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ABSTRACT

This study was done. two years after the La Mesa Fire
of 1977 in Bandelier National Monument, New Mexico. Four
study rlots were delineated, two in unburned areas, one in
a ground fire area, and one in a crown fire area, all
within the pcndercsa pine zone. The vegetation imn these
plots was censused and the diversity analyzed. Some eco-
logical theory concerning diversity is presented and dis-
cussed.
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"In Hardwood Groves"

The same leaves over and over again!
They fall from giving shade above
To make one texture of faded brown

And fit the earth like a leather glove.

Before the leaves can mount again
To £ill the trees with another shade,
They must go dcwn past things coming up,

They must go down into the dark decayed.

They must be pierced by flowers and put
Beneath the feet of dancing flowers.
However it is in some other world

I know that this is the way in ours.

Robert Frost

iii
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INTRODUCTION

In 1875 Lt. Beale voyaged across northern Arizcna to
the Grand Canyon and tc the volcanic peaks near present
day Flagstaff. -He travelled for days through ponderosa
pline forests 1largely present today in this vrTegion,
descriting the nature ¢f these forestlands as follows:

"de came to a glcrious forest of lofty pines
through which we have travelled ten miles. The
country was beautifully undulating and although we
usually associate the idea of tarrenness with the
Fine regicns, it was not so in this 1instance;
every root being covered with the finest grass and
beautiful broad grassy vales extending in every
direction. The forest was perfectly c¢pen and
unencumbered with brush wood so that travelling
was excellent.®

Tcday these ponderosa rine forests are often a tangle
of fallen trees and dying saplings. Grass and wildflowers
are scarce and travel without a path is rough. Why was
this fcrest do different when it was true wilderness? Why
are wilderness areas and wildland ponderosa forest dif-
ferent now, tangled and difficult to penetrate?

Pcnderosa pine grassland 1is characterized by the
Ofcurrence and distributiorn of Pinus pondergsa. This
forest type is distributed from the Fraser kiver Basin in
3ritisk Cclumbia to Durango Mexico and from Hebraska to

the Pacific coast. 1In all, 36 million acres of land are

designated ponderosa pine forest (Cooper 1969).
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This study concerns such forest, widespread in the
mountains of northern New Mexico. The aim of this
research is to observe and quantify the effects of the
1977 1la Mesa fire in Bandelier Waticnal Monument on the
plant life in the fcnderosa pine zome. Attempting to
establish the dependence of +the ponderosa community on
fire, I have studied the diversity of the botanical con-
munity 1in the gfcnderosa forest in variously burned and
anburned sites in the area of the La Mesa fire. The fire
markedly changed the appearance of some of the plant com-
munities ttere.

Diversity is related to, among other things, the
population dynamics of the species 1in the community.
Diversity consists c¢f species richness and the relative
proportions of the species; these may Lke related to ways
in which the rlants in the community are interacting with
eich other and with the physical elements of their habi-
tat. Diversity is the central focus of this study; it
gives quantitative insight into the condition of the com-
Nunity studied here.

In recent years many ecological workers have begun to
turn their attenticn tc the problem of forest fuel buildup
from dead plant material. Heavy buildups seriously 1limit
the pctential timber productivity of the ecosystem for
human use and also decrease the aesthetic appeal o0f the

¥llaland and its use for wildlife and recreation. The
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absence of fire may be causing these undesirable effects
(cartner and Thompson 1972; Cooper 1960; Biswell 1972).

Fire is an ecological factor in most ecosystems. Due
to the dramatic and often violent nature of fire, modern
land managers have been gcmpelled fo control this force.
The effects of fire suppression vary in different ecosys-
tems but in many communities that have evolved with fire,
it is an intrinsic ecological factor. Its elimination has
caused changes in the natural system on which the biologi-
cal elements of those copmunities depend.

Ironically, as time goes on and fire suppression con-
tinues, the increase of fuel in the forest or chaparral
leads to highly destructive wildfires. This in tuarn
causes more cconcerted efforts along the lines of fire
suprression and elimination, increasing the potential even
more for devastating fires. The opposite reacticn wculd
be the appropriate one: to cortrol burn the areas where
fuel buildup is evident, thus decreasing the potential for
Serious wildfire in the future (Gartner 1972; Biswell
1972; rCickson 1976; Weaver 1974).

Such was the case in Bandelier National Monument and
Surrounding lands previocus to the La Mesa fire. In June
1977, after a dcy winter and spring, a small fire was
Started in the mixed conifer zone of tke Jemez Mountains
Rear Alamo Canyon. The fire, no bigger than a campfire at

first, ultimately burned 15 thousand acres. My study
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bagan two summers after the blaze, allowing enough time
for sore natural rehabilitation of the community to begin.
These results represent a brief sampling in the long pro-
cess o0of succession; the same study done earlier or later

would rrobably yield different results.

MATERIALS AND METHGDS

study Sites

p——

The Jemez Mountains of New Mexico rise five thousand
fzet from the Rio Grande valley to their summit at nearly
eleven thousand feet. Frcm the valley, mesas rise rapidly
to five hundred feet, then gradually slope up to the
footiaills at an elevation of 7,500 feet. The vegetaticn
changes ccnstantly as the land rises. The Pinyon-Juniper
zone extends from the base of the mesas to about 7,000

feet and is dominated ty Pinus monophylla, Juniperus

monospermum, and Jupnifperus scopulorum. This vegetaticn

— - e

Zone tades into an ecotone at 7,000 to 7,200 feet where
Pirus ponderosa begins to occur at higher elevations until
the pinyon pine fades altogether, leaving a cousistent
Canopy cf ponderosa with an occasional Juniperus in the
Understory. The sampling for this study took place in
this ponderosa pine dominated zone.

Arove the ponderosa zone the mountains rise to their

Summits--between 10,500 and 11,000 feet, where the
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community is "mixed conifer" which includes Pseundotsuga

menziesii, Abies concolor, Picea pungens, Picea engelnman-

pii, Pinus flexus, Pinus ponderosa, Populus tremuloides,

and Quercus dambelii. Quercus gamlelii occurs through all
of the zones mentioned above and will be mentioned later
in this study-

The akove lists exclude —riparian trees and shrubs
which represent a complex taxomnomy in the many canyon bot-
tom stream beds of the Jemez Mountains. The wmany shades
of ecctone and variety of habitats make this mountain
range both picturesque and interesting to study.

Due tc the large areas of crown fire affected land
and the lack of living rcot systems and vegetative matter
on tihe soil surface, there was extensive and severe flood-
ing 1in Bandelier National Monument in the vicinity of the
study sites in the sumzer months after the 1977 fire.
Frijoles and Alamo Canyons were severely damaged by flood
waters rushing off the highlands though the rains causing
these floods were nct unusually large. Due to the short
time since the blaze, the ruderal vegetation hnad not yet
BOved into the crown fire areas. Because the severely
burned area was soc vast, invader species seeds were off
Site and slow to invade such a large area, especially when
they have rlayed a minor role in local ecology for many

Years (Foxx 1578) .

In ar  effort to control flooding, the following
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pative yrasses were seeded in the la Mesa burn area in the

summer of 1978 (Foxx 1978): Agropyron trachycaulum, Agro-

pyron smithii, Bouteloua gracilis, Muhlenbergia wrightii,
sporobolis cryptandrus, and Festuca sp. All of these
grasses are perennial and have leen very successtful regen-
erating after the fire. In the crown fire areas reseeded
by the Forest Service, grasses totally dominate other her-
bacious foliage and are also fairly common i3 areas
affected by ground fire.

The four plots used in this study were selected on
the basis of fire type or in terms of the typical vegeta-
tion fcund there. All are within the ponderosa Pine zone.
The twc contrcl plots and the Ground Fire plot are located
on Escobas Mesa in Bandelier National Monument at 7,540
feet elevation, abcnt cne nmile frcm the North rim on Fri-
joles Canyon. The Crown Fire plot is located on Frijoles
Mesa at approximately 7,250 feet and is about 100 yards
from the edge of Water Canyon, The last plot is widely
Separated from the firest three because the Forest Service
reseeced all of the crown fire areas in Bandelier National
Monument. The unseeded crown fire plot area was set aside
by Los Alamos scientific Laboratory as a control site to
aid in the study of the fire and the effects of the seed-
ing of other areas. Judging by the similarities in vege-
tation pefore the tire, undisturbed communities at these

varie . .
drfled elevations appear similar.
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Due to the drought conditions experienced in the
southwest in the summers of 1976 and 1977, the forest in
this area was extremely dry. Seventy years of Park Ser-
vice fire suppression on Escobas and Frijoles nmesas
created a heavy buildup of fuels. Most of the ponderosa
zone c¢n Escobas Mesa was a large "doghair thicket" (Bis-
well 1972). It had an extremely high fire potential and
when the fire, driven by high winds, crossed the nearby
Frijoles Canyon, it burned through the crowns of the trees

and the understory as well.

Sampling Methods

The control plots are located near the edge of the
main fire pathway. The Ground Fire plot 1is 1located
directly on the periphery of the main fire pathway. The
ground fire in this area scarred the large trees (0.5 m
DBH) ufp to seven meters frcm their bases. dedium sizad
trees (25 cm DBH) experienced turns up to three meters
from their bases, smaller trees (15 cm DBH) up to two
Reters from their bases. This intense ground fire elim-
inated nearly all of the litter on the forest floor.

The two control plo?s were selected randomly £from a
Wide area of unaffected land along the edge of the burn-
In selecting a plot ror the ground fire survey, I chose
Ohe that was far enough away from the crown fire areas to

L€ unatfected by the native grass reseeding efforts of the

e
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summer after the burn. This was my only consideration in
this selection. The crown fire plot was randomly selected
from a wide expanse of similar forest area. Using a meter
tape I measured seven by fifteen meter rectangular plots,
large enough to include significant numbers of all the
anderstory species and a good cross sections of the trees
through their different ages; it is important how the
young trees in the various sites responded to the intensi-
ties of fire to which they were exposed.

A complete census of all of the plants was taken in
all of the ©plots except the crcwn fire plot. This was
done by partiticning off strips three nmeters wide across
the whele rplot. 1In each of these the species were counted
individually and the trees measured. It was eifectively
impossible tc accurately count the grasses over the whole
plot because there were so many of them and many species
occur 1in clumps rather than as individual plants. There-
fore censusing these in terms of individuals was not done;
grfasses were considered in terms of the area they occu-
piec.

In the crown fire rlot there were so many individuals
of all Species that a complete census vwas impossible.
There are about 17,120 individual plants im the crown fire
Plot. Therefore I Laphazardly selected ohe sgquare meter
Plots within the main 7x15 meter plot and counted all the

individuals in these. All the plants within the plot that
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gyere nct among the six dominant species were censused con-
pletely.

I measured the depth of the pine litter at haphazard
points within the various plots. These results are aver-
aged in table two. Many.rlants are incapable of success-
fully germinating im an area with a deep litter layer
(Esau 1977). The litter . depth is therefore a factor 1in
the richness of the understory.

I measured the diameters of understory plants and of
tree trunks to determine the area occupied by the trunk

itself. These data are used for calculating diversity.

Calculations

Indices are used to quantify some aspects of a con-
munity fcr compariscn with other communities. These
results summarize many elements of ecological structure
and their interactions. [iversity is a concept and a gen-
eral ecological quality of a ccmmunity which has two con-
ponernt parts. These are evenness (or equitability) and
Species richness. Egquitability is the distribution of
individuals among the sfpecies present. Richness is the
Duaber of different species present.

Ore particular index commonly used is the Shannon-
Wiener index, derived criginally from the £field of infor-

Mz i . . M s
ation SClence. This function describes the average



deqree of uncertainty cf cccurrence of a particular symbol
(oL individual) at a given point in a message {or commun-
ity) and the amount of information conveyed as a conse-
guence. When applied to a biotic community, it describes
the average degree c¢f. uncertainty of predicting the
species of a given individual picked at random frcm a com-
munity. This uncertainty will increase as the individuals
are distributed more equitably among the species or as the
number of species increases. The basic form of this index

is:
Equation 1 H = -Z'P; I°J1 P;

Where: p = decimal fraction of total individuals
belonging to a particular species

I used a converted form of the index in the base 10

(Zar 1977; Pielcu 1975) which is much easier to calculate:

Equaticn 2 |
H - 3 32.":' ('oglo N' Vg ; ,",j:o N.‘)
Where: N = total number of individuals of all species
n = number of individuals of a particular species
H = diversity index
3.3219 = conversion factor from log to log

I used the Shanncn-Wiener index to analyze diversity
o0  the basis of abundance of individual organisms and the
dfea occupied by individuals from each species. When

diversity was based on area, then n (equation  2)

r b D 2 - ) . » .
€Presents the area in cm occupied by individuals of a
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particular species.

The indices for diversity and equitability were cal-
culated using four different data categories for each
plot. BEach index was calculated taking into account 1)
trees and understory including grasses, 2) trees and
understory excluding grasses, 3) understory including
grasses, and 4) understory excluding grasses. This
allowed me to estimate the potential influence of the
trees on the indices.

The equitability of each study site was also calcu-
lated using the Shannon-Weiner functione. This 1index
descriktes the evenness of the distribution among the
species. Rhen an area 1is dominated by a particular
species, or if there are many rare species and only a few
dominant ones, the index will ke low, indicating great
variubility in relative abundance. The form of this cal-

culaticn is:

Equation 3
Js P
Hmax
Where: J = eqguitability
H = diversity index {(from equation 2)
H is derived by distributing the total number of

individuals (N) in a plot evenly amonj the number of

Si 3 . . : . .
PeCles found at that site. This is a tiheoretical and

i ) . . . . .
deal Number-the opticum even distribution of individuals
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apmong species. MacArthur has argued that the J obtained
asing this derivation of H is inaccurate since H is
so ideal. He Fproposes finding the optimal "possible"
equitability by cbserving natural abundances and deriving
H from the natural species curves.

Table one shows the area covered with 1living plants
and other materials at the four study sites. This is cal-
culated by dividing the total area of the study plot by
the area that was actually covered by each plant species.
The circular area value of plants is derived by measuring
the plants at the widest part of their crown and calculat-
ing the area of a circle of this diameter. The trees are
analyzed in terms of the area that their trunks occupy,
not the area that pmay be shaded by the crown of the tree.
The canopy affects the amount of 1light and rain that
reaches the floor and intluences the distribution of the
moisture slightly. The shaded area is difficult to calcu-
late because the habit of each tree species varies and the
Spread of the «crown 1is different. It is difficult to
dnalyze the ecological domination that the tree exerts on
the understory. These effects vary greatly among canopy
SPecies. 1In the ponderosa forest the shadow cast by the
tfees is not a dark cne. The narrov needles allow some

light to pass through the canopy, creating patchy shade.
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RESULTS

Although each species of plant has different nutrient
rzquirements, broad differences in nutrient levels in the
soil at the different sites may be important in determin-
ing the species composition and density at the various
sites. Table eight summarizes the <change in nutrient
availakility at the various rlots.

Following the pattern described by Kilgore (1973),
organic matter at the crown fire site decreased as the
fire burned the scil tc a depth of a few centimeters.
There 1is a marked decrease in the amount of available
Nitrogen  (NH3), Nitrate (NO3), Magnesium, Manganese,
Sodium, and tc scme extent Calcium in the crown fire site.
Phosphorus, Potassium, Sulphate, and Chloride all
increased with the intensity o¢f ‘Fturning. The wmost
dramatic increase invclves Sulphate.

The overall decrease in Nitrogen in all forms may be
explained by the fact that this study was done two summers
dfter the fire and much of the Nitrogen at the crown fire
Plot cculd have been leached out of the soil by precipita-
tion in the interim. It is also possible that these con-
Pounds were oxidized by the heat of the fire or that sig-
Bificant amounts have already been integrated into new

Plant tissues and organic matter.
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Interestingly, all of the measured nutrients
jecreased in the process of the ground fire's occurrence
and the time before measurement. The only exception is
phosphcrus which increased gradually in proportion to the
intensity of the. grcund, fire. Some of the nutrients
increased when the intense crown fire occured, but twice
as many decreased in this situation.

It is not possible tc correlate high nutrient levels
with high diversity directly. It appears that at these
study sites the‘availablg species are adapted for more
limited pnutrient levels.

Table one shows the percentages of various ground
covers 1in the fcur study sites as extrapolated from line
transects. Sampling done at 0.5 meter intervals revealed
that in the control sites, an average of 93% of the ground
is covered with pine litter, needles, branches, or logs.

In the ground fire site, 20% less or 70% of the ground is

Covered with litter. More of the area is <ccvered with
living plants and there is some bare ground vhich is
TeCeptive to colonization. In the crown fire plot a very
Small portion of the area is covered by pine litter. iost
Of the area is covered with forbs or is bare.

The crown fire plot has the largest coverage of 1liv-
1ng  plants and bare ground. The area in the Crown Fire
Plot was dominantly bare ground according to line transect

S30pling although the appearance is one of nearly tctal
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plant coverage.

The extensive mat of pine litter in the control plots
and absence of bare ground is an important limiting factor
in plant growth and rfropagation of these sites. The
decrease 1im pine litter at the ground fire plot is one
factor allowing for the increase in diversity there.

The control plots had almost six times nmore pine
litter on the forest floor than did the ground fire plot.
Not only had the litter buildup in the ground fire T[flot
been broken down by the .fire and nutrients returned to the
soil (in part), but also seedlings are more able to
receive light when litter is decreased. It is likely that
the buildup of needles prevents scme precipitation from
being absorbed into the soil. Also, many seeds are unable
to reach the soil due to litter buildup.

The crown fire plct had no 1litter buildup as all
potential 1litter was consumed Lty the fire. There were
numerous fallen lcgs at this site and eventually all of

the standing carcasses will fall.

3iological Conditicns

In the absence of regular grournd fire, the many pine
Siplings which sprout under an established Fpcnderosa
Canopy grow intc a dense tangle called a "doghair

thicket." Dpue to canory shading and competition among the
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saplings for space, moisture, and nutrients, these trees
weaken and die between the ages of five to thirty. Alive
or dead they constitute a mass of highly flammable fuel
which serves as a ladder for a ground fire to spread into
the canopye. Regulaglgropnd fire would select against the
weaker saplings. If such trees were gJgrowing under a
healthy ponderosa canoty, nearly all would be restrained
due tc shading and «root ccmpetition and most would be
selected against by ground firea

In measuring the individuals in my study plots, it
was necessary to lock at the interactions between the
canopy and the understory. The canopy trees may exert a
dominating effect on the understory vegetation by shading
and roct ccmpetition, but those plants beneath them are
evolved for this and other kinds of stress (Grime 1977).
Understory species alsc exert considerable stresses on
each c¢ther and may be considered separately from the
overstory. The former interactions are especially impor-
tant in this study since I am comparing an intact forest
With one in which trees had been killed by wildfire.

In the understory of the unburned plot there are far
foawer plants than are found in the crown fire plot where
the trees are all dead. Several important influencing
Tactors differ here including light availapbility in the
understory, soil nutrient levels, and the amount orf grcund

OPen to successful gerrinatiom (Connell 1978).
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The trees in the crown fire site were bare of leaves.
The skeletons that remained exerted little shadow on the
understory compared to living trees in the shaded unburned
plot. Therefore the plants found in the understory of the
crown fire plot are not .enduring restricted light to the
degree that the understory species in the urburned flot
are. This could be one factor in the greater number of
plants in the crown fire plot.

In the crown fire plot, all of the trees were dead;
only the understory could be examined. The grasses were
separated because it is possible that their populatioms in
the study sites were influenced by a Forest Service
reseeding campaign after tke fire. The control sites were
selected from an area that was far from reseeded areas and
probably not affected by the campaign. The crown fire
plot was selected from an area positively not seeded.

The pcnderosa drops a lot of 1litter to the forest
floor, a very important factor in the ecology of the fpomn-
derosa pine community. Due to tke dry climate of northern
New Mexico and anatcmical features of the ponrnderosa, this

litter takes a very long time to decompose. Many species
are wunable to germinate successfully with extreme litter
buildugs. The litter also limits the amount of moistgre
Teaching the soil surface and many individuals or species
beconme locally extinct as a result. The number of species

in  the community are thus lowered. The accumulation of
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litter increases until reduced by ground fire (see table
one).

In the understcry of the virgin plots, various compo-
sites were dominant in terms of abundance. Unless one
were to study the morphplogy of the root systems, their
nutrient wuptake relative to the amount of available
nutrients, the uptake cf the other competing species, and
compe tition factors, it would be difficult to determine if
the number of individuals imposes significant restrictions
on colonization by new individuals or species. I think
rather that the litter buildup and the overpopulation by
young pines, factors that would.be corrected by freguent
ground fire, are the important factors limiting diversity
in the unburned plots. ©Nctably, the ground fire site has
no single dcminant species in the understory and has the
most equitable distribution of individuals among the
Species. There are five co-dcminant species here.

The plot affected by <crown fire 1is populated by
Pioneer species which are r-selected plants. R-selection
is characterized by dcminant amounts of photosynthate
being directed to propagule production rather than morpho-
logical features that would contribute to dinterference
Competition with neighboring species or individuals. The

dominant species in this plot is Chenopodium album, £found

in many different areas of the Southwest on disturbed

S0ils such as gopher piles at higher elevations 1in the
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Jemez Mountains. It has nearly 10,000 more individualg
than the next most abundant species in the crown fjirg
plot.

Table three shcws the numbers of understory species
found in the- different plots. Members orf the Gramminea
are not considered here. The increase 1in individual
numpbers within a species can be seen in the crown fire
plot. Table four shows how few species were commob to the
crown fire gflot as well as the ground fire and unburned
plots. The ground fire and unburned plots shared more
conmon species.

Ccntrol rplot two and the ground fire plot shared the
most common species. Control plot two had large openings
in the canopy and the available light may have caused the
difference Dbetween contrcl fplot one and control plot two.
Also, the exposure was slightly different. Control plot
one sloped slightly to the north whereas control plot two
sloped slightly to the southeast.

The crown fire plct shared relatively few species
with the other sites. Two of these are annual cobmgosites

and the cther is the shrub ocake.

Diversity and Equitability

Diversity is highest in terms of abundance 1in the

Jround fire plot (see table five). In terms of area it is
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highest in the crown fire plot. Some of the plants in the
crown fire plot were very large as individuals where oth-
ers were able to occurpy 1large areas by having dense
growths of numerous individuals. 1In the ground fire flot
and the contrcel .plots, the plants were widely separated
and as 1individuals were often larger than those in the

crown fire plot. ecbascum thapsus and Chenopodiur album

occupied large areas 1in the crown fire site, Verbascum

with a large rosette of basal leaves and Chepnopodium in
terns of large numbers. Thus each has different morpholo-
gies. The dominance of Vertascum will only be apparent in
the indices based on areae.

When one species has wany nore individual members
than the <cther species, it is dominant in terms of abun-
dance. The more dominant a species is in a community, the
less egquitable the community becomes. Hence fewer members
of other species can find available habitat and species
richness decreases.

Figure 1 shows the relative abundance curve or
dominance-diversity curve for the species found in the
four study plots. A horizontal 1line on such a graph
Tepresents an equitable distribution of individuals among
the species present. The heavy 1line representing the
ground <fire plot is most nearly horizontal, showing a
greater equitability. The crown fire plot curve and the

uinburned plots' curves have similar slope. These three
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plots exhibited dominance Lty a few species. The crown
fire plot is colonized recently by adventive species, some
of which colonized ncre successfully than others. With
the available habitat nearing saturation, competitive
interactions among these individuals intensifies.

Litter buildup and years of ccmpetitive displacement
among the species may have led to a decrease in equitabil-
ity in the unkurned sites.

Interestingly, these curves of the crown fire plot
and the unburned flots appear similar although the ecolog-
ical conditions in the two communities are radically dif-
ferent. All three plots have a few species that are
codominant in similar proportions to the many less-common
species.

The difference between the area and abundance <calcu-
lations 1is most marked in terms of the ground fire plot.
The diversity here 1is greatest 1in terms of abundance
because there are five co-dcminant species in terms of
abundance and these are all plants which occuppy a small
area as individuals. Thus the area diversity is lovwer.

Taking the trees into account, the 1indices 1increase
the most both in terms of area and abundance.

The indices using area take in to account the habits
Of the species rather than their population alone. Thus
SOme insight into competition is possible using area cal-

Culations, The superior or inferior ability cf a species
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to gain light and substrate will be apfparent in the higher
area values for that srecies although it may be relatively
less abundant.

The plots all had similar numbers of species. The
The main difference is in the number of individuals. The
ground fire plot has the most equitable distribution of
individuals among species whereas the crown fore plot has
the least eguitable distribution. The ground fire plot is
more similar to the contrcl plots thanm it is to the crown
fire plot.

Diversity in terms of abundance 1is highest in the
ground fire plot when the trees and understory are takgng
into account. The crown fdre plot has the lowest diver-
sity in terms of abundance.

When examining diversity indices in terms of area,
the highest diversity is found in the crown fire plot tak-
ing into account all living species. The ground fire plot
has lower diversity than the other plots except when exa-
nining forbs and grasses only, in which case ccntrol ©plot

.

two is lowest.

GENERAL DISCUSSION

Niche Cynamics

In communities, each species present has niche

Tequirements that are fullfilled somewhat by the available
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resources. Scme plants have very narrow niche require-
ments and thus are found only vhere these needs are satjis-
fied. Dominance often occurs when the species has broag
nicke requirements and is therefore adaptable and able to
exclude those. neighbaors «with narrcower requirements.
Adventives <commonly have a broader niche than plants in

more advanced stages of succession. A habitat may often

have an extreme shortage of nutrients and the dominant
species will be adapted to such stress. The Epcnderosa
Pine 1is such a species. It 4is able to tolerate low
nutrient soils and aridity found where it 1is prevalent
(Connell 1977Y. The borders of the ponderosat's potential
habitat are defined by the ecotones that surround the fon-
derosa forest.

A species that is dominant in a community will often
over-exploit its niche, especially if it is an r-selected
species (Price 1975; Colwell 1969). This occurs when a
Species wuses up the nutrients that define its habifable
Riche or limits them tc the pcint where it is no longer
dble to maintain a dominant population level. Often in so
doing, a previously dominant species will alter the habi-
tat in a way that makes it pcssible for a new species or
dLoup of species to become dominant. This is one of the
MeCchanisps cf succession, especially in teras of ruderal
Yegetation, that is adapted to exploit oroad niches

S8ickly  with aigh levels of reproduction and hence
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and the recovery rate is longer. Disturbances such as
severe storms, crown fires, and clear cutting by man have
then an obvious effect on dominance structure in communi-

ties (Connell 1978).

Richness

As a habitat is exploited through time, each species
present within the ccmmunity exerts an influence on the

nutrient base of the habitat. Plants tie up nutrients in

the organic and inorganib compounds of which they are com-

posed. Ponderosa pine does this on a large scale. Sym-
bionts on other plants such as members of the Leguminosae
take free nitrogen in the soil and fix it into organic
compounds thus increasing the amount of available nitrogen
for current and later generations of vegetation. A legume
found within my study plots is Robinia. Thus plants exert
a4 dynamic influence on the niches where they are found
(Krebs 1978). ‘

The overall diversity of the community may gradually
increase through niche specialization if there are species
to match the requirements and constraiats created by the
influence of past inhabitants on the habitat. High divec-
Sity implies a finely adjusted accumulation of co-evolved
SPecies (Price 1975; Pielou 1975; colwell 1969; Ricklefs

1978) . Species present in low diversity situations are
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co-evolved as well. The diversity of a community will
continue to rise in this way until the niches become linm-
ited Leyond the specialization of the available species
{Pielou 1975) . Successful colonization will be 1less and
less frequent as time gaes on and after a point the diver-
sity may decrease as mcre and more species are excluded.
Populations of ‘particular species will certainly decline.

The species found in the ponderosa community in Ban-
delier must be adapted to stresses such as drought, low
annual precipitation levels, relatively poor soils, and
very low humidity levels. The "niche" 1is a concept
inherert tc the ecological dynamics of organisms and such
stresses in part define the niche. In Bandelier the physi-
cal environment is harsh and the resources for wanich the
species compete are often limited (Connell 1978).

As colonization in a habitat progresses, there 1is
more and more overlap in —resource use amchg species.
There is a maximum degree of overlap of niche wutilization
before one of the species involved is forced to specialize
teyond its intrinsic capability to do so and may be elim-
inated. Assuming there is no perturbation, the diversity
of & community may cnly increase until the degree of spe-—
Cialization required of the species for survival 1is
€xceeded by the limiting factors or stresses acting upon
those species. This is another factor in richness and

diversity {Colwell 1969; Pielou 1975; Krebs 1578)
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Ccmpetition, the process of a species being 1limitad
by its neighbors, has many pathways in the dynamics of a
community (Krebs 1978). Resource competition involves
species that are both seeking a resource that is in short
supply. Interference competition occurs when species
impair each others' ability to obtain a commonly needed
resource. This involves adaptations such as lateral
rootsystemns, large leaves, or tranching patterns that
shade potential competitors (Ricklefs 1977) .

One path of competigion in communities is the dif-
ferential ability of neighbors to utilize commonly needed
resources as described above. This is done tharough vari-
ous mcrphological and physioclecgical adaptations on the
part of the species in question. Species have evolved
different features and mechanisms with which to exploit
commonly needed resources such as sunlight or compounds in
the substrate. For example, differing 1leaf shape in
apparently co-evolved species show different evoluticnary
pathways that deal with water 1loss and photosynthetic
needs. Similarly, memkers of the lLeguminosae have evolved
the potential for a symbiotic relationship with the soil

bacteria Rhizobiom which allows these species to fix free

nitrogen in the soil and thus become adaptable to situa-
tions where fixed nitrcgen is in short supply. There are
Countless such examples of evolution and speciation which

Consequently are important in the dynamics of community
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ecology (Esau 1977).

Some plants have widespreading root systems which
range far from the plaant of their originm and crowd out
root systems of other plants seeking water and nutrients
in their immediate locale. This occurs in ponderosa conm-
munities as ponderosa rine has a shallow widespreading
root system which ramges far for the scarce nutrients and
water.

Shading is a similar type of competition. Plants
often develop 1large leaves or habits which give them
advantage 1in 1light gathering. Onderstory plants in
forests are adapted to endure shading. As mentioned
above, young trees are able to endure shading from the
canopy better than mature trees of the same species. But
the growth of conifer species is slowed <coasiderably by
the 1lack oif 1light. When a treak occurs in the canopy,
these trees will accelerate their growth and eventually
occupy the opening in the canopy. This ability has been
especially noted in redwood (Seguoia semprevirens) forests
(Viers 1972). In pcnderosa forests the shading caused by
the canopy is not as dark as that in redwood forests. 3ut
the same process occurs with understory conifers in the
pondercsa forest.

There are at least twc broad categories of competi-
tion types among organisms. R-selected plants are adven-

tives or pioneer species which have  reproductive
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individuals and the ability of the species to maintain its
position within the makeup of +the community. Sexual
reproduction 1is not emphasized by these plants as it is
primarily in r-selected plants. These plants are adapted
to pressures .of -prolopged resource competition and are
always perennials, often with lcng life spans as in the
case oOf overstory trees. There is interspecific competi-
tion among K-selected specles whereas r-selected species
are not adapted for this tc the same degree.

Predation is a vitally important factor in the dynam-
ics of commurity structure. Without predation, comamuni-
ties would have the potential for reaching equilibrium,
assuming no disturbances occurred {(rime 1977; Huston
1979) . Competitive pathways and individual growth rrat-
terns among species c¢ould continue with no interference
and the diversity of the community would eventually sta-
bilize.

Predation in the ponderosa community is vastly com-
plex and to quantify and wunderstand its effect on the
plant community would require an extensive study. The
dy namics of predaticn and competitive exclusion are
closely intertwined (Grime 1977; Price 1975). Predators in
many cases keep species' populations below levels where
competitive exclusion takes place (Kreks 1973) .

Forbs are browse for various ungulates in the Jenez

Mountains, including mule and white tailed deer, elk, and
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feral burrows. There are numerous rodents that prey upon
the seeds of the forb species as well as pine nuts. I
observed a ground chipeunk eating the seeds of unbel-
bearing forkts. In a short time it had consumed hundreds
oL these seeds.. ., Numerouys species o0f ground and tree
sgyuirrels and other rodents in the ponderosa forests of
tne Jewmez Mountains no doulkt have a marked impact on the
seed crops of many plants, thus affecting the future gen-
erations. P2ines have adapted to having a large number of
their seeds reduced in this way and the impact is slight
due to their overall reproductive strateqgy. Pioneer
species such as those found in the crown fire plot will be
nore affected by this type of predation, although adapta-
tions that <comrpensate for this type of predation most
likely exist in these species.

Docminant species have a greater chance ¢f becoming
browse for mammals than do less dominant species; the fre-
gquency of encounter with a predator is greater than with
rare species (Price 1975). Thus predation is variable
with population sizes and is one of the <factors imposing
upper iimits on population sizes. Also, different
preda tcr-prey relationships exist anong different plant
species, depending on the morphological and biochemical
features of the particular plant and the co-evolved preda-
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Equilibrium and Stability

P

I3

Equilibrium is amn ecological concept that has been
reconsidered by recent workers (Connell 1578; Ricklefs
1978; Price 1S§75; Hustcn 1979). In. the early days of
guantitative eéélogy, ;orkers such as Lotka and Volterra
(1925) designed mathematical models that assumed a stabil-
ization point (equilibrium) was possible in ecological
systems. A great deal of work was done through the years
using models such as these where theory was devised arcund
convienient mathematical mcdels ({Huston 1979). Workers
such as Robert MacArthur began to sense the shortcorings
of this approach but in many cases tased their work c¢cn
equilibrium models. The ccncept of stability is analogous
to equilibrium. The idea that "diversity leads to stabil-
ity" is still common in elementary ecology and is a prem—
ise for many management technigues in use by land managers
today.

In order for there to be equilibrium in a ccmmunity
system, all of the factcrs such as predation and the vari-
ous forms of competition discussed earlier would have to
stabilize so that they were no longer causing sijnificant
fluctuations 1in specific rorulations. Huston (1979)
points out that the process of stabilization of a comaun-
ity ecosystem would take a very long tinme for a number of

reasons. FEach species has a different competitive ability
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relative to the other species around it in the community,
Species have individual growth rates and thus the process
of competitive exclusion will take a long time to complete
and stabilize the varicus specific populations. Even when
the community appears to have stabilized, there will still
be some species whose populations are still changing and
their influence on the other species and on the niches 1is
not yet fully expressed. This is, in short, tane rate of
approach to competitive equililkriunm.

In most communities, predation and perturbence
prevent the growth structure of the community from ever
resolving itself. These factors are variable and in wild-
erness situations would keep most comaunities in a recur-
ring state of flux. Thus succession would be a cyclical
process 1instead of a conclusive process. It can be dis-
rupted at any pocint and the duration of the overall cycle
will be longer or shorter accordingly. Many perturbations
only occur when the victim population is vulnerable. Por
example, even aged =stands of ponderosa pine are often

attacked by the western pine beetle (Dentroctgnus brevi-=

9]

conis) which weakens the trees and ofteun causes death. -
Thus the forest attains an uneven agé structure which 1is
the way it occcurs in totally uamanaged wilderness situa-
tions (Weaver 1974). Fire is a similar perturbence. When

a stand of ponderosa becomes too dense or accumulates too

wuch litter it is vulnerable toc fire. The fire may be a
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low Jgrourd fire cr a crown fire, depending on the condi-
tion of the community. My observation is that pcnderosa
comnunities are never 1in a state of equilibrium due to
their dependence on fire. If an artificial eguilibrium is
imposed on a ponderosa forest througa the suppression of
fires, the result is at unhealthy tangyle of malaourished
ponderosas and the -exclusion of most other species.
Importantly, the potential for crown fire in this situa-
tion increases as suprressicn efforts are continued
(Weaver 1974; Gartner and Thompson 1972; 3iswell 1972).
Taus when such an equilibrium is imposed on the rorest,
the potential for perturbation increases.

It is common for a community to have a dominant
species 1f there are excesses o0f a resource present (Price
1975). For exaample, a plant that is adapted to high lev-
els of Potassiumr in the soil will have an advantage over
plants that may find the same levels tcxic or restricting.
In the <crown fire [fplot there is an excess of many
resources such as sunlight and space. After the fire, the
potential for colonization here was very high; all the
previous vegetation had beenm cleared and the soil was
enriched by the breakdown of organic compounds previously
tied up in vegetaticn (Biswell 1972). Although in my sites
the 1levels of many important nutrients decreased with the
intensity of burning, other workers have found higher lev-

els of necessary scil nutrients 1in sites affected by
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ground fire (Dickson 1976; DBiswell 1972; Gartner and
Thompson 1972; Viers 1972). Once again the time lapse
between burning and soil nutrient measurement may be an
important factor in the decline of many of the nutrient

amounts.

CONCLUSIONS

The diversity of the sites studied here which experi-
enced light ground fire in the La Mesa fire of 1977 was
higher than either the sités which experienced 1intense
crown fire or which had experienced no fire for seventy
years. There are only slight differences in the number of
species found at the fcur different sites. The major fac-
tor in the variation of diversity is the evenness of ‘the
population distribution among the species present. The
grcund fire site has a more eguitable distribution of
individuals among the thirteen species found there than
does the crown fire site or the control plots. The equi-
tability of the ground fire site is markedly higher than
that of the control sites which in turn was higher than
the crown fire site. The many ecological events which
potentially cause the differences in equitability are dis-
cussed in charter three. These include various competi-
tion pathways, predaticn, and physical factors such as

nutrient levels, litter buildups, and light availability.
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Contrary to the findings of other workers such as
Biswell and Weaver, I found that nutrient coapound levels
in the sites that had experienced ground fire are lower
than the nutrient 1levels in the unburned sites. Excep-
tions include the icns sulphate, chloride potassium and
phosphorus. These 1increased with the intensity of the
burn as they were markedly higher in the crown fire site.
Ion levels in the soil immediately after the fire may have
b2en drastically different than those found here tvo years
after the actual burning.

In its uninterfered-with wilderness state, the pon-
derosa pine community is continually experiencing grcund
fires (Foxx 1978; Weaver 1S74) . Fires are frequent and
low key (Foxx 1978; Biswell 1972). Fires are one of the
ma jor ecological factors maintaining the diversity of the
ponderosa community. This is exemplified by the changes
that occur in the community when fire is eliminated and by
the evidence that suggests that ponderosa pine is fire
adapted. If fire is ccnsidered an intrinsic part of the
ecological processes that regulate the ponderosa commun-~
ity, if cne looks at a community where ground fire is
somewhat regular over an extended period of time (100-200
years) , then the community may be said to be in a state of
eguilibrium. This view is valid if ground fire is not
Cclassified as a perturbation; the species present in the

community over extended ecological time will vary only

Emrieons €
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slightly.

A ponderosa forest where natural ground fires occur
at thirteen to twenty year intervals is in a state of con-
tinuous change; fire eliminates the foliage but the rcots
of the perennials remain alive. Local populations of
annuals will be reduced considerably if their sexual or
asexual propaqules are destroyed. Annual plant popula-
tions in large, intensely burned areas will be slower to
recolonize; colonization will depend largygely on off-site
propagtules (Foxx 1978). In areas that experience grcund
fires at natural intervals, there will be a "micro-
succession™ process between fires always occurringe T he
diversity of the understory species will be low immedi-
ately following a fire but will increase until the niches
available are filled. Diversity in terms of understory
species will decline as competitive pressures among
species increase and soil nutrients are exhausted. Many
perennials survive ground fire and will reestablish them-
selves <fron living root systens scon after the burn {(Foxx
1978; Weaver 1974; Gartrner 1972). It 1s possible that
within the dinterval between naturally occuring ground
fires diversity may not decline very noticeable. Further
study on this questicn is needed. If many annual pioneer
species colonize an area following a - ground fire, their
decline during the interval tetween ground fires will

reduce the species richness. The existing perennials will
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expand thkeir porulations and eliminate maRy annuals
through competitive displacement.

If fires are eliminated altogether from an area, the
richness and equitability of an area will decline as
litter buildup. increases and as the selective force of
fire <ceases to eliminate the overabundant ponderosa see-
dlings in the wunderstory. The eventual result 1s a
"doghair thicket" monoculture of ponderosa pine. The vul-
nerability of such an area to <c¢rosn fire is very high
(Aeaver 1974; Biswell 1972).

The crown fire area has been set back to gre-
grassland succession as evidenced by the annuals fcund
there. 1In the arid climate of New Mexico 1its return to
fully established forest land will be slow.

Health is a subjective term. When referring to con-
nunity ecology, there are many elements on which workers
are not in complete aqgreement. Application of the concept
of "health" to community ecology becomes more difficult
and ambiquous. However, a diverse commnunity having aore
species has more genetic pathways on which selective
foreces may act. A diverse ccmmunity may be more resi-
lient to changes such as climate variation and pollution
(Huston 1979 ; Krebs 19738).

The sites that have experienced no natural fires over
an extended pericd cf time are less diverse and are

extremely prone to crown fire which can alter tne forest
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community completely. In terms of ponderosa coamunity,
this condition may be said to be ‘'unhealthy" as it
threatens to destroy the forest completely. Also, the
nutrients of the system are tied up in slow growing and
decaying plant structures shen fire is suppressed.

The elimination of natural ground fire from the pon-
derosa community is a questionable management practice.
The extensive wildfires which have plagued western
forests, 1including pcnderosa communities in the last few
sumners, can te traced in cause to the suprression of
fires. The La Mesa fire in Bandelier National Monument
during the summer of 1977 was only one of eight wild fires
during that summer in Arizona and New Mexico. Concurrently
in California the highly destructive "Marble Cone" fire in
the Big Sur Mcuntains raged.

Fire is a natural, intrinsic part of many ecosystenms
and can be wused to great advantage by wildermness
"managers." The buildup of fuels in forests due to [ro-
longed fire suppression 1s <creating an ever increasing
pcoblem for fcrest managers. The National Park Service
has in many areas come to realize the importance of fire
in wild ecosystems and is successfully using it as a wild-
erness mainterance tcol.

Today there is a wide body of ecological knowledge

generated in lakoratories and universities around the

world. Yet the management technigques used by industry and
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government agencies c¢cn forest land most often reflect
ignorance or arrogance to current ecological knowledge.
If the productivity or wilderness quality of our forest
land is to be maintained, the gap between knowledge and
practice must.te bridged; ecological research is not just

an intellectual ncvelty.
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TABLES AND PHCTCGRAPHS

TABLE 1

Percentage of Various Types of Ground Cover

Living
“Pine Plant Bare Dead
Litter#* Matter Greound Forbs R ock

c el 93 6.6 - o -
c B2 93.3 3.3 - 33
G FP 70 16 13 - =
CEP 3.3 *x* 40 z3 3.3 =

This includes pine needles, fallen branches, and fal-
len logs.

In the crown fire area there were no needles left
after the fire. This percentage was entirely trunks

of trees killed by the fire and felled by boring
insects.

TABLE 2

Depth of Pine Needles at the Four Study Plots

Depth, cm
Control Plct 1 2.€5
Control Plect 2 2.90
ground Fire Plot 0.50

Crown Fire Plot 0.00
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TABLE 3

Abundance of Plant Species in the Four Study Plots

Species Name Icdividuals

Control Plot 1

Erigeron sp. 166
Solidago decumbens 53

Penstemon bridgesii
Thalictrum fendleri
Quercus gambelii

Solidago sp-
Robinia neomexicana
TOTAL 24

Control Plot 2

Towesendia exscara 56
Solidago sp. 31
Erigeron macranthus 14
Aster integrifolius 11

kosa fendleri 2
Juniperus scorulorum 1
guercus gambelii 1
Robinia neomexicana 1
1
1
9

Lithosrersum multifloru

——

fragaria ovalis
TCIAL 11

Ground Fire Plot

Townsendia exscapa 34
Sglidage sp- 30
Aster inteqrifolius 23
BRobinia neomexicana 22
Allium cernuum 22
Gilia texana

Geranium caespitosun
Ceonotaus fendleri
Lithosperpur multiflorun
Erigercn macranthus

Losa fendleri

Taraxacum officinale
TOTAL

EanmndEs0O0g O

Y
(o)}
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TABLE 5

Diversity Indices (H) Based on Abundance

Canopy,
Understory Understory
Contraol Plot 1 . 1.528 1.695
Control Plot 2 2.099 2332
Ground Fire Plct 3.169 3.314
Crown Fire Plot 1. 360 1. 360
TABLE 6

Equitability Indices Based on Abundance

Canopy,

Understory Understory
Control Plot 1 0.4807 0.5103
Control Plot 1 0.588 0.670
Ground Fire Plct 0.832 0.81381

Crowr Fire Plot 0.367 0.367
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