Abstract
A conceptual model of secondary succession was tested with
data from disturbed vegetation in theAgropyron/Poa habitat type
using a combination of classification and ordination techniques.
Individual stands were classifled into communities by an
agglomerative method. Results of the Bray-Curtis polar ordination using three endpoint selection methods supported the validity
of the model. The model is visualized as a solid cone in which all of
the plant communities included in a habitat type are positioned
relative to their degree of disturbance, inferring their probably
secondary successional pattern within habitat types.

Most of our nation's range vegetation is in some stage of
secondary succession. One of the aims of modern resource
management is to direct plant succession toward a desired
seral stage in order to obtain maximum productivity or
stability (Stoddart et al. 1975). Williams et al. (1969) point
out that natural succession may be the most economical
means, and in many inaccessible areas the only means, to
restore the resource to a level of production that can be
managed economically. In order to use secondary succession as a tool to attain this level, it is essential to have a better
understanding of seral communities. Reviews on succession
were made by Drury and Nisbet (1973) and Golley (1977).
Tree age data are widely used in study of forest succession
(Botkin et al. 1972; Zedler and Goff 1973; Horn 1975).
Because age of perennial herbs is not determinable, the same
approach cannot be applied to study secondary succession
of grassland vegetation. This paper deals with testing of a
conceptual model of secondary succession in which age of
plant is not involved.
The relatively recent availability of computer and multivariate analytical techniques adapted for vegetational
analysis permit researchers to analyze and interpret large
quantities of data. These techniques help reveal relationships of plant communities not previously possible. Reviews
in use of multivariate techniques as applied to plant ecology
have been published by Crovello (1970), Goodall (1970),
Williams (1971), Orloci (1973), Clifford and Stephenson
(1975), and others.
The purpose of this study was to test the validity and
soundness of a conceptualized model of secondary succession that was developed recently. The model is visualized as
a solid cone with the climax plant community situated at the
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apex and associated seral communities positioned in their
respective positions in the remaining portion of the cone.
The solid cone model may be illustrated by a habitat type,
for example, which is defined as the collective area of land
supporting or capable of supporting a specific climax plant
community (Daubenmire 1970). Secondary succession
within a habitat type is a continuum of plant communities
whose endpoint is the climax vegetation. Within the habitat
type there may be numerous plant communities in various
stages of secondary succession. Conceptually, secondary
succession can be viewed as a solid cone in which are contained all the plant communities associated with a single
habitat type or having the same successional endpoint. The
solid cone includes all of the disturbed communities within a
habitat type, converging to the climax community that is
positioned at the upper portion of the cone (Fig. 1). As
succession returns 'oward climax, the vegetational compostion changes continuously until it reaches the climax association. Toward the base of the cone, numerous communities
exist because different kinds and intensities of disturbance
result in different vegetation. If the disturbance is severe
enough, a community with a single pioneer species or finally
the base level of the cone, bare ground, may result.
While secondary succession is a vegetational continuum,
it is convenient to recognize community types and seral
stages for practical management. A community type of one
habitat type may have greater resemblance to a seral community of another habitat type than to one of its own. All
community types are not unique to a habitat type. This is
shown by the overlap of community types of two adjacent
habitat types in Figure 1.
Secondary succession can be studied by investigating
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Fig. 1. Conceptual model of secondary succession in two closelYassociated
habitat types. The overlap between cones representsplant communities
common to both habitat types.
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plant communities resulting from disturbances that
occurredat differenttimes,providedthat the communities
are within the same habitat type. Naturalfield situations
consistof standsthathavebeensubjectedto variouskindsof
disturbancesoccurringat differenttimesand withdifferent
intensities.The problemis to determinethe relativeorderof
successionalchangeamongthe seralcommunitiesthathave
the same successionalend point.

gradientbeingexamined.A near-climaxstandanda verylow-serai
stand were selected for the x-axis referencepoints. Two very
differentseralstandswereselectedfor they-axis points.
For the selectionof referencestandsfor thex-axis by objective
methods,we used both the proceduredescribedby Beals(1960)
and that describedby Newsome and Dix (1968). Selection of
referencestands for the z-axis for all ordinationsfollowed the
methodprescribedby Newsomeand Dix (1968).

Resultsand Discussion
Study Area
The study area included approximately 400 river miles of the
middle and lower Snake River from West Lake Island near Weiser,
Idaho, to its confluence with the Columbia River and downstream
to McNary Dam. In many areas the upland grassland vegetation
types extend down to the high water line.
The Columbia River basalt flows of Miocene times that covered
the area to depths of 600 m (Cook 1954) are the most important
geological feature of the study area. Between Idaho and Oregon,
the Snake River has cut a deep gorge through a mountainous area
known as Hells Canyon. In eastern Washington the river has cut
through the Columbia River basalts leaving a deep canyon with
many talus and steep upland slopes.
The Snake River Canyon has hot, dry summers and mild winters. The average annual air temperature is approximately 120 C.
The hottest temperatures are in July, with an average of approximately 240 C.Minimum temperatures occur in January, with an
average of 0' C. Average annual precipitation rate varies from 18
cm at Kennewick, Washington, located at the west end of the study
area, to 35 cm at Lewiston, Idaho (U.S. Bur. Reclam. 1972).

The three methods of reference point selection already

describedwereused to ordinatethe 27 individualsitesand
the 15 communitiesdefinedby the classificationof the 27
sites. Eachof the six ordinationswas illustratedin a threedimensionaldrawingfor interpretation.The ordinationof
communitiesby Beal'sreferencepoint methodis shownin
Figure 2. Similarresultswere producedby the otherfive
ordinations.
0:0

Procedures
Sampling
Data from 27 stands sampled in the Agropyron spicatuml Poa
sandbergii habitat type (Daubenmire 1970) are used in this paper.
Data collected consisted of a list of species and their frequencies of
occurrence in 2 X 5-dm plots, and percent ground and basal cover
of herbaceous species. Details of the sampling methods are presented in Huschle (1975). Analysis of presence-absence data
included only those species that had frequency percentages of 10%
or greater.
Data Analyses
Presence and absence data were used in a polythetic agglomerative technique to classify the vegetation into communities (recognizable aggregates of plant species within the vegetation types).
The program used in this classification was Program MDISP, as
presented by Goldstein and Grigal (1972). Orloci's (1967) method
of the least increase in sums of squares is used in this program to
unite stands. This method has produced good results in several
other phytosociological studies (Edwards and Covalli-Sforza
1965; Allen 1971; Pyott 1972).

Ordination
The Bray and Curtis (1957) method with the index of similarity
as presented in Program CEP4 of the Cornell Ecology Series of
Computer Programs (Gauch and Dripps 1973) was used as the
ordination technique in this study. The data were standardized by
relativizing the scores in each stand to 100 to minimize the effect of
differences in number of species between stand. Two sets of ordinations were used: one was based on 27 individual upland stands; the
second set was based on the 15communities that were derived from
the 27 stands by the agglomerative classification procedure.
Three methods of reference point selection were compared.
Cornell Program CEP5 (Gauch and Dripps 1973) was used to
obtain a similarity matrix for selecting the reference points. The
first method of selection was a subjective choice of points by the
researcher, using different end-point pairs to see which set yields
the most interpretable results (Gauch and Dripps 1973). Stands
were selected that represented the extremes of the successional
180
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Fig. 2. Ordinationof communitiesbased on Beal's (1960) choice of
points.Axesareorientedtopositionclimaxstandsat thetopof
reference
the drawing. The 15 communitiesrepresentthree phases of the
AgropyronlPoa habitattype. Thetriangles(A)representsanddropseed
phase communities;squares (El) representcheatgrassbrome phase
communities;circles(o) representcommunitiesof the Japanesebrome
phase. Largesymbolsrepresentthe lowestseral stages;medium-sized
symbolsrepresentseralstagesnearerto climax;smallsymbolsrepresent
climaxor near-climaxcommunities.Stand9 refersto the"climax"stand
discussedin thepaper.

Threephasesof theAgropyron/Poa habitattypeoccurin
the studyarea.Onephaseis characterized
by thepresenceof
sand dropseed (Sporobolus cryptandrus), which is indicative of sandy alluvial soils. This phase is found primarily on

alluvial soils betweenHells Canyon Dam and Wawawai,
Washington(Daubenmire1970).Sand dropseedis consideredto be a memberof its own climaxplantassociationof
the Sporobolus cryptandrus/ Poa sandbergii habitat type on

very sandy soils. It is also consideredto be a long-lasting
seral species of the Agropyron/Poa habitattype on more
loamy soils (Daubenmire1970).The presenceof abundant
Sandbergbluegrass(Poa sandbergii)and remnantbunches
of bluebunchwheatgrass(Agropyronspicatum)indicates
that the stand is of the Agropyron/Poa habitattype even
thoughsanddropseedis present.'All of the sanddropseed
stands in this study except two had Sandbergbluegrass
present,and it was readilyapparentin the field that these
two sites had been subjectedto heavy concentrationsof
' Personal communication with Dr. E.W. Tisdale, College of Forestry, Wildlife and
Range Sciences, University of Idaho, Moscow.
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livestock. Several of the other sites had bluebunch ment purposesand probablyis adequatefor manyvegetawheatgrasspresent.All of the sites occupiedsimilarlevel tional studies.
The classificationprocess used in this study does not
benches above the river. For these reasons, the sand
dropseedstandssampledin this studywereconsideredto be segregate the stand members of one habitat type from
membersof anotherhabitattype. This is becausethe seral
seral stages of the Agropyron/Poa habitat-type.
A second phase is associatedwith the dry alluvialsoils standsfrom two habitattypesmay be moresimilarto each
characteristicof the Snake River Canyonin Washington. other than to otherstandsin theirrespectivehabitattypes.
The seralvegetationin this areais predominatlycheatgrass An objective means of separatingseral sites into their
brome(Bromustectorum)and it is thereforereferredto as respectivehabitattypes is still needed.
Ordinationis a valuabletool for looking at secondary
the cheatgrassbromephase.
A third phase occurson the residualsoils in the steeper succession.Ordinationnot only displaysthe basic succespartsof the SnakeRivercanyonbetweenIdahoandOregon. sionaltrendsbutalso showsthedifferentphasesequencesin
The more mesic brome speciessuch as rattlesnakebrome multidimensionalspace. The objective procedures for
(Bromusbrizaeformis),Japanesebrome (Bromusjaponi- selectingreferencepointsresultedin the samebasicsuccescus), and soft brome(Bromusmollis) occurherein addition sional trends that were obtained by selecting reference
to cheatgrassbrome.The mostabundantandwidespreadof pointssubjectively.Thegreatestdifference,displayedbythe
climaxand the
the mesic bromes,Japanesebrome, is usedas the nameof first(x) axis, is betweenthe site representing
lowest seralsite. This confirmsthe fact that secondarysucthis phase.
The successionalsequencein each of the three phases cessionalgradientsare representedby the majoraxes in the
shouldbe fairlydistinctwithinthe overallAgropyron/Poa ordinationof an arrayof seral sites.
Ordinationat the communitytype level producedthe
succession.In orderto test this, the identityof each of the
draw- sameresultsas ordinationat the standlevel.As the number
threephaseswas maintainedin thethree-dimensional
ings illustratingthe resultsof the ordinationsby indicating of standsincreases,therecomesa pointwherestandordinaeach phase with a differentsymbol (Fig. 2). In all three tion becomesclutteredanddifficultto interpret.Classifying
phasesthe standswerecategorizedas low-seral(largesym- the standsinto communitytypes and then ordinatingprobols), seral(mediumsymbols),or climax(smallsymbols)on ducea clearand stillaccuratepicturewhenmanystandsare
the basis of their species composition and relationships involved.
The cone modelis still a simplificationof the realworld.
broughtout by the classification.Stand9 wasconsideredto
be the best example of AgropyronIPoaclimaxand is the The real environmentmay distortor neverproducesome
parts of the cone. This study has shown the model to be
only stand representedby a small symbol.
In comparingthe ordination in Figure 2 to the cone usefulfor conceptualizingchangesthattakeplacein seconmodel,it is easyto see the wideseralbaseacrossthe bottom dary succession.
The objectiveproceduresusedin thisstudyare onlya few
of the drawing.The large symbols are the lowest in the
drawing.The mediumsymbolsareabovethe largeonesand of the manytechniquesandcombinationsof techniquesthat
the small circle is located near the top. The ordination have been developedfor this type of analysisand may not
narrowsto a peak at stand9, the "climax"stand.Thethree meetthe specificneedsof someresearchers.Theyare, howtypes of figuresrepresentingthe successionalsequencefor ever,readilyavailableandfairlysimple,andproducedinterpretableresultsin this study. Some subjectivity,based on
each of the three phasesare fairlywell grouped.
The successionalpathwayfromany pointwithinthecone the ecologist'sinterpretations,mustbe maintainedin order
is upward.Over time a communitywould tend to change to fully evaluateand correctfaultsinherentin the artificialand resemblea communitynearerto the endpointas secon- ity of the objectivemethods.
dary succession proceeds unhindered.Realistically,the
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Abstract
Concentrationsof mineralsin soils andplantsweremeasuredin
two communities.Zinc,copper,magnesium,phosphorus,andnitrogenshowedsignificantly(p < 0.01)greaterconcentrationin true
mountainmahoganythan in Utah juniper.Soils beneathplant
canopieshad significantlyhigher(p< 0.01) nitrogenthan soils in
open areas betweenplants. Concentrationsof zinc, manganese,
and phosphorusweresignificantly(p< 0.01)higherin the soils of
the juniper community, while calcium and magnesium
concentrationsweresignificantly(p< 0.01)higherin thesoilsof the
mountain mahogany community. True mountain mahogany
showed copper concentration(x=28.9 ppm) high enough to
approachtoxic levels for some herbivores.Except for copper,
mineralconcentrationsindicatedgood foragevaluefor thesetwo

ash of plants grown on fertile soils usually contains relatively large amounts of such elements of phosphorus, potassium, and calcium (Beeson 1941).
It is thought the presence of some elements tends to
decrease the palatability of herbage and make it less desirable. For example, plants may be made toxic or less palatable
through deposition on their surfaces of certain minerals
such as copper (Hill 1951). Subterranean clover (Trifolium
subterraneum) has been shown to accumulate copper to
potentially lethal levels from natural, copper-rich soils (Grahame et al. 1949). Similarly, other minerals such as lead,
cadmium, fluorine, and manganese may reach toxic levels in
species.
forage (Kingsbury (1964). Although toxic or nonpalatable
Mineral concentrations of range plants in relation to the
levels of mineral concentration in forage have not been
soils in which they grow may be studied by plants, chemiprecisely determined, there is some evidence that both high
cally, and/or by noting malnutrition disorders of animals
and low levels may be detrimental. Baker (1974) reports
grazing on them. Generally, plants are materiallyaffected by
toxicity in sheep due to copper concentrations greater than
the nature of the soils in which they grow. Hall (1905) stated
20 to 30 ppm in feeds and forages, but concentrations of less
that as early as 1869 Hellriegel found that plant nitrogen and
than 5 ppm were considered deficient for cattle. High conmineral composition varied with that of the soil. Crops
centrations of copper, however, have been reported to cause
grown on different soil types vary not only with respect to
impaired performance and poor physical condition in cattle
yield, but also with respect to quality, palatability, nutritive
(Underwood 1971).
value, and mineral composition (Midgley and Weiser 1936;
Animal nutritionists are concerned with the mineral conRussell 1973).
tent of plant tissue, since primary consumers derive the
There is a close correlation between the mineral composiof their mineral needs from plants (Harner
tion of the ash of pasture plants and available soil constitu- major portion
and Harper 1973). There is close correlation between animal
ents. Ash of plants grown on infertile acid soils often
health and mineral concentrations of range plants. Simcontains relatively large amounts of silica and other eleilarly, there is close correlation between mineral concentraments such as aluminum, manganese, and iron, whereas the
tions of range plants and their soils. The purpose of this
study was to examine the chemical compositions of two
Authors are associate professor of botany and range science and graduate student
species of native range plants in relation to the soils in which
in the Department of Botany and Range Science, Brigham Young University, Provo,
Utah 84602.
they grow and consider the implications for forage value.
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