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PRIMARY S CESSION ON VOLCANIC DEPOSITS IN 
SO THERNIDAHO 

INTRODL'"CTION 

OInC of the most recent volcanic dcpo its to be 
found within the L'" nited States are in that portion 
of Id~ho k.llown as the nake River plains, or, a 
sometLlllcS Improperly call ed, the Snake RiYer des­
elt. Because the term "plains" i ' in common usagc 
it i retained ill this discus 'ion, but the character of 
the region is such that "plateau" wou ld be more de-
cripti \·e. The plain ha been bllilt up by volcan ic 

ou tpouring and has an elevation of from 3,000 to 
6,000 feet, being highe -t in the north-central and east­
em part.. The region is Ilcarly , ul'l'ounded by mOlill­
tain.· . Th .·e are almost wlbroken at the north and 
east ; to the south there are north- outh trending 
ranges. :JIountaiJls are fe wer in the west where the 
plain. merge with the Columbia Plateau. The length 
of the region is about 350 miles; the wid th varie be­
twepn approximately 50 and 75 mil es. An otherwi e 
ngular topogl'aphy i · broken by numerous volcanic 
cones; the largest, Big Butte, southeast of Arco (Fig. 
1) rise. 2,350 feet above the SUl'l'ounding area (Ru'­
sell, 1902). Xeal' by are the 'malier Twin Butte 
(Fig. 1); elsewhere there are 'mall er cone. The 
Sna ke Ri\'cl' flow we tward acro. s the entire length 
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of the plains. Its 11 0rthe1'l1 tributarie ' are few, even 
though there are \'llSt mountain aI'eas in which stream 
rise. ::\10 t of the 'e 'tream di.·appear f rom 'ight and 
becomc "lost rivers" shortly after they reach the lava 
p lain, owing to the porosity of the flows and t he 
thinncss of the soil mantle o \'el'l~l il1g them. 

",Yhitc men hayc kno\\'l) of the Snake River plains 
ince 1 10, when Wil. on Price Hunt and hi s party 

cro, 'sed them on thcir way to the Columbia River 
(Irying 1 39), Within a few years the plains be­
came a part of a l'egulal' highway for trapper a nd 
tl'adel's. Soon the rcgion was traversed also by settlers 
who were fol lowing the Oregon Trail. For a ll people 
the trip across the plain was a difficult one; the 
Snake Rivel' wa too tmbulent to permit the u e of 
boats and a hortage of water aJld game made the 
jOIll'l1cy by land trying. 

Settlement of the plain was begun in 1834 when 
Old Fort Hall was built near the Snake River in 
the eastern part. By 1854, when the Mormons are 
reported to have brought cattle to the Salmon River 
(Bl'osnan, 1935), grazing was probably establi 'hed on 
a permanent basis in the region . It has continued to 
be the chief occupation of inhabitants over much of 
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the region, except in relatively small areas, chiefly 
neal' the Snake River, where water is available for 
irrigation, and in areas too rough and unproductive 
fot grazing use, such as the one specifically discussed 
in this paper. 

Sage (Artemisia t1'iclentata,j,1 is the dominant plant 
pecies over most of the plains. In addition other 

shrubs, as well as, grasses and other herbs, occur. In 
limited areas trees make up a part of the vegetation. 
Junipers ( Junipen~s sCOpulo1'um and J. utahensis) 
OCellI' in some places, and, more rarely, Douglas fir 
(Pse1tdotsuga taxifolict). Most important of the trees 
is limber pine (Pinus flexilis). The trees are found 
mainly in an area about 15 miles north and south by 
50 miles east and west, lying bet\yeen Big Butte and 
T"'in Buttes on the east and the town of Carey on 
the west (Fig. 1). 

The earliest available records giving information on 
vegetation of the plains are those of Captain Bonne­
ville (Irving, 1843), who was in the region during 
the years 1832 to 1835. It is quite evident that sage 
was an important memher of the vegetation at that 
time; grass was abundant neal' streams but not else­
where. The next vegetation record is that of Israel 
C. Russell (1902) who did geologic work on the plains 
in 1901. He reported sage as the characteristic plant, 
with bunch-grasses between the sage bushes. His 
description applies in general today. Sage is and 
evidently has been a dominant member of the vegeta­
tion since the advent of the first white men into the 
region. 

It is possihle that vegetation disturbance has not 
been much greater since the coming of the white man 
than it was before. Grazing has undoubtedly in­
creased, although the Indians had hor ses, and at times 
each year there were buffaloes in abundance (Irving, 
1843). Fires have probably decreased. Bonneville 
reported that at certain seasons the sky was darkened 
for days at a time by smoke from fires set by the 
Indians (Irving, 1843). 

The vegetation which occupies most of the Snake 
River plains has become established under the con­
ditions of disturbance just mentioned. What effect 
t he disturbance has had upon the character of the 
vegetation is not known. It may be that if fires and 
grazing were entirely eliminated for a number of 
years changes would occur in the floristic composition, 
01' at least in the relative abundance of species now 
present. Weaver and Clements (1929) suggest that 
if the Snake River plains were kept free from fire 
and grazing they would come in time to support a 
/!,rassland climax, similar to that of the Palouse 
Prairie in Washington. So far as is known to the 
writer, Palouse Prairie vegetation has not been ad­
equately demonstrated to be the climax type in the 
Snake River region. The writer has seen only one 

1 Nomenclature of grasses follo\\' s Hitchcock (1935); that of 
trees, Sargent (1921); and that of shrubs, and herbs other than 
grasses, is according to Coultet· and Nelson (1909) , or Rydberg 
(1917), except in a few instances where neither manual de­
scribes a species, or when more recent work suggests a prefer­
able name. Specimens of a]] species have been placed in the 
herbarium of the Bolltny Department of the University of Min-
nes.ota. . 

in tance where an area not within the protecting in­
fluence of a cone, or neal' a stream, has a nearly pure 
grass stand. Two small kipoukas,2 each less than VB 
mile in diameter, located in the north-central part of 
the region, support vegetation of the type shown in 
Figure 2. These kipoukas are surrounded on all sides 

FIG. 2. A kipouka surrounded by young lam flows. 
'l'he predominant vegetation is bunch-grass; shmbs, 
though not absent, are small. Crater wall fragment ill 
the distance. A ngust 1, 1938. 

by over a mile of fresh lava and have probably never 
been grazed, but one of them gave indication of hav­
ing been partly burned recently. Although the ev­
idence given here seems to confirm the opinion offered 
by Weaver and Clements (1929), it is not believed 
that one such instance is sufficient to wanant applica­
tion to an entire region. Therefore, it is tentatively 
assumed that the grass-sage type of vegetation, ,,,hich 
now occupies, and has occupied as far back as is 
known, most of the Snake River plains, is the regional 
climax. 

One of the most interesting sections of the plains, 
from a botanical viewpoint, lies in the north-central 
part. In that area recent volcanic activity has oc­
CUlTed, some possibly less than a thousand years ag'o. 
It is there that trees occur in greatest numbers and 
that most variation exists in the vegetfltion of closely 
adjacent areas. Many parts haye not been subjected 
to grazing because they are surrounded by fresh lava 
fields; the kipoukas mentioned above are an example. 
The major part of the region where the most recent 
volcanic activity took place lies within the Craters 
of the Moon National Monument, an area of about 
75 square miles (Fig. 1). The Monument lies at the 
extreme northern edge of the plains, and is at the 
very foot of the mountains. The elevation over most 
of the Monument is between 5,300 and 6,000 feet; one 
tall volcanic cone rises to 6,515 feet ahove sea level. 

The greater part of this study, which deals with 
primary succession on the volcanic material, was car­
ried on within or not over two miles outside of the 
National Monument. Several reconnaissance trips 
were made into the surrounding country, within a 
radius of about 30 miles. The field work was done 
during the summers of 1936 to 1938, inclusive. 

I wish to thank Professor W. S. Cooper and Dr. 
D. R. Lawrence of the University of Minnesota for 

2 A kipouka, sometimes spell ed kipuka (Verhoogen, 1937) is 
an island of old rock surrounded by young. 
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their assistance in the furtherance of this work. Espe­
cially valuable suggestions were obtained from the 
latter when he spent several days in the field in the 
summer of 1938 while the investigation was in prog­
ress; he has also offered helpful critici ms during the 
preparation of the manu cript. My wife, Dorothy S. 
Eggler, was my co-worker in the field. To former 
custodian A. T. Bicknell and present custodian G. E. 
l\IcCarty of the Monument I extend my sincere appre­
ciation for their interest and kindness. 

CLIMATIC RELATIONS 

The climate of the nake River plains may in 
general be described a mid-continental in character, 
having scanty precipitation, rather cold winters and 
hot summers. 

No long-time climatic data are available for the 
Monument itself, but it i beJieved that the use of 
records from the nearest stations of the Snake River 
plains is permissible, and that these give a fairly ac­
curate picture of the weather conditions in the Mon­
ument. Records from the United States Weather 
Bureau stations at Abel'deen, Arco, Idaho Falls, 
l\Iackay, and Pocatello (Ji ig. 1) are introduced in 
the fo llowing report. Mackay i the only one of those 
-tations not on the Snake Rivel' plains proper; it is 
in a tributary valley and the climate is quite similar 
to that of the Monument. Conditions at Arco, 18 
miles east of the Monument, at about the same eleva­
tion, probably most nearly approximate those of the 
Monument. Wherever pertinent, my own observations 
made within the study area are added to supplement 
the long-time records. 

PRECIPITATION 

Over the region as a whole Ie s than 40 percent of 
the annual precipitation of under 14 inches falls dur­
ing the frostless season; at Arco less than 27 percent 
during that period. There are two periods of rel­
atively high precipitation during the year, Decem ber 
and January, the time of greate t snowfall, and May 
and June, the time of maximum rainfall (Fig. 3). 

1.5" 

1.2~ 

I 

.75 

J 
I I 

F M A M J J A SON 0 
PPT. BY MONTHS-AVE.OF 4 STATIONS 
AVE. ANNUAL -1126" 

}~IG. 3. PI'ecipitatioll distribution; a vel'ages of record' 
fJ'(l 'u Al'co, Idaho };'alls, Mackay, and Pocatello. 

Some year there may be no precipitation during one 
or more months from July to September (U. S. 
Weather Bur. Bull. W, 1926). At Arco slightly less 
than half the precipitation falls a snolV--4.28 inches 
of th total of 9.63 per year. 

TEMPERAT URE 

Normal temperature records (Table 1) show W111-

tel'S to be moderately cold and summers moderately 
hot. The extremes which have been registered at 
Arco are -41° F. in February and 101°F. in July. 
The mean maximum for July, the hottest month, is 
2.5 0 F.; the mean minimum for January, the coldest 

month, 1.8° F. Killing frosts may occur any month 
of the year; they have been recorded on July 18 and 
on August 18 ( . S. Weather Bur. Bull. W, 1926). 
Records for Pocatello were obtained directly from 
the station office; those for other stations from the 
'"{eather Bureau office at Boise, Idaho. 

T.Il.BLE 1. Climatic data. 

'" ~ 2 e " " " ..0 " " " " :g -, ~ 
- -

Arco . .. . . " . 14 20 
Idaho Falls, , , - 20 25 
Mackay, .. . . . . 17 21 
Pocatello .. , .. , 24 29 

P er-io,! of Record 
PTecip. 'l'e1np. 

30 
35 
31 
37 

'§. 
< 

-
43 
45 
42 
46 

Arco . , 31 yrs, 25 yrs. 
Idaho Falls 41 yrs. 28 yrs. 
Mackay , 25 yr. 24 yrs. 
Pocatello . 39 yrs. 39 yrs . 

., 
en 

" >. " .,::. "" " 5 ::l 
~ " '" ., -, < 

- - - -
51 
53 
51 
54 

57 66 64 
61 69 65 
59 67 65 
62 71 70 

Ele'V(tUon 
5.318 feet 
4 .742 feet 
5,89 7 feet 
4 ,477 feet 

~ ~ ~ <> '" '-' .0 ~ .D .0 s " E ~ '" .0 -'l Q ~ B > " C. <.> 0 '" " Jl 0 z 0 < - - - - -
55 44 31 18 -11,2 
57 47 34 22 44.4 
55 45 32 20 42.1 
60 48 37 27 47,1 

Distance and 
Di"ection /1'01>1 t"e 

A[on"menl 
18 miles-Enst 
83 miles- East 
55 miles-Northeast 
90 miles-Southeast 

As is characteristic of semi-arid plateaus the nights 
are cool and the days warm in summer. Summer skies 
are cleal', and there i no extensive cloud blanket 
to retard the rates of insolation and reradiation 
of heat. With such conditions rapid temperature 
chanO'es are characteristic. 

Air temperature measurements were made in the 
study area by means of a shaded thermograph dur­
ing the period of June 17 to August 1, 1938. The 
maximum daily temperature wa generally reached 
between two and four in the afternoon, the minimum 
between four and six in the morning. The highest 
tempemture recorded during the period was 97.5° F., 
on July 22; the minimum, 25° F., on June 19. These 
two days exhibited the characteristically great daily 
temperature ranges of ummel'. At six o'clock in the 
morning on the day the maximum of 97.5° was at­
tained the temperature was 48 degrees; the range for 
the day was 49.5° F. On the afternoon of the day 
when the 25° minimum was reached the tempera.ture 
rose to 76.5° F., a mnge of 51.5° for the day. The 
average daily range during the June period was 
38.20 F ., during July 39.10 F. 

Plants growing under these conditions must with­
stand what would seem to be a rather serious shock 
to their protoplasm twice a day, and this feature of 
the climate may play some pa.rt in determining the 
distribution of plants in this region. 
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Wr~D 

Southwest winds pre\"ail o,'cr the Snake River 
plains much of the time; at Arco it i· the prcyailino• 

direction all months of the veal'. b 

At Pocatello, the nearest -Weather Burcau station 
at which wind velocity measurernents are made, the 
average hourly mO"ement is .8 miles. The velocitv 
is quitc uniform during all months of the year (U. S. 
'Weather Bur. Bull. W, 1926). 

In the Monument, on a t~' pical summer clay, the 
\\"ind usually rises during thc illoming and by noon 
or 'hortly after it often reaches a velocity of 15 to 
20 miles an hour in unprotected place;:;. Rarely it at­
tain ' a velocity of 32 to 38 mile .. pCI' hour, as esti­
mated by the Beaufort Scale of \\"ind force. The 
~"ind _ almost always dies down in late afternoon, and 
1." qUtet by sundown; nights are usually calm. 

PRECIPITATION-E,' APORA'L'lON RATIO 

The concept of a precipitation-e"aporation ratio to 
express plant water relations has been used widelv 
and has undergone se"eral modificatiolls 'ince fh·;t 
employed by Tran 'eau (1905). Transcau obtained 
the PI E ratio by di\"iding normal annnal precipitation 
h.v the total evaporation record of a :ingle :veal'; on 
this basis he worked out cl ima tic zones for the eastel'll 
United States. Annual evaporation data for Snake 
River plains stations are not a"ailable, . 0 it i.' not now 
pos 'ible to compare the region \\"ith Transeau's cli­
matic zones. PI E ratios are useful here as a 
means of comparing the moisture conditions among 
thc months for which data are a\"ailab le. Such ratios 
are more useful than prccipitation alollc in that thev 
give a measure of the \\"ater balance with which ~ 
plant has to work. 

Rccords for calculating the PI E ratio were ob­
tained for the months of April through September. 
1914 to 1919, inclusive, from AbC'nleell, Idaho, 'Yhich 
is the only station in the regioll at II"hich both evap­
oration and precipitation l"ecol"cl~ ha"e been made 
(HOl-ton, 1921; U. S. Weather Bur. Bull. vr, 1926). 
Abenleen is ahout 50 mile .. southeast of the }Jon­
ument, at au elevation of 4,400 feet. Amount of 
precipitation and seasonal distribution there are quite 
similar to those at Arco. PI E ratios are giYen in 
Tahle 2. 

TABLE 2. PIE ratios computcd fOI" Abcrdeen , Idaho. 

April I ~lay June July AUK· apt. 
---------------

1911. 0.1.50 0 .074 0 . 380 0.058 0 . 000 0.243 
1915 . .. . . 0.113 0.444 0.066 0 .060 0.016 0.268 
1916 . o • • • • • • • • • • 0.073 0.212 0.000 0 .049 0 .048 0.000 
19 17 . · ... .. . .... 0.432 0.632 0 . 022 0 .0.32 0.002 O.O~ 

1918 . · ......... 0.118 0.073 0.108 0 . 174. 0.0.55 0.208 
1919 . · . . . . . . . . . . 0.135 0.034 0.000 0.04·1 0.018 0.:363 
Average . .. . .... 0.170 0.245 0.198 0 . 070 0 . 023 0.190 

-;\fay has definitely the mo t fal"orable moisture con­
ditions for p lant growth, and August the least. 
Despite the good moisture condition, in }Iav it is 
probable that it is then too cold for best gro,;·th be­
cause freezing weather is common . .June normally has 

no fr ezino- lI"eather after the first week, but alreadv 
moi ture conditions are becoming less satisfacton;. 
It is pl'obab l~· the be t month for groll"th hecau~e 
the moi .. tme-temperature combination i nearest an 
optimum. 

C lIE~[J CAL AKD PHYSICAL CUARA CTE:R OF 

LAVA AND C INDEHS 

The plains character of the Snake Ri"el' countrv is 
due largely to the manner of accumulation of yolc~J1ic 
material alld little to subsequent erosion. Veuts bal"e 
upplicd material in many place .. oYCr a long period 

of time, from }[iocene to Recent (Russell. 1902) and 
the surface in the large is near]v l e\"(~ L The youno-est 
]a\"a within the boundaries of. ' the }Iolllllllel;t is"' be­
lieved to be "111 re than 250 years but perhaps not 
more than 1,000" in ag(' (Steams, 1930) and it still 
retains an unweathcred appearance. All "olcanic 
material exposed at the. Lll"facc within the Monument 
is basaltic in nature, as i .. the m01"e reccnt o\"er all 
the plains, and as a result there .. hould be marked 
chemical ulliforlJ1it~· in the "ariollS deposits r egarcUess 
of their phys:cal characteristics. The \"olcanic ejecta 
occur chiefl.'· as tll"O types, flo\\".· and cinders. Flo,,'" 
are es entiall~' solidified lava streams. Indi"idllal flOlrs 
range in area from a fel\" acres to a fell' square miles. 
'Vithin the 2\Ionument there are about 30 floll" ex­
po 'urcs, nl1"~" ing in age, deO"ree of lI'catlwring-, and 
amount and kind of I"cgetation. 

The floll"s a1"e of two types : (a) a b1"o[.;cn, jagged. 
fragm ental kind, known. as "aa" (Fig. 4), and (b) a 
smoother, l'Op~' or billowly t~'pe rai led "pahoehoe," 
which is g-c n t'1"all~' somewhat crackcd and frartn1"ec1 
(Fig. 5). 

The area occupied by cinders is small in comparison 
to that CO"C'red b~' the flol\"s. Cinders are ma~sed in 

PIG. 5. Xorth Crater Flo \\", a pahoehoe flo\\". August 
27, 193 . 
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cinder cones, which are, according to Stearns (1930), 
"heap.' of la\'a froth or pray formed by the flrf' 
fountai ns which played at the time of the eruptions." 
There are about 35 distinct acculI1u lations in t he l\Ion­
Ull1pnt, ranging in height above the sUl'l'ounding 
Ian! from approximatel~T 50 to 800 feet, with basal 
diameters up to a mile. A majority of these cone 
arE' aligned in a zone with a northwest-southeast trend 
(Fig. 6), which ha." been gi\'en the name "The Great 

itft 
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FIG, G. Cra t e rs of the }loon )rat iona l :V[ouumcllt. 
Cinder cOlles nrc a li g ned ill a zone, the "Great Rift." 
Between the ('olles, anc1 at the sic1es, are flows . Enclosing 
lines ma rk the locations of regions of gooc1 t ree grOIl-th. 
Xumbers Ul:lrk the sites of detai led tuc1ies. 

Rift." Thi.' zone has been the 'eene of great yolcanic 
act ivity and was tbe source of mo. t of the lava flows 
of the :UolJument, as well as the cones. Like the flol\'s, 
the cinder cO ll es val'y ill age a lld hence in degree of 
weathering and in vegetation. 

P AllOEJTOE LA V A li'LOWS AKD THRIR 
VEGETATIOX 

GROWTH COXDITIOXS OX FLO\\'S 

GENERAL~'EATCRES 

The 30 01' more lava. flo\l's which are entir ely 01' 

partly within the ~[oIJull1ent l'epr E'sent together an 
age span of sevel'a l thousands of year', and upon 
them can be found vegetation representing all t he 
stages of primary 'uccession from pioneer to the 
regional climax. Some fl ows are extremel.v fresh in 
appea rance in that sllpe7'ficially neither soi l 11 01' \'eg­
eta ticl1 is vis ibl e. Clospr exa mination shows, how­
ever , that /?\'en the yo ungest flows have some !';oil 
present ill depressions and t hat in the.'e a fe l\' vas­
cu lar plants are becoming established j on ly ~cattel'ed 
lichens grow 011 the genera l flow surface . Other 

floll'~ sho\\' their great age by being almost com­
pjetel~1 mantlcd with so il and vegetation, a lld only 
here and there docs the bare lava protrude. Betw'een 
the lwo extreme!'; ill age are flows which al'e partly 
soil-eo l'ered but which have a considerable amount of 
bare lava exposed, The 'e ar e intel'media te a l 'o in 
the character of their vegetation. 

For; R \,EG~~TATlO:\f HABI'l' lITS OF YO XG FLO'YS AXD HOW 

~'HEY CHAKGE AS FLOII' AGE IXCREAS~~S 

A you ng pc1hoehoe flow if; of .'uch charactPl' that it 
presents foul' types of habitat. Each is suffic ien tly 
clistinctivein gl'o wing co nditions it provides that it is 
invaded by a definite set of plants. Success ion begin­
ning in each habitat type wil l be considered a.' a 
subsuccession of the whole. 

The habitat \I'hicb occupies the greater part of a 
young pahoehoe flow is the nearly le\'el la\'a ·mface. 
Here grol\'ing cond it ions are unfavorable; water runs 
off a lmost immediately; the surface is openly exposed 
to willd and sun. So il accumulates ver)' slowly, and 
it is only after all crevices and depressions al'C filled 
that wind-blown soil coll ects on the flo II" ·Ul'face. It 
therefore continnes as a xeric habitat without much 
improl"ement in growi nO' condition until late in the 
process of suece. sion. 

'I' he other three habitats arc forms of creyices or 
dep1'e. sions in the flow, and their . ubdil"ision is based 
on depth and width of the cre\'iee. They arc here 
gi\'en the descriptive names "joint," "shallow creyiee," 
and "deep crel'ice." Joints are too narrow to hold 
much 'oil , so moi'lure conditions, at least neal' the 
surface, cannot be Yery good. When the flow surface 
about them becomes 'oil-eovered the)' too are cO I'ereel 
and pass out of existence as a distinct habitat. 'Until 
that time in the life of the flow it seem.' unlikel~' that 
growth cond ition.' in jo:nts would change ll1uch. 

A sba 11 011' 1'el"ice is any depression of sufficien t 
depth to permit soil to accumulate to a thickn ess of 
an inch 01' mo]'e but not deep enoug'h to cnable a 
mature shrub to gro\\" with most of its aeria l portion 
helow the genera I flow surface. A depression of the 
latter eharactel' is he],e con 'idered a deep cre\'ice. A 
depth of about 2 feet is usuall~' thc diyiding point 
between deep and shallow crevices bu t it "arif'l'; some­
what with the 'leepness of the wa ll s. Deep crevices 
generall y have teep sides, consequellt l~' soil cloes not 
hlow out easily, but accumu lates. The.\' are usually 
fissures in tbe flow. Shallow crevices ma~' be flsslires 
bu t are more often depressions hetween fo lds 01' 
"1'ope'" of paboehoe flow where a littl e soil can lodgc 
(Fig. 7). 

Conditions in 'ha ll ow cr evices arf' probah ly inter­
mediate, in relation to moisture, bet ll'cen thost> :n cleep 
cr evices and the flow .'Ul·face. There is co ncentration 
of precipitation in them, but being open to exposure, 
water loss by el'aporation is rapid . Shall ow cl'e\'ices 
usually do not ha \'e soil to a. depth of oycr 2 01' 3 
inches, and so the soil-watcr reser voir is small. The 
fate of shallow crevice is to be leveled I\'i th soil, but 
usually not until the deep ones m'e first nea]'I~' fi ll ed. 

}Ioisture cond itions in deep cl'evices ar e the most. 
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favorable to be found in any of the four habitats of 
young flows. Deep crevices provide the best lodging 
place for both organic and inorganic soil , so they tend 
to fill rapidly. Addition of soil would improve moi -
ture conditions by increasing the water reservoir. 
However, the value of the increased soil layer is off-
et as SOOIl as the accumulation is sufficient to rai e 

the aerial pm-ts of plants above the general flow :ur­
face; then water los' from plants becomes too great 
for their survival. The nearer the crevice soil ap­
proaches the flow surface the more it i · desiccated . 
In thi s way the deep-crevice habitat gradually ceases 
to exist as flowage increases. 

FIG. 7. Very ropy lava of Indian TUllllel Flo\\, . oil 
lias accumulated in depl'e sions and pioneer plants have 
started . August 1, 1938. 

FLOW SOILS 

It ha been foul1Cl that the amount of soil on a flow 
is the most important single factor in determining 
the Yegetation a flow can support. Therefore a con­
sideration of flow soils is necessary before the devel­
opment of the vegetation can logically be di scussed. 

These 'oils are fine in texture, and, accordi ng to 
Russell (1902) , are mostly wind-transported, the 
sources being alluvial deposits near the mountain 
ba 'o ', ancient lacu trine beds in the western part of 
the plain ', and du t and lapilli from cinder cone. 
He call ed the soil loess. Mechanical analyses of three 
samples taken at widely separated p laces on the Snake 
B i\'or plain, each at a foot depth, were made by 
him. The materials of a ll samples were found to be 
predominantly quartz and of uniforml y fine texture, 
75 to 0 percent of soil passing through a screen 
witb 200 me 'hes per inch. 

In the present work three sample. of surface 'oils 
\\'er e taken from locations wherc the accumulation i 
thin. One site was an old flo\\' about 5 miles east 
of Carey, and 22 miles we t of the ilIonument, wbel'e 
the .. oil layer was approximately 6 inches thick; an­
other was Silent Cone Flow, at Station 3 (Fig. 6), 
whel'e the layer "arie .. from 0 to 2 feet in depth; the 
third was from crevice in the young flow between 
Half Cone and Crescent Butte (Station 6, Fig. 6), 
and thus represents the fi rst :oil fOlmd on a flo\\,. 

~fechanical analy 'es of these soils (Table 3) showed 
them to be, in general as fine in texture a' were 
Bussell's. Keal'ly three-fourths of the material in 
each sample was mall enough to have been wind-

TABLE 3. Textures of three soils, as determined by 
mechanical analyses; values expressed in percentages. 

Crevice in flow 
urface of between Half Surface 

old flow east Cone and Silent Cone 
of Carey Crescent Butte Flow 

2 -J mOl 6.42 2 .11 5.08 
- .5 mm 1. 78 3.23 2.04 

. 5 - .25 mID . 1. 87 5.01 3.2-1 

.25- .1 mm .. 6.38 1 .90 12 .38 

.1 - .05 mm 14 .59 22.76 16. 8 
Less than .05 . 68.95 47.9 60 .38 

blown. The crevice material was slightly less fine 
than the other two, suggesting a colluvial origin, at 
least in part. P ieces of angular basalt, products of 
mechanical weathering of the flows, made up about 
25 percent of the crel' ice oil ; other. oils contained 
less, The piece ranged in diameter up to an inch 
01' bl'o. X early a ll those observed gave indication of 
having undergone some chemical weathering. 

Microscopic examination of a sample failed to re­
vcal the presencc of diatoms, which should be found 
in a lacustrine deposit. The soil particle. were 
angular in shape and looked like yolcanic a h. Ex­
amination of many sample:, taken at various places 
on the Snake River p lains, I,'ou ld be necessary before 
it ('ould be said that lake material is unimportant as 
a oi l 'ource in this reO'ion, but thi one sample is 
suggestive. 

FATE OF PRE IPITATIO~ 

The distribution of precipitation II'hich falls upon 
a young lava flo\\' has a marked influence on the dis­
tribution of its I"egetation. There is no surface rUll­
off, and, except for what evaporates, all water sinks 
dO\l'llImrd into cracks and crevice '. Thus there is an 
unequal distribution of water, which favor Ilants 
growing in crevices at the expense of those not so 
fal'orab ly located. 

It is not knowll if a similar concentration of water 
would be found on old, . oil-covered flows, but, since 
the lava surface under the soil retains much of its 
original pahoehoe chal'acter, it is likcly that watell in 
passing downward must tend to move toward the 
depressions, when oncc it bas reachecl the impervious 
layel'. As the thickness of the soil mantle increases, 
les ' and less of the precipitation would be expected 
to reach the rock surface, so that the distribution of 
moisture must become mOl'e and mOl'e uniform as a 
flow increases in age. 

A phenomenon which suggests a ource of water 
for certair! ' flolI' plants i the presence of water, at 
33 to 35 0 F., in numerous depressions and catch­
basin s on younger flows, cluring a part or all of the 
·ummer. Stearn (1930) discusses the ource of this 
water as foil Oil'S : "In the'e depre. 'sions a con. iclel'able 
amount of snow collects in win tel'. orne of it 'ifts 
down into crevices between the rocks and remains 
sheltered from the hot atmospbere during the long 
summer days. In addition, water during thawing 
perio Is in autumn or SpriJlg may drip downward into 
the crevices, where it is frozen by cold circulating air. 
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During the long cold winters ice forms. Some of it 
melts in summer, but in favored locations it never 
melts entirely away. Just as the solid lava is a poor 
conductor for the upward movement of heat from 
the molten lava beneath, so it is a poor conductor for 
the downward passage of heat from the sun. Usually 
a small amount of ice melts during the summer and 
forms a pool of water. On digging down into the 
loose rock in a water hole of this type, ice will always 
be found beneath the water." It is possible that 
water from melting ice in cracks may be available to 
certain deep-crevice plants growing on young flows, 
or those with roots in joints, but this point has not 
been verified. 

TEMPERATURE AND EVAPORATION ON FLOWS 

~ot only is precipitation concentrated in cracks 
but temperature and wind conditions are such that 
evaporation from crevice floors is much less rapid 
than from the general flow surface. 

To obtain a measure of atmosvheric conditions in 
crevices, as contrasted with those in exposed places, 
temperature and evaporation measurements were 
made. An air-soil thermograph was placed on North 
Crater Flow, with the brass-colored bimetal air element 
3% inches above the general flow surface and not 
shaded in any way, and the soil element laid on the 
floor of a deep crevice. The crevice was 31 inches 
deep, 10 inches wide at the top and three inches wiele 
at the bottom. Weekly records were kept for the 
period from August 1 to September 5, 1938. The 
temperature range was found to be greater and 
changes more rapid just above the flow surface. The 
temperature there was about 30 degrees higher at 
the daily maximum and 10 degrees lower at the min­
imum. Figure 8 gives a typical week's record. 

FIG. 8. Thermograph record for a typical week during 
the period Aug. 1 to Sept. 5, 1938. Narrow line-tem· 
peratme 3'12 inches above the surface of North Crater 
Flow; wide lino-temperature at the bottom of an ad­
jacent 31-inch crevice. N = 110011, M = midnight. 

During the period from August 6 to 27, 1938, com­
parative evaporation measurements were made in this 
same crevice and above the surfaces of two other 
flows of the Monument. One Livingston white spher­
ical porous-cup atmometer was placed in the crevice, 
the bulb being 10 inches below the general flow sur­
face. Two similar atmometers were placed on each 
of the other two flows during the same period, the 
bulbs being 17 inches above the surface. Comparison 
Df evaporation in the crevice with that at the surface 
immediately above would have been preferable, but 
was not possible with the available equipment. It is 
believed the surface evaporation on North Crater 
would have been essentially the same as on the two 
:flows where measurements were made. 

Figure 9 gives a comparison of evaporation during 
the three weeks' period in the crevice and above the 
surfaces. It can be seen that the rate of evaporation 
10 inches below the surface was about half that 17 
inches above, for the same period. 
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FIG. 9. Evaporation for the period Aug. 6-27, 1938; 
Korth Crater FJolY-10 inches below the surface; Big 
Cinder Butte and Silent Flows- 17 inch es abo\-e the 
surface. 

\'~hile temperature and evaporation rates are to 
some extent a measure of the same factor, evaporation 
is more inclusive in that it shows also the effects of 
wind and humidity. Judging from these evaporation 
measurements plants in deep crevices would transpire 
less rapidly than more exposed plants. Soil too must 
dry less quickly. 

VEGET_~TION CHARA CTER AND SEASONAL LENGTH OF 

PHOTOSYNTHE'l'IC PERIOD 

While it has been possible to obtain some quanti­
tative idea of temperature and evaporation conditions 
above the rock surface, edaphic influences have largely 
gone unstudied in this kind of habitat. In view of 
the impossibility of obtaining adequate instrumental 
data 011 subterranean water relations, the ecological 
character and growth habits of the vegetation itself 
were studied in the hope of gaining at least some in­
direct information concerning moisture conditions 
about the roots. To that end the following facts were 
compiled for the more important flolV species: (a) 
how much of the summer season each has green 
leaves, (b) general facts regarding character of 
leaves-whether thick or thin, large or small-fea­
tures associated with the terms xerophyte and meso­
phyte, and (c) the distribution and general habitat 
preferences of the species as reported in the various 
available "floras" dealing with this general region. 
Observations concerning seasonal activities were made 
at approximately weekly intervals during the period 
June 20 to September 15, in 1937 and 1938. 

Conditions of gro\\-th, especially in relation to mois­
ture, were interpreted from these data as far as was 
possible. Tbe order of presentation parallels that to 
be used in the section on succession, starting \\'ith the 
rock surface habitat. 



\\TILLIS A. E GGLER E('oiogica illon graphs 
Y o!. ] 1. No, ~ 

Plants oj' Bare FlaIr-su rfa ce Ha bitat. The xeric 
na ture of the la va surface i · attested b:- the charactel' 
of plant · which grol' there, onl~' crustose a nd foliose 
lichens being found. It is onl~' after :oil ha: heen 
a dded that vascular plants : ucceed in becoming 
esta blished. 

Plants oj' J oint Habitat . Only two plaut :pec ie~, 
Aplopappus wmus and Chrysopsis 7Ii~pic/a , 11l1\"e been 
found grmying in joints. Both grow with their stem s 
fully exposed and without protection aga inst : un and 
wind; their roots penetrate in to nanoll- joints in the 
rock, being so tightly wedged that it has not yet been 
possible to excavate a root sy:tem from a flo\\,. K 0 

information has been obtained regarding th e depth 
of root system nor soil and lI'ater conditions extant 
in the joints. Aplopappus is a low hrub, groll-ing 
here from 6 to 1 inches tall; the root and ha.,·a 1 
part of the stems of Chrysopsis are "oody but the 
upper stem is herbaceous. Xeither species ha: been 
ob 'ened to lose its lea l'e ' during the period over 
which obsen -ations werc made, and they appeared to 
he carrying on photo:ynthesis. The lean's have a 
xeric appearance. 

P/anl s oj' S halloli' Crerice Habitat. XOlle of the 
shanow crevice species is green and actil'e m'er the 
entire summer; many cea 'e acti\"it~r early ill July, all 
but Pentstemon cle!l8tllN by August 10. A fe ll' plants 
of that species have been obsen 'ed \\'ith a small num ­
her of green basa l l eave~ until the end of August. 

liVith one exception, all of the more important 
species are said to g row elsell-here at elevations cor, 
responding to their location in the ~[onumellt. The 
exception is Dr!J1nocallis pseuc/ol'll]Je,ol1'is , the mo. t 
a hundant species in shallow crcI'ices, \yhicb de finitel~' 

bas the appearance of a mesopb~,te. It is r cported to 
groll" from the submontane to the subalpine zone: 
(Rydberg, 19]"7), Another interesting but rather rare 
species here is Erigel'on tl'ijidII S, which i ~ a n a lpine 
phlllt (Ticiestl'om, 1925; H~' <lberg, 191"7), 

There is no significant cOlTl'lation. here, between 
a ltitudinal di stribut:on , leaf chara cter , a nd droug ht 
l'e!' istance, Apparently there is ample IYater for all 
sper irs, hoth uH'sic and xer:c, during ~prin g' a nd ea rly 
: ununer; in middle and late summer there is no antil­
able watel' for an~' of them , 

Plants of Dee]) Cl'ecice Habitat . Two deep crevice 
;;p ccies, Chamaebatiaria lIIillefolilt"lll aJl(l 8('l'icotlleca 
glllbl'es(,(,1!s, have green lea "es throughout the ea. on 
of ohservation, W ooe/sill scaplIlina had largel~' ceased 
vegetative act i\'ity before .JUJle 20, Brickellia gl'Clndi­
fl01'll l"al'. minor by the end of .Jl1l~' ; PllI'llldelplllIs 
Ll'lfisii, \'m'~' ing some\\' hat with indi"idual ', stopped 
Hctivit~, and lost most of its leaves betll'cen July 10 
and August 10. Dr,IJoptel'is Fili,"-IIWs grows until 
rold wea ther comes; so me have bee n observed late in 
September, still I' er~' green. 

~Iost of these species are normally found at higher 
ciel'[ltions, wh ere moisture is a le:s critical factor than 
in th e region of the ~lonument. Sericotheca i: re­
ported to grow in the pinon and yellow pine belts : 
Philadelphus, Brickellia, ,Yooc1sia , and Dr~'opteris in 
the submontane and montane (Abrams, H)2:3; Ryd-

berg, 101"7; Tide trom, 1925). Only Chamaebatiaria 
is reported for the Artemisia belt. It grows a lso at 
hig her elel'a tion s (T idestrom, 1925) , 

J uclging by u 'ual di stribution and abilit~, to con­
tinue growth throug hout summer, Chamaebatiaria and 
S ericoth eca are the most drought resistant of th e deep 
cre\'ice plants, The distributi on and genera l character 
of the other fo ul' species lI'ould lead one to call t hem 
mesop hytes, and it is smpri sing to find such an eco­
logical type r epresented in a r egion so definitely 
xeric. Theil' presence in the deep crevices indicates 
that moisture conditions are favorable, a nd this cor­
roborates the e\'idence obtained f rom temperature and 
evaporation measurements, 

Plants of Old Soil-co rerecl Flow Habitat. A 
greater number of individuals on old flows and char­
acter of the dominaut .. 'p ecies indicate that a n I1C­

cumulation of soi l has materially improwd moisture 
conditions. It may be poss ible tha t there is more 
water , at least earl~1 in the :eason, in deep crevices ; 
but the more uniform distribution of vegetation and 
the fact that a majority of its dominant shruhs are 
gl'eell a ll summ er suggest th"t water is HI'a ilable for 
a longer t ime and in gr eater total amount on the old 
flolYs, 

Three shrubs lI'hose leaves have been seen to keep 
th eir gTeenness until September 15 are Artl'misia 
tricientata, Purshia t1'identoto Cll1'.II .'lo tlwmnu.o 1UIlI.'le-

0"118, and El'iogonI 1 j)) miCl'olilecllm . Two other domi­
lI ant shruhs, L I! }7toda ctylon lJllngens and El'iogomtln 
llel'acleoicles, cease I'eg'eta ti" e actil'ity ear l~' in August. 

Floristically, an old flo\\' ol11mllnity is compo. ed of 
spec:es wh !!'h grow in the Artemisia belt. All of t he 
importa n t herbs, and ih'e of the six first-ranking­
shrubs are so r eported (Rydherg, H)1"7; Tidestrom, 
1925). The onl~' exception is E riogoHllm 71eracleoides, 
wh:('h is reported fo r the wbmontane and montane 
zones. 

, tTCCESSlOX 0:'\ PAHO EHOE FLOWS 

PT,~'" "\GE CO RRETdTE D WITH SPF:C1ES NUMBE R 

AXD SPECIES DF:XSlTY 

Yeg-e tatioll succe:sion mlS studi ed b~' selecting­
pahoehoe floll's of yariou: ages, upon \\'hich quadrats 
lI'ere la id out. Tabulations of all vascular plants 
found lI'ithin the plots lI'ere made, This work was 
done late in June, 1938, wh en both spring ephemer­
als and summer flowering plants were vi~ible, 

The onl y published geologic work on the ~[onUllleJl t 
is that of Stearns (1930) and hi s conclusion regard­
ing age of the lava haye been largely fo l1 oll-eel in this 
lI'ork. H e tabulated 2"7 of the la\'a flows in order of 
"approximate eruptiye sequence." Six repl'e:entativc 
flows, including what he believes to be the oldest a nd 
the ~'otll1gest, were selected for the. c successional 
studi es. The quadrats were laid out as fo llows : 
fl ows arc listed in order of increasing- age : I, J ndi a n 
Tunl1<'1 J<"'l 0 \\', 10 lO-by-lO meter plot: (Stati on 11 of 
F:g. 6); :2. ~orth Crater Flow, 10 10-b~'-10 meter 
plots ( tation "7 of Fig. 6); 3, Kortlmest Big­
Craters Flow, six 10-by-10 meter plots (Station 4 
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of Fig. 6) ; 4. Flo\\" between Half 'one and Cre cent 
Butte. 10 fhe-b.,-fhe meter plot. · (Sta tion 6 of Fig. 
6) ; 5. Xortheast Flow from Bi", Cinder Butte, 10 
lhe-b.v-fiYe meter plots (Station 5 of Fig. 6); 6. 
Si lent Cone Flo", fh'e fh'e-by-fh'e meter plots (Sta­
tion 3 of li'ig. 6). 

To elim inate personal bia s in . electing the locations 
for the p lots, they were arhitrarily spaced a pre­
determined distance apart, in most ca 'es 20 meters 
from center to center. The greater uniformity of 
wgetation on older flows warrants the u .. e of small er 
an d fewer quach-ats there. 

To f acilitate comparison between the "nious flo\\", 
rIll' densities are expressed uniformly on a basi of 
1, 00 square meters for each (Tahl e 4). (Density a 
used here refers to the number of individuals of a 
species per 1,000 square meters of surface area.) 

The total of 52 species of vascu lar plants occurring' 
in the quadrats fa ll quite natumlly into t hree groups: 
(1) those which increase for a til1l e ani! then decrease 
a .. flowage increases, pioneers in general (Table 4a) ; 
(2) those which become increasing ly important as 
flowage increases and attain their greate. t den ity 
on the oldest flo\\' s, climax pecies (Table 4b); and 
(3) a O'roup comlO eel of specie I\'hicb follow no 
d('(lnite sequence or are too limited in number to giye 
a n.v indication of successional trend (Table 4c). 

The youngest flow, hal'ing had the least time to 
progTe,s from a steri le condit ion, has the smallest 
n1lmbcr of species, 12, and thc IOIl'est total density, 
269 ind ividual s p er 1,000 square meters. On the 
other flows, which together represcnt an age span of 
sel'cral thousancls of years, the number of :pecies in ­
crcal>c. lI'ith fioll- age. There is a lso a 'ubstantial in­
cr ase in total number of indil'idual ' with age 1J1-

crU1se; the oldest flow has 28 times a' many as the 
youngest. 

FROCESS OF \,EGETATIOXA f. DEI'ELOP~IEST 

R ock k Il1Ia ce Pi·ise l' (, . ' lu:cession UPOIl bare rock 
has been worked out mall~' time., but it has usuall y 
been done in regions Jess arid tha1\ that under COIl­

sideration here. As has been noted elsewhere, a rock 
surfa ce prisel'e beginning' with C'],lIstose lichens on 
the I<I\'a, and a crevice pri .. ere wbere herbs and shrubs 
are the pioneers is found. But, in contrast to these 
other places, the rock . 11rface pl'isere is found to 
1)(> re lati\'(' I~' unimporta nt. Fruticose licheu nel'er 
com in and the small er fo rllls function ma:nl~' as 
aids in weathering'. Th e~' do not grow densely 
enl) ugh to form a sub tratum for Yasculal' plants. 
The crevice Iwisel'($ are the lJlo:l im portant. 

.] oint Pi·isel'e. The two species assoc: ated with 
joints, .rJplopappus nanus and Chl'.IIsop.~is ltispida, 
pn::<i st 11 long timE' hut their habitat is fina ll y elimi­
nated and they are succeedecl b~' members of the 
(" Iimax community. 

'hallolc C rerice Prise re. The pl<lnts of shallow 
crel' iccs arc small and for thc most par t herbaceou ' ; 
onl.\· one species is II·ood.l'. The predominant pecics 
is DrYllloCllllis pseudo'/'llpe;'tl'is (Fig. 7). It has the 

T .\Df.E -I. Dcnsities of lnl'a flo\\' specie per 1,000 
quare meters on each flo\\, . 

~ 
c 
Z 

----------------------
-l a-Species wbose densities incr('a.R~ and then decrea.se with 

greater flowage. 
Trees 

Pinus fle:rilis .. . ..... . 
Shrubs 

Aplo1J(lP~U8 nanus . .... .... . ... . 
Chamaebatiaria mille/oltum 
}Jen/slemon (/eu.~tuH . ........... •• . 
Philcul(17)hu8 Leu:isii .. . 
. 'eric:oth eca {jlobrescen8. . . 

Flowering herbs, except grassc 
B rirke/lia oranch"jlora var. minor . .. 
D rum m'ollis pseuc/orupestris . . 
Erigerun lrijid ll,s . .......... . . , ..... . 
Pteryxia lerebinthina var. /oenicul(U'ea . 
8lephanomeria myrioc/cu/a . 

Grasses 
8tipa aeridellta /is . . 

Ff'r ns 
Dryort f'Tis Pilix-1das . . 
Il'ood~ia IJcopulina . .. 

13 
I 61 

47 320 
5 72 

20 

12 
181 1001 

28 
2 394 

12 15 

2 -
3 -

~ -

102 108 120 -
89 32 2 .. -

11 4 .500 4 72 12 
130 
- 32 4 -
13 -

240 GO~ 548 -
20 -

- 100 48 -
28 40 60 -
17 36 22-1 120 

2 2-1 -
4b--Species whose densities increase with greater flowage, 

• 'hrubs 
.1 rlem isia Ir idell /ala , .... 
Chrysolham/, us nauseosus, 
Er iooonunt heracleoides, , .. , ' , , , . 
ErioyolHun ml.crolhecun~ . . . 
Leplodadylon punge1iS lllcludlllg "ar 

II ooker; . . 
PursJiia tr idenlata , , , , ' , ' , ' . , . , , . , 

F lowrring herbs, except grasses 
Erioool1'lInt arhlunt , " " " .. ".,., 
Eriooofl1un orali/oh'Urn va r. ceisutn . '" 
G'a,JjolJ hJjium ramosissim,u11t . . .... , , .. . 
N avarretill, Breu·eri. 

Gras:scs 
.Agropyron il/erme , .. 
A gropyron raseyi. 
Pall, set'umla,. , .... . 
8itanioll hyslrix . . . . . .'; 

27 39(; 3U 9ti 
3 4 20 64 
2 260 8 792 

292 184 11 2 

7(; - 22-1 300 232 
23 2 12 112 432 

2 - 36 H 64 
4 152 

928 
240 

512 
64 

I 23 220 1321632 
12 145 264 2 0 208 

-Ie-Incidental species which exhibit no apparent su('cessional 
trends. 

hrubs 
ErioOOl11l m effusum . .. , ........ , 

Flowering herbs, except grasses 
Achillea fauu/osa ... " . 
Cuslilleja ( ·reelllndii .,. 
Chaellllcti8 Dou(Jillsii. 
Ch rY8op~i8 his]Jic/a . .. , 
Cir8ilMn II ookerinl/.'u.fn. 
C1'yplanth e jlex1..losa. . . 
Delph i ,~iU'm, meaaca,rpa. 
i£rioaonu1/J, deprCS81l1n. , . 
ErioOOntl1n s'llbalpin'U1n . . 
L ilhospermunt pilo8um. 
Lomatium lritcrnalum . 
.. 1I en/zeiia, a/bleau/is. 
Opunlia. po/yacal1tha . , 
Oreorarya sericea. . ..... , .... . . . 
P enlslemon cyaneus. . ... . . , . , . 
Pilatelin ieuto phylla . . . .. ........ . 
P /iQenic(l.u/is J[ enziesii ...... . ..... , . 
PoiYoonll1n DouolaJlii . . .... .. . . .... , . 

ellecio (dtuB. .. . . . ..... . . . 
Senecio canus .. 
Senecio uintahensis. 

Grasses 
Bro1ll'lls leclorum, . .... 
OrkZOr 81','1 hymenoilies . 

3 

34 -

76 -

12 -
56 U 
40 -

- I 
36 2 J6 64 

96 
12 88 -
36 4 U 

8 
32 

20 -

8 
24 72 -

T ota l spcei ". sampled on eac h flo\\' o 12 19 2 1 24 28 28 
Total individual.' sa mpled on each 

Ao\\, . . . . . . . . . . . . . 269 20$8 107G 3gN ~651 7COO 

high cst density and occur on all but the olde t flow. 
The specie ' with the secolld highest d en s it~· i P ent­
sU man dellSllls. It bas \\'ood.v roots and about 2 to 4 
inchcs of woody perennial stem. Follo\\'illg these 
two, In approximate order of importance, come 
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Pteryx ia te~'ebinthina Val'. foeniculacea, tipa occi­
clentalis, tephanorne1'ia my~'ioclacla, and Erigeron 
fj'ifi(lllS , There is less confinement of the e pecies to 
are, tI'icted habitat than is true of deep crevice spe­
cies, Drymocallis grows exclusively in shallow crev­
ices on flows, but the other species gl'OW a lso on 
cinder cones, 

Some diffictllties were encountered in compiling 
density values for Leptodactylon because it was uot 
realized while the field work wa beinO' done that 
certain variations in the group were con tant enough 
to warrant a separation of the material into a spe­
cies and a variety of that 'pecies. Further considera­
tion ha,' shown that there are two forms growing on 
the lava. The plants on old soil-covered flows, such 
a ' ilent, are largely L. pttngens, L. pungens val'. 
Hookeri is a shallow crev ice plant, and all on North 
Crater Flow are probably of that variet~· , It is bc­
lieYed that both the species and its variety are found 
on flows intermediate in ag'e, but because this was 
not recognized in the field there ha been no separa­
tion in the density tabulations (Tab le -:lob). 

Several other , hallow crevice plant \\'('I'e fo und in 
the plots on the flow ', but only in 'mall numbers. 
Two of these, Achille!! lanulosa and Castilleja V!'ee­
lanclii, grow more alnUldantly in the mountains north 
of the )Ionument, and the disseminules probably come 
from there. Three other incidental pecie have been 
observed only on young flows, Ci!'silt'ln H ooke!'ianmn, 
PllOenicalllis Menziesii, and S enecio uintahensis, Other 
species more common ly a sociated with cinder cone 
occur on the flow in small numbers, and include 
E~'iogo nllm clep!'cssum, M entzelia aibicrllllis, O!'eo­
c(wya se ricea, and Phacelia leucop/tylla, One gras, 
01'y <O ]Jsis Itymenoides, comes into this category al. 0 , 

The root' of shallow cl'evice plants probably con­
tribute humus to the soi l, but it is likely that most 
of the above-ground parts blow £tway and lodge in 
deep cre\'ices, In some places considerable amounts 
of \'egetation are canied into crevices by conie 
(OcllOt01U! sp,), which store them for winter food, 

Expo, ure to winds retards the accumulation of 
soil in shallow crevice" , 0 they per,'ist a long 01' 

longer than near-by deep crevices. It is not tllCOm-

FIG, ] 0, North Crater Plow, sholl'ing vegctation in 
three habitat; rock urfacc at the l'ight, shallow crevice 
ill th e re ntcl' , and a nearly filled deep crevice at the left. 
July 16, 1938. 

mon to find parts of old flows bearing some pioneer 
stages of both bare rock and shallow crevice types 
that must have been maintained in that primitive 
condition for hundreds of year . Under such circum­
stances exposed lava sm'faces with lichens, a shallow 
crevice with characteristic vegetation, and a deep 
crHice filled with soil and supporting a few Purshia 
shrubs of the climax vegetation, may all be found 
within a radius of a few feet (Fig, 10). 

Deep C1'evice P~'is e,'e, Seven species are character­
istic of deep crevices; five of them here grow ex­
clusively in such situations, Two of the five are lu'ubs: 
Ph'ilaclelpil1l s L etcisii and SC1'icotheca glab're censj 
the other three are herbs: B~'ickell7:a g~'ancliflom val'. 
mino!', and two ferns-Wood ia scopulina and D~'yop­
te"is F elix -mas. Chanutebat'iCl!'ia 1nillefoli!l1n, a shrub, 
is found in deep cl'evices but a.ttains its best develop­
ment on cin leI' cones, The eventh species, limber 
pltle, OCCUl' paringly on pa.hoehoe flow (Fig, 11). 

FIG. 11, Big Cinder Butte Flo"', with scattered, 
dwarfed limber pines, In th distance is the Deyil's 
Oreha I'd where trees are la rgcr and morc abundant. 
June 21, 1938. 

Individuals soon outgrow the crevices in which the 
seedlings start. and most of the tree is then exposed 
aboye the flo,,, sUl'face. Such pines are generally 
dwarfed and contorted and do not appear thrifty; 
reproduction is canty. 

The three shrubs, Philadelphus, Chamaebatiaria, 
and Sel'icotheca, are dominant in the deep crevice 
community; they uppl)' the largest individual and 
have the greatest density. 

Deep crevice plants react upon their environment 
by supplying organic material which, in part at least, 
tUl'llS to humu '. Considerable quantities of dead 
stems and leaves have been seen in the crevices, and 
it is likely that eyen in this dry climate much of it 
undergoes humification. The humus, along with the 
residual soil from flow weathering and the wind­
transported soil, tend as time goes on to fill the crev­
ices, III that way these species contribute to their 
own destruction, for when the crevices are fi lled, the 
physical protection that i afforded aga lnst the desic­
cating influence of wind and insolatioll ceases io 
exist and the!' are succeeded by the apparently more 
dl'ought resistant climax species (Fig. 12), 

ponre!'gence of P"ise!'es to Climatic Climax . All 
successions lead directly to the grass-sage climax as 
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rapidly as soil accumulates to a depth sufficient to 
support its deep-rooted members. Deep crevices are 
filled first, accompanied by a disap] earance of their 
characteristic vegetation, wbile shallow crevice till 

FIG. 12. Big Crater Flow at the left, Silent Cone 
Flo ,,' at the right. 'l'here is close correlation between 
!ll11ount of vegetation and age of flow. June 21, 1938. 

persist. Eventually minor depre 'sions are filled also 
and . ballow crevice plants di appear. Coverage of 
intervening surfaces is aided by shrub in the crev­
ices; the'e impede wind movement sufficiently to 
cause deposition of aeolian material. l'hus these flat 
flow areas that former ly maintained nothing higher 
than foliose lichens gradually come to support the 
l"fgional climax (Fig. 13). 

FIG. 13. ilent Cone F low with vegetation which is 
probably the regional climatic climax type. June 20, 
1938. 

This final stage is dominated by six shrubs: .d!·te­
misi(( t!'identata, PW'shia t,.identata, E,.iogonllm !n'i­
c!'othecmn, E. he,.acleoicles, Ch!'ysothamn!ls nauseous, 
and Leptodactylon pungen. A less important sbrub 
is E!'iogonwn a! 'id~imj another is E. ejJusu,11t, whicb is 
very similar to E . mic!'othecum in habit and clo'e to 
it taxonomically. Just as typical of this commUllity 
as the . hrubs are certain herbs which occupy spaces 
between them. Five grasses are important : fir st i 
Poa secunda, th en in order are Agl'opYl'on Vaseyi, A. 
inc!'me, S'itcmion hystl'ix, and S tipa occidentalis. 
Gayopliytmn mmosissimmn and Navcin'etia B!'ewe!'i 
are the most important dicotyledonous herbs. 

There are numerous herbaceou species which. here, 

attain their best development and greatest abunda nce 
on cinder cones, but which are also present on old 
lava flows. They appear to be a regular part of the 
clinlax vegetation. This group includes : Chaenactis 
Douglasii, Cryptanthe f!e xtiOsa, Delph inium mega­
ca!'p((, E!'iogonum o'valifo limn val'. celstim, E. subal­
pinum, Lithospe!'mum pilosnm, P entstemon c.lJaneus, 
and Polygonum Dongla ii. Three other herbs, Loma­
timn t'ritenwtum, Senecio altus, and S. can us, have 
been seen on ly on old flows. Prickly pear, Opunt'ia 
polvacantha, grows on old flolVs and also on old cin­
der cones. 

Old flows in this area, like a ll acce ible g-rass­
. upporting flows on the Snake River p lains, have 
been grazed to ome extent, but probably less than 
is usual; the disturbance thus produced may be re­
sponsible for the introduction of certain weedy plants, 
such as B !'omus tectorum (Table 4c). 

AA LAVA FLOWS .AND THEIR VEGETATIOX t 
RATES OF SUCCESSIO~ ON PAHOEIIOE AND 

.AA L AVA FLOWS 

Succession on the aa type of lava flow has not been 
. tudied statisticall y in the 10nument. A general sur­
vey indicate that pahoehoe Hows tend to become com­
pletely covered with the gra 's-sage climax before aa 
flows of like age . .A specific instance is a flow about 
5 miles east of Carey which contained both lava 
types. The pahoehoe portion supported the typical 
grass-sage community members; the aa had some of 
these species in place, but more of it · vegetation was 
characteristic of earlier successional stage. Chamae­
batiaria and Sericotheca were there, growing between 
blocks of lava, suggesting that conditions were simi ­
lar to those of deep crevices 011 smooth flow . l\Iuch 
of the aa flow remained void of soil and hence it 
bore less vegetation than the pahoehoe. 

The greater advance of vegetation on pahoehoe is 
evidently due to the fact that less soil is required to 
cover this nearly smooth and level kind than an aa 
flow with it great surface irregularity. Surfaces of 
some aa flows are serrate in profile and the ridges 
may be bare of vegetation and soil while 10\\' areas 
between, where soil has accumulated, support a good 
growth . .As a major part of the soil mantle that 
accumulates on the flows is transported, the time re­
quired to complete tbe process would be proportional 
to the amount of soil required. 

Elsewhere, in r egions of greater precipitation and 
where more residual soil accumulates, cond itions may 
well be quite different. Stearns (in COlTe 'pondence) 
r eports that he has observed flows in Hawaii and also 
in Oregon where aa has a dense vegetation covering, 
while equal-aged pahoehoe is till quite bare. He be­
lieves the subj ect of succession rate on pahoehoe and 
aa is "too variable to be covered in any genera l state­
ment." Nevertheless, it eem worth while to report 
cond itions as they are in individual case . From many 
such it may be possible eventually to generalize. 
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RELATION OF LntHER PIK E UlSTRlBl'TIO:\' TO 

Fww PUYSIOGRAPHY 

DI TRIBUTIO:\, ON PAHOEHOE l>'LOWS 

Limber pine is sparing ly present on ccrtain pahoe­
hoe flows, including Big Cinder Butte Flow, and t he 
flow betwecn Half Cone a nd Crescent Butte. On 
others, ueh as Indian TUllnel Flow, only a very fe\\' 

tion ill e\"apora tion inten.'it~· and an increase in soil 
moisture. It lI"a not possible to make measu rements 
of e\"aporation on these f10Il"S, but it ma.l· bc expccted 
that it 1I"0uld be reduced in deprc .. sioll s sel'cra1 feet 
beloll" the general surface, or in the shade and pro­
tection of a crag 6 to 30 feet high. ::\Ionoliths fre­
quently are of the latter llcight. 

Thc probablc benefits received by seedlings from 
p ines are found; on still others, as Silent Cone Flow, even, mall incrcases ill soi l water can be seen in the 
there are 11011e (Fl'!!. 13). Ihl'S l' ~ . hOII'II 1)\.,' tile dell-

~ ~ resul ts of a tabu lation of the po 'itions of ] 25 trees, 
sit." stud ies as given in Table 4. exclusil'e of se dl ings, selected at random on Derelict 

Xo obyious reason for the erratic distribution of Flo\\', a large aa flow in the sonthern tree area . Trees 
p ine 011 floll"s presented itself, but it wa thought gro w hcre ill depressions where .. now would accu-
successfnl establishment might be corrclated with mulatc in considerable quantity in winter; in addi­
protection by cinder cones agaulst drying winds. This tion it was found that in a majority of cases t hey 
ass'llLUIJtion II""S I'eached l)ccause BiD'" Cl'ater's Flolv I .. • groll" w lere run-off from expo ed rocks would collect. 
\\'ith fel\" trees and Silcnt Cone F low with none lie to Seventy-eight of the trees were growing at edges of 
the west (to wind ward) of the line of cUlder cones; rock outcrops; 14 others grew within 4 feet of such 
the two flo 11". having fa il' tree growth lie in the lee of outcrops. Only 33 were more than 4 feet away. 
the cones (Fig. 6). To test this theory evaporation 

It i .. thus evident that tJ'ees occUP.V positions on aa measurement .. were made. Livingston white sphere a t-
flows where water collects and where evaporation i 

mometers were p laced on S lien t Cone Flow and on 
reduced, and it is probably the case on pahoehoe a lso. Big Cinder Butte FlolI', a pail' on each (Station ' 5 

and 3, Fig. 6). Records were kept for four week in Pine on pahoehoe is a typical deep crevice plant; 
July, 193 . Evaporation rates at the t wo sites were ~ts seedlings apparently must start i~l protected ite 
a lmost identical for the period, as is r ecorded by the 111 order to .s ~lCceed .. When deep crevl~es wluch afford 
first two un its of the histogram (Fig. 9) . 'rhus t he /Ithes~ conchtlOns ch sappear, pllles, like other deep 
manner of distribution of pine docs not seem to be cren ce plants, also disappear, and the grass-shrub 
due to a difference in eva )oration. regional cli~ax is unally attained. This is well illus-

I b'ated on Sil ent Cone Floll'. 
DISTRIBUTION ON AA FLOWS 

li'urther im'estigation throughout the Monumcnt 
and adjacen t region revealed that the best pUle stands 
on la l·a-those with the largest trees, the most indi­
\'iduals, and having the best reprocluctioll-are mainly 
in two areas, as bounded withul the black lines of 

II Figure 6. One area extends northeast fro m Infel'llo 
and Paisley Cones and includes the area popularly 
known as the Devil's Orchard; the other lies west (to 
windward) of the line of cinder cones, starting at 
approximately the south end of Big Cinder Buttc, 
and extend ing in a south alld easterly direction to 
the end of the Monument, parall eling t he lines of 
cinder cone. The presence of this area of pines 
to the wcst (windward) of the zone of cones f urther 
shows that the establishment of tr ces ha 11 0 r elation 
to the position of cones. 

Both region ' of best pine growth consist almost 
ent irely of extremely rough aa flows. :JIo .. t of the 
larger one to the south may be describ d by t he term 
" 'a wtooth." Here are long, nearly para ll el ridges 
with depressions 6 to 20 feet deep in betwecn. Soil 
and snow co llect in these depression ', and it is here 
that vegetation is fou.nd. Monoliths or fragment of 
old crater wa li s frcquently protrude t hrough the 
flows, and these further add to the topographic ir­
regularitie (Fig. 4) . 

Because the best development of trees on floll"s is 
associated with extreme surface irregularity, it was 
logical to look for a causal relationship. A reasonab le 
explanation is that these flows offer the conditions 
neces. ary to the ·ucccs · of seed lingH, namely, a reduc-

The problem of why there are almost no trees on 
certa in youn"" f10Il"S, as Indian Tunnel Flow and BiD" 
Crater Flow, is still unanswered. A possible expla­
nation is that the flows are too young and there has 
been insufficient t imc for them to become established. 

CIKDER COXES AND THEIR VEGBTATIOK 

GROWTH CONDI TIONS ON CONES 

GENERAL l'EA'rURES 

In contrast to flows, wh ich are nearly level, there 
appear on cinder cone the indirect effects of topog­
raphy, which, in this sem iarid region, arc rcsponsible 
for ra ther markcd difference ' in the character of 
vegetation on north- and outh-fac ing' slopes. Another 
clifference between flow and cinder cone vegetation is 
due to the physical character of thc lava itself. Va­
cular plants do not grow on flow until so il aCClUnu­
late ; then they are limited to crey ice. for a long 
time. The very younge t cinder cones support vas­
cu lar p lants quite generally, and there is no reason 
to belicl"e that any change in cinders was necessary 
before these p lants could start. 

Three community types include cssentially all 
I'egetation to be fo und Oil the cones. A pioneer com­
munity of herbs occupies a major part of young 
conc (Fig. 14); it decrea es in proportion of area 
covered as cones become older, until finally it is re­
stricted to onl.v the mo t exposed parts of southwest 
slopes. A second community, in whi ch trees arc domi­
nant, is confined to protccted sites, ch iefly on north­
facing slopes (Fig. 15); it occa. ionall y is found in 
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depressions on 'outh slope' a lso. The third t~'pe is 
dominated by shrubs and occupi es 'outh slopes of 
old cones; it may be entil'el~' ab ent f rom yo ung cones 
(Fig. 16). 

FIG. 14. So ut h side of No rtli 'ratel'. Altel'llating 
light and da I'k zones indicate low, wind·formed ridges. 
Small white pots are El'io,l}o1!'lL1Jl clep1'eS8U'Il1 j in the fore­
ground they grow in old wagon tracks. July 20, 1938. 

FlG. 15. Yorth side of North Crater. Depressions 
support trees \\'hile ridges have only herb. July 16, 
] 938. 

FlO . 10. Shrub community on southwest ide of Silent 
Cone. July] 9, 1938. 

HABITATS 01<' O~ES AXD HO\, THEY CHANGE AS 

'ONE AGE IXCRE.ASES 

Grml·th cond itions on young cones are modified 
s l o \\'l~', and then only as a result of change in soil 
and in micro-climatic influence. brought about by the 
vegetation which succeeds in getting started. With­
out yascular p lants of ,'ufficient size to 'ene as 
windbreaks weathered material does not remain in 
p lace, but blows away, and eyen after ome hun-

dreds of veal'S cinders at the surface of little \'('O'e­
tatecl pal:ts of cones are umreathcrcd. Vegetation 
also adds humu, re 'ulting in a gTeater ability of 
soil to supply water to I lan t roots. Such superio r 

FIG. 1'7. Road cut with plnnts growing in a nano\\' 
caUl of wea thered soil; unweathered cindel's above and 

below support little vegetation. July 8, 1938. 

water-supplying ability of fine-textured soil ol'er 
that of un weathered cinders was demonstrated in a 
h'iking manner in a road-cut in the Monument, near 

Station 7 (Fig. 6). A seam of weathered material 
about 3 inches thick lay between unweathered cin­
del' , below and above. As can be seen in ]<-'igure 17, 
plants are nearly absent f rom the cut except in t he 
narrow seam of fil1e so il, wher' many are found. 
Finer tex ture evidently gives thi soil better mois­
ture conditions than are p rcsent in the coarscr, un­
weathered cinders adjoining. 

Accompanying the change in soil texture is one 
in color, which goes from black to gray or light 
brown, a weathering products accumulatc. The ef­
fect of this alteration is to reduce light a b 'orption, 
and thus so il temperaturc on bright ummel' day 

CI NDER ONE SOILS 

Unweathered cinders are coarse, some being' as 
much a 3 to 4 inches in diameter, but the aYer aO'e 
is about one-fourth inch. There is u 'uall y lllOl'e or 
less interstitial material of 'and size mixed through­
out. Cinder are usually light in wcight, porous, and 
are sometimes soft enough to be crushed between t he 
fingers. 

Although large areas on cinder cones haye re­
mained devoid of vegetation, except for small her­
baceous species which are not vcry ctIecti\'c as soil­
binders, there has been little mass movement of cin­
del' . Ko depo i t approaching the size of dunes 1. 
f ound. The surface in some herb communities is 
rippled, but the e ripple are only 4 to 6 inches in 
heig ht (Fig. 14). 

FA'fE Oli' PHEClPITNl'lOX 

Here, as on the flo\\~s, there is littl e 0 1' no surface 
run-off. There flatness of surface and f requency of 
crel'ice is r esponsiblc, but on the cones it is due to 
porosity of cinders. ",,' ater usuaJly sinks in immedi­
ate ly. Rarel.v, during extremel." violent r ains, ri\'u­
lets tlo\\' for 100 01' 200 feet before disappearing. 

~ ,,~\ t.,.,!\~\MHn 
~'\ II~ l. ... \ \'J 

r -\1: S Of 1\-\r. ~~I) i ·· ... ' · . .. 
\....~ L..' 
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Absence of water loss would be expected to result 
in conservation of much of it for u e by Yegetation. 
But the arne property which gives a cinder soil 
a lmost limitless ability to absorb water probably per­
mits much of it to sink deeply, beyond the reach of 
plant roots. 

Prevailing southwe:t winds cause winter snows to 
be concentrated on northeast sides of cones at the 
expense of the supply on outh\l'est .. ide. Because 
of its I l'Otectecl position and greater initial quantity 
thi now persist, and furnishe moisture to yegeta­
tion after that on exposed .outhwest lopes ha. 
melted. This is strikingly shown by a photograph 
taken on April 3, 1939, by Helen K. • hal' mith (Fig. 
1 ) \"hich also i11u tl'ates the closc conelation be­
t\HCn position of snow and vegetation. 

FIG. 1. Snow persisting on northeast sides of cones 
when southwest side are bare ' positions of snow and 
vegetation coincide. Spatter cone in foreground; Half 
'one and Crescent Butte, left di tnnce; Broken Top, 

center; Big Cinder Butte, right. Photograph by H elen 
K. harsmith . ApJ'il 3, ]939. 

SOIL ~fOISTURE 

TVat eT-Telaining Ability of Cinilel' oil. \\ater I'e­
lation ' of unweathered cinders cannot be compared 
with those of grave l or other oil ' of comparable 
particle size. Water is not con fi ned to the outer 
surface: of cinders, but penetrates witbin as \I'ell ; 
thus water-retaining ability is bigher tban migbt be 
expected. 

)lea urements were made of water-retaining ca­
pacity of unweathered cinders of three different 
texture ; also, for compari:on, of a fine-textured oil 
from an old laya flow. Two of the cinder samples 
were prepared by combinina- 25 lot of unweatbered 
cinder '. This mixtUl'e wa separated into b..-o lot 
with a 2 mm. soil sieve. A third lot consi ted of 
coarse, un weathered, un assorted cinder soi l collected 
f rom North Crater (Fig. 19). Sample 4 was aeolian 
materia l from an old flow. A 500 ceo soil tube, 26.5 
centimeters tall, was filled with soil frol11 each sample. 
Each lot \\'a kept wet for three days, excess water 
\\'a then drained until presumably there wa no 
gravitational water left. Water content was deter­
mined for each sample botb as a percentage of its 
dry weight and of its volume. The values are re­
corded in Table 5. 

TABLE 5. Water ·retaining ability of four soils. 

'Vater as As 
ample oil type pe rcentage pe rce ntage 

of weight of volume 

1 Cinder material over 2 mm. . ... 74.7 23. 7 
2 " " 2 mm. and less . 73.8 53.2 .. 
3 " " fresh, unassorted . 9.6 26 . 2 
4 Old fl ow urface oil (aeolian ) ... .. 41.7 4 . 1 

If calculated on a dry weight ba . i .. , the three ciu­
del' oils appear to have unu 'ually high water­
retaining capacitie -values such as are a .. ociated 
with 'oils containing a considerable amount of col­
loidal matter. These value are excessively high be­
cause of th li .,.ht weio-ht of cinder' many haye a 
pecific gravity of less than unity. The co'arser the 

soi ls, the greater i ' the difference between percent­
ages of water computed according to the two methods. 
Sample 3 i: probably the most porous in texture and 
its water content, in relation to its weight, is about 
31;2 times as great as that in relation to ,·olume. For 
tbe clay and ilt soil - ample 4--the values approach 
equality. For cinder cone soils in general it is prob­
able that tbe water content in relation to weight rtms 
about two to three time that in relation to yolume. 

Braun-Blanquet (1932) and Living ton and Ko­
ketsu (1920) tate tbat the water-supplying power 
of it soil is much more closely correlated with water 
coutent expressed on a basis of volume than on a 
basis of dry weight. The present work certa inly 
tends to sub tantiate tho. e reports. 

FIG. 19. Northea t side of North Crater. oil ample 
site 1 \Va in the woods at the right, 2 at the upper end 
of the herb community in the for ground. Pine seedlings 
were studied in this herb community. White pots are 
Eriogomlln depressum . July 16, 1938. 

A 'vailable l Vatel· . Soil of a south-facing slope, re­
ceiving greater insolation and being more expo. ed to 
the prevailing southwest wind ., might be expected to 
have a lower water content than a protected nodh­
faeing slope. To test this, and also to learn the 
depths to wh ich roots mu t penetrate to find avail­
able water, moi tUl'e eontent and wilting coefficient 
values were determined at . ix tation. These were 
located as follows : site 1, wooded northea t base of 
Korth Crater (Fig. 19); site 2, herb community, 
middle of nortbeast side of North Cratel' (Fig. 19) ; 
. ite 3, berb community, middle southwest side of 
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orth Crater (Fig. 20); ite 4, pine woods near 
ba'e of Silent Cone; site 5, middle of north side of 
Silent Cone, also pine wood; site 6, herb community 
on southwest side of Silent. 

FIG. 20. Southwest side of XOl-th Crater. July 19, 
1938. 

At interval .. of about 2 weeks, in 1937, soil samples 
were collected at depths of 6 inches, 18 inches, and 
36 inches, and in 1938 at 3 inches, 6 inche. ·, and 18 
inche. After determination of water content each 
sample was divided into two parts, and moisture 
equivalent of each determined. These two values 
were averaged and wilting coefficient calculated . 
Ayailable water is the difference between water 
present and wilting coefficient of a soil. 

A usual procedUl'e in determining soil constants is 
to consider only the portion below 2 mm. diameter, 
assuming water relations of the larger particles to 
be unimportant. Because of the nature of cinder 
material 110 separation was made here, and anything 
that would go into a soil centrifuge cup was included. 

Measurements of avai labl e water, computed on a 
gravimetric basis, are given in Table 6. While these 
values are, as uggested earlier, not as aCCUl'ate as if 
computed on a volumetric basis they do show where 
water is available and indicate relative amounts. 

Rather surprisingly there were no outstanding 
differences in amounts of availa ble water between 
north and south sides of cones and between herb and 
tree communities. Sites 1, 4, and 5 in pine woods 
have little more available water than sites 2, 3, and 
6 in communities of small scattered herbs. Very 
likely there would be conspicuous differences earlier 
in the season. 

These data show that upper layers may be defi­
cient in available water by midsummer; five of thc 
six ites had none at the 3-inch depth during at least 
part of the summer of 1938. At 6 inches, foul' sites 
lacked water in 1937 and one the next year. At no 
time during the . ampling period was water entil'ely 
absent at 18 inches, but there was under 1 percent 
at site 1 in 1937. At one sampling, following a rain, 
there \ya nearly 30 percent of water at ite 3 at a 
depth of 3 inche.. In 9 days time this fell to under 
6 percent-Ie s than the wilting coefficient value, and 
7 days later there was essentially no water. Roots 
of slo\\--growing plants probably would not elongat.e 

TABLE 6. Available water. 

1938 "ALoE S 

.c; <to ---:--:---.,---1---,--.------.--­
-~ fr~ June July July Aug. July July July Aug. 
O.S 29 15 29 13 3 13 21 1 

-----1-------------- - - --
SITE 1 

Pine wood I 

northeast side 
of North 
Crater 

ITE 2 

3 
6 

18 
36 

0.12 0.00 
6.98 4.51 

17.70 16.07 

0.00 9.30 0.00 0.00 
0.00 . 10.73 15.75 2.51 0.00 
0.36 . 16.97 15.57 1.49 6.30 

14.58 . 

Herb eom- 3 .. . .. .... 0.00 4.98 0.00 0 .00 
munity. north- 6 29.5520.0520.63 ..... 34.7323 .9210.9024.49 
ea t side of 18 61.3268 .8860.7451.0354.8462.4858.99.52 . 32 
::-.rorth Crater 36 75. 065.5872.5964 . 29 

SITE 3 
Herb com-
munity. south­
wcst side of 
.\' orth Crater 

SITE 4 

3 O.OO~.MOOOO.OO 

6 24.59 9.78 0.00 0 .0013.4334.0028.2322.07 
18 42.8038.9033.5141.1834.1453.9240.9057.38 
36 41.9340.02461340 .91 

Pine \\'oods, 3 . . ... 24.92 0.00 
north side of 6 7.04 0.00 0.00 0.0015.92 . . .. 18.25 
Silent Cone 18 21 .3231.1713.9923.7224.92 . .. .. 22.27 

36 23.4126.3824 .3813 . 21 
SITE 5 

Pille woods. 3 0 .00 .. ... 7.70 
north side of 6 12.6224.45 9.86 .. .. . 12.36 .... 12.12 .. 
Si lent Cone 18 30 .1 632.042 . 68 .. ... 15.76 .. " 11.73 

30 32 .5635.4536.50 
' ITE 0 

Herb com- 3 ... 18.89 ..... 3.77 .. 
munity. outh 6 23 . 74 0.00 0 . 00 ..... 21.62 ..... 25.07 .. 
side of Silent 18 34.54 36.2837.41 .... . 28.53 . . " 25.17 
Cone 36 29.3531.7428 . 79 . 

rapidly enough to keep ahead of the lowering zone 
of available water. 

Plant .. on cones make sufficiently close contact with 
cinders to enable them to utilize water fro111 the in­
ternal as well as from the external surfaces. Exami­
nation of root systems of many plant· reyeals that 
they quite commonly grow directly through the indi­
vidual cinders. This ha ' been a major handicap in 
excamting roots for careful study; it has been al­
most impos ible to prevent breakage when separat­
ing them from cinders. ]<'igure 21 shows a specimEn 
of Galium Watsoni fl'Om North Crater, " 'ith cinders 
through which its roots have passed. 

FIG. 21. R.oots of Gali ll1n JVal soni passing through 
cinder. June 30, 1937. 

SOIL 'l'E:llPERA'.rURE 

To TInd the mao'nitude of daily temperature fluc­
tuation and to compare the l'3.te of change of so il 
temperature with that of the air above, an air-soil 
thermograph was placed on a .. onthem exposure of 
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a cinder cone, in an area as free of \'egetation as 
could be found. In the soil, measurements were be­
g"tUl at a 3-inch depth, and this was increased 3 
inches each week, records being taken during the 
latter half of June and during all of July, in 1938. 
Ail' temperatmes were taken in the shade, 3 inches 
above the oil surface, during the same period. A' 
might be expected, surface layer. of black, unweath­
ered cinder. ' heated readily when the sun was shining. 
At all hours of day and night temperature at a 
depth of 3 inches u. ually equalled or exceeded air 
temperature. The daily maxima, for a period of 10 
(Lays, ranged from 8° F. more than those of the ail' 
to 3° F. le~j the average soil maximum wa' 2.6° F. 
higher than the air. The absolute maximum at a 
3-inch depth was 94° F. These measurements wer e 
made in June j had they been made later in the 
season and at depths less than 3 inehe. , it is probable 
that much higher temperatures would have been 1'e­
cOl'Cled. At greater depths, 6 inehe. and over, tem­
peratures \\'ere less extreme than those of the ail'. 

Only a short time was needed for changes in air 
temperature to be recorded in soil a l.'o. At 3 inches 
the maximum and minimum usually came not more 
than an hour later than in the air j often they prac­
tically coincided. A close relation was ob. erved at 
all depths. EYen at 3 feet the soil temperature be­
gau to rise in the morning only about an hour later 
than the ail'. The small da il y increa e took place in 
from 2 to 4 hour . Decrease was less rapid during 
the night. The record for the week when measure­
ments were made at 30 inches is presented in Fig­
ure 22. 

~ ••••••• "w 
FIG. 22. Air and soil temperature records for the 

week of July 19·25, 1938, made on a cincler cone. Wiele 
line is recorel at 30·inch depth; narrow line is shaele tem· 
perature 3 inches above the COlle surface. X = noon, 
M = miclnight. 

It apparently is rather unusual for soils to exhibit 
such mpid temperature changes at depths below the 
immediate surface. Weaver and Clements (1929 ) 
pre ent records for a Nebra ka prairie soil, taken at 
depths of 3 and 12 inches. The temperature trends 
and time of change at 3 inches followed the air 
quite clo ely, but those at a foot depth were 'everal 
hOllrs behind, the maximum being reached about mid­
night and the minimum shortly after midday. 

It has been pointed out that in the region of this 
(study daily ai r -temperature ranges are so great that 
shock may occur to the protoplasm of the above­
ground parts of p lants. Parts in upper soil lay!'l's 
al'e probably equally exposed to this danger, 01' even 
more so. High temperature in this black soil may 
be fa tal to tender plants, especially seedlings. 

EVAPORATION 

Direct effect of w'ind are not important in deter­
mining sUl'vival of plants upon cinder cones. There 
are a few contorted trees, and some breakage occurs, 
but a more important result is in increase in water 
loss-transpiration from plants and evaporation from 
soil. 

Evaporation measurements were made for a pe­
riod of 4 weeks in July, 1938, at three sites midway 
between the base and summit of North Crater. One 
site \\'as on the south we t side of the cone in an area 
of herb vegetation (Fig . 20) j one on the northeast 
side, also in an herb community (Fig. 19) j the third 
was at the same elevation as the second, 175 feet 
from it, and about 25 feet withlll a pine woods. At­
mometers were set up in pairs, the water reservoirs 
being buried sufficiently to bring the bulbs 10 inche 
above the cinder surface. 

For the whole period evaporation in the herb com­
munity on the southwest side was 2,378.8 cc., on the 
northeast 1,989.5 cc., a ratio of about six to five. 
In the pine woods it was 1,477.9 cc. Reduced evapo­
ration in the pUle woods a comparecl to the near-by 
herb community can be attributed to the effect of 
vegetation, in pro,idlllg shade and acting as a wind­
break. The ratio of evapomtion in the southwest herb 
community to that in the northea t pine woods is 
eight to nve. The greater evaporation in the south­
west i due to wind differences and to effects of 
increased saturation deficit, resulting from direct 
insolation. The effect of this is more rapid loss of 
water from the above-ground parts of plants and 
more rapid drying of soil urface layers. 

VEGETATIO~ CHaRACTER l,ND EASONAL LEKGTH OF 

PHOTOSYKTHETIC PERIOD 

A . tudy of growth habits and ecologic character 
of 1111portant pecies found on cinder cones was 
made in a manner imilal' to that followed for the 
lava. flows. The following facts were compiled: 
(a) time of year \yhen each fio\yers, (b) t ime of 
year when fruits mature, (c) t ime it has green leaves, 
(d) ecologic character of leaves, (e) distributional 
preference of spec ies a. ' reported in various "floras," 
and, for many of the . pecies, (f) studies on t he na­
ture of root systems and their vertical extent. 

Plants of He~'b Commm~ity. :'Iembers of the pio­
neer community are few in l1umbel' of species and 
individuals, and small in size. Only a small part of 
the cinder surface is covered by plants. Five im­
portant species fall into three distinct groups, based 
primarily on differences in length of season of vege­
tative actiyity of leayes and depth of root sy. terns j 
anatomical characters of leaves differ somewhat 
withlll grou ps, especiall:- the third. 

1E7'iogonum clepl'es. lIm, the most abundant species 
in the community (Figs. l± and 19), j . in a class 
by itself in that it is the only one which has green 
lef\.ye throughout the summer. These haye a xeric 
appearance j they are small, densely covered with 
white tomentum, and are crowded into a close cluster 

. , 
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near the ground; exclusiY(~ of the flower scape the 
plant is not over 2 inche tall. Its root system ex­
tend · vertically downward with little branching. The 
longe.-t one excavated went down 46% inches; sev­
era l others were nearly as long. It is interesting that 
secdlings as well as mature p lants have deeply pene­
hating r oot systems. Seed lings have been observed 
wbich, in their first gr owing season, had roots a foot 
long by August. This may partly account for the 
success of this species. It. reported di ·tribution is 
from the montane to the alpine zones. 

A ·econd o-roup include · two specie : Chaenactis 
Douglasii and Phacelia leucopltylla. Both are taller 
than Eriogonum, being from to 14 inches h igh. 
Both have green leaves, xeric in appearance, until 
about midsummer. Those of Chaenacti are finely cut 
and somewhat floccose; tho ·e of Phacelia are thick 
and densely canescent. The root systems are less 
deep than those of Eriogonum; those of Chaenactis 
being from 8 to 12 inches, and Phacelia's f rom 14 to 
18 inches, in the individual measured. Both specie 
are here growing within the range of their usual 
di -tribution. 

'rhe third group include 1l1imulus nan us and the 
bilterroot (Le1visia 9·edivi'w). }Iimu lus is an annual, 
and most individuals have fru ited and died by July 
15, many before that time. It has small , thin leaves 
which have a definite me ic appear ance. Its root 
system is shallow and usually does not extend down­
warrl over 4 inches. Lewisia i . a perennial. A crown 
of more or less cylindrical fle ·hy leaves expands very 
early in the spring when oil moisture is p lentiful. 
Late in June, a the large, delicate flowers mature, 
the leaves grad ually wither and dry. By early July, 
when the fruits are ripe, above-ground parts ar e 
car-cely ,isible. Its roots are al 0 fleshy and extend 

laterally several inches, but vertically on ly about 
four. Both }Iimulus and Lewisia grow here within 
theil'" general altitudina l range. 

'J.'hese three groups exh ibit a direct relationshIp 
between length of activity period of the leaves and 
vertical extent of root sy. tern. One can well suppose 
there is a lso a relationship to avail able water. Activ­
ity of shallow-rooted J\,fimulus un til the end of June 
indicates the presence of availa bl e water to within 
about four inches of the . urface. Deeper-rooted 

haenacti and P hacelia find water somewhat longer 
at depth of to 14 inches. }Ieasurements of avail­
ahle water (Table 6) sbowed it to be pl·e ent at such 
depth most of the summ el' and the plants probably 
haye not exhausted the supply by the time they cease 
gro llt h. E9·iogonum dep9·e sum ca n fi nd ample water 
a ll summer at the depths to which its roots penetrate. 

There are indications in some p lace .. in t his com­
munity that smface condition .. may be as influential 
in determining plant density as moistur('. A cinder 
urface f r om which the fine-te.xtured material ba 

bepn bloll'n away is an inhospitable germination bed, 
but slight di turbance, such as is brought about by 
the walking of man or other animals, or by the 
wheel of vehicles, seems to im pro\·e it. The location 

of tracks may remain plainly marked for years by 
th perennial which become e tablishcd in them 
(Fig. 14). It is not known whether the tracks merely 
cause a concentration of d isseminules or whether they 
offer improved growing condit ions. Soil may blow 
in to the depressions, and it is probable that com­
pacting of inders improve .. water-retaining ability. 
In any event p lants do grow more den ·ely in these 
tracks than elsewhere and it shows that root com­
petition may not be the critical factor which deter­
mine their wide spacing in the community. 

Plants of Tl·ee Community. The tree commUllity, 
found mo.-tly on north-facing slope of cinder cones, 
is composed of three tree, and a .. mall number of 
. hrub and herb, species. Limber pine occurs on most 
cones, aspen (Populus t9·emuloides) and Douglas fir 
on a few old ones which have f;tee p north lopes. 
The usua l di stribution of Douglas Ar in zones from 
the submontane to the subalpine suggest. that mois­
ture conditions where it is fo und here are fayorabl e. 
The simi lar distribution and mesophytic leave. of 
aspen furth r indicate this, a. does succes flll main­
tenance of pine, when once it has become establ i heel. 

Plants of 8 hmb Community. A consideration of 
herb and .. In-ubs in the tree community, and also in 
the hrub community of south . lope., yields little 
information on moisture conditions of their babitats. 
The specie are less confined to a re -tricted habitat 
and most of the important ones ar c comm on to both 
of these communities; some are a Iso in the climax: 
comm uni ty of old flows. Moisture conditions in t he 
. lnub community appear to be intermediate between 
those of the herb 3l1d tree communities. 

SUCCESSIO~ ON CnmER CO~f1 

COKE AGE CORR,ELATED WITH SPE IE. K'(i~IBER 

AXD SPECIES DENS1TY 

To demonstrate the changing chara ter of wgeta­
t ion with increasing cone age (lensity studie were 
made of two communi t ies on ~orth Crater, a young 
cone, and of three on S il ent Cone, an old one (Fig. 
6). The herb communitie. were. tud ied in meter­
sq uar e plot ... Six were spaced as eq uidi stant a. pos­
sihl e on two sides-northeast and southwest-of 
North rater (Figs. 19 and 20), four other on the 
upper ha lf of the south side of Si lent Cone, the only 
par t which supports the herb communit~, type. For 
purposes of comparison densities ha\·e been com­
putI'd on an areal basis of 6 squar e meter for each 
(Tables 7 (! and 7b). 

The herb communi ty on North Crater is composed 
of few spec ie .. , only five being fo und in the p lots; 
Rl·iogonmn dep,·essum has the high!,f;t c1en .. ity. In 
the community on older Silent Cone 10 species wer e 
found in the plots. E 'riogonum ilep,·esswn is absent, 
first place being taken over hy baenactis. ElY1nuS 
('onden. a l ll .. , a grass, has second place. The presence 
of cedling of Purshia and sage suggest that shrubs 
are inyading this last bit of herb communitv on 
Silent Cone and that it will, in time, be domi~aterl. 
by them . 
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Tree communities were studied near the northeast 
bases of the cones, \\'here the densest gro wth occurs. 
On each cone eight 10 by 10 meter plots were spaced 
15 meters from center to center; trees "ere tabu­
lated in these and grouped in size classes as in Tables 
7 c and 7 d. Shrubs \\'ere counted in 2 hy 8 meter 
plots, one in a predetermined comer of each larger 
one (Tahles 7e and 71). Herbs were counted in 1 
by 5 meter plots in the same cornl'l'S (Tables 7g 
and '711 ). 

Older Silent Cone supports a denser tree growth 
than X orth Crater, there being 161 individuals to 53 
in comparable area,. Douglas fir is present on Silent 
C~e and seems to prevent pille from attaining' the 
s~ It does on North Crater, but there is little r e­
productIon and this species probably will not become 
more Important 

Both tree communities contain five shrubs, and in 
both Purshia i. ' c]efinitely dominan t. The Silent Cone 
community has more herbs than the North Crater 
one, both in number of species and individuals. Gayo­
phytum occupies first place in the latter while in 
the former Agl'opy'ron inel'me, a grass, has that 
distinction. 

Korth Crater has no shrub community while the 
'outh side of Si lent Cone is almost co\'ered by one 
(Fig. 16). Six 5 by 5 meter plots were laid out 
there for the study of shrubs; herbs wcrc tabulated 
in a part of each (Tables 7£ and 7)). Artemisia and 
Purshia are the dominant members. Cl'epis aCllmi­
nata, lJ'lentzelia aibicalllis, and Gayop h)·tum are im­
portant herbs. Four species of grasses occurred in 
the plots. 

PRO CESS OF VEGE1'ATIO~AL DEVELOPMEN T 

JIel'b Community . Thc herb community which cov­
el'S a major part of young cinder cones is the earliest 
successional stage represented on them today. J udg­
ing by the present condition of the cinders, it is prob­
a hI e that it has existed almost since the formation of 
the cones. 

Tree Community, On the north slopes the pioneers 
are being succeeded by a tree community, first in 
ar eas where moisture conditions are most favorable 
-in depressions and near the cone bases, then in 
adjoining parts haying less protection, Pine and 
Purshia lead the way in the invasion. "hen these 
are established and moisture conditions improyed 
other species join them. 

To study the manner of limber pine migration and 
the degree of success of its seedlings, observations 
were made regularly during the summer of 1938 in 
an area on North Crater which is being illYacled by 
pine. The p lot ,ras about 180 by 150 meters in size. 
It was bounded on three sides by pine " 'oods and 
there were a few scattered trees on the fourth (Fig. 
19); thus an ample seed supply 11-a available. As 
the area lay near the northeast base of the cone 
moisture conditions were thought to be quite favor­
able. The positions of seedlings were mapped late 

TABLE 7. Density "alues for species found in the 
communities on North Crater, a young cone, and Silent 
Cone, nn old cone. 

NORTH CRATER 

7a. 
Herb co mmunity; six 

plots. 
Chaenactis D o'Uolasii . .. 
ErioOOfwm dcpressu,m . 
Lewisia redivita. 
Iltfimulus nanus . . , . 
Slipa occidenlalis . .. 

meter 

6 
22 

2 
6 
1 

Trees in tree co mmunity ; eight 
10 by 10 me ter plots. Diam. 
at 4 feet, 

( 

7c. 

P inus fiexilis 
Cnder lin ..... , .. 12 

l-~ in. . . 14 
4-8 in . . , ... 19 
9 in. plus. 

7e. 
t;h rubs in tree commu ni ty; eigh t 

2 by 8 meter plots. 
Artemisia. tr idenlata ... .. .. . 
C hrysolham.n'Us nauseOSltR .. 
P enlslemon deustus. 

1 
4 
1 

PUTsh£a tridentata. ... , 127 
R ibes cereurn . 

70. 
Herbs in tree community; e ight 

1 by 5 mete r plots. 
Eriooonll.rn ovali/olium, \·ar. 

celslIrn. ..... ... 1 
Eriooonurn subalpinwm. . . . .. 8 
GaYfJphylurn rn.:mosissirn'l.t1n.. 7-1 
. il[irm.dus nanus. . . . 26 
Phacelia leueOl)hylia. 4 
P oa serunda . ... 
Silanion hystrix . . 
St i pf1. OCC id ental is . 

.5 
22 

3 

S ILE"T CONE 

7b. 
H erb communi ty; s ix meter 

plots. 
A rlernisia tridentata . 
B rornus tectorum . ... . 
Chaenaetis Doualasii . .. , 
D elphini'urn meyacarpa . 
Elymus condensatus . 
E riooonum vimineum. 
J11 im'ulus nanus. 
Phacelia leucophylla. . .. , 
Pteryxia terebinthina var. 

loeniculacea . . . 
Purshia triden/ata . 

7d. 

2 
2 

20 
3 

14 
5 
3 
2 

2 
6 

Trees in t ree com munity; e igh t 
10 by 10 meter plots, Diam. 
at 4 fee t . 

(

P 1'nus flexiN8 
Under I in :, ...... 66 

1-3 Ill. ... .. 64 
4-8 in ., .... 24 
9 in . plus, 0 

P seudolsuoa taxiJolia 
Und er I in ... , 2 

7/. 

I-~ in . 0 
4 .. 8 in. , .... 0 
9 in. plus ., 5 

Shrubs in tree community ; eight 
2 by 8 meter plots. 

Chrysothamm.Ls nause08US. 11 
L e7Jtodactylon )JlLn{Jens. 2 
P entstenwn deustus. ] 1 
P urshia .. tridentata . . . . 101 
Ribes cereum. . . . . . . . . . . . . . . 30 

7h. 
Herbs in tree community; e ight 

1 by 5 mete r plots, 
A {Jropyron inerme . ..... .... . ] 36 
C /wenactis D oualasii . . . 21 
Crepis acuminata. . . 2 
Cryptanthe flex'lLoSfL. . . . . . . 3 
D elphinium, m e{Jacarpa . . 
D rymocalhs convaUctria. 
Eriooonum depressum .. 
Erio{Jon/um subal1Ji ll'um . .. .. . 
Gayophytum "amosissimu1n . 
A'fenlzelia albiraulis. 
__ ~if im,ulus nanus. 
j\Ticotiana attenuata. 
Phacel-ia leucophylla, 
Poa secunda. 
PolY{Jonunt Douolasii. 
P teryxia tereb'inlhina var. 

f oetl..iculacea. 
Sitanion hllstrix . . 
Stipa occidenlalis. 

7i , 

2 
5 
2 
5 

96 
53 
11 
11 
22 
11 
19 

3 
21 

2 

Shrubs in shrub ("ommuni ty ; six 
5 by .) meter plots. 

Artemisia triclentata . ..... . 
ChnJsol./tmnn'lLs nauseosus. 
Purshia t1'iden tata 
R ibes ceretun . 

7j. 

85 
3 

79 
1 

H erbs in shrub community; six 
1 by 5 mete r plots. 

A{Jropyron l' aseyi. 2 
Chaenactis Dou{Jlasii. 2 
Crepis acum,inata. . . . . . . 37 
D elph iniunl.. rne{Jacarpa. 2 
ElymtLS condensatus. . . 1 
ETiogontL1n aridum. . 1 
Eriooo'1lum ovalijol'i'I,L'ln var. 

eel sum , . . . . . . . . . . . . . 2 
Erioaonurn subaI1)inum . . (j 
Ga:t}ophytum 1·a'lnosissimum. 30 
L1'thos perm,'lLm 1J1·losum. 5 
Jl![ enlzelia albicaulis . 44 
]It! i muitl;s 1Ul;nus. . . . . 2 
Phacelia ieucophylla . 14 
P oa sectl;ncla. . . . . . . 9 
S itanion h1Jstrix. . . ] 4 

in June and r ecords of their vigor were kept peri­
odically until August 18th. 

A total of 105 seedlings were in the plot; seven 
gTe\\' singly, the rest in clumps of from two to 
eight. Most were within 25 meters of the seed trees; 
the fa rthest r emo\"ed was 45 meters. 
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On July 5th, 14 seed lings werc alive; on the 16th, 
10; on the 27th, foUl'; on Autru t 31'd, foul'; on 
Augu t 18th, the last time obsened, three. 

It is evident that ced were produced in ample 
quantity to reproduce the species, that they were well 
di seminated, that many germinated, but that few, 
if any, survived through the first summer. The high 
mortality rate may be due to their shallow root sys­
tems or to high temperatures in upper soil layers. 
}1ost of the root system had a yertical length of 
only about 3 inches at thc t ime the plants died; the 
longe. t excayated was 5Y2 inches. 

Occul'l'ence of seedlings in clump , never associ­
ated with p ine cone remains, suggests that rodents 
are the agents of pine eed di emination, and that 
the clumps mark the sites of seed caches. There are 
two . pecie. · of chipmunks and thrce of ground squir­
rels in the :\1onument which might carry pine seeds. 
Their food habits lead the wTiter to think that ground 
squil'l'els are largely rcsponsibl e. The one most com­
monl~' ilssociated with the younger cinder cones is 
Hollister's Ground Squirrcl, C itellus latel'alis te co­
nun.3 Lim bel' p ine eeds are wingless and wind dis­
semination " 'ould be unimportant but rodents spread 
them Yery well. An advantage of rodcn t dissemina­
tion i in the greater likelihood of germination when 
buried, but a disad,antage i introduced in that sC\'­
eral eedlings together must compete for ,rater. 

'rhe ground squirrel is an effective agent for 
Purshia dissemination a lso, clumps of 'cedlings being 
found almo.'t as frequently as are pine. These often 
conta in many individuals; 21 in one group were 
counted on Xorth Crater. Competit ion for " 'ater in 
such situations mu t be very keen. 

A measure of the rate of invasion of an herb com­
munil~' by pine was obtained by studying ages of 
trees ncar the edge of a southward ach ancing woods 
on the east . 'ide of Inferno Cone, one of the :-oungest 
in the :\[on ument. A tra nsect 25 meters wide was 
laid out ill a nortll- outh direction, extending inward 
160 meters, fro m the southern marg in of the forest. 
Agel; of a ll trees an inch 01' more in diameter a t a 
height of about 4 feet, were determined from incre­
ment borings. There werc no large dead trees and 
it eems likely that the present li\'ing ones are the 
£1' t to occupy the site. 

The tree. of the transect were fou nd to be une\'en­
aged, ranging from over 150 years down to 13 years. 
They are located in three quite compact and distinct 
groups, each composed of tree of yary ing ages. Be­
tween the three main bodics the herb community 
still pel' i ·ts, or there are numerous pine seedlings 
and small trees. The nol'thel'll most forms the south­
ern marg in of the nearly con tinuous pine forest; the 
other t\\·o are outposts beyond it. This suggests that 
the forest advance has not been unbroken and uni­
form, but that one or more tree became established 
at a di ·tance from the eed source and that then 

3 The writer is indebted to Phi li p M. Blossom. A sociate Cura" 
lor of the ~{lI seum of Zoology. Un;"er ity of )'Iichigan, for th. 
taxonomy of the rodents and for information on their food 
habits in tlle :Monument. 

others filled in about them. The southern tree i lanel 
was apparentl:' e tablished before the center one. as 
it contains older tree. 

The rate of ill\'a ion has been very . loll' . In more 
than 150 yeal'S the forest margin has ad\'anced 37 
meter ; in ovel' 121 years only 12 meter, and that 
only in the form of a sing le small tree under an 
inch in diameter. But this tree may be the nucleus 
fOl' another i land of tree. 

Shllb Community. On .outh lopes the herb com­
munity i lowly succeed eel by shrubs. PUl'shia i the 
pioneer in this invasion. It has an extensi,"e root 
~. tem and i able to with tand partial bUl'ial, by 

wind-borne cinders, to which iso lated shrub on 
cone are subject . Its branche apparcntly elongate 
sufficiently to keep abo,e the sm:face, and t hey send 
out uch entitious roots wherever contact is made with 
soil. Thus Pur 'h ia makes a Yery good surface stabi­
lizer. Only after it has become . ufficiently abundant 
to preyent f urther burial and has help~d to bring 
il bout an accumulation of fine-textured surface mate­
rial doe ' sage become important in the COl11 l11 lUlitv. 

Conrergence to Clima tic Clima;r; . As old cone a;'e 
eroded away and approach flatness they come in time 
to support the regional climax type of vegetation. 
Thi. is not no\\" occurring in the :;\1onument becausE' 
cone' of sufficient age are lacking, but it i e\'iden t 
in . ('veral instances in the vicinity of Big Butte (Fig. 
1). Both the tree and shrub communities lead to the 
climax, the former by undergoing a co mplete loss 
of tree. and an increase in grasses, anel the latter 
throug-h a reduction ill shrub. and an increa e ill 
g'1'8 " es. 

Sl.;:;\D1ARY 

The Sna ke RiYer plains of southern Idaho have 
been buil t up by many yolcanic eruption. which ha\7e 
occurred oyer a long period of time, Miocene to Re­
cent. }Io -t of the volcanic material i ' in the form 
of la \"a :B OI\'S, but cinder cones are common, espe­
cially in the area of the Craters of the Moon Xa­
tiona I Monument, in the north-central part of the 
plain.. There some of the most r ecent volcanic ac­
tivity ha taken place, and cones and :B ows of var­
ious age are present. 

Primary uccession on pahoehoe lava flows and 
upon cinder cones was studied within the Monument 
and in immediately adjacent areas. General ob ena­
tion were also made on the vegetation of aa fio1\-s. 
Con ideration has been g iven to po sible cause for 
the pre ence of trees on flows in certain r estricted 
area on the nake River pla ins and their ab ence 
from others. 

A young pahoehoe lava :Bow presents four eli tinct 
ycgetation habitats. The most extensivc of these is 
the xeric, bare flow surface, where li chens are pio­
neer plant. A second habita t, much more limited 
in area, i · that in joints. Shallow crevice furnish 
a habitat with a thin soil depo. it for vascular plants 
bu t there i no protection for aerial portions of 
plants. Deep creyices provide the be t moi ture con-
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dition to be found on young pahoehoe flows, and in 
them several mesic herb and shrub are pioneers. 
Soil, partly re idual, but mostly aeolian in origin, 
slowly fills all crevices and then depo it as a mantle 
over the flow surface. Fir t deep crevice plants are 
eliminated because of the changing habitat, then 
shallow crevice plant ·, and finally joint and rock 
surface plants. They are all replaced by a grass-sage 
type of community which is probably the climatic 
climax of the Snake River plain region. 

The Monument is near the center of an area of 
about 750 . quare miles where trees- mostly limber 
pines-grow scatteringly upon the flows . The best 
tree growth is on the roughest flo\\' s, main ly of the 
aa type, and old flows which are completely soil 
covered generally have none. Rough flo\\-s probably 
supply conditions which tree seedlings need for suc­
cessful establishment: concentration of precipitation 
in depre sions, and protection against ·tron'" desiccat­
ing winds. 

North-facing and south-facing slope of cinder 
cones present conditions of gro wth which are quite 
different, mainly in the rate of evaporation. On 
south-facing slopes, and on ridges and pl'ominences 
of north-facing ones, a community of herbs provides 
the pioneers. Its members are well adapted to growth 
in thi xeric habitat, by either ceasing growth early 
in summer, or in having deeply penetrating root 
systems. In depressions on north slope trees are 
present. Only slowly are the herb communities suc­
ceeded by trees OIl north lopes and by shrubs on 
the south. 
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