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Manner and Rate of Plant Invasion of Sunset Crater, Arizona

A very signlficant part of the United States Is mantied with.recentiy
erupted volcanic'materials, Areas with such materials are located. in several
of the Rocky Mountain and Pacific Coasi states, and in Alaska and Hawali.
About 3000 square mi¥e§ in the nortnern part of Arizona ara covered wi th
lava, ash, and cinders of raecent age. The iighest mountalns In the state,
the San Francisco Peaks, rising to 12,600 ft, are remnants of old volcanoes
which began erupting in elthsr Miocene time (Sabels, 1959), or in Pllocene
time (Rob!ﬁson, 1913).

in several diractions from the San Francisco Peaks‘are.hundreds of
others, as well as lava fldws. Many of them appmar to be qulte young. The
two wiich are sald to be the youngest are 5. P. and Sunset Cones. 3unsat,

the subject of thls report, lies 14 miles north from Flagstaff, Arizona, and

" 3 miles east from U, 5. Hlghway 85, Tnis cone and its several associated

laya flows lie wlithin Sunsat Crater National Monument. (As used in the
report the term Sunset Lrater will refer to the complex of thé’cone and lava
flows,)

The date of the eruption of Sunset Cbne has been set at 1064 A.D., by
Smiley (1958) who appliad dendrochronology tecianlques to timbers found with«
in the araaAof ashfall from the cone. The climatic conditions which
rasulted In the prasarvation of timbers for 900 years;inclbded’scanty rain-
fall, low atmospheric humidity, and short summa?s, and were responsible for

the slow Invasion of vegetation to the lava flows, the cinder cons, and

surrounding ash fields.



Geologic History

The main feature of Sunset Crater is the large cindar cone; hut the lava
ftowé form an important part of the complex also. It is probable tnat the
eruptlion occurred over é period of several months, or a few years. Varying
thicknesses of ash on different flows {ndlcata that the flows wére extruded
at differant times In ralation to cone building, and hence to ash fall, Two
volcanoes comparable to Sunset In size of cones and axtent of flows ara
Paricutin and Jorulle in Mexico. They wera active for approximately nlne
and slxteen vears and thelr eruption'ﬁattern 3uggests that Sunset could have
baen active for several yeasrs. (Eggler, 1959).

Sunset Cone is about a mile in dlameter. 1ts base is at an elevation of
about 7000 ft and the summit Is 1000 ft highar. The cone is fofmed of a mix-
ture of clndars, ash, and lava blocks, witn a few volcanic bombs.' Ash, the
finast-textured of the e acta mentioned is the size of medfum and fine sand,
silt, and clay. Cinders have the textura of gravel and are over 2 mm in
diameter. Lavé blocks on the cone may be several inches in diameter. Host
of the sxposed surface of the cone consists of ash and cinders but thers aras
arsas, particularly toward the summit and around the crater rih, wiaira
coarse rubble predominates.

According to Hodges (:9&2) the diamatar of tha crater which lles within
the cone is-l?éo ft by 2250 ft; its depth is about 40O ft., Hodges reported

the slops of the flanks of the cone to be fairly constant,‘betwean 25 and

28 degraes.

Wind~-borne Ash

Colton (1945) reported that wind-carried ash from the Sunset eruption
 originally mantled an area of about 800 square'miles, but that erosion has

removed it from all but about 100 square miles. Colton also reported that



more asﬁ was transported ina northeasterly direction than in any other
because prevalling winds blew i(n that direction at the time of the aruption.

At least 3 to 10 small cinder cones, all older than Sunsat, are located
within Z miles of the base of Sunset Cone. An accumulation of Sunset ash
upon them apparently destroyed much of tneir vegetation. Most of tie cones
have not ragalned a complete vegetation cover 3nd ash is stiil bare, partic-
utarly on tne souta-facing slopes. Some intaicone areas are also not yst
completely vegetated.

| have found it difficult to aistinguisn Sunset ash near its outer
margin from that of the otner cinder conas, 'Leﬁnox Crater appeared to have
a mantie of ash from Sunset; Cone 43, whera some quantitative vegetation
studios wsrevmade,‘appearad not to have. The present margin of Sunset ash
ina HSH direction appears to lle between Lennox Lone and Cone 43, or
approximately | mile from the base of Sunset {see Fig. 1). 1In a north-
easterly direction the depth of ash was measured at several points near tns
loop road betwesn Sunset Cone and Hupaﬁki National Monument., At 3 miles
distance the ash was 1% ft thick; at 7 miles it appeared to end but traces
of ash were found at even greater distanceéu |

Asn deptins today cannot do more than suggest whaf they may nave teen
900 years ago. The asi Is not consol idated and vegetation which might fix

it In place is sparse. Wind and water hava sursly moved the ash a great

deal .,

-

The typically near-black color of basaltic ash and cinders has been
alterad to red In several places. Tha rim of the crater In Sunset Lone nas
a reddish color. Immediately rorihwest of the maln crater is a hummocky asd
and cinder mantle.on lava, in which the nummocks or small mounds are quite

red {called Red Hills in Fig, 1). Again about & half mile east of the main
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cone Is a rod cinder ridge. 1t Is probable that fumarolic actlvity, during
which hot gases emanated from the hot lava bensath, caused oxldatlon of Iron

In the material to glve the red color.

Lava Flows

Lava flows, wnica Hodges (1962) stated emerged from tne basa of the
cone, moved away from Sunset in two directions. A fiow known as Kana-a
moved 3n a northeésteriy direction, as a narrow tongue, for a distance of
about 6 miles., The Rana~a flow is asn-covaerad, to varying degraas, through-
out its lengtn. Tne lcop road to Wupaiki Monument runs on or beslde it,
Road construction and timber~cutting had greatly altered the vagstation on the
flow s0 no attempf vias mada in the present study to consldsr invaslon of
plants to tne Kana-a Flow, Wast and nortiwast from Sunset Cone lles a com-
plex of flows known as the Bonito Flow (Fig. 1}. 1t cccuples an intercone

basin and extends for aimost 2 mijes in its greatest extremity north anu

south by about 1% miles east and west. Almost all studles of vegetation on

lava were made on the Bonlto Flow.

The lava from Sunset is basaltic, and usually dark in color. Most of it

ls fragmental and broken, and nence may be called aa; but in places thare is
ropy panoehce. Again there are large, massive blocks QF iava many feet in
diameter. The lava Is much broken in many places as the result of fractur-
ing and faulting wiich occurred after the aruption ceased. Fault lines can
be traced for(iong disténcas across the fl#ws. Agaln, some early flows
ware apparsntly disrupted by subsequent flows. Hodges (1962) believes flows
moved under earlier ones, and caused them to dome and often break.

There is great varlabillity in the amount and kind of plant growth on the
flows, A few Inches distance may sﬁow several differant ecologlical forms of

plants. The flow cannot be described as a uait or single type of habitat,
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Rather, it consists of Innumerable microhabitats. Every fissure, crevice, of
bl of exposed surface is a separata one. The lava by Itself would support
only lichens under the climatic conditions, . Hencé, wind-borne maverial on
ihe lava Is sxtremely important for plants. The aeollan matarlal (s usually
asi from Sunset Cona; transported during or after the eruptlon, but old soil
and bits of debrls may be transported also. Mora than anywhere else cin toas

lava flows vascular plants get started alons the margins of aeolian deposits,

that is, at the contaci of lava and wind-borne material.,

Climate

The climate of tne Sunset Crater area is characterized by low étmos-
pheric numidity much of the time, a great number of days with sunsiline, and
with precipitation coming mostly in the winter and late summef (Kearney and
Peebles, 1960). The same authors state that there are great differancas in
amount of precipltation from year to year. Hodges {1962} reported precipl-~
tatlon at Sunset Crater to be batween 17 and 20 in, per year. Colton (1954}
gave precipitation data for 17 stations’neér the San Francisco Peaks., Records

for four of tne stations with altltudes comparable to that of Sunset (rater

are prasented.

Max. annual Hin. annuat  Season wlth
Station Altitude (feet) ppt In. ppt in. greatest ppt
Coconino Dlvide 7252 31 .46 10,54 Summer
Black BI1l Park 5300 2,33 9.7k Surmar
Doney Park 6700 31.24 11.43 ~ Summer
Deadman's Wash - : .
Upper Terrace 5275 19.32 o0 Summer

These data emphasize the great difference betwzen maximum and minisum

annual precipitation. The years witn low precipltation, 3 to 12 In., wust 53

the most difficult times for tree and shrub seedl Ings, and for herbaccous



plaats, especjalky annuals which must grow from seads, Large establisaed
trees, and shrubs, apbarently do not suffar very much In a dry year other than
In reduced growtn. It is probable that it Is the dry years which retard th;
rate of vegetation migration {n such placas as Sunset Lrater. Only on the
lowar half of the north slope of Sunsat Cone s thars what can be called soil,
with @ forest whilch Is wall establlished and in no danger of succumbing be-
cause of lack of water. Elsewhere on the cons there are numerous scattered
traas which appear o be qulte heafthy but there Is usually no reproduction .
and the future of thg spacles In those 2reas ls precarious., There are areas
where the sarub fallugla is welil established, Tress on the lava usually

occur singly, In mlicrohabltats of small size, such as .a crevice or other

depression.  Reproduction s usually absent.

Vegatation of Sunset Crater and Adjacent Arsas

'Thera is general agreement between several diifersnt reports as to the
kind of vegetation which occupies areas in norzharn Arizona with the alti-
tude of Sunset Crater but not much agreement as to a name for it, Mercriam
(1590) called It the Neutral Zone, with pondercsa pipe. Sheiford {19:2¢)
raferred to the zone starting at 7000 ft altitude as a Hountain loniferous
forast, Pearson (1931) calied it tne western Yellow Pine zone., He das-
cribad the climate as cool, and said precipitazion was 18 o 25 in. anhua!iy,
with much coming a@s snow. Merriam (1330) sald a pinon-pine zone extended
from about 6000 ft to 7000 ft. The soutn-facing slopes of several oid cones
in the araa supported pinon-juniper forest in 1954, Even tiough the.
altitudes are more than 7000 t the greater insoiat;oé on the soutir slopes
reduced the water baiance below that required b ponderosa pine bur jfolerated
by pinon and juniper.

Since Sunsat Crater lies at 7000 ft elavation, or abova, It shculd



potentially support the ponderosa pine forest, but soi! conditions are un-
favorable over most of it. The ash.jcinders, lava, and rubble have not
weathered enough‘in most places to form good soil. As stéted above established
true forest is limited in area; widely scattered trees are over all the main
cone except on the south siae, and on most of the flbws. Shrubs occur in.
scattered clumps on both cone and flows. Herbs grow very scatteredly and are
often limited in time of growth to the snort rainy season.

The presentation of information on the vegetation of the area will be
in part general and in parf quite specific, with guantitative data for 2 cones,
Sunset and Cone 48, and for parts of several different flows of thé Boni to
series. The first presentation will be that for & cinder conés, then for
several intercone areas, finally for the lava flows. The cones are Sunset,
#82, #83, #1141, Lénnox, and #48 (Fig. 1). The last 5 are ail older than
A1l but #141 and

Sunset and they undoubtedly received ash cover from Sunset.

#4383 still retain recognizable amounts.

SUNSET CONE
The vegetation on Sunset Cone varies with the sides. On the south slope
the cone has very few trees although there are some at the summit on the

south rim of the crater (Fig. 2A). Even the seemingly bare south slope is

not completely devoid of plant tife, at least not in all seasons. A few

kinds of herbaceous plants grow in the ash and cinders. Figure 2B shows

Physaria, one of the more common ones.

On the lower north side is an open forest, in which Pinus ponderosa

Lawson is the dominant tree (Fig. 2C) . There are some cquite old and large

trees in the forest. The present timber line on the north slope lies about

midway between the base and the summit; above the tree zone is a grass and

shrub zone,
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The forest Is continuous from the nortih to the east and around to the
southeasi (Fig. 20). It actually extends a little higher on the cone on the
soutneast side than on the east, because the angle of siope is less (Fig. ZE).
On the west side trees are widely, but rataar evenly, spaced from the base to
tne summit (Fig. 2F). Some sarubs, cnlafly Fallugla, are Intermixed.

The crater in Sunset Cone has a small ponderosa pine forest growing in
the hottom at the deep western end, but not eisewhere, The apparent reason
is the western wall of the crater is very steép and the influence of drying
winds would bz less at Its base than in tne shallower and mors exposed
middle and eastern end of the crater. it Is also probable tnat snow and
rain water accumulats on the western end.

To make a quantltatlive comparison of vegetation on the north and south
sldes of the cone é transect was run across, from base to hase, Trees and
shrubs were tabulated In a 10 m wide transect and harbs in a 2 m wide transect
run along one side of and Included in the wider transect. In tne field every
tree and snrub was located on a chart. Herbs were counted by units. For

prasentation results for all classes of vegetation have been combined into

10 m units.
North Slope

in Table | is presented information on trées in the 10 m wide transect
on the north side of Sunset Cone. The transect was begun on the flat Inter-
conal area at the north base of the cone and plots 12 to 13 are on it; number
13 is the first on the cone itself. One to 11 were little different from
12 to 18 and are not given., The number 29 was inadvertently not used. Piot
90 was at the summit of tha cone. Hence there were actually 70 plots on the

north slope for a total length >f 700 meters., The tree zone occupied the

lower 39 plots, 19 to 58, :or 390 meters. Diameters were all taken at breast

height, referred to hereafter as d.b.h.
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Table | shows several things. One Is that tae forest s not an even
stand; some plots have only one or two, or 8 few trees; and some nave several,
A striking thing Is that trees t~nd to become smaller from the base of the
cone upward, Trees In the dlameter classes 10! to 16" and over 18" are most
numerous in plots 13 to 26, The upper plots have fewar large treas. Actually,
they do not have many small ones elther. Total basal area is the best measure
of the abundance of a spscies In a particular plot, and a comparison of total
basal areas, in square inches, siows the lowar cone, plots 19 to 31, to have
tha greatsst abundanca.

Another striking thing 15 taat Pinus flexllis James, limber'pina, is

present in the mliddle part of the forested zone, plots 27 to 45, anﬁ Pinus
2dulis Engelm. Is present In three cf the uppar plots. The positlons of
thesa two species must ba controlled largely by molisture, 1imber pine
growing in émal! numbers where molsture {s greatest and pinon comiag in
near the trea line where moisture Is less abundant.

The greatést number of pine seediings prasent at tﬁe time the field
work was dones on tha cone, late June and early July, 19é4, were in plots 40
through 56. Two seedlings were limber plne and all others were pondarosa
pine. There were no seedlings in the first 10 plots above the base, the
section with most of the large trees. The greatest ccnéentratfon of seed-
lings was at the tavel where the forest stand was open, probably because
trees ware small and few, but moistura was available for germination
(Fig. 3A). Seedlings were almost absent near the upper limit of trees.

Unlass 1964 was an unusual year it is axtremely unlikely that any of
the seedlings survived past the first ysar. The paucity of small trees in
the upper plots indicates that seedlings seldom survive, and the few which

grow into small trees must not live very long. Some of those presant in



"TABLE 1. Density and total basal area of trees in consecutive 10 m X 10 m
plots (divisions of transect) on the ncrth side and base of Sunset Cone.
Cone slops begins with plot 33; 99 Is on summlt; fl = Pinus flexillis,

_ Diameter sl:ze classes Total basal area in.?
2 » .
= & W; o
: £ & o 3
s 3 e . g .3 5
o wn < pre.ge gt -1 O 10160 160 a:l &g e:; 52 C‘:i :,‘
30 )
t
t
58 - - 1 - - - - 85 - -
3} .- ‘ had - - - - 078 - -
56° i - 2 - } N ~ 3.0 52,8 =~
55 - - - - - - - - -
Sh bl } l ‘ -~ -~ ﬁyas . 3-2 d
53 - } ! - - - - o2 7.0 -
52 - - - - - - - - -
51 - i - - 1 -~ - 50.5 - -
50 ! ] 3 1 - - - 26.1 - -
49 - 2 - - - - - 0.4 - -
L5 10 1 i - - - - 3.16 - -
5 31 - - - - - - - - -
L6 - i 1 - - - - 3.6 ~ -
hg 1 f1 - - - 2 l - 263.0 - -
4 2 - 2 - - - - 1.8 - -
,!43 - - z - - - - *(-.3 = =
3_‘2 P - - -~ Rl - ‘ 98502 - -
41 I f1 2 3 I - - - 1.4 - 15.4
40 L 2 4 2 1 - - 62.0 - 0.3
B‘Q v ~ 2 - - , - 10810 he 6373
3‘,3 - I } - - - hed G.? - 0.8
37 - - - ) - . - 1z - -
36 - } - - - o G.S - -
35 - - - - - - I l‘é}s 00 - he
3}_; - - - 1 - - - i5.0 = -
33 had 2 ; - - - - a'z‘ > 003
32 ! 2 4 ! - - - g.7 - - 10,0
303 1 & - i - b 353.9 50.0
30 2 i - - - i ! 380.1 -~ 154.2
2‘3 - jad - i 1 bt I 27‘508 - -
27 - 2 3 3 - ~ - 47,7 - 0.8
26 - 8 5 ) - - - 56.7 - -
25 - . - - - - } 255.0 - -
2[(. - - - - - L’r 2 §79200 - -
23 - i - 2 ! 3 2 852,00 -~ -
22 - - - - ] L 1 797.0 - -
a0 - - - - - 2 I o525 - -
20 - " } - w 2 ] ‘{”3.0 - -
19 - - - - - - - TI: BE
13 i - - - - } i 372.0 - -
17 - - - - - - - - - -
16 2 - - - - - 1 3thoo - -
5 - - - - - j - 5.0 - -
14 - - - - - } 1 314.0 - -
- 13 P - . - - 2 - 18; -O - -
12 - - 3 - - - - 8.8 - -

9586.59
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1364 had many'dead branches and many leaves were brown. There were dead t}ees
also.

it appears that plne seeds germinate In almost all parts of the tree
zoné. Shade from the tree canopy In the lower forest proﬁabl; prevents most
sead! Ings from photbsynthesizing enough to survive. In the middle forest
level Is the largest number of small trees. Close to tree line Inadecuate
watar |s probably the force whica kllls seecllings and small trees and has
fixed the timber lina in 113 prasent position, |

increment coras ware takan from all trz2es mora than 2% in. d.b.h.,
and from the ebres ajes of the treas wera detarmined. Figure 5. locates the

rees by age in the several plots. Plots | to 13 were on the cinder flat
‘f%fnorth of the cone wiare several traes had beaﬁ éui at some time, and hance
tha density of treaes In thase plots was unnétura!ly low. Waether any trees
wiich wara cul wera o}éer than theee remaining could not be determined,

The oldast treec In the transect, %33 ysars, was in plot 18, very near
the north base o? the cone, wiich fell in étot 13. The greatest concen-
cration of trees in any age range occurred in plots 20 to 25, where 25 traes
ware between 130 years and 268 y=ars. The most striking taing the flgure

snows is that the maximum age of trees decreased with increasing altitude.

Tae last tree which was horsd was a pinon pine (Plnus edulls) In plot 56.
It was 7.6" In d!éméter, and 46 years old. Two ponderosa pines in plot 54
wara 4.2'" and 7.3" In diameter and 25 and 21 y=ars of age respectively.
Tablse | showed tnat treas ware smaller higher up on the cone and Flg, 5
indjcates that they are younger. Henca it must be concluded that trees
are smaller higher upon the north side of SunsetACone, not because they
nave grown less rapidly than lower down, but because they are younger., Are

then, the trees at higher levels on the north side of Sunset Cone small and
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young bacause they have only recently migrated to that area? Or is It because
they do not live to become old? | bellsve the second explanation is the cor-
rect one, even though tnare is no =trong evidence to support It., Thera doas

. appear to be a high aortality rate among trees, as has already been stated,

Shrubs
The number of kinds of shrubs on the north side of Sunset Cone was nardly
larger than the number of kinds of trees {Table2). Two species of sarubs,

Fallugla paradoxa (B. Don.} Endi, (Apache-plume), and Erlogonum aursum Jones

ware the only important ones. Apache-piume was restricted to what might be
called open~woods and apparently it requires quite high lignt Intensity. It
was present In large numbers on the nearly-level I[nterconal area at the base
of the cone, plots 12 to 19, where some trees had been cut and where light
intenslfy was greater than on the north facing 5?ope; The numbers of this
shrub decreased sharply with plot 19 and was absent or nearly so, in plots
19 o 40, In heaviest tree growth, As trees became smaller up iha cone
thers was mora Apa;he-plume, but it ended where plnes nded.

Eftogonum must be more drought resistant than Apache-plume. There were
a few Erioqonum plants, béginning in plot 238, but they did not become abundant
until Apache~plume_decreased. Eriogonum had {ts grestest denslity above plot

60, where there were neithar trees nor Apache-plumes. It continued to the

summit of the cone.

Lygodesmiea splnosa and Ribes cereum (currant) were minor members of ths

snrub population.

darbs

Herbs, which were present in the 2 m wlde transsct on the north side of

Sunset Cone in late June and early July, 1384, are given in Table 3, Becauss



TABLE 2. Density of shrubs in consecutiva 10 m X 10 m plots (divisions of
transect) on north side and base of Sunset Cone. Cone slope begins with plot I3

o
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the entirs transect is reported In one table density values for herbs in 10 m
sagﬁents were combined as Indicated.

No single specles of herb was present in all parts of ths transect.
There did saem to be some relationship between the ranges of some herbs and
trees and sarubs. To provide refarence points the transect s here considersd
in four segments. Plots.] through 18 are in the interconal forest al the
noith base of tha cone; 19 through 45 include the most nearly-closed pine
forest and will be referred to as forest; 46 to 53 is the area with smaller
pine trees and will be referred to as open woodland. Plots 59 to 90vare in

the shrub-herb zons,

Andropogon hallil Hack., a grass, occurred thraughout.the threa‘!owar
parts of the transact, interconal forest, cone forest, and cone woodland, and
was coextensive with pine. Thls grass did not extend Into the shrub-herk
zone, Artemisla (sage) includes two species and a variety, as [ndicated in
Taple 3. 1t was not possfb1e to distinguish between the three at the tlme
the field work was done. Later In the summer it was. Sags was restricted o

the two lower forest zonas, interconal, and tne forest on the lower cone.

Souteloua aracelis (H.8.K.) Lag. (blue grama) was limited to the intarconal

forest. Eupnorbia fendleri Torr. and Gray, was preseat with a few Indi-

viduals in tihe }n;eraonai forest and also In the pine forest, but becane
abundant in the open woodland and in tne shrub-herb zone above. Euphorbia
lurida Engelm. was largely confined to the intarconal and plne forast.

- samr— g

Galium rotnrockil Gray. grey in the forest and the open woodland. Gllia

aggregata (Pursi.) Spreng. occurred in open woodland and In the shrub-herd

:one. Monardeila odoratissima Bentn, had a few indlviduais In the pine

forest, mary In ths open woodland, and it continued 50 meters into tiha shrub-

~ne cone

harb zone. QOenothera caespltosa Nutt, was scantily represented in



Plot number

g-12

TABLE 3,

Density of naerbs In 2 m wide _ransect, north side and base of Sunset
Cone; each value Is sum of two 10 m plots.

Cone slope begins with plot 13.°

15.

Artemisia includas A. caruthlii Wood, A. caruthii var. wriantii (A. Gray) Biake,
and A, pacifica Nutt. 6/29-7/10/6h.
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forest and the open woodland. Qrobancne fasciculata Nutt. is a root parasite

and a number of Indivlduals associated with Erlogonum auresum wers in flower

on July 13, 1964, Oryzopsis hymenoldes (Roem. and Schult.) Ricker (indian

rice grass) was abundant above the open woodland zone but it stopped qulta

snarply in plot 73. Pentstemon barbatus (Cav.) Roth., was prasant In the -

intarconal forest, pine forest, and open woodland. Pentstemon clutei

A, Nels. grew In the upper part of the open woodiand and conzinued a short way

into the shrub-nerb zone, Phacelia integrifolia Torr. was present in small

numbers In {ne upper part of tne open woodland and it continued on Into the

snrub~-hero 20ne nearly to tne summit of the cona. Physaria newberryl Gray.

occurraed In the upper part of he pine forest, in the open woodland, and

some in the shrub-ners zone., Poa Fendieriana (Steud.) Vasey (mutton grass)

was present in the upper part of tine cone forast and tie lower part of thas

open woodland. 3Sitanlon aystrix (Nucvt.) J. G. Saith {Gquirrel tall) was in

tne upper open woodland and in the sirub-herb zone,

South tlopa
The aspact of Sunset Cone from tne souin sfde ran be seea In Fiz. A,
The base of the ¢ona, seen in the foreground, is a cinder fiat supporting a

rather poor forest in whicn pondarosa pine is predominant. Thaira ware @

few pinon pine also. Lumbering nad removad the largest irees from the flat
some time prior to the date of fleld work. |

When viewad from bslow the south slope of the cone appears tc ba dJevoid
of veéetation, except for a few widely aispersad irees, and a belt of trees
high up on the rim of the crater. Ponderosa pine is preceminant, derds <o

not become evidant until the cone is c¢limbed and they can oe obsarved close-

up.



Trees

A record of the trees in a 10 m wide tfansect, beginning 110 m fr
base of the cone on the cinder flat (Fig. 2A), and continuing to the rm o,
the crater, is given In Table 4. Treas were present In only 13 of the 63
10 m X 10 m plots, inciuding only § plots on the body of tne cone itself.
Four trees were within the transect on ihe's!de of the cone, exclusive of the
summit, a distance of 550 m. Tha four were In piots 14, 16, and 27. There
was a ralatively high density of trees on the south rim. Eleven trees were
in two piots, numbers &7 and 63; and 2ll but one were less than %' d.b.n.
Ten were ponderssa pine, and one was Juniper,

There were not enough treas in the transect on the south sids of Sunset
Cone to justlfy the preparation of an ége—plaf record similar to Flg. 5.

But it is believed an informal report on the ages of some trees is of value,
The oldest and targest traes were'an the cinder flat and in the first 40 m
of slopa. Twelve traes over 2.5 d.b.,h, were in the 11 plots on the clnder
flat and two tiees were In plots 12 to 16, These 14 trees varied in age
from 93 to 375 years. All but four Qere over 200 yea}s. Only two trees
farge enough to bore were in plots above number 16 and below 67. They ware
2] and 62 years old, Three trees near to, but not witain, plots 62 to €&
were betwesn 53 and 79 years of age., Cores were taken from 3 trees In plots
£7 and 63. Seven between 2.0" and 4.15' d.b.h. ranged in age frem 13 to

26 year#. The eighth was 70 years old and 15.8" d.b.h. All trees mentioned
above were ponderosa pina,

Lores were taken from 19 other.trees on the south rim, all ponderosa
pine, close to Lut not within the transect, Sixteen of the trees were
under 100 years of age, Thay were in the following age and diamater classes:
6 trees, 26 to 50 years old, 2.7" to 5.7" d.b.h.; 4 trees, 51 to 75 years,

9.0”lto 12.3" d.b.he; 6 trees, 76 to 100 years, 5.9" to 139.8" d.b.n.



One tree 7.0" d.b.h. was 123 years old; one 14.0" was |34 years of age; and
one 14,3 was 209 years old. |

The I4 trees at the south base of the cone ware quite like those at the
north base, discussed earlier. They were qulite old and large In diameter, and
had grown rapidly enough so growtn layers were thick enough to distingulsh
aasily. The two trees on the side of the cone were sma!lvand young, as had
been the trees at mliddle alavations on the north side. The trees on the south
rim nad also grown quite rapidly; most of them ware between 26 and 100 vears
old.

The general aspect of many of the trees on the crater rim was that of
timbertine trees, Many had branches asymmetrically arranged due to wind-
training or wind-pruning. All tree$ were short in stature, (Almost all
ponderosa blne trees In thé Sunset Cratar area, on the cone, ob flows, and
ash fields, have a.very low height to stem diameter ratio., Tihis feature will
be discussed further under a later section on autecology of ponderosa pine.}
One mlght expect to f{nﬁ that trees with the timber-line aspect had grown very
stowly, but such was not the case. Tha rate of diameter incrzase suggested
that molsture condltions were quite meslic, for the two treés on the south |
slope as wall as_those on the summit,

A summary of facts about the trees on the slope and sﬁmmft is as follows.
Most of the treés-afa small and under 100 years old. There are a few older,
but none is as old as most at the base of the cone. Trees are short in
statura; they.are widaly spaced; and there s almost‘no reproduction, Diameter
growth has besn quite rapld. MNearly all trees are ponderosa pine; junlper and
pinon pine, which are the most abundant trees on south slopes of old cones in
the area, are few in number. |

Two questions are rezlevant at thfs point., Why are there more treas on

the crater rim than on the south slope? Has pohderosa pine as a species begun



TABLE L4, Denslty of trees and total.basal'area of trees in 1I0mX 10 m pTots
(divisions of transect) on south side and base of Sunset Cone. Cone slope
begins with plot 12; 68 is at sunmit. No trees present in omitted numbers.
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begun to Invada the south slope and rim durlng the last century or two, o
has it been there longer? The answer to the first quastion appears to be
simple, The south rim {s nearly level, hence insolation with resulting heat
and evaporation would be less than on the south slope. There would also be
Jess run-off of ralnwater, and probably snow Is not blown away as easlly as on
the slope. All of these conditlions would tend to make a more favorable iwater
balance. In addition the rim has a more stabie surface than the slops.

There Is 11itle evidence to substantiate my answer to the second guas-
tion whlch is that there have probabiy been treas on the rim and soutn slope
much longer than the life span of the oldest, presentiy-living tree, 209 years.
One type of evidence [s the presence of a few dead and broken rather large
ponderosa pine trees on the south =lope of the cons. They were larger than
the iwo livlng treas in the transect. There were aiso dead trees on the
sumnit, Also, there is apparently no minimum time requirement necessary aftar
a volcanic eruption before traes can begin to grow on a cinder cone. At
Parfcutin, for example, 5ma!1vp}ne trees wera found on the cinder cone and on
lava flows six years after eruption ceased (Egaler, 1963). Unless there was
lass precipitation in the past than now at Sunset tnare is no reason to
think that it would nave been more difficult for trees to become established
on the cone soon aftar activity ceased, than now, unless seeds were not
avallable. The cfn&ers and ash have not besn altered significantly, on the
. summlt and south slo-~e, and are not now a soll.

Soil formation and plant invasion and establishment take place simul-
taneously and cocperatively. As soil fofms'plants have more success., Without
plants volcanic material does not become soil, at least not under climatic
conditlons of Sunset Crater,

The paucity of pine seedlings and small trees indicates that only rarely
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does a combination of conditions necessary to produce a tree occur. They are:
a viable seed in @ favorable germination site where moisture is adequate, plus
enough relatively wet geasons to enable the seedling to develop an extensive
root system., WIith an adaquate root system trees seem to qrow successfully and
quite rapldly ln’diame;er but not much in neight. Why they do not live to be

older will be considered In the sectfon on autecology of ponderosa pine.

Sarubs

e rop———:

Shrubs were conflned to the cinder flat and to the bottom 9 and top 9
plots on the cone siope. {n between was a distance of 390 ﬁaters wl thout
shrubs. Where shrubs were present Falluqla was dominant. Eriagonum (buck-

wheat), Chrysothamnus (rabblt-brush), and currant were present in low densitles.

Herbs

A survey of herbs on the south slope of Sunset Cone was made in a manner
similar to that on the north side. A 2 m wide transect was run from tﬁe
cinder flat at the base of the cone to the summit, and herbs in the transect
ware counted and recorded by 10 m segments., To reduce the length of the
table the densities of herbs are reported in Table & as the sum of pairs of
plois. As stated above the cinder flat at the base of the cone, plots 1 to
12, supported a sparse pine forast, with a consliderable population of the
shrub Fa!!ugla; Qerbs in thls forest (Fig. 2A) Included two grasses,
Andropogon and Bouteloua, which were also prasent up the Incline of the cone
for a distance of about 50 meters. The main expanse of the south-facing
slope where trees and shrubs were nearly absent, plots 2! to €0, was pop-

ulated mainly by the herbs Physaria, Phacelia, Mentzelle, §ilia, ard

Euphorbia fendleri. They thinned out appreclably in plots 42 to 60 but in-

creased in number In the final 50 m at the summit, which was also a :zone of



YABLE 5. Daensity of shrubs In consecutive 10 m X 10 m plots
(divisions of transect) on south side apd base of Sunset Cone.
Cone slope begins with plot 12. No shrubs present in omitted

numbars.,

oo ameare
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se = g

Plot T | 2
number 5] §;_ﬂ_) - § ag p
g' S &l & = v

289 5 38 o

gesls 98 =1

Pk S| 313 ;f

68 - i 93 -
67 - y 171 -
66 - 3 20 -
65 - - Lg -

&4 - | 157 -

63 - - 176 -

62 - 127 -

61 - 1 333 -

£0 - - 130 -
$
]

2} - - L6 -

20 - - 168 -

19 - - 32 -

13 - - 175 -

17 . - 16 -

16 - - 79 1

13 3 - 53 -

14 2 - 2} -

13 2 - - -
]

10 - - 36 -
3 - - 330 -
3 - - L3k -
7 - - 296 -

& - - 216 -
5 - - 271 -
& - - 138 -
3 - - 173 -
2 - - 259 -
1 - -

- 209
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«ensity of ilerbs In 2 m wlde transect, south side and bass of Sunset Cona;
Cone slope begins with plot 12, 6/29-7/10/64,

each value is sum of two 2 m X 10 m plots.

TABLE 6.
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greatar denslty of shrubs, Flg. 28 Illustratas the density of herbs in one

part of the south slops of the cone, but not within ths transect.

01d Cones Nesar Sunset

There is an old, rather low, unnamed cona {or cones) SSE from Sunset Cone
on wh{ch a thick mantle of Sunset ash and cinders still lies. The presant
condition of 1ts vegetation Is evldantbin Fig. 3E. There are no trees on the
peaks, whaera plants are gh!ef]y herbs, simllar to those on Sunset. Trees are
confined to depressions between‘the peaks, where muistura conditions are more
favorable than on the summit. Tha llghfar color of the surface under trees,
as seen in the figure, coﬁpared with tnat on treealess peaks, denotes the
pkesenca of a layer of lltter, mostly plne needles. The litter aids In soll
formation and in water retention, serves as food forkmicroorganisms, and re~
sults ’n the production of organic aclds which further the weatharing of ash
and cinders.

Three other old cones tie in a row M4 from Sunset Cone, batwsen It and
O'teary Peak. The three cinder cones can be seen In Fig. 38, with taller
8'Leary Feak in the distance. Ccne 82 Iles just heyond the highway; 83 is
next, and the to§ of 141 is visible just bayond. Thelr positions are given
also In Flg. 1, .

Cones 82 and 83 are almost treeless; 82 has é forest of ponderosa plne
on the northeast, which Is its steepest slde. The forest reaches just tc the
summit, as can be noted In Fig. 3B, Flg, 3C shows outcrops of old lava on
the south side of cone 82. Grasses and shrubs grow at the contact of the
cinders (from Sunset Coée) and the older lava, but do not grow elsewhera.
Conditions in the contact zone are apparently more favorable for plants than
on lava alone of on ash or cinders alone., The following seems to be a
reasonable assumption. Water and snow would concentrate in the zone; dis-

seminules would lodge there; and the lava cutcrop would sct as a wind-braak



25.

to raduce evaporation. The fact of re favorable conditions at the juncture
of lava and ash or clinders was also obs;fved.repaatadly on ths Sunset lava
flows.,

vCone 33-has pondarasa pine at lts north base and ponderosa and pinon
.p!ne at the summit where the Sunset ashbhas baen eroded away, exposing oldar
soll, Flg. 3D shows some wind-bent pines at the summit., The aége of the
shrubs, In the forsground and at the left, colncides almost precisely with the
contact of old soil at the rignt and Sunsat ash at the left. Thls demonstrates
the superioriiy of older, weatherad ash and'cindérs over the younger, less-
weathered Sunset cinders as a soll for plants.

Cona 141 was obsarved only superficially. Being farther fiom Sunset
Conc than 82 and 83 it had a thinner layer of ash, which may expialn wﬁy It
nad more vegetation than eltner of the other two. The south slope supported
only herbs but other sides, up to the summit, were forested,

Lennox Cratsr {Flg. 1) was stiil comptetsl} mantled by Sunset ash but the

layar must have been thin bacause the cone was forested evarywhere In 1364,

except in its crater,

CONE 43

| Cone &8 ltes SW from Lennox and is far enough from Sunset Cone so that
any influence which the eruption may have had Is no longer avident., f{¢t is
smallier than Sunset Cone, 650 feet high compared with 1000 for Sunset; It is
symmetrical and the angle of its slope is about the same as that of Sunset.
its crater is toward the wast side,

The cone was éamp!etaly forestad in 1984, A ponderosa pine forest
coverad the north half, from base to summit, and continued on the east to 35

degrees south of east. The southwest guadrant plus 55 degraes of the southeast,

was covered wilth pinon~juniper forest. Some lumbering had heen done on tie
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flat at the north base of the cone, and at the extreme lower norin slopa. For

that reason the transect was begun 60 feet above the base.

Nearly avery ponderosa pine tree on the north slope had a flrs scar at its

basa on the up~cane side, but no trees waire killed. There was a tnlck mantla

of litter in the ponderosa pine forest and tne fire-scars resul ted from litter-

burning, It Is not known wihat started the fires but lightning Is suspeciad.

There was almost no lltter on the soutn slope in the pinon-juniper forest, and

almost no signs of burning wera seen.

Many of tie ponderosa pine trees were larger than any of these onh Sunset

Cone. They ware tallar, and the trunks weras longer and freer of branches, and

they more nearly approached the form of the normal ponderosa tree than did

thosa on Sunset Cone. A comperison of hasal areas for ponderosa pine in Tables

1 and 7 shows that In fewer plots on Cona k3 thers was greater basal area.

Vegetation on Cone k3 was analyzed in a transect running from tha north

base, over tha cone, to the scuth base. ‘This was similar to the analyses of

Sunset Cone, axcept that the ages of trees were not determined.
1t s ballevad that the vegetation typo on Cone 45 is the type whica will

{n time come to occupy Sunsat Cone, if whe climate doas not change and causs

it to develop to some othar. Cone 43 nas developed to a condition of

physlographic climax and, barring some change in environmental conditions, It

can be expected to continue In Its present vegaetation type. Becaus2 the cone

presages the future vegetation of Sunset Cone, and illustrates physiographlc

climax for the region, it seemed important enough to describe 1ts vegetation

in a quantitative manner.

The densitles of treas in the 10m X 10 m piots on the north s.da of

Cone 43 arve recorded by diameter size-classes in Table 7. The data show hat

there was good reprezentation in nearly all size-classes, with the smaller
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"ABLE 7. Denslty and tatal basal area of trees In consecutive 10 m X 10 m plots
(divistons of transect) on the north slope of Cona 43. Plot | begins 60' above
base of cone; 37 is at summit. No seedlings present. P = Pinus pondsrosa;

£ = Plnus adulls.

o b e -

Smrwmrar—e.

!f

o

Diamater slze classas Total basal aresa In.
&l
i )}
Plot A ﬁ' E;
number . gj g}
QP 1=3 3.6 -0 10=16" 1622 22-281  25-36" an o
37 p-2 P-1 353.0
36 , P~1  P-3 ' 45,0
35 P} P-4 -3 Ph 250.9
34 P-8 Pk p-1 231.7
33 P-2 P-1 p-g  pw ' to1.8
32 P-3 P-4 P-3 Pl 158,7
31 P-§ P-6 P-3  P-1 100.0
30 P-5 P-15  P=l 52.4
28 p-6 P-4 : 2.4
28 p-8;E~1 P-5  P-1 , 19.2 .5
27 P~1i p-1 p-2 671.1
2é ?“' 7 ' P"' i 39 7 00 )
25 Pel4;E-1 P-3 P-1 Pet ' 716.9 .3
2 P=5 p-2 P-2 307.2
23 P-9 7.9
22 P-1%:E-1 P-10 P-1 356.2
21 P2 P2 ‘ 2.5
20 P=-2 P ) 120.2
19 P=Z p-2 - P-1 P=1 P-i 499,2
132 P~1d6 - P-15 31.5
17 P-23;E-3 P-11 o P-l 476.3 §.i
16 Pa73E-1 P-25 P~} 86.1 5
15 P=9iE=3 P=7 pP-i pP-i pP-1 77V.7 .8
T Pe2 pP-11  P-& , 91 .0
13 P-i P-12 P-3 : P-1 569.1
12 P-2;E-4 P2 ‘ p-3 5 338.4 1.0
1 P-i P-3 ' L.t v
10 P-1;E-2 P-2 p-1 64s.5 1.5
g p-fiE-1 P-3 P-i 293.?
B P2 P=3 P-1 355,08
7 Pl P=3 P-1 P=1 Pt 729.1%
& P-10 29.1
5 P-3 P-1 p--1 901.7
L P~ P~ 250.1
3 Pl P-1 452.1
2 Pl P-1 45,6
1 P-3 Pl __230.5
113249,1



TABLE 8. Density and total basal area of trees In consecutive 10 m X 10 m plots

(divisions of transect) on the south slope of Lone 48.
No seedlings present.

66 Is at the south base.
edulls, J = Juniperus deppcana.

Plot 38 is at the summit;
P = Pilnus pondercsa, £ = Pinus

Dlameter slze classes Total basal area ln.z
o o
A |
Plot 3 = a
number §: %E g
<M 1-3 3-8 6-10"  10-16" 16-22" 22-28" 28-36" 36" S % -
33 g~ P=i -1 206,0 15.0
39 E~-1  P-l 25,0 .8
49 pP-2 . Pei 43,2
L E~l E-} 498.0
42 E~-1 E-l Fe=1;E~1 130.0 139.0
43 E~1 E-1 E~1] 125.3
Ly E~] ‘ _ 80.1
Ly E=1 Pl ;E~1 154,080 153.0
46 E-1 E~l 72.0
47 Ew2 £-1 200.0
L3 E-1 E-2 E-1 . E-] 394.3
Lg E~l E~i P-2;E~1 g-1 126.0 338.3
&0 E~1 55.0
51 E~1 160.0
52 £~1 p-1 23.0 9.0
53 E~-1 E~l1 E-2 £ 250.3
54
55 E"" P"} ;F-"?- P"l 53 UD 39.6
56 E=1 3.0
57 P-1  E-2 E-} 1.0 113.0
53 E-1  P-l E~i 27.0 77.0
59 E-] E-l P-1 2b2,0 9.3
6] P=] E«} 15,8 3.0
62 £~} E~2 E=~l 9.5
63 E-1 E~3 ‘ 61.1
&h E-2 E-3;d=lvE-h E~} 361.7 19.0
65 E"9 5”6 93-5
56 E-3 48,0
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slzes having the greatest population. This shows that the forest was repro-
ducing and malntaining itself. The upper part of the cone showed an Increase
in the numbér of treas under 10" diameter, and fewer in the large classes.
This Is presumabiy a result of less favorable water balance toward tna top of
tha cone. 1t is interesting that thare was no Increase In pinon pine in the
uppar levels of the cone. Not a single tres seedling of any kind (1964 pilant
in cotyledon stage) was found on Cone 43. But the numbers of small trees on
the cone indicates there is seed germinatlon and seedling survival in some
years, Piron pine was a minor constituant of the forest as is indicated by
the smail basal area of that specles.

The south sida of Cone 48 was earlier described as a plnon-juniper forest
but Table 3 indicatas that juniper was a minor membar; thers were anly two
juniper trees in tha transecc. One was nearly Lo diametear. There was
actuaily more ponderosa pine in the forest than juniper, both In numbers of
treas and basal erea. Pinon pine Is tha dominant tree, and has good distri-
bution in several size-classes,

There was not one shrub in the transect on the north side of Cone 43.
From the summit to tha south base there was a considarable growth of Fallugia,
and lessar amounts of five other shrub species., There was some skunk-bush

(Rhus trilobata Hutt.), as well as currant, rabbit-brush, norsa-brush

{Tetradymla canescens D¢, var. Imermis {Mutt.) A. Gray), and Menodora scahra.

Tna nerbs wiich were present In the transect on Cone L3 at the time tne
fisld work was done are shown in Table 10. To permit compression of all &G
plots into a single table they have besn combined, as ind{cated.

A comparison of herbs on Cone 48 with those on Sunset can be made from

Tables 3, 5, and 10. There were 38 kinds of herbs on Cone 43, and 25 on

Sunset. The herbs of First importance on the north siope of fone 48 wera



TABLE 9. Dansity of shrubs In consecutive 10 m X 10 m plots {divisions
of transect) on south sida of Cone 48, Plot 38 Is at summit; 66 at
. base, Shrubs wers absent from the north side of cone.
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Androsace, Arabls, Brickellia, Commelina, Galium, Poa, Sitanion, and

Thalictrum. Of these only Galium, Poa, and Sitanlon were on tne north siope of

Sunsel, but were not of great importance. Monardella had tne nighest density

on Sunset but it did rot occur at all on Lone i4l. The presence of Toalictrum
on Cone 48 Indicaied guite favorable molsture conditions.
HerSs with the nlgnest densities on the soutn slope of Lone 43 inciudad

Eupinorala fendlecl, Galium, Oxytropsis, Phaseolus, and Sitanlon. OF these

only Euphorbia was important on Sunset. Ixytropis and Phaseolus wera not
present. The dominanis on the nortn slope of Lone 43 were generaliy different
from those on the south.

A comparison of Sunset Cons with Cone 43 Indicates that tne older cone
supports more kinds of herbs, even though it is actually a smaller cone.
Condltions of moistury en the north side of 43 appear to be more favorable than
on tie nortn slde of Sunset. The greater age.of tone 48 nas rasulted in move
waathering of asi ané cinders producing a.finer texturad soil wita graater
water ho?ding capacity. MHutrient supply In the older soil must also be mors

favorabta{

fntarconal Areas

“{nterconal" hera rafers to the rasasonably lavel areas around Sunset fone,
axclusive of Sunset lava flows, where ash and cinders stiil lie dsep. The
'ciqder flats at the base of Sunset are Included; it !$ the area seen In the
foreground In Fig. 38. The photégraph was taken from tha side of Sunsat Cone.
Intarconal areas are usually forested with ponderosé pine, but thera may be an
occasional pinon pina or juniper present, |

No quantitative measurements were made of ponderosa pine trees growing

ia such areas but the following general description is given. Trees ara short

in ralation to stem diameter; they are widely spaced so crowns do not meset,
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and the forest Is open, Sinca trees are widely spaced natural pruning of limbs
Is slight and the branch-free trunk Is short. RootS are shallow but they ex-
tend far horizontally, so roots_from adjacent trees'magt, and all area at root
lave} is occupied. This results In what has been called ‘'root closure without
crown closura.’t Wind=throw 35 common; whather this s because roots ars shallow,

or because volcanic cinders and ash offer 1lttie support, Is not known,

Lava Flows

Hodges (1962) has separated the Bonito lava flows Into two categorles,
primary and secondary, orbbefora and after cinder cone eruption. Primary lava
has consliderable ash on 1t, secondary does not. | believe that If the fuil
1!5tory of the Flaws ware known |t would be found that they are of more than
two ages. The quantity ot ash on different flcws may differ considerably, and
the amount of weatherlng seems to vary quite a bit. But bacause tha lava
flowed along such a maze of channels the ?esult has been great confusion and It
may never be possible to ssparate flows Into mors than two groups.

Plants on flows differ greatly in number and kind from place to place,
much more than on clndar cones. The conditlons influencing plants on lava are
amount of aeolian material, the denslty or porosity of the lava, and the sur-
face features--such as crevices, flssures, and folds. Lichens observed on
Bonlto flows were all crustose In character and were confined to fava rock

surfacas. Some surfacés had almost no lichens; at ths other extreme ware some

where lichens colored almost every bit of exposed lava and there was 100%

lichen coverage.

The lava with thy greatest density of shrubs and herbs was about 50% ash
covered, that Is, about half the lava was covered and half protruded abova the

ash., The most advintageous situation for plants to begin, as was stated

aartier, is at the flow-ash contact, and flows wltl. 50% coverage apparently
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have the maximum contact area. Some plants which became established along the
flow-ash éontact ware able to advance further into the ash area. Fallugla was
most succassful of all plants 6bserved in that respect. Flig. 3F Illustrates I¢t.

Two transecﬁs, aach 2 m wide, but of differan: lengths, were laid out In
the locations identifiad as Tr | and Tr 2 on Fig. 1. A summary of tha vegata-
tion in them, with comments on the habitats, will show the great variation in
microhabitats and In plants occupying them.

Transect |

Transect | was begun at the extreme western edge of the 8onito Flow, on
secondaiy lava, and continued eastward for 335 m, to an island of primary lava,
or a kipuka; It continued across the kipuka for 130 m. Hence, on the younger,
or secondary, lava the area of the trcnsect was 670 mz, and on primary, or

older lava, 260 ne, The two parts of the transect will be discussad sgparately,

the younger first.

Secondary Flows

Notes were made in the fleld of the estimated coverage of lava by crustose
{ichens and the following purcentages were recorded: 5%, 50%, 2%, 1%, 3%, 25%,
1%, 10%, in that order along the transect. This shows the great diffarence in
}ichen growth ffom place to place, on thabsama flow. Mosses were guite unim-
portant in tha transect. Ten clumps wére noted as being present, with an

sggregate coveragé of about 290 in.2. The only speciaes of moss ldentifled was

Caratodon puépureus {Heder,) Brid.

Any aeollan material on this younger flow had flltered down into cravices
and it would be difficult to assign a percentage to the ash-covered portion.

It would be only 1 ar Z%.

Two specles of ferns were in the transect, Dryopteris filix-mas {L.)

$chott., shield farn, and Chellanthes fee! Moore, the lip fern, Two plants of

the first species ware present in a crevice at the base of a 45 degree lava
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wall where run-off water collected. Ten Individuals of 1lp farn wera present,
distriduted In three groups, ali in crevices In walls of flssures 1 to 10 ft
In dapth. Such fissuras have temperatures lower In the summer than lava sur-
faces and moisture relations are better.

Ten spoclas of éeeé plants, with only a few indlviduals of eacn, wers
prasent on the sacondary lava. Nine spacles were restricted to fissures,
usually deap enough so llictle, of none, of tihe plant raached to the generéi lava

surface. The nine speciaes, with number of each, were: Andropogon hallit - 203

Arabis fendlerl - 2; Brickellia californica - 2; Forestiera necmexicana Gray -

2; Heuchera parviflora var. flavascens (Rydb.) Resendahl et al - 1; Holodiscus

dumosys (Nutt.) Heller ~ 7; Pericome caudata Gray - 4; Phacella Intearlifolla -

6; Verbascum thapsus - §. Among these 9 specles Heuchera and Holodiscus were.

restricted to the deepest fissures and appeared to be the most water demanding
of the group., Fallugia was present in small numbars, only & individuals, and
grav in narrow, saallow crevices, so the entire plants were exposad sbove the
fava. Tnis position ssems to be in keaping with thne situations where 1t was

found on cinder cones, open areas with aigh light intensity.

Primary Flows

Looking casually across the.secondary lava flow just discussed the only
plants one would see would be an occasional pine tree. The shrubs and herbs
were balow the general lava surface and were seen only at close range. In
contrast, the primary lava covered by transect 1, the kipuka or island, was
quits diffarant( As may be seen In Fig. kA‘there ware numerous trees and
sarubs; closer opsarvation would reveal herbs ahd tichens.

The surface exposure was about 50% ash and 50% lava, the optimum com-
bination for seed plants on lava, As stated above the usual site for seed
germination Is at the juncture of ash and the lava outcrop. The asn supplies

anchorage for root systems; the lava must supply watar run-off, and possibly
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may be effective In reducing wiﬁd velocity and evaporation.

Tha‘exposed lava here had almost completa coverage by llchans and 100%
covarage was recorded for soma parts.

fallugla was by far the most abundant plant in this part of tne transect;
thera were 188 In the 280 m2 area, Other shrubs wers: rabbit-brusih - 2} and

Holodiscus = 1. There were 3 specles of trees: | Pinus ponderosa - 9" d.b.h.;

1 Juniperus monosperma (Engelm.) Sarg. - I' d.b.n.; and § trembling acpen

{Populus tremuloldes Mighx.), all 1 in., or less, In diam, Special mention will

be mada of aspen in Sunset Crater In a later section.

Trere were & few individuals of each of 8 species of herbaceous seed

plants; Andropogon hallii - 7; Aster canascens - 1; Bahla dissecta - 2;

Brickelila callfornica - 1; Echinocereus fendleri (Engler) Rumpler - 4; Senecio

mul tilobatus Torr. and Gray - I; Sltaﬁlgg - 73 and Verbascum ~ 1.

The presence of the mesophyte, aspen, and the xerophyte, Echinocereus, in
" the same transect and only 3 few meters apart, points up the great diversity in
water relations in different parts of tha flow.

Hoszes were again a minor constltuent o? the plant community. Thera were
5 clumps of CLeratodon, each about 10 cm across.,

To glve more information on the trees on lava flows, in this cass the
érimary flow, a scuare plot, 64 m on 8 sids, was laid out on tha kipuka, This
was the area shéwﬁ in Fig. 4A. In it trees were counted and diameters measured,

The ages of most ponderosa pines was determined. in the plot were 16 pondarosa

pine, 7 pinon pine, | douglas fir (Pseudotsiqa menziesii var. glauca Mayr. Sud.),

and | Juniperus monosperma. A summary of the diameters and ages of 15

ponderosa pine follows: 1 tree 3.5 diam, bb yrs; 8 trees 5''-8" diam, 23 to
102 yrs; | tree 8.25" diam, 73 yrs old; 4 treas 9.5 to 11.5' diam, 75 to 153

yrs; 1 tree 16" diam, 130 yrs old.
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Tae trees on this flew had the aspsct wihich was earlier described for

ponderosa pine In the Sunset Crater area; little height in ralation to stem
dlameter, and 1imbs continulng close to the base, See Fig. 4A. Thase traees
were uneven-aged, and rangéd from 28 yrs to 130 yrs, They had not grown ex-
ceptionaily slowly, just as trees ca Sunsat Cone had not., Tae irees ars vwidely
separated in space and age. it appears that the treas started over a conslider-
able time, and never in quantity as is Indicated by their uneveh age. Jt is
probable that there nava been trees on tiis flow for much longar tnan 190 vrs,
the age of the oldast ome, It i3 also probaple that tie density of treses has
not and will not change significantly, barring a change in ¢limate.

Transect 2

The second tramsect, located as indicated in Fig. 1, was 690 m long, and
cut across successive primary and secondary lava flows as indicated In Table 11.
The first segment, 446 m in lengtn and consisting of approximately the sastern
wo~thirds of the transec:,.was 6n primary java, with a deep mantle of ash and
cinders., Tiis segmené of primary lava Included a part of the Red Hllls area.
The eastarn part of that area, but not any part of wnich was in <he transsct,
. is shown in Fig. 4C, This segment of cransect had a surface composed of about

g0% cinders and coarse ash, and 10% lava outcrops. The exposed Java was about

50% 1ichen~covered. The shrub Fallugia and the herb Hentzelia ware the

dominant plants on this portien of flow where ash was so deep. Mentzalia grew

away from lava outcrops in open areas of asn and cirdars. 1t ls the herb seen

in Fig. 4C. Elsewners ﬂggﬁ;glig was abundant on tne soutn slope of Sunset
Cone, Fallugia was restrictad largaly to the edges of lava outcrops.

Tne othar two sections of primary flow, 533 to 538 m and 639 to &bt m,
wars very short and totaled only 12 m. The ésh cover on them was about 50%,

. , 2
rathar than 90% as in the first part. In the area of the two segments, 24w,

there were 18 Falluglia, 10 Andropogon, and 25 Bouteloua.
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TABLE 11. Density of trees, shrubs, and herbs In di“ferent segments of transect
2. 1-446 m on primary lava; 447-532 m on secondary lavs; 533-538 primary;
539-633 secondary; 639~644 primary; 645-630 secondary. S = seadl ings.
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Treas
Plnus pondarosa *o4 25 - 13 I+ 35 - -
Populus tremuloides . 4 - - - T -
Shrubs
Chrysothamnus b - - - !
fallugla 132 B 14 5 3 13 -
Holodiscus - 1 1 ! - -
Ribas - 1 - - - - -
Herbs ‘
Aadropogon hallil - - 10 - - -
Bahla dissecta 15 - - - - -
Souteloua gracills - - - - 25
Brickellja californica 2 - - : - - -
Cihellanties fasi - - . -
Galium - - ! - -
Gilia | - -
Hentcelia - 677 - i - - -
Munlanhargla minutissina 4! 22 - - .
(Steud.) Swallen
Phacellis 37 - , - -
Sitanlon 5 - - - - -
Moss ) :
> - 5 z -

{Ceratodon) Small clumps ! , &



The three segments of sacondary flow had a total length of 232 m. Any
aeollan material on them had slfted down Into cracks and crevices and it was
difficult to astimate ash coveraga. It was probably not over 2 or 3%. Plants
in tha total area of L&k m2 consisted of 13 Fallugia, 1 rabblt~brush 2

Holodlscus, l Galium, 22 Huhlennergia, and 1] smail clumps of moss.

Thus 2l m? of primary flow had about as many plants as did héh 2 of
secondary. There ware a few ponderosa pine trees, plus some seedlings, on

bath primary and secondary flows, and @ few aspens on the primary.

Age of Trees in Red Hills Area
A study of tha ages of trees on tava wlta deep ash was made in the Red

Hills area, Two figures l!lustrete( In Fig. 4C can be seen the sastern part
where traes are few in number, The surface hera Is almost entlrely rad-
co!créd cinders and thera Is little lava outcrop. Tne western part of It s
saown In Fig. 4D, Here trees were more abundant ard lava outc}cps mads up
more of the surface area. Again there Is pointed up the fact that the best
conditions for most plants to become =stablished, and thls Includes tress,
were at the'edgas of lava ocutcrops. Most of the treas visiblg in Fig., Lb
were located at the cutcrops. T

A rectangular arsa, 276 m X 455 ﬁ {125,580 m?) was lald out, and trems
in 1t ware counted, diameters measured, and the ages of the larger ponderosa
plne were determined. In the rectangie were 123 treas of all species and
sizes. The average area occupled by each tres was 981 mz, or a square siignhtly

over 31 m on a side. Actually trees werz usually closer together than that

because large areas had none. The areas seen in Figs. 4C and LD ware in~-

cluded in the ractangle
The ages of b5 of the largest ponderosa pine trees are presented in
10~year age groups. The youngest tree was 10 years of age, the oldest was 185.

Group 10-20 years: ‘b traes; 21-30: 12 trees; 31-40: 6; L1-50: 3 trees;

39.
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51-60: & trees; 61-70: | tree; 71-80: 3 trees; 81-90: 1 tres; 31-100: 2
treas; 101-110: 1 tree; 111-120: 2 trees; 121-130: none; 131-140: none;
141~150: 1 tree; 151=180: 2 trees; 1561-170: 1 tree; 171-180: rone; 181-190:

| tras.

The age dlstribution 1s well scattared, with rne greatest number In Ihe
younger classes. Thers ware fewer in oldar classes, and ndne as old as at the
north and souti bases 6F Sunset Cone, {t appears that here, aé was the case on
the south s?dé and summit of Sunset Cone and on the primary lava at the east

and of transect 1, that the life expectancy of ponderosa pine !s limited (o not

ovar 200 years.

Autecology of Certaln Species of Plants in Sunset Crater

Autecology 5s.the ecology of a single factor or a single specles. in
this report the sacond aspact will be considered, the ecology of a few impor-
rant or interesting spaclas. While no axtensive quantitat!Qe studias ware
conducted on any species some observations wers made which appear to.be signifi~
cant, These concerned three specles of irees, gonderosa pine, Douglas fir,
and aspan, and one shrub, Apache-plume (Eﬁllgﬂig). Ponderosa plne was tha most
abundant tree in the area and Fallugia the most abundant shrub.

Ponderosa pine

Two aspacts of ponderosa pine In the Surset Crater area are quite strik-

ing. One Is the fact of its presence thers, In the only slightly weathered

volcanic ash and clnders, and on the lava flows. It Is present in some places

wnich would appear to be vetter suited to Pinus edulls, sucn as on the south
slope of Sunset Cone, and again at altitudes below thbse normally occupled
by ponderosa pina. A second interesting aspect is tha physical form usually

taken by ponderosa pine In the Sunset area, a short squatty tree with many

branches and little natural pruning. The first aspsct will be considered under
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altimeter to determine the altltude of the last observed honderosa pina tree
along the road to Wupatklluonument.‘and found It to be at 6125 feet, At 6400
faet ponderosa and pinon pine were about equal In'density; It appeared to me
that proximity to lava rock outcrops, witlch would tend to concentrate rainwater
and to hold snow, and a very sparse ground cover of herbs which offerad 1lttle
competltion for water, could very well have been the reascns for the abllity of
',pondorosa pine to grow at low altitudes, |

1t nas been pointed out for two other basaltic lava areas that certaln
trees grow on lava when they do not grow on alder solis adjacant to the lava.
Lindsey {1951) stated that on basaltic lava near Grants, New Mexico, Douglas fir
 graws on lava and on the north slopes of cinder cones, 1t is absent on sites
adjacent to the lava at comparable elevations, where ponderosa pine predoml-~
At lower elevations on lava ponderosa pine predominates. At Craters

natas,

of the Moon in ldaho, limber pine (Pinus flexilis) arows on lava flows and on

the north slopes of cinder cones. The dansest growth cn lava Is on chs rougn-
est lava, where trees grow close to lava outcrops. 1t was concluded that
moisture relations were improved close to lava outcrops. On older solls

ad acent to the volcanic area limber pine was absent {Eggler, 1341).

The contrast In the form of pondercsa pine trees growing ia Sunsat Monu-
ment, with that of irees growing a few miles away, is striking. Sunsat treses
are not nearly as tall, the trunks have more branches, tops are ofian daad,
and the rate of growth is less, particulariy growit in neignt. The dif-
ferance may be due to a‘differenca In soil, or, it has been suggested
verbally (ncne has published the opinion, to my knowledge), that the Sunset
Crater ponderosa pine is genetically different, that It is a separste ecotype,
‘Only transplant studias could determine if It is.

| have assumed that the Sunset Cratar tree form is the result of poor
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soil, Inadaquate watar and nutrient. Acting on that assumption | nave compared
the haignt and ags at kL' for 64 trees In the transect‘on the north side and
basa of Sunset Cone with a standard Site Index developed by Professor Charles
Minor of tha Department of Foresiry, Arizona State College.

In Fig. 6 the age at 4%' from the ground is designated on tne aorizontal
axis, and the helght in fee:r Is indicated by the vertiéal.A Professor Minotr's
lowest Index values, 20 and 50, are drawn in for comparison. Because the Sunset
trzas are much aidér in relation to height than, apparentiy, wers treses on
whicn the site Indax curvass were based the curves in Flig. 6 have a much stseper
siope. Sixty of the &4 trees spotted in Fig. 6 snow a site guality Index

balow 40, the lowast on the index chart., Only one tree In the transect fell

into the index range of 50, Hence if site is responsible for the stow growth

in tree neight, it Is of very poor quallty.
Gthar problams which also appear to be related to site quality arg tha

cause for a timber line midway up the north side of Sunset Cone and the raason

iy

wny pondsrosa pine prasently has a life exbecgancy not to exceed about I0
years on the south slope and summit of Sunsel one and on'ail fava filows.
There may be other factors involved, suéh as absence of an adsquéte amouni of
mycorratzal fungus llving symblotically on and wlthin the young roots of the
pina. On the fow small pine trees which { excavated fung! were present, 50
that did not seem to be a factor. Deficlency of water for prolonged periods
of time, and nutrient deficiancy are, | belleve, the factors rasponsiblie for
garly death of most of the tress. On the porth slope of Sunset Cons, near
timber line, most pine trees fail to survive past tie seadling stage; oihers
die after a feﬁ years,

fouglas fir |

pearson (1931) stated tnat toward the upper 1imits of the yellow plne

sone (7000'-8000') iimber pine, Douglas fir, and white fir become assoclates,
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Thus it may be a ilttle unexpected to find an occasional Douglas fir Lree on
the Sunsat lava flows, which are all at approxImatsly 7000' altltude. Tha tree

tllustrated In Fig, 4B was the finest speciman seen. It grew at the edge of a

sacondary lava flow, at the base of an old cone, Water must concentrate in this

depraession. At least two smallar Douglas fir trees were sesn on Sunset fone.

Populus tremulioides

This tree wnich never grows to large slze generally occurs in tae Douglas

o

fir zone. Again it was surprising to find it on the Sunset Cone volcanics, 1¢
was sean on Laennox Crater, on Cone 32, and on br!mary lava flows. 1t seemed to
always follow the same pattern of growth, stem death, and sprouting anew from

horizontal roots. No stem lives more than a few years, and then it dfes,

presumably from tack of water. But underground, horlzontal roots remain ailve

and new stams grow up. Flgs. 4E and LF [llustrate what happens.

Fallugia |

Fallugla uses the same mathod as Populus for propagatson and uses | much
rmore successfully. 0On lava flows trees, shrubs, and many herbs can decoms
startad nnly‘at tne contact of lava outcrop and ash daposit. Most spacies are
permanant!y restricted to that habltat, but Falluglia sends out roots hori-
zontally, about 27 beneath the ash surface, and stems sprout upward from tha

roots. Hence Fallugla is able to survive and spread on ash deposits.

Summary and Discussion
The Sunset Crater volcanic ejecta, In the form of a cinder cone approx-
imately 1000 feet high, and two serias of lava flows, were formed about 930

years ago. 1he matarial ls all basaltic In character. The flows usually arg

broken and resemble aa, but occasionally they are move }ike pahoshos.
The elevation of the flows Is about 7000' and hence the cone rises G

8000'. The summers at the altitude and jatitude are short and precipitation
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Is usually under 20" per year, mucn of [t falling as snow. The Sunset Crater
area is in the ponderosa plne belt.

Vegetation has Invaded the different vélcanlc matarials at greatly dif-
fereﬁt rates. The lower half of Sunset Cone on the north side has a ponderosa
pinc forest in which trees are up to 400 years old, The forest is more cpen
than would be a ''virgin'' ponderosa pine forest on older soils elsewhere In
northern Arizona, The trees grew less rapidly than they would have in average
guality sites elsewhere, Tna ponderosa pina trees differ espacially from
those not on Sunset volcanics in tneir snort stature, The forast on the nortn
of Sunset Cona continueé to the east side, nut It Is less dense. On the wast
trees are eQen mora scattered but tney are present from the base to the suamlt,
The south slope has almost no tiees; thers is a zonsz of tress on the south rim
of the crater; thers are treas In the cratsr also.

Lava flows are of two ages. Some wihich are descrived as primary have a
considerable mantle of ash; usually about 530% of the flow is coverad. Sacéﬂ~

74

dary flows have liitie ash on them and ars usually 1 o Z% covared. Herbs,

shrubs, and trees arz present on all flows but the primary flows generally
have sevaral tlmes as many individuals as sacondary. Tais is espe:fa!fy True
of the shrub Fallugla which Is relatively abundant on brimary and almost
absent from secondary. Qtﬁerw!se thera is not 2 significant diffarence be~
iwean the specles ;cmposition on the two ages of flows,

The diffarences batween the two types of flows in regard to aﬁount of
ash and numbers of plants are not due to tie qreater age of the one kind of
flow. The age difference might have besen ae¢ litile as a few montnhs, Ths
basic diffarence is that ash was wind-borne during the eruption of Sunsat Cone
and some flows wers ertruded before the cone srupticon, and some after,

Tha question might be asked f a perviod of prepavaticn and soii making

of cinder cone and tava fiow was necessary bafore plants could become
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established? In some piaces, in more hwumid climates, licnens and mosses have
bean reported as ploneers on rock surfaces and prepare the way for vascular
plants, Lichens and mosses are not now important on Sunset Cone and flows and
thare is no reason o believe they evér nava bean, Almost any taxonomic

category of plant could be the first plant to grow in a particular micronabitat,

provided moisturs was adequate.

On the cindar cone the nortin slope raceived less insolation, and hence
molsture re!atioﬁﬁ were secter tnan on the south slopa and probably pine iraes
gotr started soéner thera. On lava flows tae best moisture relations are at the
juncture of ash deposit and lava outcrop and that is wnere the planis havas
gotten started and have contined to be concantrated.

Under the present climatic regime the rate of soll makfng and of Increase
of plants ls extremely slow. Several more centuries will elapse before Sunset
Cona Is completely foréﬁtad, The forast on the north side will be dominated
by ponderosa piné and that on the south by pinon pine and juniper. The rate
of change on lava ficws will be even slower than on the cinder cone. Undar

matter From dead

=3
[ ¢}

the prasent conditions of semi-aridity accumelation of orga
siant remains is extramely slow. The other possible source of soll material is
for more asollan material ito be added to what Is thers. But the rate seans 10

be extremely slow. HMechanical and chemical dislintegration of lava occurs at such

a slow rate that It Is relatlvely insignificant,
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Fig. 1. 3unset Crater and some adjacent old volcanic
canes; four cones are deslgnated by numbers only:

43, 32, 83, and 141, Sunset fone s at right; primary
flow and secondary flow comprise Bonito Flow from
Sunset Cone., Tr | and Tr 2 locate 2 m wide transects

on lava flows.,



1’914

AHVYANOOD3S

-
_—e
-
-_



Fig. 2,

A. Sunset Cone from south base; ponderosa pine at base and
summit and two or three treass on south siope. 7/6/64,

8. Aspect of herbs on treeless part of SW siope of Sunset
Cone; Physacla plants in fereqround and left rear; Mant:uelis

laft center beside pencil. 3Snrubs are Falluaia and Chryso-
thamnus., 7/6/64,

et et =1

€. Horth side of Sunset Cone in pins forast; plot 39;
3* tall limber pine in center., 7/17/64.

D. Sunset Cone from sast side; ponderosa pine Torest extends
about hal¥ way to summit; abova forast are grasses and
shrubs, 7/6/64,

E. Sunsai Cona from SE slde. Densest pondarosa plne growth
on level area. 7/6/€4.

- F. Sunsa: Cone from wes:i, Pondernsa pine tress grow
scattaradly over whole side of cone but do not form a
forest. Some trees show the influence of prevailing winds
from SW, right, and have wind-trained branches bent toward

tha teft. 7/6/64,





