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ECOLOGICAL EFFECTS OF FOREST FIRES
IN THE INTERIOR OF ALASKA'

By H. J. LUTZ?

Alaska Forest Research Center, Forest Service

INTRODUCTION

The arca of Alaska is upproximatv}_\' 580,400 square miles (375,296,-
008 acres), including boih land and water surfeces.  Actual land area
is appr O\mw.lcl\’ 572,555 square miles {366,435, 000 acres).  About 60
pereent of the laund area, or 219,861,000 acres, is in the interior® In
Lhis vast area tree growth is the dominast vegatation on most of the
land below an altitude of about 2,500 fret. However, in flat exces-
sively wet lowlands, variously des ignated as muskeg, Lumlm or hog,
iree growth is absent or very seanty.,  Nearly 120 million acres besr
sufficient tree growth o warrant tloswnulion as lorest land. This

great, pledomumntl\' coniferous, forest is analogous to the taiga of
Sibert 1; ils ccological counterpart is fourncl throughout the horeal
forest of northern C'anada, the Seandinavian countries, and northern
Russia. Tt represents o tremendous potential source of cellulose.

The forests of interior Alaska, as is true of all forests of tho far
north, are very susceptible to destruetion by fire, Low precipitation,
long hours of sunshine during the summer peried, highly ilamniahle
U‘IOIUKI cover, and (*omimous forests, combine to make a high fire
hazard.  Most of the fires in the past were caused by man, \\’ho in
many parts of the north, tended Lo live a bvzmnormull(, life.  Modoern
man appears 1o be even less caceful with fire in Alaskin forests and as
his numbers inerease forest fires also increase.  In addition, the forests
of Alaska have also heen subjected 1o fires caused by lightning,  Onee
started, fires may burn for weeks or mouths, spreading over hundreds
of (housands or even millions of acres.  The reasons for the extensive
spread of fires are numerous, among which may be moentioned lack of
early detection, absence of effective natural barviers Lo spread, highly
flammable Tuel, inaceessibility, and  insufficient man-power and
equipment.

The study reported here, was undertaken during the summers of
1949 (0 1952 (o provide a better understanding of the ecologieal ¢ifects
of forest fires in the Alaska interior.  The information sought related
primarily to the effects of fovest fires an vegetation, but_cffeels on

I Submitied for publication May 13, 1933,

? The author, Professor of Silviculture, Yule University Schoal of Forestry, wax
emploved by the Forest Service Lo carry ouk the study, 16 was sponsored JOIII”\'
by the Forest Service, U7, 8. Departient, of Agrienlture, and the Bureau of Land
Muanapement, 17 8 Dopﬂ.rttncnl of the Interior, The rosearch was conducterd
under the supcrvision of R. F.Taylor, Forester in (lharze, Alaska Forest Resenrch
Center,

1 Bee seetion on geography of *he Alasks intorior,
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soils, fur-bearers, big game, and Lo some extent on hydrology were
studied also. Iield work extended from the Wenal Peninsula on the
south to the Yukon River Valley on the north (fig. 1).

Sample plots (usually 110 acre) and milacre quadrals were used Lo
obtain information on species composition, size and age relations,
density of cover, and successional tvends in the various plant com-
munities llustrative of the different siages of development following
fires. Lamited numibers of soil samples woere collected and analyzed,
These were obtained Trom recentls burned aceas and otherwise
comparable areas long unburned. Tree stands were evaloated on 1/10-
acre plots by tallving all trees 6 or more feet in hieight by diameter and
height elassos, and noting density of coverage for cach height class or
laver. At loasl five trees on cach plot were measured for diameter and
total height, and increment borings were obtained to vstablish age and
ratle of 0‘!0\\'{]1 Stand ages o the text and tables were det ermined at
breast height,  Most of the data were quantitative, but were supple-
mented by qualitative observations on succossion, browsing by
andmals, fire history, and site conditions.  Subordinate vegelation,
meluding mosses and lichens, and tree seedlings, was investigated on
milacre quadrts,  fodividoal species were tallied by size classes and
density of cover.  Comprebensive collections of all plants, including
mosses and lchens, were subiitied to specialists for identification.
These collections inchuded 375 species of higher plants, 4 Hverworts, 70
mosses, and 197 lichens, Al rtogether, data on 103 sample plois, 11

transects, and 860 milacre quadrats were recorded and analyzed.
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ECOLOGICAL EFFECTS OF FOREST FIRES IN ALASKA

INTEEIOR OF ALASKA

The region referred to in this veport as the Alaska interior includes
all, or nearly all, the area within the commercial range of white spruce *
in Alaska. It embraces the vast country beiween the Brooks Range
on the north and the Coastal Range, bordering the Pacific Occan on
the south. Two major divisions may be reconized, one south of (he

Alaska Range and the othor nerth.
Geography

The Alaska Range, which sweeps northeasterly in o great creseent
from the vicinity of Lake Clark on the west to the St. Elias Range on
Lhe cast, forms the watershed between the Pacifie drainage on the soutl
and east and the Kuskokwim and Yukon Rivers on the west and north.
1t is 50 to 60 miles wide with many peals exceeding 15,000 Feet olova-
Hion and with extensive glaciers and show ficlds.  Mount McKinley,
i the northwestern part of the greal are, with an clevation of 20,300
feet, is the highest mountain in North America.

The region between the Alaska Range and the mountains along the
coast consists principally of the vallevs of the Susitna, Matanuska,
and Copper Rivers, and their tributarics.  All these rivers, fed by
glacial melt water, are choked with sedunent.

The country north of the Alaska Range and south of the Brooks
Range includes chiefly the vallevs of the Kuskokwim, Yukon, and
Tanuna Rivers, and their tributaries.  Mention may also be made of
he Iobuk and Noatak Rivers, both of whieh draim inta (he Aretic
Ocean. Brooks (20)% has deseribed the Yukon and Kuskokwim
provinee as a rolling upland *deeply dissected by well<leveloped
drainage systems, with sircam valleys and broad lowlands, and
diversified by seattered mountain masses and isolated peaics that rise
above the general level.”  In their courses through lowiand arcas the
large rivers of the interior meander throngh numerous channels.
With few exceptions they are heavily laden with silt derived from
glaciers and fron: bank culting.

Information on transportation and  communication facililies,
population and ¢ities and towns may be found in Mid-Clentury Alaslka,
published by the Office of Territories, U, 8. Department of the Interior
it 1951 (f67).

Climate

The interiar of Alaska has a continental elimate with great extremes
of temperature (table 1], During the winter much of the interior is
characlerized by rolatively high atmosphierie pressure and fair, cold
weather,  Aleutian low pressure systems may, howover, move in over
the Yukon Valley accompanied by southierly winds, moderatod
temperatures, and precipilation.  Fair and unusually cold weather,
with northerly winds, results when the Arclic high pressure system
builedls up.  In the summer the great land mass ol the tnterior heals up
under the influence of the long days of high latitudes, and low attnos-

! Por sejontific names of Alaskan Lrees see Check Lisi of Plant Species Collecied,
P10 Common names of (rees, i availablo, are used in $he Lext.

3 Iindie numbers in parentheses refer Lo literature vited, p. U5.
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pherie pressure prevaits.  The weather heeomes warm, and even hot,
with occasional precipitation,

South of the Alaska Range the annuval precipitation averages about
20 inches, with approximately 14 inches at Anchorage and 24 to 30
inches in the Susitna Valley. About one-third of the precipitation
falls during the period May o Augusl, most of 1L in July and August.
The January mean temperature is aeound 10° K. and the Jely mean is
about 47°.  In the winter the temperatiore mayv drop to about —36° 17,
and in summer attain o high of 90° The growing season is usually
less than 90 davs.

North of the Alaska Range, in (he Yukon and Tanana River Vallevs,
the annuoal precipitation is less than 20 inches, commonly between 10
and 15 inches.  About hall of it lalls during May to August, and
within this period two-thirds during July and August.  January
mean lemperature varies considerably {rom place (e place: in some
localities it is lower than —20° E. Aean {femperature in July is
about 60° T, In summer, temperatures us high as 100° K, are known
and i winter they Tall as Jow as —78°%  The growing season varies
from about §0 to 90 days.

Tanve L Pemperatire and precipifation in the Aloskao interior 170
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Temperature and precipitation in inferior Alaska are nicely hal-
anced. A substantial inereaze i etther, without a compensating
inerease in the otlier, probably would learl to less favorable growing
conditions than oxist Loday.  Taber (/4900 deseribed this as follows:

The abundanece of vegelation on perennindly frozen ground in
Aluska 1s partly due to low preeipitation; for with the low tem-
peratures, i (he precipitation were high enough, most of the
surfance would be buried under snow andd ice.  Also, a rise in
temperature, resulting in the thawing of the ground, and there-
lore hetier drainage, could vopvert mueh of it into o semi-dosert
unless the precipitation were also ereased,
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Forests

The Torests of the interior of Alaska represent one of ihe greatest
renewable resources of the region. Potential production of woodl
cellulose is vers great,

Fron.: (he air the pattern of farest and other vegetation is a complex
mosaic of types (fig. 2). Lo general, the forest occupies the valleys,
often appearing as helis or ribbons along the streams. lower alopv:,
and Jow h[-m'hh.mh Throughout most of the arca the timherline
s comparntively low, between 2,000 and 3,000 feot.

Fire is one of a mamiber of factlors tvs[mnmhlv for the greal com-
plexity of (he vegelation pattern. (v when the influence of past
fires is recognized can one begin (o necount for the seemingly hap-
hazard mosaie of vegetation. The sharp houndaries between stands
of aspen or bireh and white spraee are the edges of burns.  The iso-
lated stands of a few acres of white spruee, the upland stringers, and
< even the scatlered trees are reliets ol extensive stands that have

been destroyed by five.  In many loealitios, areas (hat are now tive-

less formerly supported full forest stands thai were destroved by fire,
Another sifluenes that contributed (o the diversity ol vegelution

is the ocewrence, in somewhat complieated paittern, of permalrost
(permancutly frozen grond). This phenonmenon frequently results

in poor soil draimage wnd poor soll acration, restrictod rool space,

aned eold soil. Within the lorested portions of the interior, either

slow, impeded drainage (whether assoetated with permalvost or not )

. o exeessive drainage result i oulstadingly poor sites [or tree

. F-177357

Frovus 2.--View of the Copper River Valley, <howing o mosaic of forest types,
white spruce, guaking aspen, awd witlow, This pattern refleets the conpley
tire histury of the aren.
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growth. Sharp boundaries belween vegetation (vpes are most fre-
quentiy caused by fire whereas those caused by topography and
associnted influenees are apt to be diffuse.

The principal forested arcas sonuth of the Alaska Range include
the following drainages, from cast (o west: the Copper River and its
many lurge tribularies, the Matanusks River, the Susiina River
and its {ributaries. upper Cook Tnlet, including the west side of the
Kenai Peninsula, and the Hinmna Lake-Take Clark and Nushagok
River seelions. The two last-mentioned sections drain into Bristol
Bay and not into the Pacific Ocean. North of the Alaska Range,
timber oceurs extensively in the Tanana, Yukon, and Kuskokwim
River regions, 1 is neleworthy that considerable areas of forest
veeur north of the Arvetie Cirele, as along the Poreupine and its teibu-
taries, the Chandalar, the upper Novukuk, and e Kobuk Rivors.
Trees grow north of laGlude 68° N. on the south slopes of the Brooks
Range end as far wesl as the Niukluk River, near Comneil, on the
Sewail Peninsula: this is the westernmost oceurrence of forest growih
on the North American continent. In 1901 Collier (3) seported
that spruce trees in this loeation attnined dinmeters of 12 inches
and heights of 50 feet. A trecless belt along the Bering Sea eoast
extends mlund for as mueh as 130 miles, Poeallv. however, Lrres
extend fo the ecoast; Woolfe (1435) reported finding dense groves of
spruce within a quarter of a nmile of the sea nt Norton Sound.  They
were 6 10 10 imehes i diameter and not over 0 feet in height.

Aeeurate data on the extent of the forested ares of the interior will
nol be available until survevs are made. Current estimates are
based on the epinions of experienced observers, rongh maps prepared
by toresters and others who have flown over the vountry, and reports
of the Geologieal Survey and other governmental ageneies. According
to these eshmates, about 120 million acres bear sufficient tree growth
to warrant designation as lorest fand. OF this acreage. some 40 million
acres are helieved to be commereial or potentially conumercial lorest
lanel. - These lands now snpport (or did support before destruction by
freey fairly dense stands of white spruce, or suecessionnl stagos leading
to that {ype. Some 30 mithon aeres of the inferior bear sparse forests
of open woodland.  Accessibility and merehantability are coneepts
that foresters have learned to use with eaution.  In a modern techno-
logical world both can ehange quickiy and drastieally. Judged by
present conditions, however, 30 mav be sstimated (hat about 14
million acres of the commereial or polentially cominereinl inlorior
forests are presently acecessible and more or less in ase.

From time o time other estimates have been made on Gmber
resourees in the interior.  In 1910 Kelloge (69) estimated that the
interior forest north of the Alasika Range smounted 1o some 80 million
acres. Thomas P Riggs, Jr., early Governor of Alaske, who spent
arany vears i the Teertlory as a member of both the Alaskan Engi-
neering Commission and (he Ioternational Boundary Commission,
estimated {hat there were about 8,600 square miles, or 5,504,000 neres,
of merchantable sawtimber in the interior and (hat this would average
net less than 5,000 hoard-feet per acre (36).  Rigus® ostimate, by
drainages, was as foljows;
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ECOLOGICAL EFFECTS OF FOREST FIREZ IN ALASKA ri

AMerchantihie sawdiniber nren

River basin: (aqunre wifes)
YTuken Valley and small tributaries.. ... ... ... ..., . 3000
‘Panana Valley and small tribufaries. ..o .. ... e eeo—— .1, 000
Porcupine_ . o.. ... . .o aoal e e 250
Koyukuk.. . e i B0O
NENMANAC _ _ oo o e e e mmeme e .w 1O
Kantishna.. . . . o e e e 200
Chandalar . . o R 11
Snsitna___ . .. . P 11 1
Kuskokwim..__. .. . . e e ew.. 1,000
Kandik, Seventymile, Charley, Birch, Beaver, Tolovana, Chena,

Telta, Innoko, Tditarod, ete ..o s 2, 000

Riegs included only one drainage (Susitna} south of the Alaska Range.

Guthric (56) stated that “the forests of interior Alaska are estimated
o comprise not less than 150,000,000 acres.”

The forests of the Alaska mlerior are analogous to, if not synony-
mous with, the taiga of Siberia. Hustich (64) stated (hat taiga was
originally & Siberian word used for the boreal forest. Ie wrote,
“The northern main forest types in the taiga scem to occur in the
whole boreal forest region, 1 Canada, Alaskn, and Burasia. We
know that the arctic and submretic planis are mostly the same in the
whole Arctic and Subarclie.  Also their sociologieal alfinity 1o cach
other is the same.”  According to Nuttonson (703) the term taiga
“implies a coniferous northern forest with no admixture of non-
conifercus speeies save the bivel and aspen.”

The principal forest types encountered are briefly discussed below
and in detail in the scetion on Effect of Five on Forests.

White spruce is the clinax type on well-drained soils.  When
destroyed by fire the same species may be reproduced at once but
more commonly Alaska paper birclv or quaking aspen comes in.
These Lwo species often occur in essentially pure stands but mixtures
arn alse well known.  As succession progresses, white spruce enters
the bireh and aspen stands and finally assumes a dominant position
as the shorter lived birch and sspen drop out.  Balsam poplar, the
common coetionwood of the inlerior, is usually found on recent
alluvium along streams and on flood plains, On poorly drained
forested sites, blacle spruce Is mvariably dominant.  Localiy this
speeies may appear on uplands, forming pure stands as a “five type.”
Some formerly Torested upland arcas have been hurned so severely
and so frequently (hat they ave now Lreeless or nearly so. Close
examination often discloses reliels of spruce (charved stumps, portions
of boles, efe) in arveas now supporking only grass and fireweed or
shrubby willows,

The view is somelimes expressed that the trees of the intevior are
all small and serubby, and that their growth is excessively slow.
This generalization is wholly unwarranted (. 3} and probably is
basedd on ohservations along roadsides where burning has usually
been mosi frequent.  There are many references to tinher conditions
in the reports of early explorers in the Tervitory, chielly in those of
the Geological Survey. A scries of reporls on maximum sizes of
spruce trees and on the position of the timberline have been campibed
in table 2,

The timber seen by the early explorers was more indicative of
polentinkities than are the modern Torests, which have suffeced severely
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Frovwi, 50 A vros~ seetion of Leineh oL b B, white s~priee, showine 21 anamal
ring=. Lo riner wiehl <l - retnariably o] growrh Vieliiy of Kosilof,
et Penjoesla, Toia,

from fires dunng the past hadl eonomy . Dismeters of 1S (0 21 or
more mehes were commonly ceported by carly oaplorer~. Bven nortl
ol the Aretie Cireles on dhe beadwaters of (e Porenupine River,
IRoberl Keauteott 220 Tound sprivee 36 inches in dinmeter, amd in 1001
Scehrader 437 veported spriee exeveding 20 inelies in dizmeter in e
Chandalae-Koyuknk vegion. South o ihe Alnsha Range, ina arove
ol sproee victhe Kakined Biver o tribatarm 1o the Mulehatng Kiver
Sehanz 235 dn IS0 measured nine tees, eaeh ol which wis over 3
feet o dinmener,

Learnard TG Tn 1RO, on Bis wdp up the Susitnn ]Riser, el a free
that Turnished seflivient Tmnber for o bout 33 fo tong aid 5 foet
wide at the bottom, o winte, =0t Croto Creek tnow endled Deslika
Riverl, where the host was huilt, oo dillieutts wis experienecd in
nding w sprice tren Trom which tene plank< wore sawed which were
35 Teet Jung and average FT inelies in widih, Many other trees were
seen Tolly as lavge a< the one eut Tor the hoge ™

On a8 sample plot< with sproee of merehantable size. (e Ve
volinne per aere wax 2000 cubie foel trees 5 inelies in digmeter i
larger to n d=ineh topy or aboirt S.000 hoard-foel trees T Jnehes
dinmreter and Jarger 1o a G-ineh top, Seribner rules. The average nge
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TanLe 2—Afarimum spruce size and elevalion of [imberline reporied by warious

explorers
i Maximnn size of ‘
| S{HLC v Elevalion
Reginn : Qbgerver e I of timber-
Lo i fing
| Diameter § Heighi
Boulh of Alaska Range: i : fuches - feet

Kakhtn! River...
Mount Spurr._ .. R
Lower Skweninn River__.. .. .. -
Willow Crepk-1nshiwitng River._. ...,
Chaditon River. ... - .. ...

P Setune (88 ...

R OETT 11 1 - o,

Capps (@M., ... ...

Capns and Puek (9%
sS85 o

EHH-

Talkectna River. . Pk (26}

Tonsinm River. ... ... o coo. Alolni (8%

Coppoer River. ... - ... ... Selader o
({38,

North of Alaska Hange: -
Alaska Hapee._ e el Eldridee €52 L
CBronks (. Lol
Iearson (284). ..o
oo Wiee €63 .0 Lo
J . Y1 1 LI 5
cmeieeeeee . Osgond (OTY_. L. _C
i BBwmard (9. L

Tannno-While |
Upper Tauann Rive
i Tok River, ...
Yukap-Pannna Rive
Coal Crwk ..

3
Fortroile River. ..

Taondnk-Xntion Region.. .. . . o Menie @b L e me e e aa
Chondnine-Kovakuk Region. .. . . . .. Belwewler (47 0oL 4 [ 11,1 I S
Sheeniek River.__. P | [ 411 > O S L] 2 d0ust 000
Porenpine-Yukon Bivers .. . ., Cairnes (38 IR 18 2, uid
Headweaters of Poreupine Mhver oo o0 Kenndealt (335 .0 L 4n

IKebak River_. . .. .. . . eeeo oo Mebleswegn (SN. o0 2

1y mile from Norton Seuml . . Wanlfe (1A3) ... . I

Ninkluk River, near Conneil, Seward - Colller 028 ... .. : 1

Peninsali,

was about 120 vears. Rotation age might be about 160 yvears and at
that time the average diameter of the trees would be 8 to 12 inches.
At 160 vears the better spruce stands would average perhaps 3,900
cubie foot or 15,500 hoard-feet per aere.  Indications are that al the
rolalion age suggested 80 pereent of the trees in the stand would be
5 inches in dinmeter and larger and 20 pereent would exceed 12 Inches
in diameter.  Some of the trees would have altained diameters of 18
io 20 inches.

On the 40 million acres of commereinl or potentially commereinl
interior forest Jand there is estimated to be about 32 hillion cubic feet
or 180 hillion honrd-feet of white spraee, Alaska paper bireh, aspen, and
cottonwood. Volumes on the 80 million weres classed as woodland are
purely conjeciural.

Kven if current estimates of timber acreage and growth and vield
in the interior prove 10 be too high, the forest resource will still be se
tremendous and se important to the Tuture cconomy ol Alaska that
it must recoive full consideration in the national program of lorest
conservalion.

HISTORY OF FOREST FIRES IN INTERIOR ALASKA

Farest fires are well known throughout the timbered regions of the
far north. Their extensive and repeated oceurrence in prehistorie,
historie, and medern time (g, 4) is well substantiated.  The recotd of
fire oceurrence in prehistorie time can be read in the forests (hemselves;
the journals and reports of explorers and travelers continue (he record
to modern fime.
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Froven 4 -—Yankee-Uphir Creek fire, WNW of MeGrath in the Ruskokwin River
region,  This fire covered an arep of abomt 73,000 acres, 1941, (Pholo by
Boreau of Land Management, 17 8. Departaient of the Titerior.)

Forests of the porth are especialiv liable to destruetion by fire,
Relatively tow precipitation, long hours of sunshine during the sum-
mer period, and remackably high air emperatures inerease (he fire
hazawd in forests which, by their very nature, are readily flammable.
The novthern Torests are characteristically coniforous with compari-
tively small trees, olten supporting o heavy growih of beard lichens.
Fire carries readily in deuse stands as it also does in open alands: in
the latter the (rees retain their branches to the groand amd the infer
vening spares are blanketed with a covor of mosses, lichens, and small
shrubs, commonly erieaceous.  In the suntmer the mosses and lichens
hecome extremely dey and tnderlike,

f 1889 Bell (24 deseribed forest fives innorthern Canada as follows:

The drees are crowded so elosely tozether that theiv branehes
touch ar intermingle. The ground is deeply covored with dry
moss.  Alter prolonged hot weather and drought the moisture
hecomes thoroughly dried out of the gummy leaves and branches,
teaving the vesin and turpentine ready for ignition. Al (he con.
ditions are now present, and only await a spark of fire to give
rise (o one ol the wildest scenes of destruction of which the world
is eapable. When the fire has onee stacted, the pitehy trees bum
vapicly; the flames rush (hrough their tops and high above them
with t roaring noise.  Shouwld the atmesphere be ealm, the ns-
cending henl soon causes the air to flow (i, and after a time the
wind acquires greal veloeity, An irvesistible front of flame is soon
developed, and il sweeps forward, devouring the lorest belore it
like the dry grass in a vunning prairie five, which this resembles,
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but on & gigantic seale. The irregular line of fire has a height of
a hundred feet or more above the trees, or two hundred from the
ground. Great sheets of flame appéar to disconnect themselves
from the fiery torrent and leap upward and explode, or dart {or-
ward, bridging over open spaces, such as lakes and rivers, and
starting the fire afresh in advanee of the main column, as if im-
patient of the slower progress which it is making. These immense
shooting flames are probabiy due to the large quantities of inflam-
mable gas evolved from the heated tree tops just in advance of
actual combustion, and they help fo wccount for the almost
incredible speed of some of the larger forest fires, one of which
was known to run ahout 130 miles in twelve hours, or upwalds of
ten miles an hour. .

Bell's description was based on experience gained during more than
30 summers spent in northern forests.

Extensive fires in northern forests arc not peculiar to Alaska.
Northern Russia and Siberia have experienced the scourge of lorest
fires down through the years, Middendorft (96) in his 1867 report
of his famous journey to northern and eastern Siberia repeatedly
commented on the extensive fires encountered and the even more
extensive evidence of past fires. He passed throngh “hundreds and
thousands of square wversfs which fire had destroyed” (verst=1.067
tm. or 0.6629 mile). In 1917 Pohle (719) stated that in northern
Russin, as in Siberia, forest fires ocour year after year as a result of
the carelessness and imprudent conduct of the people.  Prasolov (121),
in discussing the soils of the Urals and east Siberian upland in 1932,
wrote as follows: “The bogs and wooded swamps are the prinecipal
obstacles to travel in these northern forests, together with the great
quantity of burnt fallen timber that covers the ground, the so-called
gari. This fallen {imber malkes up the normal landscape of the region;
1t is difficult to find any wood untouched by fire.”” Perhaps the most
readily aceessible sccount of forest fives in Siberia is that of Shostako-
vitch (145) in 1925. He desceribed the particularly bad fires of 1915,
which were cstimated to have destroyed the forest over an arca of
55,000 square miles, an area equal to about one-third of western
Europe (excluding Russia). Smoke from these fires spread over an
ares of some 2,632,000 square miles, sbout cqual to the whole of
Furope and over four times the area of Alaska. Some of these fires
in Russia and Siberia resulted from lighining but most were caused
by man (148).

The forests in the northern parts of the Scandinavian countries
have also experienced repealed fires. For example, Rubner (132)
stated in 1927 that in northern Finland, almost all ol the forests bore
traces of fire.

Condilions in northern Canada are similar Lo those in a large part
of Alaska. In 1889 Bell (7f) stated that “Notwithsianding its
immense extent, 16 may be said thab five has run Lhrough every part of
it ai one period or another.” The journals of Samuel Hearne and
Philip Tuwrnor, written detween 1774 and 1792, included reporls of
oxtensive fires in Canada (158). On July 14, 1774, Hearne made the
following entry in his journal: “Most of the woods which we came by
for these 2 Days Past have formaly ben set on fire, as ware also in
many other Parts as we came aleng.”  On July 30, 1781, Turnor
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wrote of “the Land rather bold with Woods now on fre.”  in 1843
Davies (36) expressed the view thal “fires . . . have ravaged the
whole country.  Indeed, there can be but little doubt, that one time
nearly, if not the whole, of the interior of Labrador was covered with
wood, which has since been destroved by fire.”

Various Canadian writers bave regarded Indians as a INAJOU CRURE
of Torest fires in carliost time.  Davies (36} in 1843 and Low (83} in
1896 veported that Indians started fires for smoke signals and helieved
that the signal fires wore responsible for biring muoch countey,
General carclessness of Indians with campfires, especinthy whon not on
or near their own Ininting grounds, was alse regardod Dy Bell {(771) in
1889 wnl Low (83) in 1896 as a major sonree of forest fires.  But (he
full hurden of responsibility Tor forest fires cannol be placed on
Indians.  Bell's list of those who share the responsibility s rather
complete: “These include Tur tradops, TUSSIONATIOS, SUFVve) ors, ex-
plorers, prospectors, ete. amd. nearer to civilization, ratlway buildors,
common-road makers, lumbermen, bush-rangers, and soflers, Raup
and Deany (/26) veported that along the southern part of the Alaska
Highway stands that do not show some eflects of fire are rare.

Perhaps the carliest written record of a forest fire i Alaska is that
of the Russian mining engineer Doroselin (37) who, in 1850, ascendod
the Kenai River in search of gold.  le reported that he could nol
complete s investigations hecause of 0 forest five that he encouniered,
In the yvears that followed acquisition of Alaska Ly the United Statoes.,
exploration was extended and references 1o forest fires beeane in-
ercasingly frequent,

Allen (5) encountered extensive fires on the upper Tanana River,
T 1885 he weporied,

Heavy smoke, caused by extensive timber fires, obsewred the sun
the entire day, o that an observation wns impossible.  This
sinoke had originated from sienal fires which were intended 1o
give warting of our presence in Lhe counteryv. When woe [first
artived at Nandell's there was ondy an ocensionsl smoke around.,
hut as his guesis departed for their different habiations ench
marked his trail by a signal fire.  The prevailing wind was from
the cast and carried the simoke along with us.  In answer to the
fives on the south bank new ones started on the north, so that for
nearly two days we barely eaught a glimpse of the sun expept
through the heavy spruce smoke.

Glave (49), on an extonsive hunting (vip, wrote in 1892 that “Miles
and miles of blackenced stumps marked the ravases of forest fires.”
In 1804 Schwatka (L4 reported that “Evidences of conflagration in
the dense coniferous Torests wore evervwhere froquent . " on the
upper Yukon, He also statod that “Ahead of us there still fiongr
dense clouds of smoke which seemed as if the whole world was on fire
i that direction.”

T 1898 Abererombie (3) encountered large fires in the vieinily of
the head of Klutina Lake.  Ife stared,

Tnoticed that there was yuite s mound of petals under each sprce
tree, the branches coming elose to the ground, When o fire had
eaten its way (o one of these frees through the moss, the petals
wonld ignite and the five, yushing up the tree with a roar, swould
create o flame 150 feet high.  This would send forth g shower of
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sparks that would start thousands of additionnl fires, cach
ropeat the operations of the fiesi. "The entive valley scemed o be
on fire. which made travelitng throvgh the timboer very dangovous,
as the [alling trees were liable 1o injure main or beast, if they did
not stampede the entire paek train.

On his jowrney to the Tanana River in 1808, Glenn 36y teaveled
throueh the country north of Bubly Creek, a tributary of the Tuazling
River. e recorded, “We cniered what we eatled the *hurned distriet.”
which seemed (o extend as far as the vountry = vigible toward the
Copper River, and to the northward almost to the Aaska Range.™

The atatements quoted above were made by tratined observers
engaged in serious exploration.  They supply indspuiable prool that,
even prior 1o the entey of white men in pumbers, the forests of the
Maska interior were ravaged Ty fives,

Fin earliest tinres fires were eansed, g5 they are today, by lighining,
but there can be little donbt that Tndians were the major eause,  The
habit of using <ignal fires as a primitve means of comnmication was
evidontly widespread throughout the northern forests of \ieriea.
References (0 (hiz practice in eastern Canada by Davies (36 in 1843
and Low €83y in 1886 bave already been eited. The practice was
reported o Aaska by the following enrly writers: Sebwatlea (720, L),
Alen 170, Glave 50, [Taskell 7 and Learpard (7465, Glave L)
in 1802 observed the practiee in operation and wrote of his Tndian
suide, Nanchay, “He Legan an ineessant =ignalfing by bhurning troes,
amd by and by the keen eyes of Tsook fthe son of the gnide] spied a
faint curl of smoke ereeping np from the wooded brow of a Il abous
feny mibos awny , whieh told of the whereabout= of the missing family.”

Tn addition o the use of five for sionaliing, the Indians also emploved
smoky fires 1o protect themselves from mosquitoes £29,97 0 They
sot genernl fires (o drive osquitoes aud gnats out of the couniry
13, £t and to bura out dense andergrowth <o they could see Targe
anine s 1 passed over the hurns o3

Carelesatiess with campfires must also be reekoned a2 an important
sonree of fires in the carly days, Bell of20 in 1888 rennacked, 1t
gives them some trouble wa put ont a five eompletely when they leave
a camnp. or where they mas have stopped to cook aomeal or gum their
ernoe by the way, and mr Indian will <eldom do anything exeept hy
poeessily,”

The tempo of forest destruetion in Alaska was aubstantially in-
ereased aftor vold was discovered o the Rlondike in 18t The
Fabilous stainpede that Tollowed brought thousands of people ta ihe
Yukon and 1o Aaska. From 18508 on o 19390 when the Aaska Fiee
Conteel Sepviee wis areanizidd within the General Laod Oftice of the
U, = Dopartment of the tuterior, tremendous aereages of Topest baenel
wore buried nearly every vear. The teagie reeord of vesouree waste
during this period oy be found in contemporary veports amd on the
face of nearly every landseape. 1t is not (eaxible 1o preseal here a
detailed record of the destricton suffered by the interior Torests sinee
the gold rush, but atiention will be diveeted to <ample lestimony.,
These itterested will Tind ahaondant oamterisl on forest fires, Ctheir
enses, oxtent, wxd destenetion in the wrilings of Rolwoo 0340, po .
Broaks (78, g, j8: 200 320 20, po 20000 Mol and Stone (88 p i,
Kollower v, Geaves Gnd, Guheie 13650 Deake w28 and Moftit (4483,
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Few men have had the intimate personal knowiedge of Alnska. that
was possessed by the late Alfred Hulse Brooks of the Geological
Survey,  This keen ohscerver (21) stated in 1911:

In the intand of the provinee the supply ol timber at hest is enther
seanty but would probably be suflicicnt for local use were it not
subjeeted (o ravages by [orest fires nearly every vear. Such fires
occur on hoth sides of the Aluska Range, but especinlly in ihe
Yulkon basin, where the semiarid conditions often allow the forest
fire 1o sweep over miles of tevritory until it is stopped b a water-
course 100 wide 1o he erossed. Tt s no exaggerntion to stale that
hundreds of square miles of timber have heen burned off (he
Yukon basin during the lust deende, ‘This burning of {imber is in
part done purposely by both whites and natives in order (o gef
ik of 1nseet pests or o improve (he growth of erass near (heir
habitations, and i in part due (o carelossness. The writer has
traced atleast one forest lire (o a native eamp. Bul the smount
of timber annually destroyed by the natives is small compared
with that for which the whites are responsible.  Alany a white
man has deliberately started a forest five which swept dver miles
of country, solely that be might obtain a few aeres of dry wood
for winter use, 1 this willful waste does not stop, the Time is
nol far distant when there will he o scareity of timber even for
loent use,  Timber grows very slowly in this northern fiekl, aml
onee destroyved it probabiy exnnot be replaced for severnl genera-
tons, Tt appears to the writer that at thie preseni rate of con-
sumption and desteuction by {orest fires the timber of the Yulon-
Tauata region will votl e sufficient for (e placer-mining industey,
fet alone any possible development when (his stage has heen
jrssed,

Graves £330, after 2 visit (o the interior in 10153, reporied, “The
iterior forests of Alnskaare heing destroyed al an appalling eate hy
forest fires. Conditions existing in the western United Stales 25 vears
ago are repeating themselves in Alaska.””  Noflit (98), writing of the
Tonsina distriet, mentioned several of the conmon roasons eiven for
burning the Torest.  He coneluded, “Yet in spite of any heaelits (hat
may have been fnvelved in the practiee, it is (rue that much of o
vaduable resource was destroyed bevond the hope of early replace-
ment, for trees in the north conntry grow slowly

The acreage of Torest land In Alaskn burnod annually fram 1808
Lo 1830 is not known bot it probably averaged more than 1 million
acres. During single bad fire vears, as for example 1915, several
million acres were hurnoed.

Annual fire losses recorded from 1940 Uiourh 1945 by (he Alaska
Five Control Serviee and from 1046 10 1054 by the Bureau of Land
Management, U8, Department of the Interior, are as lollows:

a Foceal tind haened Forest famd iveaced

TFire season: rueres) Yire season: {aeres)
110 .1, a0, 00 HO4R 35, 100
191t 4, A, T 1440 18, 107
foyz 1532, 510 10H0 2, D6, 83
1 (), 77 Hisl 2210, 660
T IRIVRITAR Hhis2 Tol, N
1915 117,313 HER REEAT Y
1916 . I, 148, 463 1431 Loan, G1a

17 I, 131, 665
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Ower this 13-vear period the average acrcage burned during cach
fire season was approximately 1.11 million acres During the first
two vears covered by the record, the Muska Fire Control Service was
in the process of organization, assembling equipment and personnel.
These were alzo years witly dry fire seasons awd mining was in progress
throughout Alaska. Fire prevention education was in its imfancey,
The marked decline in fires during the war years, 1942 43, is probably
the result of a combination ol circumstanecs. Mining activities
ceased, nearly all eivilian travel w the Territory was restricted and
large portion of the whlely scattored population was drawn to con-
still('tmn reniera.

[n 1946 and 1947 there was a return to eivillan activities, a disporsal
of the population. and an influx of zettlers and others.  The remark-
ably small acreages hirned in 1945 and 1949 reflect the wet conditions
during the fire seazons of those vears.  The large aren burned in 1950
was due primarily 1o the great fire of some 1,800,000 acres in the vieinitv
of Fort Yukon. Although drought conditions provailed in the Ter-
ritory in 1951, the aerenge burned was relatively modest.  This com-
mendable record evidently refieets the inereasing ofh(*wm‘\' of the fire
control organizaiion of the Bureau of Land Management,

The foliowing notes on some of the lar cer fires were made availeble
through the courtes sy of R. R. Rebinson, Arca Forester, Bureau of
Land Management, T, 3. Deparument of the Tnterior.

1893 A fire near the town of Tnik burned about 135000 neres,

1896  Pires started by miners in the loeal gokl rush burned alone
the entire ]l‘nﬂ‘lh of Camvon Croek tin the Sunrise nrean:
34000 neres woere burned.,

1915 “I'he Sourdough Hill five, presumably set by sparks from the
(nppvi River and Northwestern Railrond, burned  from
Chitina to the Kennientt River and from the Chitina River
to ihe mountainzg on the north; 384.000 acres were burned,

The Kennecott fire, presumably set on a windy day by one
man using oil-soaked rags, burned all the timbered country
between the Xennicott and Nizina Riv ers,  This fire was
reportediy sef to kill the timber so as 10 pravide fuelwood for
sale al the Kennecolt mine; about 64,000 acres were hurned,

1920 Aliddle Fork of the ('h.‘llltl.llm River fire.  This started on
the East Fork and burned across o the Middle Fork, cover-
ing o fract about 15 miles wide and 12 miles long; ll.)__.’((}
weres wire bhurned.,

1922 Mosquito Fork Flag fiee. This fire hurned all of the Mos-
(uito Fork watershed; i started § miles west of Long Cabin
on the old Valdez-Eagle trail on the divide hetween Permis-
sion and Mosquito Crecks,  The area covered was about 45
miles long by 30 miles wide: 021,600 arres were hurnl,

Salmon Village fice. This five burned about 443,000 aeres
on the Black River and Poreupine River.

1921 PFoiraker Creek fire, Lake Michumina aren: 200,000 acres
burned June i3,

Bireh Creele fire, Taoke Michoming areaz 130000 aeres
Burted June 13,

B0 50 2
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1926

1942

Mile 17 Richardson Highway fire,  Started by chikleen who
set a tree afire Lo drive oul o squirrel; 38,400 acres woere
hurned.

Chatanikn River area fire; started by construction erews;

area assumod te he in exeess of 100,000 acres.
Willow Creclc fire, Copper River country,  Started by con-
struction erews.  Burned hetween the Copper River and
Tonsina River with the Richardson Highway as the western
bhoundary.  Area burned, 128,000 acres.

Columbia Creek fire, Fairbanks districl.  Presumably
started by a rancher who set a fire (o seare bears thal were
mucdyving the water hole used by his horses,  Area burned,
5,000 acres.

Beaver Rre. Started at Beaver and burned 15 miles casl
and 14 miles north; area covered, 134,400 acres.

Henev Martin fire. Avea burned, 144,000 aeres in Distriet 3.
Kvichalke River fire. ‘This fire, started about day 20, ex-
Lended over about 640,000 acres.

Hinmua Take fire. Owver 1,900,000 acres hurned,

A fire started 10 miles east of the moutlr of the Black River
and burned to the head of Rat River; 238,000 acres burnoed.
Sheenjek River burn., Started at Dootleg Bend on the
Poreupine River, burned to the Sheenjek River, then vorth-
ecasterly to Fortymile on the Coleen River. Believed to hnve
been siarted from a2 smudge Fre set by a ral trapper. Arca
Irned, 312,320 acres.

Box Car burn,  This five staried at Kight Mile on the Poreu-
pine River, burned to the mouth of the Sheenjek River and
across o Christian River: 192,000 acres hurnmd,

Stevens Village fire.  This fire burned from Stevens Vil-
lage 20 miles norih and 10 miles south. averaging 10 miles
i wid{iy; 132,000 acres woere hurned.,

Ruby-Poorman fire, The area burned  extended  rom
Ruby to Poorman,  [U buried all summer, rom June to
August: 1,250,000 aeres wore burned.

Other large fires in 1940 ineluded the following: Stoney
River, 750,000 acres; Candle, 450,000 aeres; Tanana River,
142 000 acres: and Birely Creels, 640,000 acres.

Bd Berg fire.  Started 25 mites up Beaver Creele and burned
aeross (o Birch Creek and then between the two streams (o
Filtar Mile; 216,320 acres burned.

Bewver fire,  Extendoed from the Fast Fork of the Chanda-
tar River to the Hedzana River, jutipiug the Hadweenzie
River: 268,800 weros were hurmed., .

Fiskhook fire.  Burned from Fishhook town o the Litde
Black River, thenee down rhe Little Black for 10 niles and
hack to the Blrek River; 128,000 acres were burted.

Other loege fices in 1941 included (he Tollowing: Wood
River, 252,800 acies; Porcupine River, 256,000 acres; Ruby
(2 fires), 202.000 acres; Calena, 112,000 weres; Unalaklecet,
1,000,000 aeres: Selawik, 500000 aeres; Kobe, 136,640
aeres; il Beaver C'reck, 211,200 acres.

Wood River fire. Thurnced 230,000 aeres.
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1943 Two fires in the Fort Yukon distriet hurned 224,000 ACres,
and on the Black River 179,200 neres were burned over,

1944 Birch Creels fire.  Burned 96,000 acres.

1947 Among the lavge fires in 1947 were (he following:  Saleha
River, 187,000 acres; Dubli-Koyulule, 192,000 acres; Kenai
Peninsula, 421,000 acres: Tazling, 125,000 neres,

1950 Approximately 1,800,000 acres were hurned in (e Fegioil

' east ol Wort Yulkon,

From the record it is clear that the forests of the Alaska inlerior
have been subjected to extensive and repeated fires for the pust
severa]l hundred vears.  Prior te the advent of the white man, the
natives and lightning storms slarted fires that spread over lurge
areas,  ‘There scems (o be little basis for the view {hat the Tndlian,
prior to conlact with white men, was prudent in his use of fire. Fires
weré started intentionally by the Indiuns for sigrading, and, o some
extent, to.make hunting easier. Carelessness with camp fires and
smudge fires to combat mosquitoes was even more general and wis
certamly s major canse ol Torest burning,

With the advent of white men in the Territory near the end of the
19th century, fires beesme even more widespread (han previoushy.
Particulurly affected were those districts where gold placer deposits
were discovered. A map of the Fortymile Quadrangle prepared by
Barnard {9) shows thal at that time (1900) oitly 3.6 pereent (54 of
LA81 square miles) of the forest land had been burned over.  Baroard
wrote, “The entire area of this quadrangle is Mirly well timbered (o
an altitude ol 3,000 feet, save some nreas which have hoen burned
over ... Sinee then most of the region has been burned.

Railroad and highway construction also led (o a rash of fires,
many of them among the largest the Territory has suflered.

The inroads that five has made on the forest resourees of the Alaska
mierior, especially since 1000, may he traced to two altitudes that
are all too often encountered.  The first is that fire is good for the
counlry.  This view was formally exprossed in o letter written by
an official of the Federal Government in 1915 (an exceptionally bad
fire yonr), as fellows:

P have heard men who have lived in Alaska many vewrs, who
have the interest of the country at heart and who have no axe
o grind, make the statement that the best thing that could
happen to the Susitnn and Tanana Valleys and similar locations
in Alaska would he for the government to employ a foree of men
and al wn opportune time i aodey season, burn off the whole
business,

hi the Tanana Valley st summer Uiere wore many big lares!
lives and T could but notice the attitude of the dilferent people
Lomel remarking o it. Invariably the new-comer bumentod
the Tact that so mueh timber was heing destroyved.  The old-
tmer satd verv little on the subjeet, bul wore a smile of
salisfaction,

The second attitede, which eertainly contributes Lo Lhe oceurrence
ol Torest fires, is tha! they do no harm heenuse the timber is worthloss
anyway; it cannol he converted into ensh at the present lime nor
e the tmmedinte Tuture!  Fires in “brush’ (oflen stands of young
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spruce or irel) are thought by many to be no cause lfor concern
beeause the “brush’ has no value. These attitudes are nol shaved
by the majority of Alaskans. They are, however, expressed with
sufficient Trequency 1o eaust eoncern for the Tuture of the farest
FESOUICE.

The reasons advanced for infentional hurning of forest lands are
numerous et the most common are: (13 To wmerense moase feed,
(2} Lo increase grass (ehielly Colamayrodis eanadensis) Tor Torage,
(31 lo kill mosguitoes and other inseet pests, (4) (o make prospecting
ensier, and (3) o provide dead wood for Muel.  Unintentional hurning
occeurs chiefly as a resull of general carelessness with fire.  Camp fires
are left before they are extinguished, proper precantions are nol laken
when elearing Jand or disposing of debris along rights-of-way, and
smoldugr materials are discarded before they are out.

There is need for an enlarged progam o make the people in the
Torritory realize the value of the forest resouree and appreeiate the
damage Lo that resouree by wildfives.  The attitude that fires o no
liarm te the Torest heenuse “nobody owns it should he replaced by 2
realization (hat each fire reduces the wealth of the Territory amd ils
inhahitants.

EFFECT OF FIRE ON FORESTS

Fires destroy forest communities wholly or i part and usunlly
resull in changes in composition,  Usually the stands which Tollow
fires are composed of species different fromt theze that previoushy:
existed on the arens coneerned.  This may be gowd or had, depending
on the utility of the stands that preceded and succeeded the fires.
Clinax (vpes or communities iend to be replaced, as a result ol fire,
hy types representing early suceessional slages.  The new stands
nre nsunily composed ol fewer apecies, and as a yule, species Jess tolee-
ant (0 shade than those destroved.  The new forests lend o be essen-
tally even-aged,  Pioneer species that invade areas swept by severe
lres are frequently short lived tn comparison with (he long-lived
elimax speeies. Another common feature of pioneer species s thal
light, easily disseminated seeds ave praduced in tremendous nunibers,
therely favoring the entey imto denwded racts,

Trees

In one respeet all forest trees in (e Alaska interior ave similar; they
are Killed by severe tires. No species, with the possible execption of
balsnm poplar, has bark suellicrently thick to withstand the high
Lermperatures thal are generated, espeeial x around the basal portions
of the holes.  This is confirmed by the Taet that fiving trees with fire
sears are uncommon.  Ouly rarely are sueh trees encountered and
then almost invariably ihey ave loeated at the extreme wdges of
Burned areas « here the intensity of the fire wis low, Lacking also is
the eapaeity for erowns Killed by lire to regenerate from dormant buds,
FFurther, most of the trees in the Alaska interior have very shallow root
gvalems, which are severely damaged, ot completely destroyed, hy
intense fres. Beologienl dilforences in the species oevar, however, and
some of them sre important from the standpoing ol regetion to burning,
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Wiite Spruce

White spruce is very susceptible to desteuction by fire. The trees
have thin, casily damaged bark and the living branches of the crown
commonly extend nearly to the ground.  Being very shallow rooted,
white spruce is severely affeeted by slowly burning, hot surlace fires
in the deep forest floor. A severe fire will ien living roots as large as
8 to 9 inchus in diameter, leaving only stubs attached o the stumps.
Mounds of spruce cone seales 1 to 2 feet in depth and 10 (o 12 feot in
diameter around the bases of oceasional (rees {fi. 59 provide luel
for unusually hot and persistent local fires.  These mounds represent
cone caches and leeding stations of red squirrels ( Tamioseivrus
hudsonieus).  The heavy growth of beavd Tichens (A etoria Jubota aud
{Cepea comosa ssp. comnsa chiclly) on the trees in some stands is
prabably also a Metor favoring tie sprewad of fire.

F~ 477360

Fravur J-—Aeeawmuiziion of cone seales aranod (he Duse of an 18-tneh d, s .
while sprice i= the result of ~quirrel activity, The debris favors deop bBurning
At e bases of trees,

While spruee is often af a disadvantage in seading bhurned areas
becanse it does not bear seed at as early an nge as most of WS associntes,
Furthermore, s often present as an understors under paper bireh or
quaking aspen and henee is not capable of seed preduction,  There
ave no data on the quantity of seed produced by white spruce in
Alnska. 1o is presumed, howoever, thal ifs seod production may he
similar to that ol Norway spruee in northern urope.  Borg (16}
veported that in nerthern Burope o Norwny spruce Torest of Tull
density occagionally produces a seed fall of about 4 million seed, poer
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acre.  Tohh (78) stated that stands in Bstonia having a crown density
ol 60 percent produced about 3 million Norway spruce seeds per acre,
Hesselman (61) placed production in good sced years al around 2 to
4 million seeds per acre. Tt is possible that m favorable years, such
as 1851, production of white spruce seed in Alnska is al least as high as
the values cited for Norway spruce.  Hesselman (67) pointed out an
interesting relationship between the occurrence of forest fires and
heavy soed crops ol Norway spruce in Sweden, e found that warm
summers and abundant seed produetion cecur together and noted that
foresl fires are ususually common during warm summers.  Thus,
during periods with warm summers, in natural forests undisturbed
by man, good seed vears and extensive five vears tend to oceur together,

Renvall (728), studyving tree seed production at high latitudes and
clevations in Finland, cancluded from bis own studies and the work of
others that the viability, tolal production, and the seed year recurrence
interval deerenses with increasing hatitude or elevation. He reported
that in Scoteh pine stands in abonl latitude 69°307 N, along the forest
limil, no reproduction had started in 66 years.  The periods between
ewrlier seed vears were established to have heen about 90, 110, and
75 vears or, i round numbers, about every 100 years.  Renvall also
pointed out thal forest fives are a substantial evil in the far north where
seed vours may oceur very infrequently.

Information on the distances to which white spruce seed is dissemi-
nated in Alaska is not available, but the average effective distance 1s
probably much less than for paper birch, quaking aspen, and balsam
poplar.  Hoeikinheimo (58) suggested that Norway spruce seed may
often be scattersd more than 300 feet from Lhe parent trees and pointed
vut the possibility of drifiing much grenter distances over crusled
snow. Holman {2). writing of conditions in (he vicinily ol Liesser
Slave Lake, Cannda, conchuled thal the distance from spruce sced
(rees where good reproduction can be expeeted (seedbed conditions
being favorable) is not over 4 chains (264 feet) Lo leeward ; towindward
a distance ahoul equal to the height of the seed trees.

Although white sprice s shade tolerant, able 1o survive for long
periods under the shade of, and in competition with, overstory vege-
talion, it reproduces woll on bare mineral soil Tollowing fAres, and
makes good growth when exposed to full sunlight. Bedell (1)
stated that in Manitoba white spruce reproduction does oot readily
establish itself on 8 heavy laver of litter and humus bul will do s0 on
exposed mineral soil. e quoted unpublished data ol “Ponstell who
concluded hat good white spruee reproduction oceurred only on
burned areas.  During the present investigation no instinces were
seen where e ash pesidue inhibited germination and survival of
spruee.  lowever, Heikinhetmo (38 found that ash of bhireh in-
hibited germination of Norwny sproce more than i did bireh and
aldor.  His cermination studies were made in soil to which varving
proportions of birch ash bad been added.

The orcurrence of spruce seediings on rotting logs and stumps
under Torest eanopies has been observed repeatediy. Bedell (1)
mentioned such oceurrence in forest stamds in Manitoba and suggested
that “The presence of these seedlings on rotien logs is believed to be
due to the greater amount of moisture available.”™  Melechow (42)
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observed spruce seedlings developing on rolting logs in a forest on
the Dwina River in Russto.  He noted that vartous investigators hacl
reported this as Tollows: Pabrictus explained the oceurrence on the
basis of good arration of the rool space from the side. Tschermak
mentioned the stable moisture supply aud favorable level of nutrient
malerials.  Molechow suggested that the seedlings on logs are less
subject o injury from freezing and abrupt temperature changes.
Thus scedlings on logs are in a more faverable microclimate (han
those on the forest floor.

[Fires are especially destruetive to white spruce secd for, unlike
black spruce, the cones epen at maturity and the seed is dissemingted.
Following a fire in while spruce, regoncration of the species musi
generally come Trom seed blown in from adjacent unburned nreas
although some seed may be supplied from previously unopened cones
that escaped destruction on the trees.  esselman (673 said (hat some
Norwayv spruee seed in e Torest floor may live through a forest
lire. "Phis possibility exists also in white sprice bul it is regarded as
nnimporiant.

in many loealitios white spruce appears to be a hardior species than
black spruee. "This is contrary (o the views of many wrilers, but
agrees with the observations of Hustieh (640, He pointed out (hat
where the (wo specles grow together white spruee alwavs grows af
higher elevations and usually attains the form of & small, if stunted,
free where black spruce only ereeps on the ground. reaching approxi-
mately the lieight of (the snow cover.

Black Spruce

Black spruce, when growing ot uptand soils, is as susceplible, or
mere susceptible. Lo desteuction by fire than white spruce. The
lactors which remdler white sprace Tinhle to destruction apply equally
to black spruce.  Bxtensive upland areas of black spruce have been
completely wiped out by fire.  Even surfaee fres kill hlaclk SPILee
and hurn ol many of the roots, resulting in early windthrow of (he
snags (fig. 6). On relatively wet lowland areas (ho likelihood of com-
plete destruetion i mueh less. Here individual trees. and trees im
nregular groups or stringers, are likely (o survive,  This is im portant
berause n continging sonree of seod ts thus provided Tor restoclinge,
Many, i not most, of the seedlings of black spruce on hurned-over
areas originate from seeds present in unopened cones persisting on the
trees al the tme of the fire.

Seed production in the specics appears (o be earlior and more
regular than in white spruce; total failures in seed erops seetn Lo be
mlrequent. Gilmore €48 in 1925 discussed conditions in Newloun-
land. He mentioned black spruce saplings hearing seed when 14
venrs of age.  LeBavrron (78) in Minnesots obsorved that there s
stihstantially Tess flucivation in annual seed Tl than in annual seed
production.  Under normal eonditions not all (he seeds are shod from
black spruee cones Tor 2 to 3 yvears lollowing maturity,  As 2 resull,
black spruce trees, al any given L, ustzally retain considernble
amowtls of viable seed,  This supply, stored an the frees near their
tops, is seldom completely consumed oven in severe erown tires. The
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P 0 Wirnltlwows bdaeh, <prpee,  venes afneor o =aefoec dive that hilled e
tevees adol baraed ofF reaesy of the rore Fiee Leennd wiid be hichs for tnom
vear- benab Penineen, 1050

onter portions of the voue seale~ ou be ehaered hut the seed remains
viable and, in laree measnre. aemmmis for the abundant regeneration
that -itally cdevelops. Thie Behnsior of hlack sproce Tollowing lires
s siadosons to that of certain other *ive sperie=,” notably Jaclk pime,
Jodgepole pine, nl pitel pine.

Red ~puserels devour et quant ities of black sproee seed | elippie
off sinadl Tiranehies with clisters ol eones Trom |||(- apper crown ol
trees. This practiee = pesponstble for the praned <tem seanients -o
charactoristie of Blaek speoee cenwns. LeBarron 750 noted chis in-
Boenee mnd mentionsd e veatiine bunehs appearanee of hlacek
spriee taps an Minuesota, TPl aetivny of red squierels i hlack
sproce forests = Tuether indeated by the orenerenec of iree mounds
ol eone sentes s hiere eones bive been enched aml the sceds eaten,

Blaeh ~prwer, hive white speoee, i relely tolesanr of shade oo
competitten [rort oiher yvewetation Howesver, prgeneeation = maosl
abmmdnrt amd ~ecdiine arowth = most mapid on mineral <ol reeriving
foll, o menely Eoll, sunhehi Under Torest conditions black ~proee
receneraies teenlarly by Jaxvering ol basal branches, prodoeine
aronpwise disirtbition patoerns, seen most deonetieatiy Trome the i

A inte re=tinge halut ol Dlaek <sproee amd perbiaps= also white spriee.

wis desenthied by Capp- 228 0 (n ||n~ I|n|‘||| Bk ol the White River,
about S miles bolow Rus<ell Cilaeper, o ||H Froowswhieh are crowing
spHIter Lrees withh ~torel oot ‘-\-||'|||- Capps 28 explained that

wpriiee seedhnes first develop shallow . fat ool systems on beeoming
estithlislied 1 e inose-con meed orvaie matter that oy etles the min-
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eral soil.  As the moss cover increases in thickness, (he level of porma-
frost rvises and eauses the trees to develop new and h;whm sets of roots,
Trees with several sels ol rools may he secn. This feature also has
been deseribed by LeBarvon (77) in the Lake States.  He regarded
the eventual replacement of -old roots by now as a response lo belter
aeration near the surface of the soil

Paper Birch

Alaslka paper biveh appears 1o be the most common tree biveh in
the interior of Alaska.  On the Kenai Peninsula, Ienal paper bireh
iz the principal spectes.  In view of the fact that the former variely
is by far the most widespread in its occurrence sl that ecological
differences belween varieties are not pereeptible, no {urther distinction
wil be made.  Young birelu is veadily killed by fire because of the
relatively thin bark,  In Iater life the bark becomes thicker bul it
15 then also more flammable as it beging Lo exfolinte.  The tinderiike
quality of birch bark is well known. Ilowever, more birch trees
survive in burned-over areas than is the case with white spruce.
The principal reason is that the forest floor under bireh trees and in
bireh stands is not as deep as under while gpruce, so thal surface fires
generate fess heat and are less pevsistent.

Regeneration by sprouting from root collars of fire-killed hirches
is iwqu('nt in young siands, but less frequent in muddle-aged and old
stends,  The sprouts avise from dormant bads around the base of the
stump and contribute to restocking.  Regeneration from this soiwrce
is not, however, as important as st'mllmtr I(’[)I(l(ilu‘ll{)ll

Birches p!{}(hu(‘ seed al an carly age; Heilinhicimo (38}, in Finland,
reported seed produced by birely apmuta 14 vewss of uge. Kol {73}
mvestigated seed pmclmtaon in Betula rerrucosa and B, pubescens in
Tostonin and stated that i gootl sewd vear a T0-vear-old stand on site
T produced from 110 to 244 miltion seeds per zere (average 200 million).
In his studies ol Belwle albo in Finland, Kuojala (_?’f) reported that
frees burned sufficiently to kill the eambiunm compleiely arennd the
Base still retained o mantle of folinge and yielded an excess of ripe
seed oxeopt on the lowest branches.  TF this habit is general in hireh
it must bave an important influence on veproduction following fires,

Bireh seod s light and readily disseminated by the wind; thus the
species is o rather bighly mobile proncer. Mineeal soil seedbeds and
full sunlight provide Tavorable conditions for mitinl eslablistinent
and subseguent rapud wrowth (b 7). Splendid dense stands of
well-formed trees Drequenily follow fives if adequate supplies ol seed
are available,

Quaking Aspen

Quaking aspen is killed by hot fives but in pure stands the fires are
characteristicaliv fight,  Conditions for decomposition of litler under
aspen stands are relalively fovarable: the leaves are nol pavliculasiy
resistant to deeay, nud stand densily is generally low enouvgh to pernmt
wdeguate precipdation and sunlight to reach the ground.  As avesnlt.
the secumudadion of forest fluor malerial s asinity too light to earey
a hot, persistent firp,
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Frorrn 700 Peose weow i of Ala=ka pagaeer bireh ~ecdiines oo winesl oil in the
Tion=r Bay-Ivnik area.

Alver e great harn of 2037 oo the Kenat Peninsala, green stands
of a<pen freqiiently remained, surronnded by areas in whieh te spruee
was completely killed fles ~ 00 This does not mean that aspen stands

are unmnne 1o dannee by fires Sweface fires do pass thronglh the
~tind= and trees are killed bt seldom s destiraetion a2 complete as
i sprvee o biveh, Stomp spronts from five-killed aspen are nneom-
mon bt rool suckers are oxtremwly abundant, Areas that sup-
ported aspen prior Lo five are alewost certain to be regenerated with
the sine sprecies axoa re=ult of ot suckers alone. Reproduction is
~ieiking i trners where g severe dive has swepl through a sprocee fores)
with oeeasional aspen trees. Arowd the hase of vaeh dead aspen
tree. root <uekers artse abundanily, covermg ronehly cirenlar areas
whose divmeters depend on the <ize and root spread ol the killed tree,

In the Lake States 10 was Tonnd hat burning o onent =tands of
aspen stinndated Bwight growth ol a=pen rool sockers tiith, In
the first year alter burning the average height of root snekers on hurned
arens was 2083 feet, on unharned areas 197 feet,

=eedling reproduction of aspen s also commaon, Seeds are boene
i tremendons pambers aned they e admivably adapted Tor wide.
sprond disseminntion by owindd, Kitteedge ol Gevorkiante 177,
et ihat there ave 2.5 1o 3 million aspen seeds pee porad. Reim
V827 ealenlated that e noethern Bucope doring good seed yvears
aspoen starmds produee 162 5o 20200 million sceds per aere texelading
thime lestroved by insect<. A <ingle gowl tree iy produee ahoat 54
million seed=.  Quahing aspen i< 0 ploneer species. Ltis intoleran( of
shade, characteristically slevelops i ever-nged  stands, and lds
mineral soil exposed to i sanlieht fvorable for esiabiishinent and
<ttbwerpuent developnent
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Balsam Poplay

Balsam poplar v probabiy more resisinnt o destruelion by fire
than any olher forest free in the inlerior of Alasikn.  Barlk thickness,
near 1he base of Uie hole, w often 4 or more inehes on maiure trees,
As in aspen stands, sarfaee fires in the balsam poplay {vpe tead to be
light becsuse of the relotively thin acenmulation of forest-floor
initerind,

Regenerstion by rool suckers s cominen in balsam poplar stands
through which fire has passed. Seedling veproduction s slso nbuned-
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ank whenever mineral soil has been exposed and a source of seed is %
hand. lIike aspen, balsam poplar is intolerant Lo shade and produces
tremendous quantities of seeds that are easily and widely disseminated
by wind.

The species is normally regarded as a pioucer tree on recently
depositerd alluvium slong streams and river vallevs subject (o overflow,
TL is also present on upland arens where, as u resull of fire, exposed
mineral soil has provided an opportunity for the seeds to germinate.
In fact, occurrence of balsam poplar in anvibing approaching pure
stands on upland arens is practeally contingent on the oecurrence of
fires.

Subordinate Forest Vegetation

Shrihs

shrubs, beeause of their low stature and small stems, are especially
Lable to destruction by fire.  As a group, however, they have a rathor
remarkable capaciiy for vegebative regeneration throueh sprouls aris-
ing from stem bases amd rools. Nuch of the reproduction following
fires 18 vegetative.  The establishiment of shrubs with Heshy or pulpy
fruits is relatively slow on burns heeause these plants are dependent on
animals for seed dispersal (74, 7/7).  Animals are not abundant on
burned arens, ot leask for several years after the live. On the other
hand, the willows, which form the Jargest single group of shrubs in
Alasks, produce minote hairy seeds admirably adapted for wind dis-
seotination.  Furthermore, they produce seed at a very early age;
sprouls 2 to 3 vears of age bear catkkins,  Thereforve, the willows are
usually well representod 1 the seedling regeneration of burned areas.
Briel notes concerning the ecology of certain species follow:

Aretostuphylos von-wrsi reproduces following fires from protecled seeds fn Lhe
forest floor, as dues Hwmpefrum nigrum (134}, A wea-uresi veproduces  more
vegularly than A wigraom, prosumably becanse of hotter germination of fhe sced.
Kujala (74) included Arclasiaphylos in the group of plants ineapabic of vegelative
reproduction from undergronnd part=: in Uis opinian it reprodices mostly around
the cdges of spots wiere Durning was deep, (o mineiul =ot.

Fanpetrun wigrnm reproduces fran seeds fiar are boried in (he forest Hoar, thus
caeaping damage by fire (/340 Oermination i slow and erralie, with the resalt
that the scedlings ¢ome in pgradually over & poriod of § (o 5 vears,  Aaltonen 02
regards I wdgrum asoa species that iz very suseeptible (o fire damage and spreads
ouly glowly, T him it appeared that af teast 20 1o 30 years wera regnired aftor n
fire for FLonfgram U regain normal donsiiy.

Foltowing fives, Ledum padustre vegenerates from roolstocks, aceording o
Sarvas (734). Wo'nla (75 also Haied iU with speeior possessing undergronnd
reproductive opgan-,  Townsend (56 guoted from George Cartwright s Labrador
Jaurnal, published n 1792, (o ihie offeel that whew old speoce forests were burned,
Tuchinn-tea {Ledum groralandicim] was generadly the st species 1o reappear.,

Vacerninm wliginosum repradnces afler fives from protected rootsiocks (L34},

Voeernfun vitis-iduea also veproduces from roolsiocks (2, 74, 139,

Herbaceows Plants

It is impossible 1o genoernlize on the effecls of fire on herbaveons
plants beeavse they difer so greatfy o life Yorm, seed habits, and other
ecological charcteristies.  Regeneralion in many instanees is vegoe-
tative, particulmiy in those species Lhad appear earliest after fires,
Reproduction by seed is, however, more genernl and more important.,
Many, if not most, of the species thal invade burned arcas are those
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whose seed s easity disseminated by wind,  Tn studies of burned
areas on lwo islands in the arehipelago cast of Helsinki, Pettersson
(7/7) noted {hat “the anemochores are represented in a manilest
multitude.”  Yogler {/62) investigated the alpine plants in Switzer-
Innd and concluded that the younger & vegetation communily the
greater the percentage of plants whose seed s wind disseminated.  On
recenthy burned areas the scarcity of plants with fleshiy fruits, noted by
Kujala (793, is explained by Peltersson (/77) as resulling fron the fact
that animals are nel attracted to burned arcas.  Plant specios that
produce large quantities of casily disseminated seed ak an early age
have an advantage over those nol possessing these characteristics.
Seed supply s an important considerntion in the revegelation of
burned areas,  Fatlure to evaluate the quantity of seed produced, its
ndaptations for dispersal, and the efliciency of the agents of dispersal
often leads Lo erroncous conclusions on the sienificance of site factors,
Absevee of a species in o given area or at & given spol is not direet
evidenee that the habitat is unfavorable,

Species nvading veeenthy burneil areas tend to be thoese which
develop best in full light.  Often they are ehinracterized by very rapid
erowih,

Germination of seed and survival of seedlings is highest in arcas or
spots where mineral soil has been cxposed. On the other hand,
species that reproduce vegetatively from undersround parts tend to
come in best on areas where the five burned less intensely,  These
differences in speeies. together with 1he heteragencity of the pattern
ol burning ~often more intense burning under spruce Lrees than in the
infervening space helween spruce trees—resutl in o mossie of vege-
tation.  This mosaice i evident, on a grand seale, in the patiern of
broad forest types and it is also evident, on a minor sexle, in the
oceurrence of species and group societies of the subordinate veeetation.
Briel notes as (o the ecology of certain herbaveons planta follow:

Celamagrostis ennadensiz = widely recomnized as a speties Lhid dovelops abin-
dantly in barped aress,  Fztablishmeny of Cadamagrosiés followiing forest fires has
heen i'li-purl(-d frequently, especinlly by explarers or hunters who cinploved pack
B AR

Fegtwes orino reproduees after fires frum basal buds a» well as from =eed TN

Epilobivm anguestifolivm, 1he common Breweed of the narth, has been cefereed to
by GeadF 511 ax a preephilens plant, 11 grow= in great numbers un praeticaily all
tirned areas in the inderier  F Maska ohie, 00, Skuteb ¢4 39 qoeted 2 old obseryvi-
tion by Trmised, ' The primary o~ well a= Vhe socondary roots ol The yvoung secdling=
develop buds Treely, which ~ometiges wive rise o plants in the secesding vear,
The shoots from old root= aay grow < fa< thai they bloam within a month,  The
rootx are undonbtedly eapable of persisting for seveenl yoars in n dormaal eon-
dition natil the envirmmmene chanses by elearving or arning the wood="" Sumimers
hugyes el Willinms< 4 109 nated thad the ~peeio T extensive roois u=nally capable
of pradducing adventitions acvial shoots, T oaddition 1o this remarkabie ey
for vegetative reproduction, Epdobivm anygustifolicom produces an abindanee of
seeds whiely are easily am! widely dissemivated Dby wind,  Thoe ~poecie- - reenrded,
by Hessehman (545 and others, as a niteate plant, indieaiing netive niteifieation in
the sofl of burned arcas.  Sarvas (L3 nowed that reprodactio is parvicalirly
abundant on spols hat have beon burned deeply, exposing mineral sail.

Lindned borealis is coniplotely destroyed by fice, according b Survas (2,240,
Here and there unlinened spots ~serve o= cepters from which the planks sprea,

Lycopodivn vomplonation has undergronmd stems and reprodaces from ese
aftor Bres (R4, 1d D). Lo oaenetinn has shudlower undecgeoiud <{enis: conseques 1y
it i loss frequenily encod ered where burniog lins been deep,

Hpecios of Pyrolo are tuchuded by Knjads 8 90 i the grong of pluad= 1 are able
Lo reproduee Trom wedeprgronnd prits.
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Mosses oeear abmadansiy s the 1ore<t< of pterior Mashae They
et a characier=te stratam o uearks YUY ~toind aned o=t e
rzarded s ate wtesral part of the forest conimmmities. Persson
caleabted et S35 pereent of the 382 <pecies of brvophyies knowa i
the Aa<kha-Yaken cemon me wleo lonnd s Foovepe  Ther importanee
tm i prinerpaliy to e faet e they andloenee ol temperatore - and
heeer the postnoo ol the permatrosi <o mostare refatians, seedbed
cotdiiiatis. soil erosions aied bvdeolocee relation- Fhe useludness ol
gos=ee 1o wodedbbe s very Tinpted o Capsithes are ceportsd 1o be
cadein by e spenee cvoise facachite s cangde e nud by miee and
lemmunes | the plints wre ased by ~ooe birds amd maonnads e oest
bl

Muosses pepodnee by spores. begt probably most of the receneration
alley Toresb Dires i~ vecetatzoe Bowel aoles coneertees the reaeion
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affer 30 1o 40 years when a elosd foresl =land has developed does fhe speeios
begin to assune ifs previous importance.

Pohfie nutans iz said by Barvas (73 to regencrate by rhizoids after fires and fo
produce spores in about A to 10 years.

Potylrichum commune enters burned areas carly and may replace speeies such
as Ceralodan purpurens,  Skuteh (148 veporied 72 conimune as locally abundant
in moizt spots in o burn in Maine one year after a five.  Four vears after the fire
it had spread over considerable wreas, replacing the liverwort Marchantio poly-
marpha. Gomparable replacement of Meavehantia by Polpfrichinm was nuted i
fngland by Sumimerhayes and Williams (7450,

Polytrichum juniperinum and P, piliferum have deeply peneteating rhizoids
which. following fires, 2orve tu reproduce the speetes 7, L3y, Sarvis slifed
that =pecies of Polgfrichum are mo=l cliaracteristic on areas 10 lo 20 veurs after
a fire: they suppress Lhe earlier appearing species of Ceredodon and Polifo nned. in
turn, are themselves later suppressed by other nwos=e< and lichens,  Aalionen 121,
skuteh (56, and HNustich oidy all regarded these ~peeles of Pelgieichom a-
pioneers on horned arens,

Marchantic pofgaiorphe 1< a Bverwort but Tor convenienee iU i~ mentioned at
thiz point. Il is 5o common an deeply birrned areas that Grafl 32 referred to
ite pyrrophilows character aud Sarvas L350 referred Lo #oas the elassieal feres
fire liverwort. M, pedgmorpha enter- burnetll areas where mineral =oil has heen
exposed. appearing within | 1o 2 vears afler the fire. The carly entey of (he
=pecics antd its rapid and oxteusive =pread have heen nofed by Sumumerhaye: aad
Williwns o £35 and Beoson and Biackwell <45 in England, hy Skateh of #0 in
Muaine, by Grall 058 In the Rocky Mountain region, by Tarrex f3f, 137 in
New Jersey amd Vieghda, and by others. B i sueeceded, within o few vears,
by muoszes and peltigeras,

Lichens form a large group of planis, a number of which are Lichly
important as food for caribou (Rungifor areficusyand reindecr tRangifer
furtndusy,  Lichens are vsually destroved whenever a siefaee fire
sweeps over anaren. The generat sttuation has heen stated by Lynge
i85 a eloze student of the group. az follows:

If o lichen vegetation has heen distorbed or deiven wway from
s naturat habiat ic will in omany eases require o long tine
belore 1t again ean eaver il. This is best seen aftor Torest fires.
I hiave seen gaps made by old forest fire, 20 vears or more old,
where the range of the fire could be traced on the Tiehen vegeta-
tiow, Cladunin wl pestris was more sewrer and less developed there
than outside the range of the five,  Even quite small fire eups
require an extremely lone time before they will he eaverod with
the same lichens zgatn, ] have seon eaperumental fields, | square
meter burwe in dine fadurde Golds where no trace of ladonia
af pestris was visible 3 1o 6 vears alter the fire. and Lapponian
tent fire-places 2o old thay evar their sorrounding tones were
aunle it the earth where the plaee was pecopnizable on the
vegelation.  The original fichen -over was gone, sometimes
replieed by muosses or by other lehens, as Prfiigora spurio and
Pooaphthosa, oven il the nearest station for these plants was Tar
distani.

[ujala 72,0 expressed the view that fire las a mare desteuetive effeet

on liehens and mosses than on the vascular planis,

Reproduction in liehens msy be either sexual oe asexaal. owever,
proaduction of soredis and feugmentation appear 1o be the mas
common means of repraduetion,  Aceorling to Perez-Llano (7180 8
consielerabie number of foliose lichens, as well as o few erostose and
fruticose  speeies, seldom produce  apothieein and  spores. Those
species which appear carliest on burned aceas ape generally of ow
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stalwre and probably regenerafe Trome snbierranean parts and bits of
unburned thallus.  The taller fruticose lichens in the reindeer lichen
group are licely o be exterminated by fire, and their return s genernlly
slow,

Hustich {65) sinted thal In the lelien woodlands of nm!nvlatmn
C'anada complete reeavery of the lichen cover afler a five requires al
least 40 years.  Te cited estimates from investigators in other coun-
tries as {ollows: Tthonon. 40 10 50 vears; Manning, 50 voears; Sarvas,
30 1o 40 yvears.  Aaltoaen 23 stared that in Finland lichens were still
no{ abundant 20 1o 30 vears after a forest fre. Tenewall (7723 mens-
nred the rate of growtly of the reindeer lichens nnd reported that the
rate ol dev vln|)lm‘nl of small plads is about the same as that of hage
planrs.  Only whea the lichens approach their maximum size does
erowth slow up. [Te noted that eertain mdividual fnrge lichens did
net grow at all during the vears that he earried on lis ehservations;
lhv‘\' had reached Lheir maximum size of about 1.5 10 2.6 inches 43
10 s mm,l,

The ceology ol lichens, particularly as it relates to the effects of
fire, 18 not well understosd. Considderaldle information has heen
obinbied by investisators in nocthen Burope, hiowever, and an
attempt has heen made to sunimacize this for cortain speeies.

Meetario juedeifa el other beerd Heliens which hang in masses from the beanebes
ol troes aee repdily Gemmablie when dryv: they undoubtedly comribute e the
~pread of fire,

{etraria Dxtandien 15 0 heliophilons speeies, espeeindly abnmdand in drey situadions
Wit )ids destroved by dives and occurs alnost exelusively oo unburned aress
AL O dsfaadien wrows more eapridly chan (fadonde adpeateis (850,

Cefrarian nivodis, W~nallv associzted with O, ceenfiato was rogacdid Dy Lyneoe (80
am gruwing more rapidly than Cfadorin alpresfris,

Cladingu el pestris i= Uhe reindeer lichen of the Seandinavian coundries and grow s
very slowly (84, Sarvas o030 reporied that 1 years affer a fire nomerous
smull planls may be encovntersd but that (hey attain full growth only alver
A0 10 A0 vears. Tepwwall (R calenlated that 40 lu 33 wowrs were required
for planls (o develop (o maxiunom =ize,  Lyage (8] wpmlml that ihe lengih
al time Tor recovery ostimaded by farmers and I..Lpi.tlldl rs i Norway varjes from
10 o 40 yeurs,  He remarked, “We do not know (he time Tor full develapment,
it il iw Il:'l.ll”.\' possible 1o 111{~rllitm a lower tigure than 23-30 years under Tuvor-
able cireurmstanees,”

Cladondn teflidilorn, aceording to Sarvas (L5, attains greafesf abundance
20 o d#) vears afller Bres: i regenerates alter Gire from anderground parts anl
unbuened hits of thalloe,

(Yadunfa rariosa, aveortding Lo Sarvas c£30) altain: greatest abundance 20 Lo
30 yvears after fires,  Regeneration Tollowine fres is similue oo that in €0 hetlfedi-
fova,

(ladonda covcifera 15 zegerally one of (e {irt fichens Lo appear on nened
arras (21, Lange 8 reaardod G0 as 0o rapid grower, having seen podelia nearly
0.0 fneh 110 mmes w ilh a s=mall voroug of wed ll.p(:llhl‘(‘id. in planis not over 3 years
ld, Sarvas (£8) reported that Boattabns greatest aliindancee 20 1o 30 years
after fipes,  Regeneration = similae To that in O beltidiflora.

Clodonin cornate, tadler than OO eoreifeeg, ('. eerriosn, and (L beltidiftorn, s
vogarded by Sarvis (20 as more likely (o be osterminated by fire. Anltoneo {2)
stoted thad §t 1< one of The st el (o appear an birned areas buat Lynge (8.9)
reswrded it as o forest Tliehen,

Cladonin crispata was eansidered by Lnge 857 ns ehiefly o forest lHehen,

Cladonia deformis was roported by Anlionen | )‘; ta b one of the first Hchens ta
apprar on urned areas, Sacvas (G330 Tonnd that greafest abundanee was
altained 20 to 30 yvours affor w tire I{[--'('iu‘l dtion ix =invilar to that in (4 bedlidi-
Hove.

Cludonia degererans ntiaing ils grenlest abondanee sope 200 1g 30 years alter
fires (44, Regeneration s sitilar to (har T O bedfidiflora.
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Cludnnia fureata var. raccmosa is taller than O ecoecifera, (0 variosa, O doformis,
C' degenerans, and O, bellidiflora.  Pive i= mave likely io extormimete O fureata
than Lhe shorter species of Cladoniu (13,

Cladania grocilis was Tonnd by Aalionen (2 {0 be one of the first lichens appear-
ing an burned arveas. Lynge (8 viewed i ns primarily a forese plant.

Cladonia rangifering, one of the reindeer lichens, is readily desvroyed by fire,
Sarvas (134 reported that 10 years affer a fire nmerous small planis may be
found but that they aliain full growth only after 30 {0 A0 vears, Tengwall (143
enleulated that 135 to 20 yvears were required for developmont (o maxiounm size.
iaynue (843 poinfed ont that the =pevies has rather high lighe regnircinents.

Cladonin syleatice is also a reindeer ehon,  Some authors have interpreded
C. sylwetien broadiy, evidently including munch materiad that could be referrel
oy O mitise Sarvas (135 noted that 10 vears after o foresy fire numerows small
plants may be presens bat that (hey atiain Ml growtl only afler 30 10 10 vears,
Tengwall (7925 calenlated thay the maxinnn size was abtined in 20 (o 30 years,
Eyore {8) sngresied thal regeneration of 0 sploaiiea = eusior shan for O alpestris
beeause W reappears more gquickily after great forest fires. Asin (e eare of (0
alpegtris, Lynge wrate, “We do not know 1he fine required for foll developmoent
but it is hardly possible (0 mention a lower Bgure Uhan 23-30 vears under favor-
able eirenmstanpes,”

Hustich (85, in dizeussing condilions in Labrador, reearded Cladenia milis
ns= the first eeindeor lichen species 1o invade buened helien forest, e roported
that near the coast of James Bay, O watis wis only §ineh bigh in g peitne dwaef-
shruby forest That had been burned 25 vears previonsly, 1 appeared ta [ustich
that (U milis has 2icdily broader ceological waplitude than the other roindesr
lichens, oflen penetrasing into dry tussocks o bogs,

- Cladonia waeinfis i= one of the reindesr lichens, according to Sarvas (£,
The siated that 18 years afler a foresi fire numerous =mal) plants appear but (e
they are not full grown uptil 30 1o 40 yers aflor (e fire,

Cladgnia vertiefifoly atiaine groatest abundanee 20 to 30 years aftor o fre (L35,
Following fires this apeeies may regenerate from vinderground paris or anbuened
bits of (hallugs,

femuodophile eriectorem (endz 1o be coneentratmd pn oreanie sobstratn deen-
ing wood and hallz of hinus maierial hared by forest fires (1351

Nephrown arcticun ropches 12 best development in the forest (83 Sarvas
(1341 regarded it ns comparable to peltigeras from the standpoint of occurrenes
and reproduction Tollowing fres,

Pritigera aphthnsa can endore wore sinde than most other lichens (34, Barvas
(125 pointed ont that the habit of erowth {over the mos= and lichen covert
renders {his plant Hable to desiraction by fires,  Tn burned areas it orenes an the
most Hahtly burned spois or areas misserd by fire and from (hese spreads out
rather rapidly,

MSereoctedon pasehale veguires abonr 10 yvears 1o altadn maxhnam sive (1729,
Lyoge 0840 referred to iU as fase growing: i can produee full-grown thalli in 3 to §
yedars,  Rarvas L5 noted that N, paschode and N fomentasiem grow elose 1o the
groud.  The relatively strong principal axis i= partly omboedded in the soil and
after forest fires this may cemain undanneel, Ches sorviog For roprodaciion,

Succession After Fire

Forest vegetation development following fires in the interior of
Alaska s netther a completely fortuitous, random provess nor is it an
invariable, bighly ordeely process closely direeted by o myvsterious,
beneficent “Nature,”  Elements of the fortni{ous o exist but (here
are also elemonts of order,  Tathis cespect, conditions in the forests of
the Alaska interior nre not Tundamentully different from these in the
forests of regions to the south,  The writer does net aceept the view
thal ecologien! principles that apply in the (emperate zone wre not
applicalle o the forests of the North, The colloguinl dictuny thai
“Aldagka s different” need not enuse the forest eeologist 1o diseard his
working teols developad in lower latitades,

ARG —1
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T ihis study # was convenieut lo employ the coneept of elimax
vegelalion in (he sense of self-perpetualing, terminal plant commu-
nities of considerable stability.  "T'wo ealegories of elimax vegelation
are distinguished-— climatie and physiographie,  The climatic climax
forest is regarded as the terminal stage of snecessional development on
moderately well-drained uplinds and the physiographic climax forest
is regarded as the {erminal stage on poorly deained, relatively eold
arcas,  1rom the standpoint of stability there is little diference
hetween a climatic elimax aad a physiographic clitnax- for practieal
purposes, bolly may be regarded as na‘lf—p(‘![){‘ill‘ltmg. ferminal com-
munities.  There is no impliention that climayx forests are desirable
and that subelimax forests are undesirable.  UGlity must asually
determine (he vegeltation tyvpe most desired; in some circumstances
this bype will ) represent an early or intermediate stage of suceession
and in other instances i0will represent the terminal singe, here ealled
the elimax,

In the following pages the plang eommunitios encountersd in the
forested regions of the Alaska verior will be deseribed and the course
of succession indieated,

Asan aid to uiderstanding the suecession leading o eltmax fores
communtes and the retrogression thar follows u;wa!mi fires my the
various forest (ypes, a sehemiatie represeniantion is shown in figure 10,
This figure represents a generalization of the course of evenis observed
in the field,  Aberrant suecossional stages and retrogressive changes
May oeetir.

Recently Burned Areas, Currently Regenerating

Some arcas wore binrted so recently that they conld not be assig Iu‘ti
Lo specifie forest Types or plant communitiea,  They are in a stage of
very mapid ehange, with the site only partially vecupied and \\ilh Hew
])I‘llll:-. entoring el verr, These burns useally were less than 10

cars ofd,

The two most insportant conditions thay influence development of
seedlings 13 recently burned areas appear to he (1Y the presence of
viable seed. and €23 exposed minernl g0t As mentioned carlior, mu mny
of the pioneer species produce abundang seed that is readily dissenii-
mrfed by wind. The exposure of mineral soll is important from the
standpoeint of seed germination and seediing suevival and crowtl.

Mineral soil provides a more lnvorable seedbed than charred srganic
matier beeause the Tormer hins 11 2 more stable mosiure supply. 2)
somewhatl lower swrface lempeoratures, and (3 a greater supply of
readiiy available plant netrients, The great importanee of nineral
soil seedbeds for seedling establishment was obsorved re peatedly.  In
the area swept by the greal fire on the Nenai Peniosula in 1947 the
najority of seedlings doveloped where (he fire had buwrned deeply.
exposing mineral soil,  Sewdlings of all species were searee in situn lions
whoere the forest Boor material was not appreeiably reduced by (he
fire and the surfnce only charred,

The extent to which minernl soil s exposed by five will, of course,
ey with fhme and pleee, Tn the recently burned spruce areas
examined in the conrse of this investigation, the proportion of mineral
soil surface exposed nveraged about 15 percent but varied from about
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SEDGE -RUSH - GRASES JF
LOW -SHAUE SOMMUNITHES

ULTIMATELY HERBAGEDUS (FIREWEED-GRASS)
OR SHRUR COMMUNITIES

Frovue HL -Change- in forest 1vpes following fire.

5 to 100 pereent,  Durning tended to he more intense on ridges than
in velley situations, and slopes with santh or west expostres com-
monly had meore mineral s0il exposed alier  fire than did slopes with
north or east expositres. Fires are often unusually severe on rocky
slopes or ridees.

Mare noticesble thar any influence of {opography ov exposure,
however, was the elfeet of the trees themselves on the pattern of
burning i the forest floor,  Thiz influenee has been mentioued by
Kujala (74 In his investigations of the effeets of forest fires in Finland,
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He stated (74, po 35) that Durning was more intense nder ithe {rees
than in the spaces between them.  Tno the eurvent study it was
repeatedly observed tha(, in practieally all fires, buming was deepest
and most intense under frees; the periphery of a given deeply burned
area approximately coincided with the erown projection of the tree
concerncd. This may be due to the following: First, and probably
most important. s the fact that spruee trees have long, if norrow,
erowns which must intereept muoch of the preeipitadion which falls in
light rains or in light snow storms, The driest places ina sproce
forest must be immedintely beneath the tree crowns, A second laetor,
whiel is less impo ant but significant. is the aceumulation of cone
seales frequently seen around the buses of spruee trees in stands of
secd-hearing age (fig, 5),

T paper hivel, quaking aspen, amd Talsam poplar stands hurning
i usually less intense than i spruce and consequently less mineral
=01 138 pxposed,

Denstly of vegetation on recent s inereases with the passage of
time. The species that enter earliest spread vegetatively wminl by
sted e are supplemented by Inter entrnis,

Spruce, paper bireh, quaking aspen, and balsam poplar reproduction
appears I burned areas within ene vear after o fire. On 21 areas
examined, the aveenge number of sproce, paper biveh, and Populnus
apecies fguaking aspen and balsam poplary scedlings and spronts per
acre wax 2,000, 8,000, and 5,000, respeetively. Stoeking with sproee
ranged front none Lo 12,000 seedlings per aere; 25 pereent of the plots
pontained no seedlings. In paper birch, stocking ringed from none
(o 13000 per aere: 30 pereent of the plois hore no seadlings or sprouts
ol the speeies, Poprfies =eedlines and sprovts ranged Troin 500 (o
IR0 per aeve and wore absent on enly 5 percent of the plats, These
arcas had been burned Trom 1o 10 yvears previoosle,  With an average
of 153,000 tree seedlings per aere alvendy presont aud with the process
of regeneration continting, new foreai stands will follow those do-
stroved. Phis conclusion is sebstantiated by the faet that in the
interior ol Alaska there are peactically qo harren areas resulting from,
single hnens,

Vegetative reproduaction following fives is Ineking In the sproeoes,
oceasional in young and middle-aged paper biveh, but vees abidant
in quaking aspen and balson peplare (e, (1, A sories of milaere
plots were examined along a teansect 1635 foet i length, areanged so
that it sampled 1the reproduction established under a five-killed aspen
13,1 inehes in dinmeter, Thiee vesrs hid elapsed sinee the five
ocetreed. The total nmmiber of seedlings and rool snekers was 390,350
prracre, of which 36,230 were root sitckers and 23,120 seedlings, Al
rool suckers exeeeded a height of 1 Toot and 9 percent of them lind
atiained o height of 2.5 (o 6.0 feet. The most heaviiv stoeked milaere
supporied 80 oot suckers and 54 seedlings, the equivalent of 134,000
stems pee aere {fig, 129,

The spruces concerned are the white spruee, Porsild spruce, and
Black sproaee. Tree birehes are prineipally Alaska paper bireh and
Kenal paper bivehe  OF the poplives, gnaling aspen is by far (he most
abundant, heing presenl on nearly all piots,  Balsam poplar is ilie
common cotlonwouwd of the Interior; black cottonwood s a coustal
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CiLTANTE FROM BASE OF FIRE-ALLED ASPEN {FEET)

Frocio 120 Aspen o reproddueiion wronned a0 13 el five-killed aspens Based on
worraneet 3 years after the dive. lenni Pendnsala,
speeies of Dmited ocenvrenee on the Kewad Peninsieda, and perhaps
. i the lower Sositng River vallex, hot is vokoown throughant the
HIECIOE Projhes,
Shealy reprodnetion eonsists predominantly of willows which, in
their early years, wee praetieadly impossible to wlentify, Those
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represented most abundantly in unburned areas adjacent o recent
burns were Bebb willow, Scouler willow, littletree willow, and Barclay
willow. Stocking with willow reproduction averaged, for all plots,
5,700 seedlings and sprouts per acre, the numbers ranging from none
te 53,000, Willow reproduction was lacking on 25 pereent of the
plots.  Sprouting from fire-killed voung willows is abundant but old
suppressed willows produce few sprouts.  OF the other shirubs, Cornus
canadensis, Rose acievlaris, and Veeelntum ritis-idaca are the most
abundant, being lfound on nearly all recontly burnod areas.  Ocea-
sional are Ledum poelustre ssp. decumbens, L. palustre ssp. groentandi-
cum, and Vaceininm cespitosum.

Surens, Rare

“Alnus sinuate Potentille frulicase

2L, tenuifolia Ribes triste
retostaphyfos alping ssp. rubra Shepherdic canadensis
AL ura-urst Vacerninm uliginosum
Lompelrum nigrum

Repraduction of slirubs other than willows in recent burns is for the
most part vegetative, with some seedbings developing from seed stored
in the forest floor,

Grasses enter reeent burns promptlv, usually appearing within 1 to 2
vears after o fire. Theee species, lgrostis seabra, Calamagrostis
vanadensis, and Festuca aliaica, predominate on areas recently burned,
These speeies have o relativelv high frogueney of cecurrenee, but the
density of their cover is fow, generally loss than 10 percent. Other
species occastonnlly encountered, and entering after the third or fourth
year following the five, arve . trefagrostis latifolio, Colamayrostis pur-
puraseens, amd Poa pratensis.

(rrasslike planis appear in sparse number 3 1o 4 vears following
fires.  Curer conciuna, ' wedia, O rossii, nind Junens costaneus ave
presend.

A nember of species of Torbs are vepresented.  Mpilobivm angusii-
Joliwm s the most abundant plant, often utlaining densitios of rover
of as much as 50 percent. 1t is present in practically every aren (hat
hins been vecently swepl by five. Species of Lupinus, chiclly L.
polyplyliug, arve likewise abundant but density of cover usually is not
more than & percent. Linngea borealis var. americana s widely
distributed but deasities are usually very low,  Polemonivm caerdenm
ssp. eifloswm and Pyrolu seeunda ave common.

Fopas, Qceasiovan ro Rang

Aekillea borealis I, pradense

Aster sibericus B seirpotdes

Astragoelus alpinus rigeron aerts var, asteroides
Comandre fivida falium borealy

Corydalis sempervirens fentiana propinqua

Descurainia sophioides [lodysarim ¢lpinum ssn. ameri-
Eptlobion adenveaulon CHNUm

Lipuisetum areense Luprnus archicus
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Mertengia paniculata Silene willinmsii

Oytropis campesivis var. rariens Solidagoe oreophilu

Pedicularis labradorica Steltaria fongipes

Primule cunetfolin ssp. serijrag- Tofieldia coceineu

 ifolia Trientalis ewropded ssp. areficy
Pyrala asarifolia v, inearneala

During (he fivst 10 vears no noleworthy changes were observed in the
forb cover other than a gradual incrense in the number of species
represented and tn density of cover,

Mosses are Hinited to a few spoecies that become common to nhundant
on reeently burned areas 3 to 4 vears after a fire. Ceretodon prurpu-
rens 18 A fre species appearing 2 (o 3 vears alter fires and spreading
rapidly.  Often il attaing a density of cover approaching 100 pereent
on deeply burned nreas where mineral seil has bheen exposed. Poly-
irickun commune (and to o lesser extent £ ;mnprwnmn) euler with
Ceratodon,  The liverwort Marchanfia  polymorphe is also o fire
species, vifering burned arens within the st 2 vears lollowing a five;
locally 10 max altain a density of cover approaching 100 percent.
These mosses and the liverwort are the only representatives that
appear abundantly in burned areas during the first 10 vears. From
an ecological viewpoint they are of interest because they develop
quickly, Terming a dense protective cover on exposed mineral soil,
Hither wind or water erosion of soil thus profected seems inpossible.

Lichens are rave in buraed areas for the first 10 vears.  Oceastonally
Peltegera caning var. rifeseens and P20 caning var. spuria are seen
altee the Toneth or fifth vear, The Iruticose reindeer lichens seem to bo
completely absent,

Paper Birch Type

This type represents a relutively varly sfage in forest suceession,
comparable to the quaking aspen (ype.  [Uis of widespread occurrence
on the uplands in the interior, being especially prominent on the
Kenai Peninsula, i 1he Knik Arniaren, in the Talkeetna Mountains,
and in the Tanana Vallexy., Type houndaries are usunlly sharp, as
would be expretod in view of the fact that they generaliy mark the
periphery of o fire,

The lTerest tree composition in the paper birch (vpe is shown i
table 3. Chararteristienlly iU s a pure (xpe hul occasionally aspen,
and rarely balsam poplac, appear in the main crown canopy,  Seat-
tered while spruee. ocewrring in the underslery, are frequently en-
eountered in stands more than 80 years ol age, Certain other trees,
commercially unimportant, appear in the understory. These In-
clude thinfeaf alder and Siika alder.  Both of these species are most
common in mature or overmature stands.  Of the willows that allain
small tree size, Bebb wiliow and Scouler willow may be mentioned.
Both are oc (':lammlll\ encountered in stands less than 80 years of uge.
Initind stand density s very bigh: 3,000 (0 6,000 (rees per aere is ol
unconunian at 20 yvears of age. There appears to bhe o reasonably
aood expression ol dominance in paper bireh with the result that
marlality is hewvy in stands of small-pole size. By the time the
stands are 30 (o 60 yvears of age, the number ol trees has dropped to
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Tanre 8.—Compeosition of paper birch slonds in inlerior Alaska:r Number of irees
and basel areq por ecre, by stand age, species, and diameter (breast kigh) growp
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1 Tinsal nrew not defermined,

around 1,000 per acre and by 80 vears to ahout 500,

After SO years

the decrease in numbers coniinues, but ab a less rapid rate. After
100 to 120 years, the basal area of the paper birch appears to deeline
and that of white spruce hicreases.
cracks. {frost cracks) in the boles of the larger trees, and decay,

Defeet, in the form of vertical
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apparently due chiefly to Fomes igniarius (v Kiekx, become
moreasingly noticcable after the stands attain an age of about 100
yeors.

Forest-canopy density decreases after Lhe forest stand is ahout 100
years old; this decrease results from death of individual bi.ches and
all aspen. Subordinate vegetation ocoupying sirata holow @ height
of § feet usually has a density of cover amounting to 30 to 60 pereent.
Application of the concept of stratification of vegetation was attempted
in the paper birch type but without notable results.  Greatest density
is seen in the fayver from 0 o 2 inches in Leight, that 2 to 12 inches in
height, and the central part of the main crown canopy of the trees.

Maximum heights in the examples of mature or overmature stands
that were examined seldom exceeded 80 feet and more frequently
were around 70 feet. Maximum diameters were seldom over 18 (o
26 inches and usually were less.

Most young paper birch stands are even aged buf in the course of
their development to maturity they become more uneven aged.,

‘Lree veproduction is scanty.  The average number of birch, spruce,
and aspen seedlings encounlered was 185, 128, and 60 per acre, ro-
spectively.  Willows also are poorly represented; the average nnmber
of seedlings per acre of all species combined was only 315,  The most
common willows are Bebb, Scouler, and Bardlay-.

The most abundant shrubs, other than the willows, .are the follow-
ing: Cornus canadensis, Ribes triste, Rose acicwlaris, 1accinium vitis-
uleea, and Virburnwm edule.  These occur in the majority of slands
regardless of their age. From the standpoint of cover, Cornus
canadensts and Vacclnvum vitis-iduce are noteworthy.  Less abundant,
but still common, are Menziesin ferruginea, Rubus pedatus, and
Vacewndum cespitosum. These spocies are more chareteristic of
stands older than 80 years than they are of young slands,

Surens, Occastonarn 1o Rank

mpetrun wigrum Bibes hudsonianum

Ledum palusire ssp. decwmbens foubus idaeus var, slrigosus
Lo padustre ssp. groenlandicwm Sambueus callicarpa
Oplopanar hurridus Surbus seopuling

Only one grass, Calamagrostis canadensis, is promineni in the paper
bireh tvpe.  Tf has a high frequeney; as a rule oecurring on more than
80 percent of the plots. The density of cover of this specios (usually
less than 10 percent) increases slightly as the stands bocome mature
and start {0 open up.  Poa pratensis was the only othor grass en-
countered in this forest Lype.

Grasslike plants, especially the sedges, ave practically absent.

Fonns, Mosr Awornpant

Dryopieris disjunctu Pyreola asarifolic vav, inearnata
Lpilobivm angustifolinm D, scewnda
Lyutsebuin pratense Trientalis curopasd ssp. aretiva
Lannaca borealis var. americani.
Lycopodivan annotinum (especiatly

in stands more than 100 yvears

of age)
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Fonss, Coanron

renaria lateriflora (in stands less JT seirpoides (in stands less than
than 100 yvears of age) 80 years of age)

Diryopteris  qustriaca  (in stands K. sylraticum  (in stands more
more than 110 yvears of age) than 110 xyears of age)

Lguigsetum arvense

Founs, Occasiovarn w0 Rane

Aeonitum delphinifolinm Goodyera repens var. ophioides
(omeandra Hevda Meriensia paniewlata
Corallovhiza trifida .

The most abundanl mosses are Iylocomium splendens, Plewrozivm
schrebert, and Polytrichum commune, It appears that £, splendens
enters somewhat laler than the other two species, first becoming
prominent after the stands have passed an age of about 30 vears,
After paper bireh stands have attained an age of about 100 vears,
species such as Drepanocludus wncinatus, Eurhynehivm praelongim,
and Flypnum erisda-casirensis may be common.

Mossus, OceasioNan ro Rann

Drieranum fuseéseens Dolytrichwm juniperinum
D. majus TTyprum erista-castrensis
Plagiothecium denticwlotum

Lichens arc uncommon in the paper birell type.  Livnge (84) noled
that they are also rare i the Betwla odorata Jorests in Norway. Fruli-
cose lichens are especially scarce. The only lichens commonly en-
counteredd are [Peltigera aphthosa var. fypiee and P. apbihosa var.
vartolosa.  Rare are Cladomia cornule 1. cylindrica, € gracifis var.
driladata, . scabriuscula 1. sublevis, Pritigera canina var. rufeseens, and
P membranacea. Tn the older stands on the enai Peninsula amd in
the Susitna River basin, Lobaria pulmonarie is frequently scen in
large masses on trees. There are indications that the hehens {other
than the peltigeras) decrease with inereasing stand age.

Paper bireh, in essentially pure stands, is a fire type. The species
seeds.in on hurned areas and even-aged forests resull. Melechow (92)
reported that in bhurns on the Dwina River in Russia, birch repro-
duction vame in over a period of aboul 14 years following fires: estah-

Nlishment of reproduction reached a peak about 11 10 13 vears after
burning. Secdbed conditions under full stands of paper birch appear
unfavorable for germination and initial survival of seediines of the
species. It also appears (hat there is insuflicient sunlight for scedling
development under birch canopies.  There were no indications (hat
birch will follow hireh in snecessive generations in the absence of fire
or other eatastrophic disturbance, On the other hand, there is abun-
dant evidence that white spruce seed is eapable of germinating and
that spruce seedlings can develop, if slowly, in biveh Jorests.  Barring
disturhances such as fire, paper birch stands nre gradunlly convertod
innto while sprace-paper bireh forests.

Fires 1 bureh forests 1end to perpetunte the bireh sud reduce the
representation of spruce. Following fires there 1s usnally some spront-
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g of birch stumps, hut the prineipal reason for the decline in spruce
is the lack of seed of the species. The proportion of spruce which
bear seed in bireh stands is low because most of the trees are in the
understory and only # fow have their tops in a position to receive direct
sunlight.  Under these conditions spruce regencration can come only
from seed blown in {rom adjacent unburned stands.

White Spruce-Paper Birch Type

‘The white spruce-paper birch lype (fig. 13) represents n stage of
suecession comparable to the white spruce-quaking aspen type. It
is more advanced in lerms of suceession than either the paper birch
type, the quaking aspen type. or the balsam poplar type. Tt occurs
wiclely on the uplands, probably occupying more ares than the paper
bireh type. Tvpe boundaries are less well defined than in pure birch
stands; transition (o pure birch or pure spruce Js frequently found.
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Fiienrs 13, 4 white xpruce-Alaska paper birch stand, approximately 1H) years
old,
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In the white spruce-paper birch type these species are invariably
the dominants bul the relative proportion of each varies considerably
from ztand to stand (table 4). This results parlly from the fact that
in some stands spruce beeame established at the same time the birch
seecded in. whercas in other stands the bireh came in first and spruce
later developed under the tree ennopy. In no instanee did bireh in-
vade stands that were initially pure spruce.  Quaking aspen is com-
monly present as sealtered individuals i young stands bul is pooriy
represented in forests more than about 120 to 140 vears of age,
Species such as black cotlonwood, balsam poplar, Bebh willow, and
Sitkn alder cecur as minor species, ('hloﬂy in the understory in young
stands. Initial stand densities ave usually high with around 2,500
spruee and birch brees per nere at 25 years of age. Mortality, especinl-
Iy in the birch, is iigh with the result that when the stands have at-
tained an age ol around 100 vears the number of trees hias deelined to
around 300 Lo 700 per acre.

The basal ares of spruce, whiclt tends to be tower than that of birch
in voung stands, gradually increases and finally exeeeds that of hirch
after the stand altams an age of around 130 yeers. Delecel due to
decay i the Direh is noticeable in stands around 100 vewrs of age and
heeornes very prominent (hereafler,

Foresl-canopy density is bigh in stands up to about 100 vears
of age but therealter it decreases.  In the subordinate vegelation,
(Immt\' is greatest in the ground laver. up to 2 inches in height,

where 30 1o 75 pereent of the surface is cccupied.  Density is least,
" usually less than 10 pereent, in the lavers [vom 1 to 2.5 and 2.5 to G
feet in height.

Maximum hetghty in the mature and overmature stands of white
spruce-paper bireh seldom execed 65 to 75 leet Tor spruce amd 60 to
70 feer lor birel.  Aaximum diameters in spruce are usually less than
13 inches and in bireh 15 inches,

Young stands tend to be even aged bul with (he passage of time
they become uneven aged due to the entry of more spruce and the
gradual opening of the stunds after 100 years.  The bivel is usually
essenlially even aged.

Reproduction ol tree species was seanly,  Only in the case of while
spruce were as many as 40 pereent of the plots stocked wilh seedlings;
these were in stands less than 140 vears old.  Older slands wore
practically lacking in trees less than 6 feet in height. Willows oo were
searce; Behh willow and Seouler willow were the only ones vepresented.

The mest ahundant shrubs, other ihan willows, are Cornus canaden-
win, Kosu geientaris, Vaeelnium rifis-ideea, and YViburavm edule, which
are fonnd in every stand.  All these spectes have avery high frequeney
(usuallv 88 pereent or more) but have acvelatively low density of cover
(usually loss than 10 pereenty, Rubus pedatus oceurs commonly in
stands more than 140 vears of age but 1s praclically absent in vounger
stands. It was absent from paper biceh lorests less than about 120
vears ol age.  Ribes trisfe is also relalively common.  Oceasional to
vare are crelostaphylos wva-tesi, Kmpetewm nigram, Ledum palustre
ssp.  decumbens, L. pelustre ssp. groendandicuem, Menziesio ferruginen
(only in slands more than 140 years ol age), Sorbus scopuline (only
i stands more than 140 vears of age), and Spiraen beanrordiana.
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Tasvy 1—Composttion of while spruce-paper birch stantds in inlerior Alaska:
Number of trees and basal area per acre. by stand age, spectes. and diameler {breast
highy group
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P14
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Quaking uspen . .
LK ypar-ld stamf, B3~
White spruce .. .
Alasks paper bireh.

T Basil area not deternine |

Calamagrostis canadensis is the only tnportant grass in white sprace-
paper birel forests. Lt is absent or rare In voung stands but appears
i old stands when they begin to opea up.  Grasslike plants are
practicalisv absent.

The most abundant forbs are Comandra livida, Dryopteris disjuncta
(especially in old standsy, Zpilobium angustifolium, Foyuisetum arvense
{in stands more than H0 years of agei. Goodyera repens var. ophivides,
Linnaea borealis var. americana, Listera corduta (in old “stands),
Lycopodiwn annatinum, Pyrola wsarifulic var. incarnaty (especially
in Torests mwore than 100 vears of sgey, P, sceunda, and Trientalls
europuea ssp. arcticd.




44 TECWENICAL BULLETEN 1133, U. 5. DEPT. OF AGRICULIURE

Fanrnus, OQocasioxal ro Rane

Aekillea borealis Lycopodium elaretum var. mons-
Arenaria lateriflore staelyon

Lquisetum pratense L. eomplanutum

Lupinus noothatensis Moneses uniflora

L. polyphyllus Streptopus amplerifofius

Aosses in the while spruce-paper bireh lorest ave similar to those
in the paper biveh type.  Hlylocomivm splendens, Plevwrozivmn selhreebert,
and Polytrichum commune are by lar the most abundant.  Density
ol coverage is greatest lor Plewrozium schrebert, 25 pereent of the forest
Naor usuall_\' I)t‘mg peeupicd by this apecics.

Aossnig, Oceastoxan To idann

Aulacomuiwnm burgidum Pohlia nutans

Iheranum fuscescens flypraem prista-casirensiz
[}, majus Rhytidiadel phus feigueteus
Drepanvefudus wacinatus

The liverwort Ptitidivm eiliare is also oceasionadly encountered.

Lichens are poorly represented and poorly develeped in the white
spruce-paper birch tepe. The only speeies ab all froquently eneoun-
wered is Pelligera aplithosa var, (ypien,

Lrensxs, Qecastoxan o Rans
Cladonia cornuta 1. cylindrica (' uneialis

£ gracilis var, difelate Deltigera membronacea
(" seabrivscule [ adspersa Sterencanlon fomentosion

As in paper birch stands, there appears to be a decline in the lichen
popuintion, other than speeies of Peltigera, as Uie stands inerease in nge.

White spruce-paper bireh stands may develop immediately aller
fires or they may reselt from gradual entry of white spruce into paper
Lireh stands whieh originally were pure,  The naturve of the seed source
wvailahle following fires appears to determine in harge measure which of
the two situations will prevail.  Bireh does nol seem (o be o very
favorable nurse erop or associnte for white spruce.  Like all other
forest speeies in Lthe interior of Alaska, while spruce develops hest
when provided with mineral seedbeds and Full ov neariy Tull sunlight.
Under bivelh ennopies, light conditions arve almost certainly below the
optimum for spruce, The result is tha juvenile growth of understory
spruce is slow,  As the spruce crowns sradually enter the strata
occupied by the bivel, anather unfavorable influchce is encountered.
Crown Ficlion is so grent that the sproee is delormed, often heyond
recovery.  Bireh crowns appear (o be espocially (hmmgiug in this
respeet. Young bireh trees whip and sway and the hranches in the
erowns of the large birches also undergo muek movement even in
compuratively Tight winds,  Alihough conditions are nol very favor-
ahle for development of white spruee in biveh stands, they are even less
50 Tor birch reproduction.  Tn the absenee of fire or cutling, while
spruce-paper bireh stands gradually  change to rvelatively open,
essentintly pure, while sprure stands. George Cartwright in his
Labrador Journal, published in 1782 (1361, deserihed n closety parallel
suceessional development involving vepincement of hiveh by spruee
and fir.
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IMires tend to pevpetuate the birelt and reduce the proportion of
spruce, ns explained for the paper birch Gype.  Here, however, bireh
is not favored as much, and spruce is not repressed as greatly.  The
older, larger birch does not reproduce ns well vegetalively as does
vounger. smaller bireh, and v most of the white spruce-paper bhireh
stands the spruce i more likely to have begun to hesr sced.

Quaking Aspen Type

The quaking aspen type represents a stage of succession compnrable
to the paper bireh type. The type is very widespread on upland aress
m the interior of Alaska and is partieularly common on relatively diy
slopes with south or southwest exposures, and on other excessively
drained situations.  Raup (724), while working along the Alaska
[Tighway, repeatedly observed aspen on warm souith-facing slopes; on
these situations it appeared to him that the type tends (o persist for
long periods.  Excessive  dininage.  although  evidently  favoring
guaking aspen more than white spruce or paper bireh, generally leads
to poor. slowly growing, rather open stands. Boundaries of the
qluaking aspen type are oflen very sharp, marking the peripherics of
old fires.

Tanre 2.---Composition of quaking aspen stands in interior dlaska: Number of
trees and basal aren per acre, by stand age, species, and diameter (breast high:
group
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ayerashd staad, P50 w2
Qunkbog najes [} i 1.1 1] [£]
Ak perper arely h] Hr ] [f} ]
Whaie spraee 1] o R [t} i
Halsmn pogier an " 4 1] u
Huehb wiliow g 0] n i 0
Luialotree witlow iy ] L8 13 [}
Eegriier wiilow T q " ] il
ARUUTIC e ahdey 154} 1 IH 1} ]
Sty euzeolid staad, 1955 4
Lk G espiet 1 okt i s San s d
Wiite sprues bt L} i ] bl
svitler willow Hild 118 [ 4] O
Bbyeser-nb] sttt .
'al-i1:
Onrak bevr axgunt Us o B o U |
Ruglsun unplar ELiH REL] E] 4.4
Helh witlow 1] H] 1 1]
Pal 9y
Cnkitne asphen L3e]] [pi] | ] 2.2
Aaskn papner birebs il o] T |13 [
HRTESTFFEH =ty el i & ] 1]
Pirba e w it kA il [k} i 1t

U s feeeliedd 0 apehies i slriebor
v sl e not determined.
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Tree composition in the quaking aspen type is Hustrated in table 5.
Associated with the aspen are while spruce, Alaskn paper birch or
Kenat paper birch, and balsam poplar.  Representation of these
speecies i3 usunily poor and bears no discernible relation 1o site. Other
assorinles, in underslory position, are Bebb willow, Svouler witlow,
littletree willow, snd American wreen alder.  The willows sre most
commoi 1 voung slands, less than about 40 years of age,  Imtial
dongities may be very Ingh, 3.000 to 6,000 slems | ineh and larger in
dismeter being found per acve in stands around 20 to 25 years old
(fig. 143, Even in stands 50 Lo 60 years old there are Drequently 1,000
to 3,000 stems per acre. Mortality of aspen s high in trees 1 1o 2
tnehes in dinmeter, but new sprouts coutinue to ssue {rom he rools,
particulariy in voung stands. Alter stands are about 68 vears old,
decay beeomes very common and they start o open ap as lrees die.

Forest-canopy density appesrs (o deerease with inercasing sband
age, 1o the subordinate vegetation the grestest density s found in
the ground Iayer (8 (o 2 inehies) where about 35 peceent of the surfaee

-

o T RS

F 477368

Frovnr Ue- A 20-vear-old auaking aspea staad,  The dowinmms are 2 10 3
inehes do by bl and 25 to 30 feer ail
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is occupied. Density is least in the layers 1 to 2.5 feet and 2.5 to 6
feet above the ground level. Vegetation densily in these lavers is
usually less than 10 percent.

Maximum heights in the oldest stands classified as pure aspen
seldom exceeded B0 feet and maximum diameters were usually less
than 10 inches. These values do not represent the maximum sizes
attained by aspen in the interior of Alaska. With Inereasing age, size
algo increases {especially diametery but the stands ave then l11\01\' to
be classified as white spruce-quaking aspen.

Aspen stands are essentially even aged, but as they pass into the
white spruce-guaking aspen (ype thex tend to become uneven aged.

Birch reproduction is almost lacking in aspen slands, and white
spruce reproduction tends io be sparse uniess o good seed =ource is
near.  Aspen reproduction averages around 1400 individuals per
aere, but these are mosily root suckers which soou die. O the
willows, Bebb willow is most abundant, especially in stands less than
40 vears of age. Blueberry and seouler willows are ocensionally
encountered,

The most abundant shrubs, other thun willows, are Urefosta phiyptos
wra-wrsi (present in oevery standi. Posa aeicnleris, Shepherdio canc-
deusis, and Vacernium ritis-idaea.

SuRreRs, OeeasoNan o Rare

retosta phylos alpiue ssp. ribra Rubus ifuens var, strigosus
Retnda glandnlos Veagernim cospitusim
s canadensis V. ufiginoshm

Fmpelrum nigriin Viburman cdule

Lechem pulusive ssp, grocedaudicun

A wider vartety ol grasses 12 encountered in agpen stands than in the
paper bireh or white spruce-paper birch forests. Presaumahly this
resitlts from the more open canopies in mozst aspen commuities. The
Most pronunent grasses ave dgrosdis seabra, Culamagroslis conlensis,
and Festuee altaica,  OF these the [ast two have the highest density,
ofteir o 30 pereent. (Mlier oceastonal 1o rare speetes, which appear
in relatively nwre stands, are Beowus pumpcdlices, Calamagrostis
prepurascens, nnd P glencd.

Crrasstike planes are very rare 0 aspen stads, Oceasionally apecies
sueh s Oerer coneinna and O xuDpa 9300 S PURTOCRE P BTY 500N,

Forh speeies represented are lisied below,

Forns, Mosv Anvrsnaxt
Sehillca burealis Linnatenr borcadis var, tmerivane
Spiabivm angiestifol bum AMeviensin prruienlatn

Foyuisebum seirpoides

FFouns, Cossax

Lupiis arelics Zigende s clegons
Pyraln sicunda

DEHI R BT |
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Forns, Oceasrtovan 1o Rane

Arenaria faterifiora L. elavatwm var, monostuchyon
Aster sibericus L. complanaiym

Buplewrem americenum Pedicularis sudelicy

Comeandra {Trida Pofemonium boreale

Louisetum pratense : Pyrola asarifolic var, inearnafa.
Galiwm boreale Sarifraga tricuspidata

Geraniwm erianthum Sulfdago multiredinta
Lycopadium wunotinmm

Mosses do not atlain the density of cover in aspei staneds thad thiey
do in paper bireh and white spruee forests.  Density of cover in n
given species seldom exceeds 3 percenl,  No speeies were found
abundant,

Mosses, QcessioNan 1o Rang

Awlaenneninm hurgidum Hyloeominm sple wede ns
Bripem cuspidetim Polutrichni commnne
Cumplotheelwm Ddeseens P juniporinum
Campyliem stelfaium P.ostrictum
Phrepatoeladus uneinains”

A Dverwort, PAfidivm eiliare, is ocensionally seen,

The lichen population in aspen stands is considerably greater tan
in paper bireh or white spruce-paper bireh: perhaps this is beenuse
aspen forests are more open.  The lichen cover appears o decrease
shightly ulter the stands atiain an age of about 30 years.  No single

hichen speeies is especially abundant or claracteristic.

Lieness, Oveasioxnan 1o Rane

Ctirurie euenlfato (" e pidota
(7 wiralis O multiformis I simmduin
(ledniia al pestris (" mudtiformis £, subaseypha
Loearined fooeribrosal (" squamose [ orieclto
e i [Loerossofn O uneivfis
L ehlorophaen I simpler” Nephroma areticum
. eoeeifera Noerpaflictum
L eoniverarit [ stenosey pha Defligera aplithosa var, fypice
cevrnnle Toeylindriea Ieuninag vav, rufeseens
L degenerans I euphoren P.omataeea
L fureata var, raecmosa Stercovaulon paschalr
Cgraeilis var, difatate S.opasehale vav, grande T vefatinm
graciis vars dlongata U feendera S lomeniosum

Aspen stands develop following fives,  Regeneration is from seed-
lings and root suckers, with few, il any, stump sprouts.  Abuodant
vegelative repraduction from rool suekers almost ivvariably follows
on burned areas formerly supporting aspen.  Inareas where aspen was
absent ar searee In the previous siand, reproduction, il any, is of sewl
origin. - Aspen sewds are borne in lirze numbers and are easily dis-
seminnted, but fuivly elose proxiniity 1o a seed souree seems esseniial
lor the establishment of seedlings in quantiiy,  Even-aged siands ave
eharaeieristic,
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In the absence of five or other comparable disturbance, aspen does
not follow aspen; a possible exceplion may be found on exvessively
dry slopes having a southerly or westerly exposure,  Oun such siles,
Stocekeler (147) regards aspen as the climax,  White spruce, which
may have started with the aspen immediately after a five or which
more usually enterod the stand laler, gradually dominates the sito,
Aspen 15 an wtolerant, shorl-lived speeies as compared with white
spruce, which is relatively long lived and tolerant.  White spruce is
evidently subjected 1o less suppression and less deformation ol crowns
i aspen than i paper birch forests,

Fires in aspen stands perpetuate aspen and destroy practically all
the white spruce that may have eniered the siands.  Spruce 1s greatly
handicapped in surviving fires beeanse the living branches are close
to the ground, the bark is thin, and the speeies is strictly dependent
on seedling reproduction. Tn the Lake States, Stoeckeler (748) found
thal repoat burns in established aspen stands reduee site index rom
610 25 feet,

White Spruce-Quaking Aspen Type

This (ype represents o stage of suecessional development divectly
aialogous 1o the white spruce-paper bireh tepe, It is widely repre-
senled on the uplands in the intervior, perbaps being most common on
relutively dey slopes having 2 south or soutliwest exposure snd on
oxcessively deained oulwash or delia soits. On the drier situations,
enley of white spruce into aspen stands is slower, and subsequent de-
velopment is loss rapid than on sites with favorable moisture relations,

Tit the white spruce and quaking aspen (vpe these spocies are the
dominants, but the relative propoertion of the two speeies varies sub-
stantially from stand to stand (table 61, This usually is due fo com-
posilion of the reproduction at the Gine the staod was established and
to the rate of subsequent mvasion of spruce. On sites of average or
better than avernge quality, white spruce freqoently comes noat the
same time the aspen s castablishied, that iz shortly after a live.

With 8 sonree of seed available, white sproee seedlings beeome
established on good sites, On the poorer, dey sites, white spriace
establishment immediately alter a five is difficult, and 1w sueh sito-
ntions spruce slowly reenters the area under the canopy of the aspen
tig. 151, This process is evidently versy slow on steep slopes having
nosouth or southwest exposure.  Assocmted with white spruce nmld
guaking aspen are halsam poplar and several willows of which Bebb
willow s usvally the most important. As o group. willows are present
to Lhe extent of aboul 8,700 stems per acre; about G400 of these are
Boebb willow, Other wiliows encounlored are Barclay willow, in-
cluwding var. hebecarpae, blucboerey willow, and Sceoulor willow.  Initial
stund densitios ave high, with 1,000 to 2,000 white sprace and quaking
aspen stems per aere ot 28 vears. By the time Uie stands have ad-
Lained an age of about 100 vears, the number of stems per aere has
declined 1o around 400 to 500, White spruee gnins in imporianee
with increase in stand age whereas the importanee of aspen dectines
(lig. 161, In one white spruce-quaking aspen stamd 115 vears old,
there woere 240 Tiving amd 690 dead aspen Grees per acre i diameter
classes above 3 dnches, I this same stand there was essentially no
sortality in white sproee, and the frees appeared thrifly.
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Taare G.—Composilion of white sprice-quaking aspen slands n inlerior Alasxa:
Number of trees and basal area per acre, by stund age, species, and diomeler
(breast high) group

Troes CDinmeter 2 Dinmeter 5 ! DIameter 10

! nior acre tnches and up ¢ tnehes snd up . Inches and up
1ineh

omanl up
In dlun-

Tooeter

Stoand age, plot nuinber, ngd speeles : . D
. e . .
I!t“s:_::, Itnsnl lnré,:‘s _ Basal i Prees | pyen
e nren e aren ;s aren

. : . i
Naoo Sp il Nee Bl Nu, o Sy
White spruee . o L il 1710 B i} 1 1]
Quiking aspen . .- BA0 181 . n
Hebh willow, ... . . . ; 0 ’ ’
P49-25: :
White spruce . ; n -
Guanking aspen B T
Bebity willow. . . .. 0
Fa9-26:

0-vear-old stnnis:
P49-24:

White sproaee. . A 410
Quaking aspen . T}
Black eottonweomt . ’ b
PAG-37: :
White sproce. . a1
LQuaking aspon it
Balsam peplar, . . Ell
G-year-old stand. 1'31-13: .
White sproee . (R L}
Quaking aspen . 13 .
Balsam poplac., . . L
Thelyby whllow . o . 150 :
G5-year-olil stand, Pal-4: !
White spritee .. . Ny
Quaking nspen Kiut
1iadeamn paplar. . 10
Tebir willow . . I k)
B0-year-gld siand, 1P50-1%
White spruce, . . . .. ] 11K
Quaking aspen_ . . kL)
Bul=nn poplar-., . A JEL]]
Bebl willow . . E [t 10
15-yoar-old s1and, Pat i
White sprues . e 10
Quaking aspen . . . 2H
Bolsam poplar.. . .. ... s

! Rasal area non determined.,

Forest-canopy density tends (o be low in stands of this Lype, vspe-
cinlly when the aspen bewins to drop out alter about 100 vears.  In the
subordinate vegetation, density is greater in slands fess than GO yvears
old than in older forests. “The ground layer (0 1o 2 inches in height)
has the hizhest density, and the lavers 1 (o 2.5 feel and 2.5 1o 6.0 feel
in height have the lewest density,

AMaximum heights in the mature anid overmature stands of white
spruce-quaking aspen seldom exceeded 60 o 70 Teel for spruce amd 65
lo 75 for quaking aspen.  Maximum diameters in spruece and aspen
were seldem more than 10 to 12 inchoes,

White spruce is uneven aged in most stands whereas the aspen is
essentinlly even aged.  The spread of ages in spruce inereases with in-
erease in stand age,

Spruce reproduction i present in all stands, but the number of trees
per acre is low, ranging from 200 to 6,800 per acre and averaging 1,100
Aspen root suckers avernged aboul 1,600 shoots per acre. These
shoots appear, live a few vears, and then die.  Birch reproduction is
very seanty apd balsam poplar is only oceasionally encountered. [t
15 obvious that, of these Tour species, white spruce is the anly one
capable of surviving and developing under the forest canopy,
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F 477367
Fricre 130 -0 Gh-year-old quaking aspen stand with an nedder<tory of black
~pruee and white sprice. The domipant guaking azpen ivees arve b o W iuches
o b, huoand 58 fo 30 feed dall, The spraee Troes 1o the andersiors are 2 1o 4
fuches ol b Beoand 25 10 30 feec dnll Arrowsz point o aspen barked by moose,
Kenat Peninsnla, 1934,

Mosr Asrypaxt Serees, Oroeer T'oax e Wintows

Aretosta pliylos wra-tiess She pherdia cunadensis
Cornns caaade sz Vaeeiiium rifis-iduee
Bosa acienlares

Sicns, OeeasioNan o K

evtosta ploglos of pini ssp, rabra Lo palustre ssp, grocnfandicum
Brivda glanitulosa Potentilla fruticosa

[ petriin wigrvm Vacerninm ceepilosum

Lechume pabustee ssp, deewnhens Vidurnum cdade

The most prominent grass s Oolomugrostis canadoesis, whivh oecurs
most commonly in the voung sinndsl Clprostis seabrn and Festuea
altaien oceur mrely. Grasshike plants are even more searee Lthan ihe
grnsses Curer eonedcnn was aboul the only species enconntered,

Foris, Mosr Anexoaxr

Lopidobimm anguestifol i Pyroda siemndu
FLirewacd borcalis vor, e ricana

Forus, (Coamoxn

foguischmn seivpoides Pyrola asurifolic var, incarama
Lacppiaies nookleate nsix Fricntalis enropuca ssp.nretice
Movests wuiflora
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A

F

Frovprn 16, Aqaaking aspeen-w bite spraee <aned e w biel 1l derniiznn g i
aepuere LFees o spbrosdmatels LY vewrs of gees S0 12 dnehe- d U b, ool Gi
Pt walb Tl white =preaes veee= e 5 oo UE Dnelies o b b zae? B vo 500 el
ta't Mopely of b gusin

Hal

wospere s cleael on deeadeny

o, Ocewstovy, ro R

efeilted borealis Leyoptoris disivnely
et delphisifolinm flpinisebiane prote s
et fafepifforn 1o, sapbvativnn
Cnsdeble i perfiddi ssp. i Ceeefsutur horenfe
(oeneet el e fredddu Hlab pevioe obfrsata
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Tupinus arclicies Sanguisorbe stipulute
Lyjcopodium annolinum Senecio integerrimus
Mertensia paniculala Stellarie longipes

Pedicularis labradorica Viole renifolin vav. brainerdis
Pyrola virens

Mosses are more prominent in the white spruce-quaking aspen type
than in the pure aspen forest. The most abundant species are
Drepanocladus wneinatus, Hylocomiuwne splendens, and Polylrichwm.
commune.  P. commune 1 most prominent in young stands whereas
IT. splendens is most abundant in old stands.

Mosses, (Occasionan o Rane

Ceradodon purpureus Lwrkynehivm praclongum
Cimacivm dendroides Plewroziaom sehreberi
THeranum drummondii Foldia nulans

I fragdifelinm Polytrichum strictum

D). fuscescens Tomenthypniom nitens
Ditrichum flericqule

Of the lichens, Peligera aphthosa var, iypice and P. aphthose var.
variolose are most abundant. Iu some yvoung stands less than 25
years of age, (ladonia cenolea 1. crossola and C. erispate var. infundi-
bulifera ave comnon,

Lrcuexs, OccasioNan 1o Rans

Celraria islandica . gractlis var, dlongate 1. loontere
Cladonia cornwta b eylindriva . mitis
C. ertspata var, rirgeiu " pysidaie var. pocillum
C. graeilis var. chordalis 1. leveo- O sylvatica
ehlorea Stereocaubon tomeniosim
. gracilis vav. dilatata

White spruce-quaking aspen vommunities may hocome established
immediately followmg fires hut more characteristieally they arise as a
result of suceession with the spruce gradually invading essentially pure
aspen communitios.  Spruee seeds ean germinate and the seedlings
can survive and develop slowly under the aspen crowns.  In the
absence of fire or other devasiating disturbance, spruce gradually
replaces aspen wnd relatively open spruee stands ave the ond resolt.
Ciurman (47) stated that in central British Columbin the elimination of
aspen Trom mixed stands becomes rapid alter an age of 68 yvears is
reached.  NMillae (97) veporied that m the “elay belt” in Ontario
growth in aspen stands is balaneed by mortality at about 100 years of
age and from then on (e aspen begins to disappear.  The spruce, on
the other hand, continves to grow.

IFires in the type are far more destruetive of sprace thai of aspen.
The reasons for the selectivity of five have already hoen mentioned for
other types. They include principally such chinracteristics as thin
harle, flammable folinge earried well down {ownrd the ground, and
inability ol spruoce (o reproduce by speonting.  The rapid height
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growth and early seed production of aspen root suckers gives it an
advantage over spruce in rccovery from fires. Severe fires in the
white spiuce-quaking aspen type usually lead to pure aspen stands with
most of the regeneration of root sucker origin.

Balsam Poplar Type

Balsam poplar in cssentially pure stands is a forest Lvpe charactor-
istic of recently deposited afluvium and is found along most of the
larger rivers in the interior of Alaske, Many stands represent the first
foresistage in a primary successional series.” For reasens that are nol
apparent, balsam poplar is especially well adapted for reproduction on
alluvial bars.  These are a conunon feature along most of the Alaskan
rivers that are fed by the melt water from glaciors.  Aspen, which
might be expected in these hubitals, is o rare specics. Occasionaily
balsam poplar spreads from its characteristic stream valley habitat to
adjacent upland sites that have been swept by fires,

Forest composition in this type is indicated by the few samples
presented n table 7. Balsam poplar stands are often pure but in
many of them white spruce becomes an important element, especially
in old stands (fig. 17).  Alaska paper birch is a less important and loss
common associate. Small underslory -pecies such as Sitka alder,
American green alder, thinleal alder, litetree willow, feltleal willow,
and Scouler willow are occasionally encountered. Initial densities
are commonly high, with as many as 3,500 Lrees per acre at 25 years
of age. Density tends to remain high cven in mature forests.  Decay
“.appears common in old stands.

" Maximum leights of balsam poplar in the slands studied did not
exceed about 70 feel, and mavimum diamelers about 36 inches.
Howoever, substantially larger trees occurred in some of the betlor
stands 1y the Susitna basin.  Thomas (/53) stated thatin his journey

Tarww 7o -Composition of balsam poplar stands in interior asba: Number of
trees andd basal wrea per were, by stond age, species, and digmcior (Dreast b iy
¥ ! ! # f
group
Trees i Dinmeler @ LiEneier 3 PMaineder 10
NG ol : Hygeeg 4
per aere el and gp o inelies wond op Cnelwes and up
j i”c}l —_— - P _— _—— e e e - - [P
||;'lnfill:§:_ Troes o Treos - ligma}  LT0US
f_'tl':r o per aren + S 'i;éfi oo e
were aere U 0 gere

Stand e, ol numbier, pud speetes

sl
Tonreg

[LEEHT I

1 N, No. SRR, Nao o SR Ne, sp
L1 i

Hi-yenr-obl sterel, P&, bdsam paptar 3,0 kB
H-venr-old zinned, P37 :
Dalsmm paplar oL - (RO TH ] A
Wiille spragee . . R 20,4 Hh
Rickanlder. ... . L ... .. ; iy R 1T [
Awerican preen alder P k [0 a,
Litlletree willew  _ . 0 (. | . - 4 [Eh
Sebllenl willow .. .. 0 ! 1 PR L I g
Intt-yonr-okd staoed, Pa0-A [ : .
Badsaa nopiar . e ea . ) i} .-
Thinbeal alder B e A - R L5 R ]
Litiletree wiliow e L L o i
AR-yenr-ol) stand, P34 : : i
[ndsam pophr_. . : 4 oD 44, Wty
While sprume e : b . ML RLE - MM NS sl oAbk
Aldnska pieer Diredis L e - ! oS i 30 i+
Heauber willow .. Ll | . R 7 S , ' a @

1 Bosal srea ook deteninbned,
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AT

Frovre 17, A dalsan poplar-white ~proce <tand,  The oldest poplars gre 2060
yenrs of gge and are nearly 38 inehos do b U, and 75 feet il The oldest white
sprrer e 105 years of age, 13 inehes d Do b, sl 74 feer tall, On Mavar-ka
Niver, noar Paliney, 1489531,

along the Susitna River he occasionally saw ecotionwond trees from
3 1o 6 feet in diameter, Balsam poplar stands are often even aged
but niay also exhibit a considerable range in face,

Heproduetion within o stand is geaerally sparse witli only oceasiona
white spraee, balsam poplar, and rasely paper hireh seedlings,

Saicas, Oeewaovan 1o Rage
s erispa Hosa nelenlaris
(orues canads psis Serdir arbuseulvides
[acagnns conmuialn S.oxedchdliana
Lediem palustec ssp. grocudoadicnm She pherdia canade nsis
Paotentifle frulicos Viburnian edute

Cirasses appear (o be e, the only one encountered beitige € alima-
grostis puepuraseons. Greasslike plints are practieally absent,  OF the
forbs, fopitubinm angusiifofiune s perhaps the most abundant,  Acti-
ally no species seems (o be outstanding,
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Forus, Ocrasioxsn 1o Rane

squifegiv brevistyla Hedysarwn alpinum ssp. wneri- ®
Artemisia arelica e
Comandra {ivida If. mockensii
foyuiselum airvense Mertensia paniculate
Goodyera repens var. ophiotdes Oeytropic campestris var, rarians
Fabenaria obtusatn Pyrola asarifolia var. incarnata
P secwnda

NMosses are not prominent in balsam poplar stands,  Seldom does a
species limve o coverage of more than 5 pereent.

NMosses, Ocrasioan ro Rane

Bryune caespiticivm { e panocladus wneinal i
Ceratodon purpureis flypnune rerolutum
fHerawum drummond i ITylscominm splendens
1 fragiifoltum Plevrazium sehreberi
Ditrichum flerseande

Lichens arce very poorly represented,  Only oceasionally are the
following species encountered: Peltigera caning vav. rufescens, Stereo-
eanfon paschale var, of piman, and S, paxchale var. al pivum 1. gracilen-
tunc.  As e stands nmture and as white spruce develops, Peftigera
a phthosa var. fypica ad PO membranueea appear.

The successional position of the balsam poplar type is not entively
elear.  Characteristically iU develops on recently depostted  bars
wlong rivers but the permanence of the type i not known.  On some
areas white spruee is wradually attaining dominanee and will even-
tunlly roplace the balsam poplar. T other situations (e poplay
appears to he a self-perpetuating community without any elear trend
towsrdd replacement by spruee or other species. Perhaps balsam
poplar may oceupy flood plain areas indefinitely il they nee subjected
1o periodie overflow  with  deposition of alluvium. Raup (125
regarded willows and alders as predecessors of halsam poplars on oo
plains in the southwestern Mackenzie vegion. Pulling (723) viewed
the root svstem of balsam poplar as more or less flexible bul not
adapted Lo soils as shallow as some of those in which white spruce can
thrive.

Fires oecur in the batsam paplar (vpe but are nol aearly as commaon
as in other Torest conunupities. Based on limited evidence, #omay
be anid that Tollowing fires the Lype regeaerntes by meaus of root
suekers, and, Lo o lesser extent, from seed. To this respoct the species -
behaves in moeh the same way as aspen.

White Sprruce Type

The white spruee tyvpe s the elimax forest communily on upland
areas i the interior of Alaska i 180 Tois widesprend sod is respon-
sible, more than any other forest type, for the vegetational aspect of
the landscape. The dark, slmost biack, Torest neatle so charneteristic
of upland areas in 1he interior i white spruce. Only in regions thnt
have eseaped reeent fires is the cover of spruce Torest complete; com-
manly it is Hroken hy more or loss extensive areas of paper birely, aspen,
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. R T OREPRY AAVADTRAALALS, C 1Y

Foatyge

Frovwn Is0 Climay white sproer forest siong the Nelehina River, warked s
erodingg blnff~. Mong Gilenn Higowas . at mile 14, looking enctward, (U531,

or frpes transitional between these aid pure spruce. Boundaries are
nstelly very sharp, marking the edges of fires. Ihese houndaries boo
tween white spruee farest and azpen or paper hireh forest nee a0 corn-
moi featore and appear as distinet lines that niny be seen Tare miles.

Generally the white spruee type is pure with onby ocensional vep-
resentatives o blaek spraee, paper birch, amd Dalsam poplar able
Soo The understory of sinall trees or hege <linbs ineludes several
species ol willows and alder. Bebh willow is the most abundant
member of the group, with 2,000 to 3000 stems 1 el o dismeior,
or larger, per aeve m youne stands, that i up (o 20 (0 30 years
old. With inerease in ~tand ase, the number of stems of Bebl willow
deerenses until they beeome very spaese in stand< older tan 160
years, Other willows aitwinine dimmeters of 1 oinel, or mare, a1
breast heieht melode Hidetree willow, Feltleal willow . <cotler willow
and Suler sfosea vars afivenc. Like the Bebb willow . Uhese species are
moxt ahonedant in young stands and decerease in numbers rapicdly with
inerea=ing senel nge, becoming <earee i stands older than about 16
vears. The prineipal alder is Sttka alders Ameriean areen alder oe-
ers oeeasionally o Undike the willows, the alder is maost common in
the older stands, betne sewree in Torest= huving anonge of less than ahout
120 yeawrs,

Initial densities are conunonly hich, with 2,000 1o 3,000 <toms |
el aued Tavger i dimmeter per aeee incstands from 20 10 23 vears of
age. The tatal nuadwer of <tems per acre deereases with iereasing
nge, but even an 160 ta iS50 yenrs there are asually 3000106 300 per acre.
In ~tands nround 160 ta (S0 yours of aee 10 e LA (rees per e
Imve diameters of Y inehes ar o,




58 TECHNICAL BULLETIN 1133, U. S. DEPT. OFf AGRICULTURE

TanLe 8—Composition of while spruce stunds in inderior Aleske: Number of
trees and busal area per acre, by Stand age, species, und digmeter (breast kigh)
groun
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Tanue 8.—Composilion of white spruce stands in inlerior Alnska: Nimber of
irees and hasal area per acre, by stand age, species, and diometer (hreasl high)
growp—Clontinuerd
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Torest-canopy densily tends to decrease wilh inereasing stand age;
greatest densily is usually encountered in forests less than 160 years of
age. In the subordinate vegetation the greatest density of cover is
found in the ground taver (0 to 2 inches) where values of 75 to 100
percent are usual. Lowest densilies nre found in the layers 1 to 2.5
feet and 2.5 to 6 feet above (he ground where density is usually less
than 1{ pereent.

Maximum heights in the oldest spruce stands seldom exceed 85 to
100 feet pud maximum diameters are seidem more than 20 to 24
inches.  Average values are coasiderably less,

White spruce forests may he even aged or uneven aged, depending
on their history. Stands that secded in burned areas are usually
even aged whereas those that originated as a resull of entry of spruce
into other forest types, principally paper birch or quaking aspen,
more commonly are uneven aged. Tn all cases the number of age
classes inereases with increasing sland age.  Garman (473, working
in central British Columbia, wrote as follows: “The open nature of
tho forest often found in the first generation after fire indicates thal
eventually there will be an vneven aged forest, as a result of the
filling in process which will follow the elimination of aspen and bireh
by spruce, but as (he stands become older the age differences will
boeome Tess obvious.”

Tree reproduction in most spruce stamwds was predominanty white
apruce.  On the average there were about 3,700 seedlings per acie,
with a frequency of occurrence of approximately 50 percont on the
plots studied.  Bireh averaged about 600 scedlings per acre, with 2
frequency of 40 perecntl. Npruce was the only Lree species that re-
produced itsell in numbers.  Most of the bivel seedlings and sprouts
died after a few vears unless they were locatod iy openings in the
forest canopy.

T addition to the willows alveady mentioned (Bebh witlow, Salir
cleweq var. alicead, Tebtleal willow, fittddeal willow, smooth Littfeleaf
willow, and Scouler willows several other species were encoundered
ocensionaliv: Barelay willow, including vae, rotundifolia, grayieal
willow, 8. glawea var. aeutifolic. Hlueberry witlow, parle willow, net-
feaf willow, Richardson willow, and Walpole willow,

Mose Aprspant Supeps, Excnrsive of Winnows

Sretoste ploflos al pina ssp. ricdea Fubux pedatus {in stands more
Cornns canadensis than 160 vears of age)

{0 peldiruin wigenin Vaceiniyin rdis-idaca

fibes triste Viburnnm cdule

LBose neicilares
These speeies have relatively high frequencies bot relatively fow
density of cover, An exception s Vaeeiniuin vilis=idaea, which
commonly has vovernge values in oxeess of 25 pereent.

(lomyox Surtns

Ledum pelustee ssp. decianbens Vaecintvm wliginosum
Shepherdia canadcnsis
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OQueasioNsnt 10 Rare SHRU B

Arctostapliylos ura-ursy
Betule glandulosa
Caxsiope lelragnna
Menziesia ferrnginea

Dofentilla frudicoxa
[uebus afaske nusis

I chama morus
Vaverniin cespiiosum

Menziesia ferruginea temds (o oceur only in the oldest stands,

Grasses

are searee in spruce siands less than about

120 vears nI{l

Tn general they are less well represented in sprace fores(s than in

slands representing earlier stages of suecession,

(f.fhum.'qm\{m -

tirfensix 15 Dy far the most plmuuu'nl apecics, occurring widely hut

sparaely.
(hitasses,

Agropyron latiptune
AAgrostis seabra

Aretagrostis fatifolia
Bromus arcficus
Citlamagrostis purpirases s
Feshuea affaica

I)('nmt\ of cover is usually Tess than 3 pereent,

Oceasonan To Rane

Fooring

Fordbra yar lanugyinosu
Plilowm alpionn

P gleiea

I pratensis

Triselum spieatum

Carew coneinnd iz froquenty encountered in the white spruee Torest,

Guassien Praxrs, OcesstoNarn o Iore

Cures Digelowii
(' eapillaris
(" disperna

O media

(" seirpridea

They are more often encountered |

. raginaia
lirtaphorion caginalim
Jrnews custine s
Luzula pureiflora

vald than in youne stands,

Many speeies of Torbs are found in ![u' white sprioce type,

FPoris=,

Cwmendra 1ivida

Dryapteris disjuneta (in stands loss

Than 168 vears of ages
Fopilobivm angusty tfol i

Most Anrxpayr

Listera eepdate {in stands
than 160 vears af awg
Lyeapodinme rm.-me‘mm;f fin staanda

more than 160 vears of et

more

Foppsedam wrrense (i stands maore e pionsio pmuumu’:f

than 160 vears of ages
2. prafeise
£, sefrpaides
(Foinyera ropens var. ophioid s
Linnoea boreadis vor, e rieuna

Dyrofa asarifolio var. fnearneia

P oseeunda

Povirons tin middle-aged stands)
Triewdadis curapaca sap. wretioy

Forps, Ocessroxan ro Raan

cAehiflea burcalis
eowitv e fp/!m.-fm".l 1 it
,lm.’mwu lehmainions
Wrendrein feteriflora

Setendisia aretiva
Aster sibericus
Astragnfus alpians
Buoylae richardsonii
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Forss, Occasioxan ro Ranre—~-Continued

Detasites frigidus

Pyrole grandiflora
fumer arciicus
Sunguisorbe siipulate
Galium boreale Sunssurea angustifolia
Gentiana propingua Sencelo alropurptireus ssp. frigidus
Hedysarum macken=ii S. infenerrimus
JTarpinus arelicus Sofidage multiradiata

L. noathatensis Stellaria longi pes
Monescs uniflora Streptopus amplerifoling
Orehis rotanlifolta Tofteldia coecinca
Ouytropis campestris var. T. pusifla

Parnassia kotzebuei Veleriane capitala
Pedicutaris labradorica Zigadenus elegans

Castilleja pallida ssp. mexiae
Dryopleris austrigea (in old stands)
Fquiselum sylvaticum

Lrigeron purpuratus

FHIPIGNRS

Mosses are characlenstic of the ground cover vegetation in the
white spruee type. Two species are especially prominent in stands
over 80 vemrs ol age; these ave fiylocomium splendens and Plewrozivm
schreberi,  Commonly one or both of these species lias o coverage of
25 to 100 pereent.  Dicranum fuscescens is also an abundant species,
usually appearing in stands between 50 aned 200 vears of age. Pre-
panocladus wncinatus is most prominent in stands less than 720 years
of age, and Polytrichwin commune and P, strictum oceur most abun-
duntly in stands more than 150 vears of age,

Massus, Couvox

AAwlacomuium palustre
Brachythecinm albicans
Priftwm crisfa-eastrensis

Muium affine
Rhytidinm rugosum
Tormenthypium nitens

Mossts, Oceasionan ro Rane

Brachythecium salebrosum
Brywm caespilivinm
B.euspidalum

Caliicryon straminemm
Camplothecium lulescens
Ceratoton purpureus
Ficranella grevifteana
Dicranum bergeri

T elongatum

D. framiifolivm

D muhlenbeelii
Ditrichum flericanle
Purhynchiwm substrigosum
Thppnum imponens

FE Hindbergis
Leptobryum pyeiforme
Meesia uliginosu
Oncophorus wallenbergii
Poldu wutans
Poiytrichum juniperinum
1, slriclum
fihytilindetphus triguetrus
Sphagnume capillueonn
S, girgensohnni
Trtraplodon mnioides
Thuidium deficatulum
Timmiv austrivea
Tortella fragilis

The liverwort Ptilidivim eiliare is enconnlered occasionaliy.
‘The most abundant lichens in spruce Torests are Preltigera o phihosa

var, typica, P aphthosa v,
occur an the majority of [Jlots

prrriofose,

wrdl P membranaeea. They
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Licurxs, Conox

Cetraria cucullale
7, mivalis

Cladomia amourceraca [, celotea
g
(\'
o

coecifara
cormude |, eylindrica
gracilis var. dilalaia

(. gracilis var, elongaia
(7. milis

(", rangifering

(* sylvatica
Stercocaulon paschale
S. tomeniosum

Licuzxs, Occasionat 20 Rane

Cetrarie hiaseens

(.

islendica

(. juniperina

(!

tifesti

Cladenia alpestris
(. amaurecreea [, fasciculala

(r

(.

(‘l

¢
(.
C.

amavrocraca {. oxyeerax
CUriosn

cariosu f. corticaia
coriosa [. squamulosa
chiloropheca . simpler.
cornula {. scyphosa

O mudiiformis £, finkii
{". psendorangiformis

(" pysidate var. neglecta
(" rangiferina f. siygia
(", scabruiscule

(' seabrwisenta [, surrecta
' uncielis

O verlicillate [ erolute
Dactyling aretica
Thiploschistes scruposus
Dufourea madreporiformis
Nephroma arcticum

63

. deformis
{7 degenerans . cladomorpha
‘" degenerans 1. euphorea Peltigera canine
(' degenerans P gracileseens D eanine var, rufescens
(' furcata var. raccmosa [ corym- P, malacea
bosa Stereecaulon pusehale var, alpinum
(. gracilis var, chordalis {. gracilewtum
. gracilis var, chordalis 1. plaly-
daetyle

N erpallidum,
Oelerelechia frigida

Tn the older stands the beard lichens {suee comose ssp. comosa,
Heeloria jubata, and Lobaria pulmonaria are commonly seen, Bvi-
dentiy about 40 vears must olapse after a fire before the so-called
reindoer lichens reappear.  In general, species of Cledonia tond (o he
more commoit i stands less than 170 vears old than in stands past
that nge.  lichens are, for the most part, plants that flourish in
relatively open lbitats,  Lynge (841 mentioned the lack of lichens in
dense Pieca credsa Torests in Nor Wiy,

Essentially pure stands of white spruce are regarded as the elimax
Lype on reasonably well-deained soils in the Alaska interior Uig. 19).
This (ree has all the atiributes of a speeles charaeteristic of lmmmnl
self-perpetuating (elimax) communities.  Various stapes of succession
to this climax may be abserved,

AMueKenzie recorded whal is probably the carliest observation of
forest suecession following fires in northwestorn America. On his
journey down the viver which now bears his name he made the {ollow-
g entey i bis Journal (87, p. 24) in June 1788

The current is vory strong, and the bunks are of an equal Imurhl
on huth sides, t{)il‘-sl‘-yf.ln“' of & yvellow elay, mixed with siall stonoes
thov are covered with Im"v quantitios of burned wood, |ying on

3481069—356
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willows, ele., with a fow conifers.  The willows and pigeon cherry
are short lived.  The poplars aitain their full size and doeay in
abou{ seventy years, and the white bireh shows siens of old age
in less (han one hundred vears.  Tn the meantime {he proportion
of conifers is constantly increasing from new individuals springing
up. 50 that by the time the deciduons trees have died oot Lhe
grovid has beeome completely occupied by the former.

Chambers (303, in discussing the work of Dr. George M. Duwson in
the MaclKenzie Basin, wrole as follows:

Ln its primitive state, the surface was probably covered with a
dense and heavy growth of coniferous Lrees, principally the spruce
tPleca cugelmanni and P, afbey, but with serub pine (Pinus
coruforta) in some loenlities, and interspersed with aspen and cot-
tonwoondl.  These forests having been desiroyed by fire, n second
growth, chiefly of aspen, but with murh Bireh in some paces,
and almost evervwhere a cortain portion of coniferous rocs-— -
chiefly spruce—had taken its place.  The aspen being a shopt-
lived (ree, while the spruce reached a wreal age and size, the
natural course of events, il undisturbed, wonld lead to the
reestablishment of the old spruce forests.

From deseriptions of Nuttonson (703) and others. it may be concluded
that Torest succession in Siberia is similar to that in northern Canada
and Alaska,

Single light surface fires ih a white spruce forest do not resull in
complete destruction of the stand. Openings are eroated, however,
o birch, and oceasionally willows and aspen, appear., Changes i
forest composition s indueed are relatively small, Single lieht
surface fires wsually do not result in 2 compleie change in 1he forest
type. Saari (733 in Finland showed that the average damage por
unit arvea of forest buened. or the absolute destractivenoss of fives, is
greatest i the spruce. beeanse it is damaged very easihe.  He found.
as might be expected, that complete destruetion of the main stand
was most common 1 yonng forests and, converselv, that in some
instances the main Jorest stamd was unidrmaged,

Sitigle severe fires gencrally result in complete destruction of the
existing stands and replacement by communities of sub-climax SPeCHeS.
The compusition of the new stand is primarily depeudent on the seed
sourees adjucent to the buen, 1T the aren burned was exichsive aul
sl white spruce seed trees ave killed, the reproduction witl consist
fargely of aspen, paper birch, and colfonwoe!.  These speeies e
widely disseminated by wind.  If aspen troess wors present itn the
staned destroyed, the species will be heavily represented in the new
stand beeause aspen reproduces shundanily by rool suckers.  [ol-
mai and Packer (63) reanrd light spring or enrly sumier fires in the
Praivic Provinees of Capada as less Jikely to result in siod spruee
reproduction than severe late swmmer or early fall fires. They
slated:

Where fire or Togging has occurred and not removed moss, duf,
or debris to a compaet moisture-relaining seedbed no reprodne-
tion has occurred i Alberts], even thongh sollicient seed {rees
have been el Where fire or logeing has oceurred and hag ro
sulted in the removal of moss, Jull sand debris, roproduetion hins
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always occurred, if an adeguale seed supply was available. Tn
late summer and fall fires the seed snpply may be in the form of
cones on 1he trees that have been killed, but even this appenrs
i most cases to be adequate for the purpose of restocking.

Black spruce may be strengly represented in the reproduction follow-
ing fire in white spruce on upland areas. Phis migration of black
spruce from its normal lowland habitat to fireswept uplands has al-
reacdty been mentioned. Occasionally reproduction of essentislly pure
white spruce may become established following fires i the climax
type.  This oceurs most {requently when the burned areas are rela-
tively small and are surrounded by, or are adjreent to, hving trees
of secd-besring age,

Shortly after a sovere fire Iins sweplt theough a sprace foresl, the
dead {rees begin 1o fall. creating a tangle of fammable material
that is difficult Lo penetrate. The resull is that the fire hazard is
groatly increased.  Fire-killed snags usually do not remain standing
ns long in the North as in regions to the south.  The trees are generally
shallow rooled with mosk ol the roots in the Torest floor and upper-
most horizons of mineral soil.  Fires burn most intensely and deeply
around the lree bases with the result Uit the prop rootls are hurned
off. Following a fire the hazard due to fallen snags gradunlly in-
crenges for 5 Lo 10 years anud then slowly decreases duving the follow-
ing 16 Lo 20 vears. The rate of deeay varies with aspeet and ground
conditions, ax well as with the size of the material.  In general, how-
ever, snags do not constitute mueh of a hazard 20 to 30 years after a
fire.  Much of the timber killed by the great fire on the Kenai Pen-
msuln in 1947 s already on Ui groond. There the fire launed will
remain abnovmally higl for many yeaps,

The frequency of burning lias an imporiant heaving on the compo-
sition of the piant communtties that develop.  Areas that once sup-
ported white spruce hiave hecome treoless as o resuit of repented fires.
A dense cover of fireweed and grss (ebiefly Kpilobinie angustifolinm
and Calamagrostis canadonsisi now ocenpies aress that previoushy
supported foresta. The fireweed and grass, together with other
herbaecous plants, often produce an unbelievably rank growth, fre-
guenty attaining o hieight of 5 to 6 feer. This presents an effective
harrier (o the re-entry of tree seedlings.  1n the spring, belore new
arowth has started, the mat of litter vepresenting te previous year's
growth mny be 6 or more inches in thickness.  Beneath this mat
may be found a layver of humus 8 or more inches thick, resting on
mincral soil.  The mineral soil in such situntions sometimes exhibils
the Jeachod As horizon of a podzol profile developed under Torest
cover.  Fireweed-grass communities when well developed appear to
be relatively stable; natural reconversion 1o forest, where this aceurs,
evidently requires 100 1o 200 years, Polile (114, i his stadies on
the Kamn Peninsula in northern Russia, found that oponings ereated
An the Torest by fires supporled o Juxoriant growth of herbaceous
plants.  He pointed out that this growth may develop so early
the spring that its density prevents the development of tree seedlings.

Another change in vegelation iype is from a forest to a shrubby
cover of dwarl bireh and willows.  This eommunity s evidently net
as stable as the fireweed-grass 1ype. He-entey of tree species, espee-
inlly spruee, seems {0 ocenr more readily.
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The effects of fire on forest vegetation are most severe ou the
poorest sites.  In general, the change in vegelation is most profound
and subsequent recovery most slow on steep slopes having southerly
or westerly exposures and on rocky or ledgy areas where mineral soil
is shallow or nearly lacking.  Forest vecovery front fire is dangerously
slow at the upper altitudinal and latitudinal limits of forest growth.

Pohle (720} investigated the tree and forest limits in northern
Russia. e stated that if the forest at its northernmosi limits is
opened up, tundra vegetation, which characteristically has high
light requirements, may enter and flourish.  The tundra vegetation
car be held i eheek only if immediately following the disturbance
to the forest there is a good tree-seed year, that is, only if a new stand
of young trees again shades the ground. Prompt return of tree
growth in such areas, however, is probably the exception vather than
the rule because near the limits of tree growtl seed years occur very
infrequently.  Pehle observed that In the majority of cases the
tundra vegelation bocomes established as o rélatively permanent
community. Mustich (64) issucd a warning relative to the care needod
i managing the northern foresis in Labrador, and referred to “the
warnings cxpressed by Narth-European lorest seientists against an
exploitation of the northernmost forests, just hecause of their low
seed years and slow regrowth.”

Fivgs in the northern forest have sometines exercigsed 2 beneficinl
effeet in providing conditions for establishment of rapidly growing,
healthy forest stands. Gilmore (48) stated that burned areas in
Newfoundland support better stands of spruce than do areas of
virgim timber where there has been no fire for o very long time.  He
found the perceniage of spruce higher and the rate of growth betler
on burned arcas than where fires had not orcurred.  Rubner (£132), in
discussing forest eonditions in 'infend, remarked that those familiar
with northern forest conditions recognized that fires may have favor-
able effects; he stated that the best spruee and pine stands oceur on
former burns.  After detailing the effects of fire in Seandinavia,
Tamm (751) wrote as follows: “The forest fire witl its consequences
has thus in norih Sweden usually been nature’s own and very satis-
factory method of regeneration, espeeially in respeet of the Vacciniom
forests But also of other forest associations.”

Recognition of possible past henefits of fire, whether in the Const
Douglas-fiv region or in the white spruce forests of the high North,
does not mean Lhat uneantralled forest fices ean now be condoned,
Fire is & poor master but, under control, may be a good servant.

Black Spruce Type

Black sproee usually oceurs in situations where drainage is poor
and permalrost is close 1o the soil surface, Stands of (his species
are generally encountered in relafively flat valley hotloms, on flat to
zently volling land, and on eolid slopes having & north exposure.
Raup (120), working along the Alaska Higlhway, ithought that on the
more or less lovel terrain {here was o fanr coinctdenee helween the
oceurrence of black spruee and soils derived from clays or clayey
glacal tills.  The speeies nuy also invade upland wreas nornally oc-
cupied by white spruee (Ag, 200, This occurs following fires when a
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FoArriel

Froovee 200 A 35-venr-old stand of black sponec. Dorndiant~ aee 2 e | inelhe-
do Iy daned abotit B3 Feet all, Snacs are meliots of 2 fee-killed stanel~, e
tast five Kitled s pole stand of Black ~prevee e an earlier Gre illed o <tand of
white ~spruee comainiug trees 10 1o 12 Ineles o bohe Fhis s i oxaonrple ol
Lluek ~prace replacing white ~prigee, following repestoen Jves,

source of blitelk spruce sced available and white sprice sved is lach-
g, Black spruee is regarded as o five species heenuse i veprodoces
abundantly Tollowing fives, mostly rom seed storod in (he persisient
COnes,

Tree composition in the biack sproace tepe s shown in tahle 9,
Charvaeteristically, black speiee forms pure stands. Normually i grows
inwet, poorly desined habitats and competition from ather ree
species s shght. Perbinps equally Tmportant in aeconnting for e
pure strneds s the generally abundant supply ol black sproce seed.
Less important is the ability of hinek sproce (o reproduce vegela tively
by layering. Occasionally one eneounters individuals of white spriee
el paper biveh, but they Torm s vers inor component in most
black spruee stands,  Graxleal willow and Hitletees willow ooeisinn-
ally attain o divmeter of el or more and o hieight exeeeding 6 feel
Dit theiv ocewrrenec b8 limited.

Stand densities are very high in young black spruce statds; there
often are 5,000 stems 1 oinel o more in diameler per aere in stinds
30 vears of age and older. Even in stands 100 vears of age and older,
there naay be a total of 2000 (o 3000 stems per aere with 200 to 500
trees O oF moire tnehes in dipmeter,

Forest-canopy density appears (o decrease slightly after stands
allain an age oi abonl 200 years; in stands up to 100 1o 150 vears old,

crown clensily s high Do the subordinele vegelation, greal s

-~
density of covernge is seen in the ground laver (0 1o 2 inches) where
densitios approaching 100 pereent are nsual,  Lowesl densilios sre




ECOLOGICAL EBYFECTS OF FOREST FIRES IN ALASKA 69

encountered in the layers 1 Lo 2.5 feet and 2.5 to 6 feet where coverage
is usually less than 5 percent.

Maximum heights m mature hlack spruce forests usuzily do not
exceed 45 feet and maximom dinmoeters arve seldom more than 8 to
9 inches. Young Dblack spruce stands, originating following fires,
are wsuelly cven aged. In stands past 100 years of age, however,
they tend to hecome increasingly more uneven aged.

Tavuk 0. -Compositicn of black sprice stands in {ndeeior Alaska: Nwwber af {rees
and besal area per acre, by stand oge, species, and diemeter (breast high) group

e DEnneier 2 PHgmeior 3
e aere Behesand op inchesand up?
Pinel | .
Auwied age, plop misker, mid s peekoe RIH T .
in 'recs y Press | gy o
- wer }_""f:‘i per . Bl;ls“,"l
vy acre B e ;e

B0-year-old stamds: No. AY:H Sy R e Sy AL
PA0=35, Haek spruee - .. [ .. LRI N i} 424 4t .
LEy-a

Hlack sprace .. 5, 040 1 1h Q- 1
White spruee . . . BT L "
Fevenr ol saad, TR 5 :
Hieck sprige . . ) 4 WK [t}
White spriee . . a bl it ]
Ny ear-olid stnnd, 70025
Rlyok sprpece . . Tl
Whtie spruge il s 3.4 it
Gravleal wiliow e el e e T 1]
Littletros willow . i 4
S3year-okl stand, PA1-28 :
Riaek spriee | . . . B PrRELY I A 1]
White spriec. . . .. A 2}
F-yeur-obd sipnd, Pol-25:
Black spruce I L . . R
Adaska pajer bleeh o . L]

Axemer-nll sbancd, PE-D, Wack sproee 0 L0 L L L , Hiy

1N wees reachel 10 fiedios tn diqocier,

Reproduction s confined (6 black spruce.  Practically all stands
bave reproduction established, with nn average of nround 4,100
secdlings and Iayers per acre. . Willows of all kinds (less than 6 feel in
heighl) average aboul 4,700 stems per acre. No one speeios is pro-
dominant, exeept locally.  The following species are represenied.
Littletree willow, smooth Bebb willow, wravleaf willow, its wvar.
acutifolia, and var. alicede, Dlucherry willow, diamendleal witfow, not-
ieal willow, and Scouler willow,

Mowr Aovaoaxr Sunvss, Oroere Tirax Winnows

Arctostaphylos adping ssp. rudre Rosa acicularis
Empelrum nigruimn Vaceininm wliginosum
Leduwm palwstre ssp. groenlandicwm V. pitis-idaea

Suneps, Qecasioxan ro Kaxe

Belula giandulosa Menziesia ferruginea

B wana ssp. eritis {eyeoccus mioreearpus
Cassiope lebragona Potentillu. fruiicosa
Cornus canadensiy Lkododendron lappoaicum
Ledum palusire ssp. decumbens Vaecinium cespitosum
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Grasses are unimportant in the black spruce type. relugrestis
latifolia. is perhaps the most frequently encountered species.  Qe-
casional to rave nre Calamagrostis canedensis, Festuca altarce, and Poa
paucispicula,

Of the grasslike plants, the sedges are oceasionally encountered but
are not at all common. Curex Juqms perhaps is seen more frequently
than any other species. Caver canescens, (. puginata, Friophorum
brachyantherum, I, vaginatum, and Luzule rufescens are occasional to
rare. The f*msshi\.e plants appear to De slightly more frequent in
stands more than 60 yvears ol age than in voung stands.

The most abundant forbs in black spruce stands are Fguisetum
setr poides, Pelasites frigiduc, and Pyrcla secunda.

Fonrus, Qecasiovar. 1o Rare

Astragalus alpinus Pedicvlaris tabradorica
Chiysospleniwm tetrandrum Pyrole asarifolic var, tnearnata
Lpilobinvm angustifolium Rumer qreiicus

Iguisetum arrense Saussuree angustijofic

Iannaea borealis var. ¢mericane  Sarifrege bieracifolia
Mertensia paniculate SeERncely nlegerrimus

Mosses are a charaeteristic component of the veeetation i the
black spruce forest,  Thoy often completely cover the surface of the
forest floor.  Most comvuon is Flidocomivm splendens.

Mossus, Less Cosniox

Aulacomnium pafusire Pleurozium sehreberi
Dicramum drummondii Sphagnuwm rubellum
Drepanocladius wneinaluy Tomenthypnum nilens

Sphagnum mosses, practically lacking in other loresl types, are
characteristic of black spruce stands, especially in the older age elasses.

Mossns, Oceasioxan ro Rane

Aulacomniwm turgidum Polytrichum commune
Dicranum elongaium P, puniperinum

D). fuscescens P.sirietum

7} magus Sphagnum girgensoliniy
D, strictum 8. pluwmulosum

Fyprum dieckit

Although n considerable variety of licheus oceur in the black spruce
type, they usually do net occupy appreciable areas of the Torest floor.
Coverage is usually less than § percent,

Licnsxs, Mosr Coyon
Cladenia coceifera €. gracifis var. dilalate

C. cornuta . eylindricn (" mitis
C. degenerans §. euphorea Leltigere aphthosa var. aphihosa
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Lircuexs, Occasionan o RarE

Cetrarin cucullata (" rangifering

. istandica (" rangiferina . sfugia
Cladonia alpestriz (", seabrivecula L. sublevis
(. amaurocraca f. eeloica O, syiratica

(" amaurocraea [. oxyceras C. uncialis

(' eenotea {. crossota Duaetylina arctica

. crispate var. infundibulifera Nephromea ereficum

(", crigpate var, rirgata Peltigera aphthose var, rariolosa
(. deformis P, raning

(" degenerans 1. cladomorpha P cunina var. rufescens
(. gonecha P. pulverulenta

In (he older stands, beard lichens such as cleetoria jubate and
{"snew comosu s80. comexa oceur commonly on (he {rees.

Black spruce represenis & physiogranbie climax on cold, peotlv
drained soils in the Torested region of the Alaska interior. Here it
represents an essentiallv stable, sell-perpetualing community, repro-
ducing itsell by both seedling growth and layvering. The fvpe also
aveasionally occurs on moderately well-drained uplands where, as
a result of fives, it has veplaced white spruce.  In these siluations it
must be regarded s a temporney fire tvpe which will, in (he course
of time, give way to white spruce.

Fires m Dblack spruce are often intense, completely killing the
vegeltalion and consuming the forest-floor muterial. The high stand
density and relatively low stature of the trees favar crown fires.
The Aammability is often increased by the presence of heard lichens
(prineipally sifectoria pubate and [ saca comose ssp. comose) on the
trees,  ‘These Tichens ave tinderlike when dry,

The Dblack spruce type usually regenerates itself following fires,
Millar (97} veported this tendeney v Ontarie, Canada. He found
that, following fires, the stands were net radically different from the
climax type.  Repeated burning at short infervals may result in
replacement of the black spruce by trecloss communilies such as
sedge-rush-grass or low shrub.  These may persist indefinitely heeause
of the difliculty of establishment of spruce seedlines.  In areas where
the ground water is elose to the surface, destruction of forest vegeta-
Hon is known to resull in o rise of the water table, producing swamp
conditions .22, 535, 1641

EFFECT OF FIRE ON SOILS

Toaregion sueh as the interior of Alaskn, where forest fires each
year burn over extensive areas, it is nateral {hat questions should
arise as to inflluence of fires on soils.  The problem has attracled
attention in almost every country in the world.  Investigators in the
Seandinavian countries and in the United Stales, particularly, have
done much fo improve our knowledge of the subjeet.

The interior of Alaska has many kinds of soil. how many wo man
knows. oil clusifieation and invenfory in Alaska are in their
mianey. The principal reports on Alaskan soils are speeilienlly
designated as heing of o reconnaissnnee character (42, 13) or of an
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exploratory nature (68). Nevertheless, certain statements may be
macle on the basis of present scanty information.

In genceral the soils in the interior of Alaska are shallow, Loth in the
sense of soil development and in a plivsiological sense; many are voung.
Undoer forest vegetation, soil temperatures are low, even above the
frozen ground which, during Auvgust, may be encountered at depths of
as little as 1 to 2 feet.  This is especiadly true in dense spruce lorests
having a well-developed forest foor, The low temperatures inhibit
chemical weathering of the soil material, reduce to a low level the
activity ol soil organisims, and unfavorably affect physiological
processes i plant rools,

From the standpoint of mechanical composition, many, if not most,
soils contain relatively little clay. This is probably a reflection of {he
slowness of chemical weathering and the vouthfulness of he soils.
Many of the soils possess upper layers with » high proportion of vory
fine sand and silt, fractions that appear to have been brought in by
wind. The surface soil is often fluffy when dry; cohesion is wenk,
and aggregates, if present, tend {o he small and soft. Weak platy
aggregates arve sometimes seen.  Internal soil drainage, uneder natural
conditions, is usually slow to poor. Trozen ground at shallow depths
commonly produces, in effect, a perched water table. Some soils
have developed over coarse gravelly or cobbly alluvium: these tend
o be so excessively drained that natural vegetation such as quaking
aspen and halsam poplar defoliz’es during the middle of the summer
because of water shortage.

In the majority of forest soils in the interior there appears ta be
relatively little leaching due to low procipitation, and the depth to
frozen ground is velatively shallow. Loaching seems to he greater in
soils south of the Alaska Range than {o the north. Well-developed
podzels occur in many places on the Wenai Peninsula, in the Susitna
Valley, and in the Copper River Vallev.  Novth of the Alaska Rangs,
podzols are weak and encountered only aceasionally.

The organic matter tends to be umincorporated with the mineral
soil, resting on it as a mantle. Thickness of the univeorporated
organie matter varics from 2 to 4 inches in hirch, quaking aspen, andl
halsam poplar stands to 4 (o G inches in spruce forests. Under old
white spruce, and cspecially in black spruce, the layers ol organic
maiter may be 12 inches thick. The general lack of incorporalion
of organic matter inio the mineral soil appears to vesult from (he
scarcity of soil animals such as carthworms and large arthropods.
In fact, no earthworms were fownd in undisturhed forest soils in the
inlerior of Alaslka.

The Iayers of unincorporaled organic matter in undisturbod Tores(s
are moderately acid; ptl values are often about 4.5 south of the Alaskn
Range. In scctions where (he precipitation is Jower, values ol rround
6.0 havn been found.  An indication of the vapiation in Alaskan soils
is found on an aspen-covered southerly slope near Sheep Mountain
in the upper Matanuska Valley, where & gray or white zone of ealcium
carbonate accumulation may he plainly seen. The material oflor-
vesees vigorously when treated with dilute acid and has a pll of 8.32.
Acidity commonly decrenses with inereasing depth in the soil body.

In generad, the supplies of ealeivm ave high.  Potassium, phos-
pharus, and nifrogen appear lo be adequale Tor normal forest pro-
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duetion. As might be expected, most of the nitrogen and available
phosphorus is associated with the organic matter. The availahble
phosphorus content is relatively high in the oreanic layers. Jow in the
mineral soil layers exploited by roots, and high in the subsoil below
the main root level. This distribution probably vesults from absorp-
tion of the element by plant roots in the upper mineral zoil layers
al its return to the humus layver in the ansual leaf fall.  Root devel-
opment in most soils 15 shallow,

Water relations are especinlly important in the forest soils of interior
Alaska.  If the topographic situation is such that the soils are sup-
plied with an abundance of water, subject to only very slow lateral
movement, unfavorable ecological conditions result.  Frozen ground
i5 likely to be encountered at shallow depths, a waterlogeed, condition
exists, temperatures are low. and acration is poor. Tree growth is
slow, if trees ocour at all.  On the other hand, soils that are supplisd
with small amounts of water are likely to be exeessively droughty.
[t must be remembered that preeipitation is seanty in the interior.

The most favorahle conditions for tree growth are often found
adjacent to waterways where the depth to frozen ground is several
feet during the growing season, and where the ground water is noving,
acration is favorable, and soil temperature 3 adequate for normal
growth.  Pohle 11495 noted the oecurrence of forests along streans
in northern Russia and sugeested that the width of the timbered
steip was dependent on dratnage.  Drainage is betrer in relatively
coarse-textured soil materials aned the width of the timbered strip
is greatert than in fine-textured soil materials.  Evideutly the width
ol the timbered strip along waterways beeones narrower with inereas-
ingly high latitudes.

Frozen ground is a common feature in soils of the Maska nterior.
[t iz not present everywhere, however, and where it oceurs its depth
below the =oll surface varies econsiderably influenced by drainagoe,
topographie exposure. and vegetation type.  Benninghoff (14) stated
that seasonal thaw under spruece forests nsually ranges from 2 to 6
feet.  Thawing extends to greater depths nader paper bicch. quaking
aspen, and zrass.  [n geaerol, it may be said that the existence of
permafrost 18 o most fortunate cireumstance. Thawing permufrost
provides the vegeration with water that otherwise is not available
hecause of the seanty rainfall.  Without this water souree lares aveas
in the Adaske interior would, in ail probability, herome desertiike.

Humus Layers

The effeet of fires on the thickness of the lavers of unincorporated
organic matter varies with the intensity and frequensy of burning.
Light fires consume only the uppermest litter but severe fires may
expose the mineral soil surlace over all, or nearly alf, of the burned
area.  Repeated light fires may be just as effective in destroying the
forest floor as single severe lires, Complete destroetion of the un-
incorporated orgnnie matter was most frequently ohserved on woll-
drained rocky slopes or vidges where fuel and atmospherie conditions
favor inteuse burning, [t was also observed aroud the bases of
spruce trees where the forest floor was dry heeause ol intorception of
precipitotion by the erowns tg 21 As explained earlior. teeumula-
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'i'k-

Fint itk 21,0 Deep barndne oronned tles Toises of wilitie ~pritee con=uimed all tiin-
eorporated vreanic matier, Vhe winerii ~oil = coversd wiih o loyer of neards
prtive ash,

Vit of eone seales aud other highly flaounable debeis around the bases
of sproece treex i3 a factor favoring hot fives, Destracetion of the furest
Hoor to mineral =oil vavied Trom ¢ (o 108 poreent o different fires and
on ifferent areas within g eiven bured traet, Examinaion of recent
Burns incieated that deep burnime to mineral soll involved abont 30
ta <t pereonl of the sarliee, even in fires 50 severe as e Kill all trees,

Physical Properties
Temperatuye

No mensurements of {temperatures atinined during forest fires are
available for Alska bt indieations aie that they are high,  Living
spruee vaols ap o aboeut 1 inches in diameter have been burned off
ad high tempermiiures have veddened bothy surface soil and rocks,
Following fires, miners] soil temperstares are wenerally inerensed be-
ause of the weduction or elimation of the unineorporated organice
matler. I nndisturbed condition, this material iz effective insalation,
Another reason Tor higher temperntures on buried avens s 1he fre-
quently darker eolor of the soll eapsod by ehareonl, The higher soil
temperatores that ceeure following Buraing are almost invarably re-
flocted o downward retreat of the permafrost laver. Frozen ground
often ueenrs ot dopths of 12 to I8 inehes vnder sprace Torest 1 mid-
suauner whereas in adjneent borned arews the depth may be greaier
than that veached by n 3-loot soi anger. The inerenses insoil feimn-
perainre follow ing fires nre regarded a< ecologienlly Tavorahle slthough
lethat levels wny be reached 5t the soil surlaee oeeasionally and tree
sevdllings may be Kidhed,
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Moisture Relations

Complete destruction of the forest floor on steep slopes, particu-
tnrly those with southerly exposures, increases surface runoflf and con-
sequently decreases the amount of soil water available to plants.
Increased evaporation losses also reduee the amount of available water.
Reestablishment of forest growih on sueh sites 13 =low,

G land with gentde topography mul on fal aveas soil moisture rela-
tiens do not appear o be alteved appreelably by frves. The feld
eapacity of the mineral =oil layers, as judged by moisture equivalent
values, s not much changed,  In burned areas the supply of moisture
available to plants is more stable, and henee more favorable. in spots
where mimeral go1l has been exposed than where a mantle of charred
preganie matter remainsg,  Orzanie matter on thie mineral soil surfee
v hold Jarge quantities of water, but this water is readily lost
through evaporation.  This resultz in wile {luctuations in moisture
content that are very unfavoreble to scedlings,  Another considera-
tion ol eeological importanee is the fact that u large proportion of the
water held o ergane mater = 50 tightly hound that planuts cannol
remove ity thus the wilting pereentage s mieh higher in organic ma-

terial than i most mineral soils.

In many areas ol interior Adaska the feozen ground contains hodies
of feo in the form of lenses, veinz, and blocks. These ive masses are
often large and oceor under extensive trarts. When the natural vege-
tation i3 removed, as in eleariug land for farming, the e melts and
the settling and eaving prodoce an vusiable, pitted sueface, Muller
1o and others employed the term thermokarst Tor frregular land
surfaces thus produesd By the melting of groumd fee. TTe reported
that "“Thermokarst lamd lorms are commonly produced by forest
fires, grass lires, deforestation, amd strippiag of the surface by man.
Removal of the vie getative cover resnlt= In g more intense solar hv.ilmtr
of the ground, nu\llmtr the grovnd-lee wid eausing setthing and eaving
of the around,”™

Wullaee (1530 investizated eave-in lakes in the Nabesna, Chisana.
and Tanana River valleys and remarked that The effect of removal
of the vegetal cover has been demonsteared in many places where
rRVing has taken place in ground that had been cleared for constrie-
tion purposes.  In nature the initiation of a lake conld rosult from
such an event ns the overtuening of o tree by wind, with resulting
wprooting of the vegetal mar.”  Forest {ives ntu=t be a far more com-
meon eanse of the melting of groontd iee than windihrow of trees.

Texture aud Strrctire

16 any chanees in 20l (exture oceur as a resubt of fires, the changes
are glight. To alter textare (here would necessarily have (o be
cither fusion or baking of particles into lapger stable units or n break-
down of pariieles into sinller units, Only rarely does either happen,
Mechanieal analyses indicate that the surlace soil material, often
deposited by the wind, has undergone little change in pareticle size
sinee itz deposition.  struelural changes i the mineral soil as a result
of forest fires also appenr 1o be slight or lacking,  Aggregafe develop-
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ment in most undisturbed mineral soils is slight heeause of the low
content of organie aml inorganic colloids.  The aggregates tend to he
hoth small and wenk.

Runoff and Erosion

Although quantitative information is Incking, it appenrs eertain (hat
runoll is increased on steep slopes that have bheen severely burned.
This results from a combination of decveased infiltration rates and loss
of the forest Moor that reduces the rate of overlumd flow.  This matter
is examined in more detail in the seetion, Eiieel of Fire on 1ydro-
logic Relations.

Lrosion on burned-over forest land s surprisingly small in spice
of the fact that the soil properties would lead one Lo conelude that they
were eastly eroded.  Lack of extensive and sovere erosion may be due
to the low precipitation, the low infensity of rainfall in individusl
storms, the long perviod eacl year thal the soilz are lrozen and snow
covered, amd the rapidify of revegetation of burned lands. Within o
vear or two Tollowing fires, messes. livorworts, lichens, and higher
plants vsualiy develop. binding the mineral soil and proteeting it from
wind and waler crosion,

Stream bank sluniping Lollowing Torest fires has been observed in the
Novth by Preble (222), MeKenna (86), and others,  However, flires
pre nol o major cauge of bank slumping along northern rivers; hanlk
vutling and lumping are common features on streans Howing through
conntry tong unburned tfg, 22y,

F 47731l6

Froviwe 2200 Bank eofting along the Toezling Qiver,  Frosion of this Lype is very
ceromon dml s jon reliated to forest fives, T eontributes toonbe s foad of he
rivers. View upsteearn from g high blul?f oo the noeth =ide of che river, abont,
Yo mile above the Richard=on Ilighway erossing.  June 1951,
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Locally, steep slopes may be subject (o landslides and slumping after
the vemoval of forest vegetalion. \Tullm (100} pointed out hat «
common cause of such mass movement . .. is the concentration of
ground moisture at shallow depth, immediately above the impervious
pmnml‘mal ot over the [rost table prior to the complete thawing of
the active laver.”” Safegunrding measures (hat NMuller recommends
melude nvmclmg deforestation and the planting of trees and grasses.

At least two arcas of driflting sands are known {0 gecur in Alaska,
one n the Wobuk River Valley and one vorth of Tolk in the Tanana
Vallex.  Netther of these areas was examined.  Consequent!y it is
not possible (o judge whether destruetion of natural vegetation by
fire max have heen a faetor in initiating the crosion eyvele.

Chemical Properties

soil acidity in (he surface layers is invariably reduced by burning.
Where the humus lay ors have been consumed and mineral soil (‘.\1)05(-(1
pH values of 6.5 Lo 7.5 we common.  This results from ashing of
the organie maiter. which iz relafively rich in the alkaline carths,
caleinm, and magnesium. H:l,mp!t-s of pure ash lrom a burned whiie
sproce lorest had ptl values of approximately 8.4, Reduction in soil
acidity is a usual accompaniment of huraing, as shown by the worlk of
Inerath {4541, Isaac and [opkins (66), Kivekids (725, and many others.

Bxehangeable caleium in the upper layers of the mineral soil is
greaily inereased by buening, (he inerease often being severadfold,
This (endeney is almost lIIll\i.’I'-n'll having heon reported by investiga-
tots o nearly all parts of the world,  Hxchangeable potassium and
readily available phosphorus in the upper mineral soil layvers are also
inereasedd by buening and this, too, has been veported by many
investigntors.

Nitrogen conlained in ovganic matier thal is consaumed by five is, of
course, volalilized and lost Lo the site. {ongequently it i3 eeriain
that immediately afier a fire the ot nivrogen eapitnl shows & re-
duction.  However, all, or nearly all, evidenee from northern Tores(
regions points Lo an inereased availability of nitrogen to vegelation
following lires (34, 6. Burning usually induoees niteifieation in mor
humus Iavers. Even ol mtrntrvn may inerease to levels higher than
before the fire. This may result from development of wild feerumes
with nodules containing svmbiotic nitrogen-lixing organisms or it may
result from  inereased  aetivity of the [ree-living, non-svmbiotice
Azotobacter and  Closteidimn bacterin, The  Lvorable  nltrogen
refations in most burned areas ave confirmed by the dark green color
ol the plants, their vigorous growth, and the abundanee of nitrale
plants, sueh as fiveweed and red raspberry.

Tires quickly male availuble the nutrient materizls Bound in organie
malter,  Thus immediately alfer burning a Lwee part of the nulrient
capital of the site is eotneentrated in the wshes on and in the upper
minezal goil layer.  Asimilar effeet would result from adding fevtilizer
malerml.  Mieroorgnnismg heeome active and seedlings whicl beeome
established grow rapidly. Sproee seedlings established in burns may
aetually grow Taster than seedlings of the same age in nursery beds.
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Soil Productivity

On most siles in Alasks, five does not exercise & damaging effeet on
the soil. If it did, a large proportion of the forest soils in the Alaska
inlerior would already be seriously damaged.

Certain categories of site are, however, unfavorably influenced and
the effects may be of a lasting nature.  Rocky, ledegy sites. especially
on steep slopes, may be serlously harmed.,  Fere the Jorest that existed
prior (0 the fire was rooled not in mineral soil but in hwmus that had
heen built up over a long period of fime. Destruction of the humus
means destruction of the soil ltsoll.  Following fires, steop slopes with
southerly or weslerly exposures beeome critieal sites for (ree growtl.
Surface runoff s increased, the permafrost (able is considerably
lowered, surlace soil and air temperatures are raised, and water losses
through evaporation are increased. Such sites, for a Tong time, can
support only the hardiest of plants. They mayv remain trecless
ndefinitely ar bear open stands of slow-growing aspen.  Re-entry of
spruee Is an extremely slow process even though spruce mayv have
been thie type present bhefore the fire oceurred.

No posstble justification of uncontrolled wildfires enn be found in
the realm of soil seienee. Such fires can never be justified or even
exeused on the basiz of beneficial effects on the soil, despite the Tael
that fires may have favorable effects on cortain propertics. Con-
trariwise, the writer regards uneritical allegations of destruction of
the soil and deterioration of the soil as iess than strong arguments
against uncontrolled fives.  Ocensionally destruction of soil by forest
fives does literally occur but on the majority of burns destruetion or
deterioration of the soil wounld be impossible to prove.

EFFECT OF FIRE ON HYDROLOGIC RELATIONS

The relation of forests and other vegetation o hydrology i the
interior of Maska is poorly undesstond. Mithough quantitative data
bearing on the subject are very seanty, vegetation probably oxereises
a considerable influence on the water vegime.

Hunoft in rivers draining arens of permanentiy frozen ground
represents o high proportion of the (otal precipitation.  Aller (7)
stated that (lisﬁnu'g(- measurements made by the Geologieal Suprvey
on the Yukon River indicate that the runofl axceeds §0 pereent of thie
precipitation.  Shimkin (243), in his report on the Forl Yukon arca,
remarked that “An outstanding characteristic of Arctie rivers draining
arens of peemanently frozen ground is that the runofl from their
basing approximates 35 1o 65 pereent of the precipitation as opposed
to 15 te 18 pereent Jor rivers i temperate areay, sueh as the Aissis-
sippi.” Shimkin noted that “This means that the flooding, croding
and silt-carrying eapacities of these rivers . . . are nearly four times
as great as might be Indieated by hormal experience,”

Removal of the vegelation mantle as a result of fire may be expertod
{o increase the already high ratio of runofl o preeipitation.  Inereased
amplitude between high and low water stages may also he expeeted,
The qualitative effeels of vegetation removal may be anticipated
even Lhough quantifative information is not available.  Ellsworlh
A Davenport {43y, in discussing the surface water supply i Uhe
Yukon-Tanana region, wroie as follows:
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The moss thal forms a heavy coualing over most of the conntry
probably regulates the distribution of the run-off during the
sumumer a5 much as any factor. It is guile generally the opinion
among the elder residents of the country that the flow of the
creeks does not hold up as well after a rain now as when work
fust commenced.  That probably is due in part to the fact that
the moss covering on the older crecks has been largely removed
Ly fires and other agents.

The same authors i their diseussion of the Crooked Creck drainage

basin in the Cleele district observed that:

The run-ofl from the aren is Iess than from adjoining areas.
The erecks are liable to a very low minimwum discharge and, owing
to the steep barren slopes, are flashy in character. Nearly adl
the thinber in the headwalers has heen eul ofl and much of the
Tasin has been burned over.

Marshall (90) in deseribing placer mining in the Koyukuk region,
stated that the water problem was exceptionally sorious because most
of the erveks are small and their volume of water has been deerensed
by vemoval of the forest vegetation. Marshall (90, pp. 178-174
quoted at some length the views of an c.dmer on the upper Koyukuk
o the elfeet that carclessness with fire had resulted in widespread
burning of the forest and that, with its destruction, water supplics
for sunmng heeame sceareer,

Tundrs and hog vegetation, as well as forested areas, must exereise
a regulatory influence on runoff,  Auer (8, in his investigations of
peat bogs i southeastern Canada, noted that “The burning oft of the
moss covering may have the effect that the surface of the peat bog
is no longer capable of detaining water of sudden rain, bhut the water
breaks througlh the peat bog i many places and flows away as rapid
vivuleds.”

Thie problem ol water supplies In the Alaska interior will probably
become more acute as population inerenses and the Territory is de-
veloped,  With inereased demands for water, i seems cerlain Lhat
increased altention will be given to the hydrologic role plaved by
vegetation.

EFFECT OF FIRE ON ANIMAL POPULATIONS

Ohe of the important resonrees of the Aaska interior is the wildiife,
especially the fur bearers and the big eame.  Irom it hoth the white
population mid the natives derive very substantial cconomic henefits,
As early as 1008 Osgood (706) recognized (his faet and expressed
himsell a2 follows:

In addition to its inherent valies game is of greal pecuniney
importanee to the country it inhabits on account of the money
spent there by visiting sportsmen.  Not osly are substantial
revenues derived through the diveet sale of hunting Jicenses, bat
considerable sums are distributed In the pavment of travelling
expenses and in the emplovment of guwdes, packoers, hoalmen,
and others. To Alnska and Aaskans such consideralions are
not without importance, for the development of this northern
Territory will in the long run requive the utilization of every

340169—58——8
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resource. Il lands wnseitable for mining or agricullure can, by
reason of the wild game mhabiting thom., be made a part of Lhe
permanent resources of the country, they have a substantial
value. IT properly hushanded the ganme hecomes a perpetual
source ol pleasure and profit, whereas il ruthlessly sacrificed to
immediade dosives the region now made attractive hy it will lapse
mte a comparatively uninteresting and useless wasle.

More recently, the Canadian Bureau of Northwest Territories and,
Yukon Affeirs {29) published the following statement;

As the fur trade has been and will continee to he the main support
of the Indian population, and as foresi-dwelling animals supply
the Indian with meat, it is Jelt that one ol the rrmalost vitlues of
the forests of the Northwoest Territories lies in the habital which
they provide lor game and fur Learing anmimals.

The eflocts of fives on the wildlife resource are of vital importance to
the feture of Alasks and ils citizens.

The sulject of forest fires in relation to wildlife has many contro-
versial aspeets.  Much ol the controversy appears (o stem lrom failure
to distinguish between aceidental wildfives, whose oceurrence with
respect Lo time. plaee, amd intensily is lavecly fortuitous, and pre-
aceribed fives whiclh may he used as a mamgement lool,  Although
generalizations are admitiedly hazardons, informed opinion scems (o
ho that aceidental fires, w hose 1ime ol oceurrence and goographie
locition s determined by a chaner lightning strike, a cigaretie dis-
eirded before it was out, or by the camplire of o careless rulivictual,
eannot be regarded with favor.

In 1933 Aldo Leopold (813, the leading oxpo-nt of game manage-
ment in the Unided States at that Gme, wrote, “Any fire, however
light, of course makes a clean sweep of 2l ground nests and helpless
voung,  This loss of nests wud voung s undonbiedly the heaviest (em
in the direet mertality Trom fire.  The peak of the fuv season in
most regions is the peak of the nesting and fawning season.”  In 1623
Leopold (807 stated that . . five dees no good to game which Tores(ry
would not likewise do, and fire does enormous dams age o game which
forestry wonld wvoul.”  The significance of this ohservation is nol
widely enough appreciated.  In 1934, Dymond (0, in discussing the
conservation of game and fnr ln-(umrr mamnals, expressed the view
that “The neeessity ol preventing Torest fives is now univ ersally
recogniged, bl itmay e worthwhile adding that fire not only destroys
the forest as sueh, bui oliminntes the wild Life and venders the hurned
aren unsuitable Tor o long perlod as a home for many species of gome
and Tor-hewring animals.” Gabrielson (460 stated,

Bapid ruuning loresC fires, partieulerdy crown fires, may be
vory destractive to wildlife. 17 they oveur in the nesting season
of hirds, the broods of the year and of -y the reeding stork are
destroyed,  AMany parent hirds, particuiasly those sitting on
eegs that are neavly ready Lo hateh, will stax on the nesls unti
sulloented or burned. . . . Geanerally speaking, howevor, on the
hasis of present knowledge, five 1s so greaf an cenemy ol hoth
wildllile and Toresis thal there s an duereasing amount of fire
patrol, both on public snd on private forest lands.  This shanld
i the fong run be exeecdingly beneficial to wildlife.
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Fur-Bearing Animals

Fur-bearing animals in general appeatr to be adversely affectod by
most severe fires. This applies particalarly to animals that ave unable
to take refuge in water and in situations where the fives sre repeated.
small mammals, many of which serve as food for fur bearers, are
killed when fires destroy their habitats (48). The marten (Martes
americana) one of the most valuable fur-bearing animals in northern
lorests, probably is more menaced by fovest fires than any other fur
beaver, Seton (141, pp. 491-488, 497) regarded fires as especially
damaging to marten and expressed himself as follows: “A forest fire
of 160 square mies means the destruction of all martens within that
100 square miles. They cannot cscape. The smoke pursues the
fugitives, and overcomes them. Thetr food is destroyed in the stricken
area.” 1In 1922 representatives of onc of the great fur-trading com-
panies in Canada, presumably the Hudson's Bay Company ()
statod,

It is & common complaint of the Indian that fires have erossed
his ‘marten,” or hunting grounds, with the consequoent destruction
of all such game as marten, lisher [Marles pennanti), fox [Tulpes
Julea), evmine [Muslele erminea], and lynx [Lynx ecanadensis),
This necessitates a ‘change of venue’ for his activities, or the
confining of lis attention to the trapping of heaver [(asior
canadensis], otter (Lutra canadensis), cte., therehy reducing the
numbers of these animals more rapidly.

During the summer of 1950 the extensive fres northeast of [Fort
Yukon were (requently Jamented by Alaskans beeause they destroyed
the forests in whot was reportedly some of the finest marten, eountry
in the Territory.

Of particular interest in this connection is a report by Angus
Brabant (78), Fur Trade Commissioner of the Hudsen’s Bay Com-
pany, published in 1922, Brabant expressed the view that voeurvent
forest fires were a threat to the fur trade. e observed,

Qur returns from certain distriets thal have experienced e
devastation of Tovest fires, over what is bal a comparatively
small parl of the total aren, have indiealed n mavked decline
in fur production for nwny years atter the oceurrence of fires.
These contlagrations  have not only destroyed  magnificont
streteties of Canadian forest, sweeping away valuahle timber
that will reguire a goneration to reproduce, but they have
wiped oul the food supply and the shelter of the Tur hearers,

Braban{ also stated, “The Compauy's experience is thai the Anest
furs are obtained 1y the most densely wooded distriets.” This inter-
esting observation is confirmed by others (1), Biabant (/8) pointed
out that “The appalling losses o the fur trade which are tracoable
to fovest fires affect a very considerable portion of our popuiation,
the many thousands who carn w hving as trappers, Gaders, fur
dressers and dyers, garment makoers, merehants and salespeople.””
Exceptions doubliess occur but it seems reasonable (o assert that
the goneral effect of uncontrolied fives on fur berrers s unfavorable,
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Moose

The opinion is frequently cxpressed that forest fires create more
favorable conditions for moose (Alces americana) by destroying climax
stands of white spruce or stands of black spruce and permitting the
establishment of subclimax communities of willows, aspen, and birch,
together with other browse species. That changes in vegetation
almost invariable follow fires is readily observed. It is not nearly
so cerfain, however, that the species composition of the vegetation
which follows wildfives will be that most desived.

In 1953, Leopold and Darling (82), writing of Alaskan conditious,
observed, “The mere passage of a fire thvough timberland dooes not
neeessarily create optimum conditions for moose. Soma burns pro-
duce & grassland stage; others come back in pure spruce; many pro-
duce aspen with little birch or willow which are the most palatable
avd productive browse planis.” Already it appears that the great
burn of 1947 on the Kenai Peninsula, involving a net area of perhaps
one-quarter million acres, will have a short-lived value as & wintering
grounl for moose because of the entry of spruce reproduction in guan-
tity, the failure of willows 1o appear in numbers sufficient to with-
stand heavy use, and the fact that most of the browse is aspen sucker
growth, which does not sucecessfully withstand heavy browsing.
This situation is not unigue. Although most often aspen and bireh
come in after fire as pointed out earlier it is not uncommon for burned
arens to reproduce to essentially pure spruce forest. Tt should also
be recognized that establishment of browse species [ollowing severe
fires is not immediate; years may pass before burned arcas again
support an appreciable amount of food for moose (109). It is doubtiul
that moose can reproduce rapidly enough to utilize Tully the browse
in extensive burns before it grows out of their rench. This would be
& problem m iree species such as aspen, bireh, and the Jarger willows
such as Scouler and Bebb,

The studies by Cowan, Hoor, and Hatter (35) in British Columbia
led them lo the eonclusion that it is desirable for moose to have access
lo “ . .. older stands hearving well grown coniferous trees . . . ¥
in order that they may obtain certain hutrients, These investigators
reported that their study pointed “to the desirability of winter range
for browsing ungulates upon which there is a variety of palatable
species predominantly in an early stage of growth, but with an
miermixture of stands of other ages including aveas bearing sub-
climax or climax associations, ineluding palatable coniferous spoecics.
Tle most desirable winter range for moose will be one well diversified
as to species composition and age of stands, but predominantly ol
new growth following deforestation.”

The preponderance of cvidence favors the conclusion that moose
are today comumon or abundant in some regions throughout the
North where formerly they were rave or not known (o exist.  This has
been repeatedly asserted with regard to the Kenai Peninsula, a region
now famous for both the numbers and size of its moose.  In 1901
Osgood (103) stated, FAccording to report the moose has bul recently
appeared in the Cook Inlet region; the older Indians say no moose
were there when they were boys.”  Similar statements were made by
Roosevelt and others (181), Niedieck (7102), Osgnod (104), Dufresne
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® (39), and Camp (24). Dufresne (39) described the situation ss
follows:

In the year 1883 a forest fire raged for months 'on Kenai Peninsula.
Shortly thereafter the caribou herds vanished. Coincident with
this vapid passing of the caribou appeared the moose which were
practically unknown on the Kenai before the big fire. Today,
not & single caribou exists on the Peninsuls, but the place is
famous for its moose herds. The explanation is not complex.
Tire destroyed the lichens on which the caribou feed ; fire produced
in its wake abundaut growihs of willow, birches, and cotion-
woods relished by the moose,

That moose were practically unknown on the Kensi Peninsuls
before the fire of 1883, mentioned by Dufresne, may be doubted.
In the Tenth Census of the United States, 1880, Petvolf {116} described
cerlain delicacies served ab a native feast in Chkituk (on the north
side of the Kenai River, above the village of Kenai) and specifically
mentioned dried moose nose. In addition, he stated, The varviety
of native animals is very great The deer here is appavently a
larger cousin of the reindecr, the woodland caribou. Moose, single
and in family groups, can be found feeding through the low brushwood
and alder swamps.” Abercrombie (4}, in his report of 1884, quoted
Ivan Petroff, who was then in the Customs Service ab Kodigk, as
follows: “Forage can be gathered in the vicinity of Fort Kenai during
the summer to keep the stock during the winter. The climate is not
more rigid than that of Montana., Moose abound, furnishing an
article of food preferable to beef.” TPelrell was familiar with the
Coolk Inle region and must have written the above statement not more
than a vear or bwo after the fire of 1883.

Karr’s 1887 report (67, p. 237} included z map with the Kenal
Peninsula labeled as supporting bear and moose. The Eleventh
Census of the United States, 1800 (159, p. 70), only 7 yvears after the
live of 1883, contains a statement’on the Konat Peninsula, as {ollows:
“Fhe fovests and valleys of this vegion are still filled with numerous
droves of moose . . . and furnish a rich hunting ground for ihe
Prnainas of Nildshka and Kenai,”  That moose were actually present
on the Kenai Peuninsula at & very early date is demonstrated by the
findings of Laguna (75) in her excavations on Yukon Island in
Kachemak Bay on the south end of the peninsula. Moose bones
were Tound in four layers (Period T, 1L, sub-L1T, and IV} representing
{our periods of habitalion,

Fives, through their elfecl on vegetalion, probably favor an increase
n the population of moose, bub there is no proof that burning was
uncommon on the peninsuls prior to 1883, Apparently the carliest
writben record of a Torest fire in Alaska is that of the Russian mining
engincer Dorvoschin (87), who ascended the Kenal River in 1850.
He encountered a forest fire which prevented him {from completing his
investigations of the pold resources of the region,

The available history of moose on the Kenai Peninsula was in-
vestigated beeause the presence or absence of fires does not sabisfne-
torily explain the appesrance and disappesvance, or the existence of
large or sparse populations of these nnimals.  In this connection it may
he pointed oub thatin the discussion ol the prper by Chatelain (32)
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Urban €. Neidson remarked, “I think probably the conclusion that
the moose abundance there [on the Kenai Peninsula] is purely the
result of buins might be open to questiou.”

Moavements of moose into arens where they were previously vare
or not known to exist has extended to seclions nol influenced by fire.
Leopold and Darling (82, p. 87 stated,

O the novthern and western fringes of the Alaskan moose range,
willow is nol a secondary plantinvader but rathee it is part of the
riparinn elimax vegetalion, the uplaads being luwden.  The
factor which governs the abundanee of willow here is uob fire,
75 in the central and southeru spruce forests, bub probably
temperature.  ¥We postulate that the recent spread of moose
into predominantly tandra arcas must Le correlated with (he
gradual Holaretie warming thal is known {o have eceurred
in the post hall century, :

Twrner (157) recorded the killing of a moose in the vieinity of
Pastolik, near Saint Michaels, in the early winter of 1876, This
was said Lo be the first instance of moose oceurrence, on the seacoast,
north of the Yukon River. In 1887 Nelson (f07) vemarked Llhat
“[moose] lead a roaming life, and wherve they mayv be numerous one
season none may be found the next. The fur traders and Indians
claim that the moose has been found west of Fort Yukon only within
the last twenty-five or thirty vears, and (hat only within the last
ten years hiave they been killed below Anvile and Mission, on the
Lower Yukon”  Evidenlly the movement westward and northward,
into unburned country, 1s conlinuing al the present fime. The
movemenis ol the moose, as they extend thetr range, arc most
perplexing.

Tn the treatise on the deer family by Roosevelt and olliers (731,
Andrew J. Stone prepared the section on moose, ITe offered an
interesting explanation for the increase in the moose population in
variens areas, ncluding the Kenal Peninsula, as follows:

They are now numerous in a very large territory in nortliwest
British Coluvmbia, wough the Cassiar Mountains, on level
Mountain, and throughout the head waters ol the Sliekine
River, where thirly years ago they were unknown.  They arc now
abundant on the Kenal Peninsuin, Alaska, and in olher sections
of the North where at one time they did not exist,  Aequisition
of territory by so wary an animal as the moose can only be
aceounied Tor in one way, Nany vears ago the Indian tribes
occupying these seetions were very numerous and ininuesl (o
moose life, but, since the Indians have dwindled from thousands
to insignificant numbers, the moose finds comparatively un-
molested life.  This I know to be the case on the Kenai and
m the country refevied to in northwest Britisl Columbia; and
there are many similar changes in conditions in other parts of
the North, notably in the Nahanna River country, north of the
Liard, where the entire Gribe of Indinns thab onee hunted ihe
counbry have died out, to the very great incrense of moose,

Fives have, in humerous instanees, resulted in e establishment of
rapidly growing, healthy forest stands of desired (ree speeies.  Silvie
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culturists 1n some regions have aleeady learned how o use five as & tool
to achieve their objectives. The gradual recognition among foresters
of the useful role that prescribed burning may play tn forest manage-
ment has beeu accompanied by inercased attenlion (o protection
ngainst accideninl wildfives.  The relationship between fire and wame
manasgement is in many respects analogons (o that of five and forest
management.  In bhoth fields lire may be used as ool Lo favor
establishment of uwew vegelation, to influrnce or control species
composition, and for various other purposes.  Butl neithee in Toresl
management nor in wildlile maungement can uncentrolled fires be
Justihed.

The solution ol the problem is one that requires a strictly objective
approach.  Alter the Jorester or the wildiife manager has aseertained
that fire is the most ceonomical and effective means of attaining the
objeclives of management, he should use it, snd be prepared to accepd
the same professional responsibility Tor rosulls as a sivieullurist
marking limber in 2 cultural operation or in a harvest cutting fo
obtain natural reproduetion.  Leopold and Darling (82, p. 89 staled,

The wildfives of the past inadvertently tmproved many Alaskan
ranges for moose at an cxorbitant cost in limber, watershod
cover, and earibou vange. It ks unthinkable that we ean permit
wnregilaled burning Lo continue.  The ambitiows, hut sadly
underfinaneed fire control program of {he Burean of land
Management (Division of Forestey) s the first positive step to
curb this destruetion.  Assuning that wildfive ¢an be arvesled in
the future, there remains the opportunity fov the controffed use
of fire to tmprove selected winter ranges for moose where otlier
values may he considered subservient.

Caribou

The problem of fires and caribou is in a ealegory wholly different
trom thab of fires and wmoose. Unlike the moose, which prefors
ptonger plant communities or al least vegetalion representing early
stages of successional development, the basren ground caribou normally
lives in environments characterizod by elimax plant communities,
tnndia, and forest-tundra ransition,

Alovements of caribou exhibit some of the same vagaries noted in the
movements of moose. In carly ihues, {or exnaniple, caribou were
known on the lenal Poninsule (116, 74, 6), but ave 1ok now present.
Perhaps the last caribon observed in the region is that mentioned in
1912 by Shiras (7441 who wrole “a good-sized stag was seen south of
Benjamin Creels by a parly of surveyors Inst Julv (191177 Dulresne
(39} nssocialed the disappearance of caribou from the Kenai eountry
with aforest fire that buened in the region in 1883, Other reasons lor
their yanishing have heen suggested by earlier wrilers,

Daniel G. ISHiott (131, p. 270y obgerved “On the Kenni Peninsuls
and swrrounding districts head hunters, both white and red, have
nearly exterminaied the species, and (he increased means of transporta-
tion te and through their country, the large number of hunters, groatly
added to aunually, and the improved firenrms, would seem to foretell
the extincetion in a brief period of (his fine animal in the regions where
he s aceessible,”
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Allen (6), writing of the speeimen of earibou that Andrew J. Stone
collceted on Septmnbm 24, 1900, quoted Stone as Tollows: “Cari-
bow . . . are already very searce on the Kenai Peninsuln, and will
doubtless soon be exterminated, the vegion being arcally iw(;uoniod
by visiting sportsmen, while native hunters kill llm moase and earthon
for their h(‘n{iﬂ; disposing of them st good prices for shipment to
San Francisco.”  \nd Phillips (/£8) remarked that the envibow on the
Wenai Peninguin “vanished as rapidly s the buffalo when modern
rifles were sold to the natives by enterprising Ameriean fraders.”
As late as 1898 large baws of earihou were at least oceasionally taken.
Thomas C. Dunn, President of the Maonina Alaska Gold \innnu Co..
in an aceount of a hunting expedition in 1898 of Harey (. lee (79),
stated that Lee fonnd game abundant between the head of € hunnfhik
Bay {al the upper end of Kachemak Bav) and Tustomena Lake,
Lee killed three caribou.

It seems reasonably cerlain that the inerensed tempo of hurning by
forest fires in Alaska sinee 1890 unfaverably affected caribou ;mpuln—
tions. Extensive forest fires, particularly i the Tichen-riell forest-
fundra transition or woodltand areas, have without doubt destroyed
large portions of the caribou range,  Unlike moose Drowse, which in
lavorable cirewmstances mav develop in a few ORI f{)llm\mtr fires,
caribon vange requires very many vemrs for recovery after i has
been (Immwod by fire or by overgrazing.

Fruticose lichens of the Cludonin group, ( Clrarie spp., and Stereo-
canlon spp.. together with certain beavd lichens such as species of
Esnen and Aleclorin growing nn Lrees, imm the principal winler food
of earibou nnd reindeor (;f) L84 182, 113, Gy, 'Phese Tichens are
all readily killadd by Torest Ares and !]wn recovery is extronely slow
ns alwsulv noted in the section Ierbaceons Plants.  Aallonen ())
reported that even 20 10 30 years lollowing fires the reindeer Jichens in
Finland (chielly Cladonin (.ripn.!u\ i .Irmr,u,frmm (" splratiea, and
€ uncialis) occnrred only sparsely amd altamed heights of only a fow
centimelers.

Liynge (84} noted that (Yadnnia alpestris and €' syfratics grow very
slowly in Norway; he estimated that they would require a minimuom of
25 1o 30 years for full development, even under favorahle conditions.
Liynge observed hurned aveas where, after 50 voars or more, { ladonia
al pesiris was seavcer and Jess well developed than in sdjacent ‘unburned
aveas.  Ln 1926 Palmer (108) staled,

It may take n burned-over lichen wrea as much as 23 vears to
come bacl; or where so badly burned that the cover of humus
is destr oved the changed site couditions may resall in a veecovered
stand of inlcrior species, or virlually oo permancnt removal of
the liehons, so Tav as practical grnzing use is concerned.  [n view
of the 1mpmtnnm’ of the lichen nrens for winler graning, it is
vital to all reindeer men Lo guard against fives; and Ifef nuse of the
Jdamage to game and [ur animals and to tree o 0\\'1_!1_, it is the con-
cern of everyone Lhat fires be prevented and five proteetion soughi.

I 1945 Palmer and Rouse (/710) expressed the view lhat “A de-
pleted Jichen range under complete prolection reguires from 20 Lo 40
years for restoration to the original densily and height growth,”  These
anthors studied the recovery ol tundra range alter various treni-
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ments intended to simulate grazing by reindeer.  In an unpublished
report on burned woodland or timbered rvange, Palmer & stated, “A
full recovery in lichen composition comprising chieflv short growth
forms takes place in aboul 50 years, following destruction by fire,
For full return to the original cover of tall growth lichens it is indi-
cated that considerably more than 100 vears will be required.”
Manning (89) believed that complete recovery would require 30 yvears
in the country on the east side of Mudson Bay. Hustich (63) quoted
the following estimales of (he length off time required for recovery
of reindeer hchens following fires: Itkonen, 40 to 50 vears; Sarvas, 30
to 40 years. Fustich eslimated at leasl 40 years for recovery in
northeastern Canada.

Variations in estimates of (he length of (ime required for redevelop-
ment of the lichen vegetation alter fires are influenced by differences
of opimion of what constitutes recovery, by diflerences in the intensity
and extent of fires, and by differences in site .and microelimate. A
conservative estimate of the usual length of time would appear to be
40 to 50 years, bul in some instances it may be much more. A half
cealury, more or less, is a very long time for caribou range to be out
of production. Burned areas are avoided by caribou nncT, as Sehier-
beck (186) has pointed out in Nova Senotin, the veturn of lichens (o
such regions does not necessorily mean the return of caribou. Even
though the caribou are great travelers it seems reasonable to supposc
that they are adversely affected when their range is broken up into
small, olten isolated, fragments by recurring fires. It also appenrs
probable that under these conditions excessive local overgrazing is
more common than on more extensive, continuous range,

‘Che effects of severe fires on [ur bearers may he summarized as
generally unfavorable.  The effects ofjmost{firesion moose are generally
favorable, but caribou are adveisely affected by all fires.  Judgment
of whether forest fives are good or had must usually be based on a
consideration of the sum total of values involved. These values are
timber, wildlife, soil, wator, and acsthetie or recreational values. Tn
management, priority may he given to one or & combination of these
values, but only after due consideration of the otliers. The principle
of multiple use should be applied to the extent thal it i consistent
with cfficient resource management. TUncontrolled wildfires have no
place in cither forest or wildlife management.  Tle ultimate place of
prescribed burning in Alaska cannot now be slated. Neither the
forester nor the wildlife specialist in Alaska today has the requisite
knowledge to enable him to use preseribed burning on anything more
than a purely experimental basis. There is a great opportunity and
need {or research on this problem.

EFFECT OF FIRE ON ECONOMIC DEVELOPMENT

The available natural resourcees will, in the long run, determine the
cconomic development of the Alaska interior. Without reasonably
complete information on these resources, propheey on future develop-
ment becomes particularly hazardous.

EPaLMER, Tnf. CARIBOL YERSUS FIRE IN INTERIOR ALASKA. (A STUDY OF
MURNED-OVER TACHBY Ravaers) UL 8. Fish and Wildlife Service, 33 pp. 1941,
[Typewritten report.]



http:There.is

S8 TECHNICAL BULLETIN 1133. U. 8. BEPT. OF AGRICULTURE

Phe nature and extont of Alagkan resovrees has long been a subjeet
of warm dispute.  Ivan Petroll (715), writing in 1880, prefaced his
statement on the agricultural and pastoral resources of Alasia as
follows: “So much has been said upen this topie, of frantic declamation
on one hand, and indignanl remonstrances on the oflier, that we
shall be very enatious in our presentation of what we helieve or know
to be & fact.” There s 2 tendeney toward exlreme views when
Alaskan resources are under consideration, At one pole are the
extreme pessimsts whe would “give 10 hack to the Tndians"; at the
othier pule are the oxtreme optimists (o whom the expression “lad of
milk and honey™ is n fitting characterization of even the leanest of
regions.  More temperale and move realistic would geem to be the
view thal interior Aloska possesses important natural resources (hat
will ene day be a firm basis for cconomie developmenthut Uut these
resources are relabively modest and need 1o be earelully conserved
atd used,

Among the resourees that, wisely used. can supporl an economy
mn perpetuily, the forests, with thetr great poiential production. of
cellulose, oceupy an important place.  Thex are of direet importance
as @ souree of Torest produets and of indiveet importance as a habitat
for wildlife and as a feature of the lourist trade.

The threat of Torest lives to the ceonomie development of Alaska
has been recognized for years,  Tle earliest and strongest condenina-
tion of fives didd not eome Non professional consevvationisis hut from
members ol the Geologieal Suevey.  Ta 1911 Brooks (27) deplored
the widespread forest fires that he saw every summer as follows:
“Li appears to the writer that at the present rate of consumption and
destraction by Torest fives the Umber of the Yukon-Tanana region
will not be suflicient for the placer-mining indestey, ot alone any
possible develepment when this stage has been passed.”

T 1915, Ellsworth and Davenport (43) pointed out, “One ol the
determining faetors in the mining indusiry is the timber supplyv, not
only for fuel but for constructing lhunes, mine supports. and buildings.
So far demands bave been Tairly met by the loeal growth, but large
inroads luve been made by both Teaitimate use and by forest fires, amd
the distanee timber has (o be transporied bs gradually inereasing with
aeorresponding inereade in cost,”

In 1814 Henry S, Graves, then Chiel Forestor of Uie Forest Seeviee,
visited the interior of Maska.  He was impressed with the appalling
losses resulting from fires andd i 1916 made the following state-
ment (34

The value of the mierior forests should not be gauged by the size
and quadity of the trees for lumber, or their place for possible
use i the geneval lumber markets of the Pacific const. Thev
have rather an economic value as o loeal neeessity that ean be
measured by contrasting the developments Gt will take place
with theie aid, with the conditions thar would exist without them
and will exist i they are destroyed. Nor ean the cconomie
position of the Torests he judged by their aggregnte extent and
total volume of wood and tmber,  Inacountey of vast distances,
sparse popudation, high cost ol labor, and meagre Faeilities for
transportation, it is the presenee of lovest supplies immedintely
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al hand that maymake the development ol indlustry and the estab-
lishment of homes in a given locality possible.

Drake (38), investigating the birch forests in the Susitna Valley,
noted Lhe slight value which the people of the region placed on the
timber resources,  In 19235 he observed,

The attitude that (he local forests are of little value is detrimental
to the region’s development, and public-spirited citizens should
endeavor to bring before the public mind the necessity ol con-
serving the timber that will be needed lor dwellings, Inrm build-
ings, bridges, telephone poles, mine props and that will attraet
wood-using industries. . . . while no extensive markot for this
timber has been found to date, one will eventually he seeured
and steps should he taken o prolect the Terests until the time Tor
this cxpioilaiion is ot hand.

What is needed Is an awareness of the public that when uncontrolied
fires sweep through forest stands damage is done Lo the community
and Territory of whicl they are a part. What harms a country also
harms 1ts eltizens.

Interior Alaska simply does not have “timber to burn,”  Following
a severe fire, o minimun of 100 years and an average period of about
15 rears must clapse hefore timber suitable Tor saawlogs again develops
on the burn. It is doubtlul if the developmenti of the Territory can
wait that Jong!  Oceasionally uncontrolled fres are condoned because
they burn in young timber not ol comniercial size or heeause they burn
in areas supporling growth that even the most oplimistic forester
would admit had no present or future commercial prospeci. Two
obvicus faclts may be pointed out in this connection. First, voung
(rees are always small and all large {rees were once young.,  Second,
fires show 1o vespect for values; seldom, if ever, docs an extensive fire
burn solely in scrub growth. Some potentially valuable timber is
destroyved mn every oxtensive burn,

The relation of uncontrolled fires to the wildlife resource hins already
been discussed.  IU seems apparent that the widespread burning
(hat has oceurred during the past hall contury or more has not resulied
m & land teeming with fur hearers and hig gnme. It may be doubted
that more burmng will produce such o vesult in the future.

AMany thouglitful ebservers believe thatl the tourist trade, based
on reereational vesources of all kinds, may well become one of interior
Alaska’s most important sources of income. Here, again, unburned
landscapes are an assct and extensive burns are o liability. Few
persons intent on developing tourist or other reercalional facilities
would choose a recently burned area.  An extensive fire in the vicinily
of an established lodge would certzinhy not Le a husiness asset.

The nuisance of forest fires extends far beyond the immedinte
fimits of the aren burned. Smoke, spreading over wide areas, is &
source ol annoyance to say the least; it may actually disrupt air travel
and hecome a hazard to human life.  MacDonald (85) gave un
cloquent deseription of the restrictions which smoke [rom forest fires
imposes on plane travel. For three days his plane was grounded ag
Edmonton.  In Alaska where plane travel is commonplace, smoke has
more than once prevented normal operations,
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SUMMARY AND CONCLUSIONS

Of the land aves of 365,435,000 acres in Alaska, aboul 60 pereent
or approximately 219,861,000 acres, is in the interior.  In this vask
area, tree growth is the dominang vegetation on most of the land below
an altitude of about 2,500 feet.  Nearly 120 million acres hear sufficient,
tree growth to warrant designation as forest Jand.

The Alaska interior has a coutinental climate with great extremes
of temperature. Sumumer temperatures as high as 100° 12, are known
and in the winter temperatures as low as —-78° . hiave been recordod.
Long days prevail during the shorl summer.  Precipitation is light
northr of the Alaska Range, amounting to about 10 (o 15 inches
annually; south of the Alaska Range it averages nround 20 inchoes.
The growing season is ususdly less than 80 days.

The forests of the inkerior present o mosaie of types resulting Trom
the effecls of forest fives and from varialions in site.  The lailer nre
associated with differences in water rolations, permafrost condilions,
and soil aeralion. Of the 120 million acres of forest land, some 40
million acres are believed to be commereinl or potentindly commereial.
Some 80 million acres of the inlerior hear sparse lorests of open
woodland.

Sample plots indicate that at o rotation age ol arcund 160 vears
while spruce stands may average about 15,500 board-feet or 3,900
cubic feel per acre.  Indications are that al 160 years of age, 80
pereent of The (rees would be 5 inches in diameter and larger and that
20 pereent would exeewd 12 inehes in diameter; some of the (rees
would then be 18 lo 20 inches.

On the 40 million acres of comniwercinl or potentially commercial
interior forest Tand it is estimated that there are some 32 billion cubic
feet or around 180 hillion hoard-feet of timber.  The forest resource is
so tremendous and so important to the future veonomy of Alaskn
that it merits full consideralion in the national program of forest
eonservaiion.

Alaska has been subjeet during prehistorie and lustorie Lime {o
extensive and repented fires.  Northern forests are highly Aammable
when dry. The branches of dominantly coniferous trees freguontly
persist nearly lo the ground and often support heard lichens, which
have a tinderlike quality.  The ground is commonly covered with
hichens, mosses, and small shrubs that readily carry fire.  Man is the
principal canse of fires but hightning is nlso an important agent.  An
sverage of at least 2 milhon acres of forest land hins burned annualiy
for the lasi hail century.

As a result of fires, the cimax white spruce stands on moderately
well-drained sites hnve been repiaced, over wide areas, by stands of
paper biveh and quaking aspen.  Both ol these species are shorter
lived than white spruce, both have shorter pathological votations, and
their timber eannot be stored on the stump as it can in whitespruee
Torests.  Fires have had less oflect in changing forest composition on
the forested lowland arens where black spruce represents a physio-
graphic climax.  In the absence of repeated burns occwrring ab short
mtervals, black spruce tends to perpetuale ilsell.

Revegetation of recently burned arcas by forest trees is usually
prompt.  Few, il any, sveas can be found thet are Titerally barren as a
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resull of single fires even thoueh the burning may be sovers. Two
conditions are ncecessary for veslocking of burned areas by forest
growth-—supply of viable seed and exposed mineral soil. Both of
these conditions are {ulfilled on most of the burned arcas and paper
hirch, quaking aspen, or spruce—cither pure or in mixkure—are
dc\'olopmu Only on criveally dry sites, such as steep slopes wilth
a southerly or wosterly exposure, excessively drained alluvium, or
rocky slopes withoul mineral soil. has natural veforestation failed
in any important degree.  In burned areas scedling reproduction tends
{o be restricted (o {‘\E}Oa(‘d muneral soil; charred fovest floor material
represents a veey poor scedbed, presumably heeanse of the unsiable
moisture supply and high surface temporatures. The outslanding
cffects of fires are that vast amounts of existing timber are destr ox'ed
and that the subelimax Lypes (privicipally qual\m aspen and paper
hireh} are greatly increasod at the axpense of the white spruce Lype.

Paper bireh is an early stage in forest suceession, comparable to the
quaking aspen fype.  Paper bhirch produces lar trc numbers of light,

easily disseminated seeds and forms cven-aged stands. By the fime

paper birch stands are shout 80 years old, white spruce Trequently
hecomes prominent as an understory (*onmonvnt At 100 to 120 years
of age the paper bireh declines and the spruce increases. Bm:mv
major disturbances, such as fre, paper hirch stands are <>'i.1duﬂ.l]\'
converted to white spruce-paper bireh forests. TFires tend (o perpet-
uate the birch and reduce the representation of spruce.  Following
fires, Lhere is usually some sprouting of birch stumps, bub_the main
reason for the decline in spruce is that seed of Lhat species is lacking or
in scanty supply.

The white spruce-paper bireh {ape represents a stage of suecession
comparable to the white spruce-quaking aspen type It iz more
advanced than either the paper birch or quaking aspen types.  While
spruce-paper birch stands may develop immediately after fires or they
may result from gradual enlry of white spruce into stands that were
mttmll\' pure paper biveh., “3p1u(c in mixture with biveh suffers con-
siderably from crown friction. Even so, spruce gradually develops
into a dominant position. Defect becoines high in “hireh at about 100
vears of age and the basal arvea of spruce is lzlu;h ko execeed that of
biveh in stands over 130 vears of age. In the absence of disturbance,
white spruce-paper bivch stands gradually change into essentially me
relatively open stands of white spruce.  Fires Tend to perpotuate the
birch and reduce the propor tion of spruce.  Here, however, the birch
is nob favoved as much nor is spruce repressed as 0'{(‘{!.!,]\' as in young
stands.

The quaking aspen (ype bs o stage of forest suceession analogous to
the paper oivell (ype.  Aspen regenerndion after fives is often .Jl)undﬁ,ni
from both voot suckers and sced.  The stands tend Lo be oven aged.
In the absence of fire or other disturbance, aspen oceupies the land for
one generation ouly except on excessively dry soukherly or westerly
slopos where it may persist indefinttely. White sprace, which may
have started wirth the aspen inunedistely alter o fire, or which usunily
enters the stand later, gradually dominates the site. White spruce in
aspen stands s subyjected to less suppression and crown deformation
than In paper hirch lorests.  MAspen is o short-lived species; deeay is
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comuon in 60-year-old stands. Fires in aspen slands perpeluate
aspen and destroy praclically all the white spruce.

The white spruce-queking aspen type is a stage of development
analogous to the white spruce-paper birch type. While sprice-
quaking aspen stands may become established immediately following
fives, hut more characteristically they avise as a result of shceession,
with the spruce gradually invading essentially pure aspen communilics.
In the absence of fire, spruce gradually replaces the aspen, and rela-
tively open stands of spruce result.  Elimination of the aspen is rapid
in stands older than 60 years. Fire perpetuates aspen, largely beeause
of the capacity of the species to produce Toot suckers.

Balsam poplar forms essentially pure stands on recently doposited
allavium.  Many stands represent the first Tovest stage in p primary
successional sevies. Following fires, the species also invades upland
arcas adjncent fo large streams, Lvidently balsam poplar may
oceupy food-plain arcas indefinitely il they are subjected to periodic
overflow with deposition of silt and other aliuvium. On relativelystable
sites, white spruce gradually assumes dominance, replacing the poplar,
Fires are not as common in the balsam poplar trpe as in other forest
communilies but they are known to occur.  Following fives, halsam,
poplar reproduces by both root suckers and seeds.  In many ways the
species behaves like quaking aspon.

The white spruce type s the climax forest on well-drained lands in
the interior. It is of widespread occurrence and is primarily responsible
fov the vegetational aspect of the Iandscape.  Young slands nre often
essentially even aged but become uneven aged as they grow older.
High density is chareeleristic of white spruce forests established
immediately alter fires. I the stands develop as a result of replace-
ment of aspen, paper birch, or balsam poplar, they are likely to he
relatively open.  White spruce is probably longer lived than any other
tree in the Alasks interior.  Ages of over 300 years have been deter-
mined.  Diameters of occasional (vees on especially favorable sites
may exceed 36 inches, and toial heights may exceed 100 fect.

Stngle light surface fires in white spruce do not result in complele
destruction of the stands. Such fires cveate small openings where
scadlings of spruce, paper birch, aad oceasionally aspen and willows
develop. Single severe fives generally result in complete destruction
of existing stands and their replncement by subelimax communilics,
chiefly quaking aspen and paper birch.  Qccasionally stands of essen-
tially pure white spruce develop following fives in the climax type. This
oceurs most frequently when the burned areas ave relatively small and
are surrounded by living trees of sced-bearing age.  YWhen the hurns
are extensive the light-seeded birch and quaking aspen are move likely
to become established,  Following fires, the fallen and standing snags
constitute an inereased fire bazard for 20 to 30 vears.

As a result of repeated severe fires, arens formerly in white spruce
may becomce essentially trecless, supporting herhbaceous or shrub
communities. Firewced-grass and dwarl birch-willow may become so
firmly established that it 1s difficult for forest-tree seedlings to become
established.  Natural reconversion of such lands to Torest may require
100 to 200 yenrs. Fires are most likely to result in replacement of
whitespruce forest by relatively permanent treeless communities al the
upper altitudinal and latitudinal limits of forest growth,
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Rlack spruce i= a phvsiograplie olimax on pooddy drained siteations,
in relatively flat vallex hottoms. on flat v zently rolling land, and on
coldkslopes having a novthern exposure. Tt forms pure stands of usually
small, slow-growing trees,  Permalrost 3= conmmonly encountered ot
the shallow depth of 12 to s inches.  In the absenee of Sre, black
spruce is a fell-perpetaatiog type, reprodueing by lavering as well as
seed. Fires un black spruee are often intense, killing the vegetation
and conswning the fovest Hoor. Even so, black spruee nsually regener-
ates and another pire stand results. There iz some evidenee that
severe firez n Black spruee, repeated ar shovt intorvals, may lead o
conversion to lreeless communities =ueh as sedge-rush-grass or low
shrub. Re-entry of black spriuce may then be a very slow process.

The Torest seils of mterior Maska are shallow in both a develop-
mental and o physiological sepse. Excessive deainage may vesult in
defictent =otl moistare 1 coarse-textured =oils.  On the other hand,
fine-textured soils may rewain laree amounts of water and become
poorly aceated aned eold,  Oroanie matier tends o remain unineor-
porated in the mineral sail. for tie most pare resting on it as 2 mantle.
Under okd white spruece stands. and espeeially in the black spruce tepe.
the forest floor may beeome as thick a< 17 inches,

The degree to which the forest Hloor material s vemoved by fires
varies with dhe intensity of the burn. T varies from slight eharring
of the uppermost litter to complete consumption dowit to mineral soil.
In the reeently burned arvas examined, mineral <01l was exposed over
oniy 30 to 40 percent of the sarfaece. eveu after fires so severe that all
reees were Killed, Praetieally none of the oreanie matter in the mineral
=01l was destroyed.

Partial or complete removal of the forest floor by burning leads to
ineressed =oil temperatures. o andizturbed condition, the moss and
lichen cover s an effective insulator in the summer period. Tt is dey
mueh of the time and effectively insulates the =oil against the heat of
the sun. Removal of this cover results in higher surface tomperatures
and a lower permalrost table.  Tn general, tw offeets of fires an soil
temperalore are eeologically favorable,  Moisture relations on stoep
southerly stopes are uniavorably afleeted by fives.  In general, how-
ever, soil mosture relations do not appear o be greatly altered.

Soil texture and strueture, 2o far as is known, are not changed by
hurnivg. Runofl lrom steep slopes s fnereased as a result of {orest
fires; the rate of infifation apparently iz reduced and the rate of
overland How iz fuereasod, Frosion by wind and water do not appear
to be appreelably inereased as o vesult of forest fires. The lack of
extensive water erosion seene= to be explained by the low (otal amount
of precipitation, the normally low intensity of vainfall in individual
storms, the long period caclt year that the soils are frozen and snow
coverad, and the rapidity of revegotation on burned lands.

Chenieal ehanges iy JTorest soils resulting from fires appear to he
ecologically favorable.  Aeldity is decreased, and exchangeable enlenun
and potassinm and readily available phosphores are inercased. Al-
though the total nitrogen capital of the site is reduced by fives that
congume the forest Boor material, the amount of nitrogen available to
plants appenrs o be inereased.

Burning has an efficet similar Lo fertilization. The nutrient eapits
in the forest Ioor, much of which mayv be regavded 0s n frozen assol,
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is liberated in available form for vse by the new plant growth., On the
majority of forest sites, the productivity of the minerni soil hody doces
not appear to be reduced by burning.  IFrom the standpoint of the soil
alone, fires may have a favorable effect on certnin properties.

Lffects of forest fives on the hydrologic regime in MAlaska cannot be
stated with finality. Available evidence does point, however, to an
increase in the normally high ratio of vunolf Lo precipitalion and to
inereased amplitude between high and low water stages. Watersheds
having steep slopes, from which the vegetation has been removed by
fire, have been reported to have very low minimum discharge rates and
fiashy runofl.

The wildlife of interior Alaska is one of the important renewabio
resources of the region. Trom it both the wlhite population and natives
derive very considerable economic benefits. It is a resource which
has great attraction for hunters and for the even larger pumber of
tourists who morely wislt Lo sec and photograph wildlife in its natural
environment. Exceptions may oceur, but in general the effeet of
ungontrolled forest fives on fur-Dearing animals 13 wnfavorable. This
view is in agreement with those expressed vepeatedly by many wildlife
specialists.

The effect of uncontrolied forest fires on. the moose population is
still not entively clear.  In certain areas {ollowing fires there has been
an incrense of the moose population. 1t is only natural that this re-
Intion be mberpreted in terms of cause and effeet. However, it is
doubtful thet the relalionship is a simple case of more browse, more
moose. There arg extensive arcas in the hderior which have been
hurned repealedly and which support much browse hut lew moose.
Moose in Alasksa also have been moving westward and nortivward for
over 75 years aud this movement has taken the animals into areas
where hurning has not occurred.  Thug the appearance and disap-
pearance or the presence of lavge or sparse populations of mouose are
not 1o be explained simply and solely on the basis of fires or lack of
fres. The possibilities of preseribed burning ure recognized.

The effects of fires on caribon arc generally agreed to be harmiul
or even disastrous. This animal normally lives in envirenments
chargeterized by climax conununities, tundra and forest-tunden
transition.  Frutivese lichens of the (Madonia group, Logetlier with
cortain beard lichons (such as species of Usnee and ciecioria) growing
on trees, form the principal winter {ood of Lhe caribou.  These lichens
arg highly flammable when diy and readily suseeplible to destruction
by fire. Recovery is excessively slow.  The length of time required
Tor full recovery varies with the extent and intensity of the fires and
stte and microclimatic conditions, but an average of 40 to 50 years
appears Lo be a conservative estimale.

Tneontrolled fires, sweeping over vasl aveas of the inlerior nearly
every summer, place in jeopardy the Tuture economic development of
that portion of Alaska.  The aren involved is vast but the resowrces
that ean be used in perpetuity, even under wise management, are
relatively modest-—certainly there is no coxcess to be wasted. Po-
tential production of cellulose on the better forest lands in the mterior
is considerable.  On the 48 million acres of commercial or polentially
commorcial forest land, il is estimaled thab net annval growth is
ahoul §60 million cubic feel. Tollowing  severe fire, & minimum of
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100 years snd an average period of perhaps 160 years must elapse
before spruce sawlogs can agein be obtained from the burned area.

The important wildlife resource and ihe rapidly developing fourist
tracde (whose potential can scarcely be judged at this time) are closely
related to the forest resource. Whal damages the foresis of the
interior also damages these great cconomic assets.

The destiny of Alaska can be a great one only it her resources are
wisely used. Widespread destruction of forest and other vegebalion
by fire, with all its harmful effects, caunot be judged wise use. The
citizens of the Terr >y have a serious responsibility to be good
stewards if the futur  Alasks is truly to becoms the “Crent Land.”
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APPENDIX
Check List of Plant Species Collected

Lichens

Mectoria jubata (127 Al

~A
A,

nigricans {(Ach) Nyl
pubescens (1) Howe

Bueamyces placaplytlus Ach,
RBuellia papitlate (Sommerf.) Tuck,
Cetrarie cuewllale (Bell) Ach,

O hiascens (B, Fries) T, Fries

.
(.
.
(.
.

isfandica {1.) Ach.

Juniperine (1. Ach.

nivalis (1} Ach,
riehardsonii {(Hook) Tucels.
tilesti Ach,

Cladoniv alpesieis (1..) Rabenh,

"
.
.
.
("
(.
.
.
.

¢
0
o
el

.
¢

alpestris [ aberrans des Abbayves

amanroereca {Floorke) Sehaer.

camanrocrees U ocelotea {Ach,Y Vainio

amavroeraeq L fuselienlata Kernsi,

amaroeraea §ooegeerax (Ach) Vainio

bellidiflore {Ach,y Sehiner.

cortose (Ach.) Spreny.

cariosa |, eorlivafa Vainio

eariose §oeribrosa (Walle,) Vainio

cartosa {, squamulosa (MlL-Arvg.) Vainio

cenofea (Ach) Sehnee, 1, erossofa (Achly Nyl
chlorophace (Floorke) Sprong. §. simples (Hoflm.) A,
coceifera (1.,) Willd,

conioeraeq (Ifloerke) Spreng. 1. slenoseypha (Stuckenh.) Sandst.
cornwte (1) Haoflme, [ oeglindrica Schaer.
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C. cornutu f. scyphosa Schaer.
C. cornutoradiate (Coem.) Sandst.
C. crispata (Ach.) Flot. var, infundibulifere (Schaer.) Vainio
L erspata var. virgate (Ach.) Vainio
. deformis (1) Hoffm.
. degenerans (Floerke) Spreuag. . cladomorpha (Ach.) Vainjo
. degenerans {. euphorea (Aeh.) Floorke
. degenerans {. gracilescens Tloerke
eemocyna (Ach.) Nyl var. nigripes (Nv1.) Evans
. Jurcata (Huds.) Schrad. var. racemose (Hoflm.) Floerke
Jurcala var. racemosa 1. corymbosa (Ach.) Vainio
. gonecha (Ach,) Asaliing
. gracilts (1.) Willd. var. chordalis (Floerke) Schaer,
gracilis var. chordalis 1. leucochiorea Floerke
gracilis var. chordelis {. plutydactyla (Wallr.) Vainio
gracilis var. diletote (Hoffm.} Vainio
gracilis var. élongate (Jacq.) E. Fries
gracilis var, dongata 1. laontera (Del) Arn.
. lepidota Nyl
. mifiy Sandst,
multiformis MNerrill . finkii (Vainio) Evans
multtformis 1. simulata Robbins
. mulftformis 1. subascypha (Vainio) Evans
. plewrota (Floerke) Schaer, [ ertense (Ach.) Sandst,
. peevdorangiformis Asahina
cpyetdate (1) Hoffm, var. megleete (Floerke) Mass.
. pyrtdala var, pocilhim (Ach.) Flot.
. rangifering (..} Web.
. rangiferina 1. stygie B, Fries
. seabriuscufa (Del.) Leight,
. seabriuscuda 1. adspersa (Flooerke) Sandst.
. seabriusewla {, sublevis Sandst.
O seabriusenda [ sureecta (Kloerke) Sandst.
squamose (Seop.) Holfm {. wwricella (Del) Vainio
. squamosa (Seop.) Hoffm., 1. twrfocea Rehm,
. syleatica (L) Hoffm.
L unetalis (1) Web.
" verticitlate (Holfm.) Schaer. L. aggregate (Del) Oliv.
. eertietllatae 1. epolute (T. Frics) Stein.
Dactyline arcliee (Hook,) Nvl.
Driplosehistes seruposus (Sehrel.) Norm.
Thifourea mudreporiformis (Wulfl,) Ach,
fiphede solide Born.
Ifrernia mexomorphe Nyl
Fulgensiu bracteate {Hoffm,) Ris.
ITaematomng ventoswm (1..) Mass. var. lapponicum {Ris.) Lange
lemadophila ericetvrum (11,) Zahihr,
Lecanora subfuseata Magn.
Lecidea rubiformis Wahl.
Lobarie linite (Ach.) Rabh.
L. pulmoenaria (1.) Hoffm.
Nephroma arcticum (1..) Torss.
N, expallidum Nyl

C
C
C
C
C
C.
C
C
C
C.
C.
C.
C.
C.
C
¢
C.
C.
C
¢
C
C
('r
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Lichens—Continued

Ochrolechie frigida (Swartz) Liynge
Parmelia alpicole T. Fries
P. omphaledes {1.) Ach.
P, sulcata Tayl.
P vittate (Ach.) NvL
Purmeliopsis hyperopta (Ach.) Vainio
Peltigera aphthose (1) Willd. var. aphthosa
- P. aphthosa var. variolose (Mass.) Thoms.
. cantna (1) Willd.
. caming var. rufescens (Weis,) Mudd
. caning var. spurie (Ach.) Schaer,
P. canina var. spurie {. sorediate Schaer,
P.malacea (Ach.) Funck
P membranacee (Ach.) Nvl. emend. Thoms.
P. pulverulenta (Taxl) Nyl
Ramaline farinacen (L) E. Fries
Stereocaulon paschale (1) Hofim.
S. paschale var, alpinum (Laur.) Mudd
. paschale var, elptaum {. gracilentum (1. Fries) M. Lamb
. paschale var. grande 11, Maen.
. paschale var. grande [. velvtinuin (Frey) M. Lamb
. omentoswm B, Fries
. tomentosum var, alpesire Flot,
. vesuvianwm Pers, var, arcticum (Liynge) M. Lamh
Thamnolia vermiculuris (Swartz) Ach.
Usnea comose (Ach.) Rohl. ssp. comosa
U. scabiosa Mot.

Alosses

Awlacomnivm palusire (Web. & Mol Schwaoegr.
A turgidum (Wahl)) Schwnegr.
Brachytheeium albicans (Hedw.) BS(G.

B salebrosum {Web, & Mohr) BRG.

Bryum caespiticium Hedw.

B cuspidatum (BSG.) Schimp.

B, turbinaium (Fledw.) Schwacegr,

B uliginosum (Brid.) BSG.

Cutliergon straminewn (Brid.) Kindb.
Camptothecium {ufeseens (Hedw.) BSG.
Campylium steliatum (Hedw,) Lange & . Jons.
Ceratodon purpureus (Fedw.) Brid.
Climacium dendroides (Hedw.) Weh. & Mohr
Cratoneuron filicinuwm (Hedw.) Rotlh
Dichodontium pellucidum (Hedw.) Schimp.
Dicranella greviltieana (Brid.) Sehimp.
THeranum bergeri Bland.

D drummondii O, Nl

D. elongatum Schieich,

I fragilifolivm Tindb,

D fuscescens Turn.

D). majus Smith

I mahlenbeckii BSG.
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D). strictum Schileich.

Distichium capilloceum (Hedw.) BSG.

Ditrichum flexicaule (Schwaegr.) Hampe

Drepanocladus aduncus (Hedw.) Warnst.

D. firitans (Hedw.)Warnst

D. uncinatus (Hedw.) Warnst.

Eurhynchium praelongum (Hedw.) Bryhn.

E. stubstrigosum Kindb.

Hylocomium splendens (Hedw.) BSG.

Iﬁgmf\m c:r)*ista-cast?'ensis Hedw. (syn. Ptilium erisig-castrensis (Hedw.)
e Not.).

H. dieckii Ren. & Card.

H. imponens Hedw.

I, lindbergis Nitt.

H. revolutum (Mitt.) Lindb.

Leptobryyum pyriforme (Hedw.) Schimp.

Meesia uliginose Hedw,

Mnium affine Bland.

M. spinulosum Bruch & Schimp.

Oncophorus wahlenbergii Brid.

Paludella squarrose (Hedw.) Brid.

Philonotis fontana (IHedw.) Brid.

Plagiothecium denticulatum (L.) Br. Sch.

Pleurozium schreberi (Brid.) Mitt.

Pohiia nadans (Hedw.) Lindb.

P. wahlewbergii (Web. & Mohr) Andrews

Polytrichum commime Hedw.

P. quniperinum Hedw,

P opiltiferum Hedw,

. strictum Brid.

Rhacomiirium caneseens B,

. lanugtnosem (Hedw.) Brid.

Rhytidium rugosum (Hedw.) Kindh.

Rhytidiadelphus triquetrus (Hedw.) Warnst,

Sphagrum capifleceum (Weiss) Schrank

S, ecapillacewm var. tenelfwm (Schimp.) Andrews

3. fuseum (Schimp.) Klinger.

8. girgensohnii Russ,

S. plumulosum Roll

S, rubellum Wils,

8. teres (Schimp.) Angstr.

Teiraplodon mnioides (Hedw.) BSG,

Thuidium abiettnum (Brid)) BSG.

T. delicatulum (Hedw.) Aitt.

Timmdn austricce Hedw,

Tomenthypnum nitens (Hedw.) Loeske

Torteflu fragilis (Hook. & Wils.) Limpr,

Liverworss

Lophozia porphyroleuce (Nees) Schiffn.
Marchantia polymorpha 1.,

Preissie quadrate (Scop.} Nees
Ptilidiym eiliore (L) Neces
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Crrasses

Agropyron latighime (Seribn. & Smith) Rydb.

A. subsecundum (Link) Hitche.—Bearded wheatgrass
A, trachycaulum (Link) Malte—Slender wheatgrass
Agrostis scabra Willd—Bentegras:

Alopecurus aequalis Sobol.- -Shortawn foxtail

A, alpinus J, B. Smith—Alpine foxtail

Arctagrostis latifolia (R. Br.) Griseb.

Bromus arcticus Shear—Arctic brome

B. pumpeliianus Scribn.—Pumpelly brome

B. pumpellionus var. villpsissimus Hult.
Calamagrostis canadensis (Michx.) Beauv.
(", inexrpansa A, Gray—Northern reedgrass

(" neglecta (Blirh.) Gaertn., Mey., & Schreb.—Slimstem reedgrass
(. purpuraseens R, Br—Purple pincgrass

Deschrmpsia atropurpureq (Wahl.) Scheele~—Alountain hairgrass
D, caespitose (L.) Beauv.—Talted hairgrass

Ebhymus tnnoatus Beal—Fuzzyspike wildryve

Festuca altaica Trin —Altai fescue

F. ovina L— Sheep fescue

F. ovina var. brachyphylle (Schult.) Piper—Alpine sheep fescue
F.rubra L—Red fescue

F. rubra var, lanuginoca Mert. & Koch---Hairyscale red fescue
Hierackloé elpina (Swartz) Roem. & Sehult.— -Alpine sweetgrass
H. odorate (1..) Beauv—Sweetgrass

Hordewm jubatum 1.—Foxtail barley

Phiewn alpinum L.—Alpine timothy

Poa alpina L—Alpine bluegrass

P. gretice R, Br— Arctic bluegrass

P. glavce Vabhl—Greenland bluegrass

P waterior Bydb.—lnland bluegrass

P. paucispicule Scribn. & Merr—Alaska bluegrass

P. pratensis L. —Kentucky bluegrass

P. stenanthe Trin.—'Frinius blucgrass

Trisetum spicafwm (1) Richt —S3pike trisetum

Blucjoint reedgrass

Grassizke Plants

Carer aguatifis Wahl- - Waler sedge
. bigelowii Torr.---Bigelow sedge
canescens L.

. eapiilaris L.

. coneinne R. Br.

diandre Schrank

disperma Dew.

eburnee Boott

garbert Fern. var. biferia Fern,

. {oliacea L—Rycegrass sedge
{ugens Holm

. macrochaete C. A, Meyer
_maritime Gunn. {(syn. C. ineursa Lightf.)

. medie K. Br.

AAOADAIADADDD
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. membranacea Hoolk.

C. mertensit Prescott—Mertens sodge

C. podocarpe R. Br.

C. praticola Rydb.

G. rossit Boott—Ross sedge

C. rostrate Stokes—Beaked sedge

. seirpoidea Michx.

C. suping Willd. ssp. spaniscarpa (Steud.) Hult.

C. vaginata Tausch.

Leleocharvs palustris (L) Roem. & Schult.—Common spikesedge

Eriophorum brachyantherum Trautv.

E. scheuchzeri Hoppe—Scheuchzer cottonsedgoe

E. vaginatum L.—Sheathed cottonsedge

Juneus alpinus Vill.—Alpine rush

J. castanevs J. E. Smith

J. drummondii B. Meyor

Luzula multiflora (Retz.) Lejeune

L. parvifiora (Ehrh.) Desv.—Millet woodrush

L. rufescens Fisch.

L. sudetica (Willd.) DC. {syn. L. campestris (I.) DC. var. aliina
Gaudin) —Sudetic woodrush

L. wahlenbergii Rupr.—Wahlenberg woodrush

Seirpus cesprtosus L. var. callosus Bigel.—Callous deerhnir bulrush

Triglochin palustris L.—Arrow podgrass

Forbs

Achiliea borealis Bong.—Arctic yurrow

Aconttum delphinifolium DC.

A, delplinifoliumn ssp. paradorum (Reiehenb.) Hult.

A, maximum Pall.

Acteea argute Nult—Western bancberry

Androsace lchmanniena Spreng.—Lehmann rockjasmine

A. septentrionalis L.—Northern rockjasmine

Anemone narcissifiora L. ssp. interior Hult.—Narcissus anemonc

A, rickardsonii Hook.—Richardson anemone

Anlennaria monocephala DC.

A. nitide Greene

A. oxyphyile Greene

Aguilegia bremstyle ook —Yukon columbine

A, formoese Fisch.-—Sitlka columbine

Arabis hirsute (1.} Scop. var. pyenoearpa (M. Hoplins) Rolling—
Common hairy rockeress

A, holboelliz Hornem.—Holboell rockeress

A. holboellti var. retrofracia (Graham) Rydb.

4. tyrata L. ssp. kamehatica (Fisch.) Hult.

Arenaria lateriflora Li.—Bluntleaf sandwort

A. maerocarpe Pursh—Long-podded sandwort

A. obtusilobe (Rydb.) Fern.—~Alpine sandwort

A, rubella (Wahl) J. E. Smith

A, stricta (Swartz) Michx.—Rock sandwort;

Arniea latifoliac Bong.—Broadleaf arnica

A. loviseana Farr ssp. frigide (Moyer) Maguire



http:deerhn.ir

110 TECHNICAL BULLETIN 1133, U. S. DEPT. OF AGRICULTURE

Forbs—Continued

Artemasie arctica Less.—Arctic wormwood

Aruncus dioieus (Walt.) Fern.—3ylvan goatsbeard

Aster sibericus L.—Siberian astor

Astragalus alpinus L.—Alpine milkvetch

A americanus (Hook) M. E. Jones—Arectic milkveteh

A tananaicus Hult.-—Tanans milkvetch

A. yukonis M. E. Jones—Yukon milkvetch

Athyrium filis-femina (1) Roth ssp. eyelosorum (Rupr) C. Chr.—
Ladyfern

Boschniakia rossica (Cham. & Schiechi)) B. Fed tseh.-~Pogue

Boykinia richardsonii (Hook.) Rothr. (svn. Therafen richardsonis
(Hoolc.) 0. Kuntze) —Richardson bovkiniu

Buplewrum emericanwm Coull. & Rose - Thorowax

Celle palustris L. —Wild calla

Camnpanula alaskane (A. Gray) Wight - -Alaska belllower

C. lasiocarpa Cham. —Behring bellliower

Cardamine bellidifolia L.—Daisyleaf biltereress

. wmbellata Greene—Umbel-flowered bittercress

Castilleja hyperborea Pennell--Paintedeup

C. pallida (L.} Kunth ssp. caudeta Pennell

. pallida ssp. meriae (Fastw.) Pennell

Cerastium. arvense Li— Slarry cerastium

Chenopodium capitatum (L.} Aschers.—Blile goosefoot

Chrysanthemum leveanthemum L. var. piunalifidum Lecog & Lamolte—
Field oxevedaisy

Chrysosplenium tetrandrum (Lund) T. Fries- Fourstamen goldsaxi-
frage

Cicuta mackenzieana Raup-—2Aackenzie walerhendock

Circaea alping L—Alpine circaca

Claytonia sarmentosa . A. Mey.—-Alaska springbeauty

Comandre livida Richards.—Northern comandran

Contoselinum enidiffolium {Turcz.) Pors--Dawson hemloekparsley

Corallorhiza mertensiana Bong. - Pacific coralroot

C. trifida Chatelnin—Early coralroot

Corydalis sempervivens (L) Pers.---Pale corydalis

Crepis eleguns Hool. ——-Hsm ksheard

(. nana Richards. --Tiny hawksheard

Cryplogramina (.f.uostzdwadfs R. Br- -American rockbrake

Q. stelleri (Gmel) Prantb—Slender rockbrake

Cypripedivm passerinum Richards. --Canada Iadvslipper

Cystopteris fragilis (L) Bernh —Brittle bladderfem

Trlphinium brownii Rydb. —DBrowns larkspur

D. glawcwm Watson—Sierra larkspur

Descurainio sophivides (Fisch.) O. E. Schultz- -Northern fansymustard

Diapensie lopponice Y ssp. oborale (Fr. Sehmidt) MHult——Arctic
chapeusia

Draba, awrea Vahl-- Colden draba

D. boreulis DC.—Northern dreba

Drosera retundifolia I.—Roundleaf sundew

Dryopteris ausiriace (Jucq.) Woynar, Sching, & Thellung-—Spreading
woodfern
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D. disjuncta (Ledeb.) C. V. Mort—Oakfern
D). fragrans (L..) Schott—Fragrant woodfern
Epilobium adenocaulon Hausskn —Sticky willowweed
E. enagallidifolivm Lam.
E. angustifolium L—Fireweed
E. latifolium L—Red willowweed
E. leptocarpum Hausskn,
E. palustre L.
Eguiseturn arvense 1.—Field horsetnil
E. pratense Elvh —Meadow horsetail
E. scirpoides Michx.~—Sedgelilke Lovsetail
E. sylvaticum L.~Svlvan horsetail
E. zariegatum Schleich—Varicgated horsetail
Ergeron acris L. var, asteroides (Andra.) DC —Bit ter Heabane
E. lonchophylius Hook —Spearleal floabane
. peregrinus (Pursh) Greene—Peregrine fleabane
. purpuraius Greene—FRloabane
Ertdlluria camsehatcensis (L) Ker-Gawl.—Kamchatka fritillary
Galium boreale 1.~Northern bedstraw
G. triflorum Michx.---Sweelsconted bods(raw
Gentiana aeute Michx, var. Plebeje (Chaml) Wetist. —Northern
gentian
G. detonsu Rotth.—Centian
G. glawea Pall—Blucgreen gentisn
G. propingue Richards.—Gentian
Geraitum erianthum DC-—~CGeranium
Gewm macrophylhem Willd.~ Largeleaf syvens
G. rossit (R. Br.) Sér—-Ross avens
Goodyera repens (1.) R. Br. var. ophioides Fern.—Creeping rattlesnalke-
plantain
Habenaria dilatate (Purshy Hool~-While hogorchid
H. hyperboreq (1..) R. Bro- Northern ereen habenaria
H. obfusate (Pursh) Richards.—Bluntieal habenaria
Hedysarum alpinum L. ssp. americanum (Michx.) Fediseh ——Anerican
sweetveteh
H. mackensii Richards.—Muackenzic sweclvotch
Heraeleum lanatum Michx.--Common cowparsni 8]
Heuchere glabra Willd.~—Alumrool
Hieracium triste Willd—Hawlkwoeod
Hippuris vulgaris L.— Naresiail
Lathyrus palustris L. ssp. pilusus (Cham.) IMult.—Hairy marsh pea-
vine
Leptarrhena pyrolifuliv. (D). Don; Sér.~ Tealher-leaf saxifrage
Lesquerelle. aretiva (Wormskj) 8. Wals.—Arelic bladderpod
Li};nam borealis 1., var. americava (Forbes) Rehd.—American twin-
lower
Lastera cordaia (1) R. Br.-—Norihern listora
Lupinus arcticus S. Wals.——-Arclic lupine
L. nootkatensis Donn—Nootka lupine
L. polyphyltus Lindl.---Washingion Jupine
Lycopodiaem alpinwm l..- --Alpine clubmoss
L. annotinum L.—-Bristly clubmoss
L. davatum L.—Runmingpine

b3 210 LRy P—
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Farbs—-—Contmued

L. clavatum var, monostachyon Grev. & Hool.

L. complanatum L.-—CGroundcedar

L. selago L.—F1r clubmoss

Melandrivum taimyrense A. Tolmatchev

Menyanthes trifohala L—Common bogbean

Meriensia panceulate (AiL) G. Don—DPanicle bluebells

Mimulus guttatus DC.—Common monkeyfiower

Mitella pentandra Hook.—Fivestamen miterwort

Aoneses unifiore (1) A, Gray—Woodnymph

Muyosotis alpestris X. W. Schimidt—Alpine forgetmenot

Myriophyllum exalbescens Fern—Parrolfeather

Nuphar polysepalum Engelm.—Rocky Mountain cowlily

Orchis rotundifolia Banks—-Roundleaf orchis

Osmorhiza obtuse (Coult. & Rose) Fern.—Bluntseed sweetroct

O..":y?‘w digyna, (L.) Hill—Alpine mountain-sorrel

ropis campesiris {L..) DC.—Plains crazyweed

0 cmr;pt’s:ms var. sariens (Ryvdb.) Barnehy—Variable ploins crazy-
weec

0. maydellicna Travtv—Maydell crazyweed

O. nigrescens (Pall.) Fisch —Blackish erazyweod

0. scammaniana Hult.—Scamman crazyweed

0. splendens Dougl.—Showy erazyweed

0. wiscide Nutt., var. subsucculente (Hook.) Barneby—7Yellowhair
crazyweed

LParnassia koizebuei Cham. & Schiecht.—-Kotzebue parnassia

P. palustris L.—¥Wideworld parnassia

Pedicularis cupitala Adams—-Pedicularis

P. labradorica Wirsing—Labrador pedicularis

P. lanate Cham. & Schlecht.-—W, oollyspike pedicularis

P. parviflora J. B. Smith—-Smallfiower pedicularis

P. sudetica Witld —Sudetic pedicularis

P. verticillate LL—Whorled pedicularis

Petasites frigidus (1.) E. I*li(“:muh clic butterbur (Ysweet colisfoot”)

Pfsaq’af)fafws (Pursh)y A. Grav—Arrowleal butterbur (“sweet colts-
oot”

Pinguicula tillose To—-Hairy butterwort

Polemoniwm acutiflorm Willd.

P. boreale Adams~-Arciic polemonium

P caeridewm 1o ssp. villosum Brasd —-Greckvalerian polemonium

P. puleherrimum Hook.-~Skunkleaf polemenium

Polygoniem aluskanum (Smally Wighr -Alaska knotwoeed

P. bestorte L. ssp. plumosum ( Small) qult. Teathery Furopean bis-
tort

P. viviparum L.—-Viviparous bistort

Potentilla norvegice 1., ssp. monspelirnsis (1.3 Aschers. & Gracbn.—
Mentpelier einquefoil

P. palustris (L.} Scop.-—Mareh cinquelod

P. pensylvanica L.--Pennsylvania ewquefoll

P. pensylvanice var. strigosa Pursh

Primula cuneifoliv Ledeb, ssp. saxifragifolie {Lehm.y Mult '——'Sﬂ.\]i[‘l‘.tt"c
primrose
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% Pulsatilla tudoviciane Heller—American pasqucflower

Pyrola usarifolia Michx. var, incarnata (Fisch.) Fern.—Alpine pyrols
P. yrandifiora Radius—Bigflower pyrola
P. manor LL.—Snowline pyrola
P. secunda L.—Sidebells pyrola
P virens Schweigger (sxyn. P, ehlorantha Swartz)—Green pyrola
Ranunculus cymbaleric Pursh—>Shore buttercup
R. vecidentalis Nutl.—Western bultercup
B. repens 1, —Creeping huttercup
R. trichophytius Chaix—Hairleal watererowfoot
Rorippe patustris (1) Besser var. hispide (Desv) Rydh.—Hairy bog
marsheress
Rumez arciicus Traulv.—Arclic dock
Sanguisorba menziesit Rydb, —Menzics Lurnel
S. stipulata Raf.
Saussurea angustifofie (Willd.) DC.—Narrowleaf saussurea
Safm:fmgw bronehtalis T ssp. funsionii (Smally Flult.—Funston saxi-
rage
. eschecholtzi1 Sternb. —Tschschollz saxilrage
. Meracifolic Waldst, & Kit.—Hawlkweed saxilrage
. opposttifolia L.—Twinleaf saxilrage
. punctaie L. ssp. pacifica Hult. —Dotted saxifrage
. rivularis L.—S8ireninbank sasilrage
. tricuspidata Rotih.—Threebristle suxiliage
Sedum rosea (1) Scop. ssp. integrifolium (Ral)) Hult,~Roseroot
stonecrop
Selaginella sibirica (M deY Mieron.—8ibertan selnginelln
Senecio atropurpureus (Ledel) Fedtseh. ssp. frigidus (Richards.)
Hult.—Arectic groundsel
8. congestus (R. Br.) DO, var. palustris (I..) Fern.-- Swamp groundsel
8. integerrimus Nutt. —Lambstongue groundsel
8. pauetflorus Pursh
S. pauperculus Michy. —Balsam groundsel
8, resedifolius Less.—Alignonelte groundsel
Shlene aceulis Ln—Moss silene
S. williamsiz Britt. —Williams silenc
Smilacina stellata (I..) Desl.—Stany solomonplume
Solidago multiradiate Ailt.
8. oreophila Rydb.
Sperganium angustifolium Michx —Narrowleal burread
Stellara calyconthe (Ledeb.) Bong —Bongard starworl
8. ciltatosepala Traulv.
S, longipes Goldic—Longstalk siarworl
Streptopus amplexrifolius (1) DC.—Claspleaf twistedstalk
Swertia perennis L.—Alpinebog swertia
Tarazacum alaskenum Rydb.—Alaska dandelion
T. lapponicum Kihlm. —Lapland dandelion
Thalietrum sparsiflorum Turcz.—Meadowrue
Tofieldia coccinea Richards.—Turple tofieldia
T. pusille (Michx,) Pers.~—Small toficldia
Torularia humilfis (C. A Mey.) 0. E. Bchuls—Northern rockeress
Trienialis europacs Li. ssp. arciice (Fiseh.) Hult.—Arctic starflower
Typha latifolia T.—Common eatiail
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Forbes—Continued.

Urtica lyallii 8. Wats,—Lyall nettle
Valeriana capitata Pall,

- V. capitata vor. bracicosa (Britt.) Hult.
Veronica wormskjoudii Roem. & Schult. —Wormskjold speedwell
Viole adunca J. B. Smith—Hoolk violet
V. epipsila Ledeb. ssp. repens {Turez.) W, Belar. —Creeping violet
V. renifolia Gray var. brainerdii (Greence) Fern.—Broinerd violet
Zigadenus elegans Pursh—>Mountain deatheamas

Trees and Shrubs

Alnus erispa (Ait.) Push —American green alder
A, stnuate (Reg.) Rydb.— Sitka alder
A, tenuifolia Nutt.-—Thinleaf alder
Amelanchier alnifolic Nutt.—Saskatoon serviceberry
A. floride Lindl. —Pacific servieeberyy
Andromeda polifolic L. —Bogrosemary andromeda
A?Etosmp?e,yf,os alpina (L.} Spreng. ssp. rubre Hult.—Redalpine bear-
. berry
-A. yva-ursy (L) Spreng. —Bearborry
- Artemasia aluskang Rydb.—Alaska sagebrush
A. borealis Pall, —Northern wormwood
A, dracunculus I.—Tarragon
A. frigide Willd. —Fringed sagebrush
A. tilesii Ledeb, var. elatior Torr. & A. Gray
Betula Xeastwoodae Sarg.—Yukon birch
B. glendulose Michx.—Bog bireh
B. nana L. ssp. extfis (Suknteh.) Iult.-——Dwarl arctic birch
B. papyrifera Marsh. var. hwmilis (Reg) Fern. & Raup—Alaska
paper birch
B. papyrifers Marsh. var. kengica (W, H. Evans) A. Henry— Kenai
paper birch
Casstope stelleriana (Pall.y DC.—Starry cassiope
C. tetragona (1.) D. Don—Firemoss cassiope
Cornus canadensis Lo—Bunchberry dogwood
C. stolonifera Michx.—Redosier dogwood
Dryas alaskensis Porsild —Alaska dryad
D. drumsmondiéi Richards.—Drummond dryad
D, hookeriana Juz.—Hooker dryad
D. octopetala 1. —Mt. Washington dryad
D. punclaia Juz.
Elasagnus commuteia Bernh. —Silverberry
Empetrum nigrum L. —Black crowberry
Juniperus communis .. var. saxetilis Pall. —Mounlain common
juniper
J. horizontalis Moench—Creeping juniper
Lariz laricine {(Du Roi) K. Koch—Eastern larch
Ledtém palusire 1. ssp. decumbens (Ait) Hult.—Sprawling crystaltes
ledum
L. palustre ssp. groenlandicum (Qeder) Hull. —Labrador-tea ledum

@
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- Lotseleuria procumbens (1..) Desv.—Alpine-azalea
. Fuetkea pertinata {(Pursh) Kuntze —Lnetkea .
Menziesia ferruginea J. ¥0. Smith—Rusty menziesia
Oplopanazx horridus (J. B. Smith) Miq. —American devilsclub
Ozycoceus microcarpus Turcz.—Small cranberry
Picea glavca (Moench) Voss—White spruce
P, glauca var. porsildi Raup—Porsild spruce
P. Xlutzii Little—Lutz spruce
P. mariena (Mill.) B. 8. P.—Black spruce
P. sitchensis (Bong.) Carr.—Sitka spruce
Populus balsamifera L.—-Balsam poplar
P. tremulotdes Michx. —Quaking aspen
P. trichocarpa Torr. & A. Gray—Black cottonwood
Potentille fruticoss L. —Bush cinquefoil
Rhododendron lapponicum (1) Wahlenb. —Iapland rhododendron
Ribes hudsonianum Richards.—Hudson Bay currant
E. lacustre (Pers.) Poir.—Prickly currant
R. triste Pall. —American red currant
Bosa acicularis Lindl.—Prickly rose
Fubus alaskensis Bailey—Alaska brainble
" R. chamaemorus L.—Cloudberry
B. idaeus L. var. strigosus (Michx.) Maxim.—American red raspberry
R. pedatus J. B. Smith—Fiveleaf bramble
R. stellatus J. E. Smith—Nagoonberry
Saliz alazensis (Anderss.) Cov.—Feltleaf willow
. alazensis var. longistylis (Rydb.) Schneid. —Bluetwig feltleaf willow
. anglorum Cham, —Northland willow
arbusculoides Anderss,—Littletrec willow
arbusculoides var. glebre Anderss.—Smooth litiletree willow
aretice Pall, —Arctic willow
arctica var. obcordaia Ball—Bluntleaf arctic willow
barclayi Anderss.—Barclay willow
barclayi var. angustifolia Anderss.
barclayi var, hebecarpe Anderss.
barclayi var, votundifolia Anderss,
bebbiuna Sarg.—Bebb willow
bebbiana var. perrostrata (Ryvdb.) Schneid. —Smooth Bebb willow
commuiate Bebb —TUndergreen wiilow
glauca L.—Grayvleaf willow
glawca var. acutifolic (Hook.) Schneid.
glauca var. alicece Ball
myrtillifolic Anderss.—Blueberry willow
pseudomonticole Ball—Park wiilow
pulchra Cham . —Diamondleal willow
pulehra var. palmeri Ball—Palmer diamondleaf willow
pulehra var. yukonensis Schneid. —Yukon diamondlenf willow
reticulala I.—Netleaf willow
reticulaia var. subrofundate Sér.—Round netleaf willow
. richardsonii Hook.—Richardson willow
rotundifolic Trauty. —Least willow
scouleriane Barr, —Scouler willow
setchelliana Ball—Setchel] willow
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- Trees and Shrubs—Continued

- 8. sitchensis Sanson—Sitka willow

8. aalpoler (Cov. & Ball) Boll —Walpole willow

Sambucus callicarpe Greene —Pacific red elder

Shepherdia conadensis (I..) Nutt.—Russet buffaloboerry

Sorbus scopuling Greene—~Greenes moun tain-ash

Spirace beouverdiana Schneid. —Beauverd spirea

Tsuga mertensiana (Bong.) Sarg.—Aounlain hemlock

Vaccintum cespitosum Nichx,~Dwarf Blueherry

V. uliginoswm L. —Bog bilberry

V. vitis-idae T.—Cowherry

Viburnum edule (Michx) Raf. (syn. Viburnum puuciflorum  La
Pylaie) —Mooseberry viburnwn ’

Soil Analyses

Soil samples were collacted from several of the plots on the Kenai
Peninsula 1n 1949 and subjected to laboratory analyses for various
properties {tables 10-26). Mechanicul analvses followed the method
of Bouyoucos (7). The dala are presented in terms of both the
American and the International systems. Other analyses fojlowed
the methods outlined by Peech ot al. (712).

Soil horizons were designated by Arabic numerals, except as indi-
cated, rather than by the commonly employed A, B, €' terminology.
This was done because the genetic relations of the horizons were not
clear. In all cases the 1o horizon represented unincerporated organic
matter that frequently was not separable into L, ¥, and H layers,
Horizon 1 usually corresponded approximately to an As horizon and
the deepest Inyer represented in a given profile usually corresponded
approximately to the C horizon. In several profiles from recently
burned areas a supplementary sct of samples were collected.  In the
records these are designated by Roman numerals.  Layer I represented
the uppermost mineral seil 1o the basc of the A, horizon; laver 11, the
upper part of layer I; layer TTI, the lower part of layer I; and layer IV,
the upper part of the B horizon,

TansLe 10 —Wechanical anelysis of soil, Plot P249-11

[Valoes represent pereentoges

Aweriean system [fraellons inm,} ““&:::gt%g]r?s“;xi{fl)cm

Uorizon j_.__.....,_.,._...., e e e S
: Da0- 7 Ll - 05 085 B 005 p o L 21 v - :
L0 DA 025 oo 605 aeay C OO s g gloge {02

| I U 1 S 7 BRI ¥ N T SR TRy R I 2 SR 1 72 i Pl LG 1448
2. [ | LT, - A T LN L 8 bR TR 11 .40 - 742 a8 Y i L2

Ao N - S N LI 7 D b L R 190 F SR (T B 5.l 12,80
- LI Y TR T 1) LA iR N U al 1502 0 W is  Gd, R U1
| S W e L L TGN © B3 AT.AR 0 un, T 1. Al
o 7l IR A ] 5. Iiny 24, R L,

1 For nforsation on the forest cover on this plot, see tabie 5.
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ECOLOGICAL EFFECTS OF FOREST FIRES IN ALASEA

Tapre 1. —Mechenical analysis of soil, Plol P4g-51

Waknes reprosent pereenisges]

Indernstionel sysbec

Amerlesi system {feastions mm.) {fraciions mm.}

-1 A a2 non- _f
85 | 02 0. D05 6002 |

: 1 r r
<paoz, <oong ] G120 D02 oy e
I

LGS M A0S 1250 60 T8 a6 e ! sy
N I T A T i, G5 197,30
a7 8 12 - X .22 ¢ 4. 87
RN TR ) M2 NNS LGh G55 228 |
EIEE I TR F IO B TR A3 IS an 15,73

t For infortiation on the ferest cover on this plod, see 1l 5.

Tanue 12.—XMechunical analysis of soil, Plot P40-01t

[Values vepreseant peresnlges)

Duterinional systom
timctions min,)
){‘"I!?-O” e - - . . - . . - AR e - PR

{
a0 w2 opeg. f )
e iz oo }/\”"’”3

Anmeriean system {fraclions g

24 it [1 e} Rt [IN{1] L1} o -
i aa e o BAG o O - B
.44 [ERTH I T L R F R s ] 150 15,08 16y 52’ sns 11.81
U W 61 3I0a FLO0 12 13 g 32 A ISt imad
TR TR B B3 Gh O L0 1372 IES 4T00 041 L8
3t LA 2 30OTM WO :On $173 43 44l 9802 uAo0

§ For information on the forest cuvor ane this plos, see gabie s,

Tanre 13, Mechanionl avafysis of sofl, Plat P35 -

IVidies pepresenl fereeniigees

Ty b | : Inlerational systen

A Btrige sy sEeen feachiogs juom, tirieliohs tim.)

flortron : . B o
" il Wiy iy 02 1 X1
LRI RO [ LIRS A {1 g

LEAHLESNE ] 1] <12

31 3540 a3k I W 4. U6 . 1652
14 A2 1T e G 16, 45 SLUN 22 L3
{1 24 A 2 NG 14.57 LAY DG s
BTSSR Y W N 13, 5k L 7. b, 51
. RARE ! M A1 b R d, 44
1.4 : T LPR T | O T 4 § 7 [ MY o L T

V For fuEprmation on the forest eover on i bk, e tnable N,

Taniz 14 Michanical annlysis of soil, Pt Py 160

FWtlegens popsremenih erechligies]

Dbertmtlonal syslem
{frietions wmin,)

Horleon : . . e

LI [[A}] - PALE ns. 1LEN2.
LEREI {11 ] 153 B gl

Atnerienin sasbetn (iractions w1

= RLIHE e DRI

H Al [ 1, dn (AN 5,25
Ly YA [RAE L L I H)
i L2 Fiy 41 FE I I Bk
50 T pEAE ] NI

! For Infurnmtion o the foresl cover oin Flds plos, see bl 2,
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Mechanical analysts of soil, Plot P49-20 ¢

[Values represent peroentages

Iniernutional syatwn

Aumeriean systemn {fragtions ) (fractions mm.}

Horlzon - N T
r 023 !

<G.002

i : 4
e 1 20 | <ome | <o.005
! .

v 5 0002 |

49. 45 ! 30.10
6d.01 | 22
52.50 | 48,98
| 70.08 1 1460

n.4r .
9,55 .
PG !
5.24 !

1
403
1835
2.1
a2

16,78
11.83
17,86
8. 44!

15 44 1 30,55 1 i
447 CBlLe

806
). 36

I For Information on vw forest cover on

4.. -1 N Jgf‘]l‘

tina plok, see falde 3.

Tanvs 16.— Mechanical wnalysis of soil, Plol Pi9-241

[Valtes represent peveeilages]

Ameriens system (fractions nim.) International systemn

Haorizon

{fnetions numn.)

L e
u,

0.25.

[ L]

0.10-
0.05

005

< e

L

26- 1 02-

TR

2

<0005 ﬂﬂu <0.002

- I

1. 03
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-i.ﬂ‘d:
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i .08 ;2

-
1. a8l
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4.2

(LAY I (v
% R L %]
LAl I =
SEHi - IM4AN
2,44 &y

987
14,03
13.19
18. 48

8.42

I 6 Bt
" BiY8

66 - | 3
34,09 ! '.
:

LR
NI
25.41 - 8
5.2

‘)_(J?
«1,0_4045 Ty 52

. 6!

t For inferiuation an the forvst cover on Uiis plot, soe 1alilo 6,

Tasre 17.—Mrchanical analysis of soil, Plot P48-28

Voo repwesenE oo inpes]

Interuationnd svsiom

Aozeriena qysl LIS ) A
yaler (racetiens min, ) Ufretions 1nin.)

85+ 025 e
.25 [FRTH

14, G2

045-
. e

h2-
[HEGH

2=
UUU”l

D2 <0 002

419 ¢
L
ol
1,03
B2

FANY (I,

51,22

J AT

Tanvun 18, —Mechanical analysis of soil, Plot Pi9-33

|Valuss ceprosent perooiibages]

intertional system

Aanorigan sysiem dractions mie.) {frnetiony i)

Horizan -
2.0- 1.0
pEH {4
G.O% | g2,

N ] .7
.Jﬁ [ 7
.du
10. SB | 2

CAbo

318
4.1

Ll
[

:]d 1% -

" iLys-

o4 Lt R 34

DRIEFS
T hL 12

K. Gt

5 K2 RLJY -
1 h, i B .u

1297
[RENT I
ShES
b
T

20-

s

851 :
f.rl)

2.1y

0,2-
G

(R

45,62
50,85 !
.
M. 58 )

RN iws

ﬂom|<ooﬁ2

12,92
.00
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872
7.t
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ECOLOGICAL EFFECTS OF FOREST FIRES IN ALASEA

TasLe 19.—Mechanical analysis of sofl, Plot F45-37

[Values represent percon Lages)

Internaliomil systetn

Atneriean syglem {fraelions min. (fractions min.)

Horizon . - - - . o e l_._

20— LO- 0 0 0 005 po o T 20— | 02 | a0e-
W8S 05 U N M coem cams| 02 H 00 o

0.5 . L3216 4 L i 13 11, K& [4i. 81

i N[ T3 B LT | R4 13.07 1o, 43

TR R P 4, 41 153 1312 -

A5 nat ) i Fifi. 26 T 13,41 A i .S
FRE R U LI 1 P It &1 R wlOALET OBLTR . RS

TanLe 20.—aisture equivalenis of soils
[Values represent pereeniage of ey wolghi]
PFlai
]Tc]‘izo“ — — P -—— e

. . ;
AR 1515 B L 1y Pau-34 1 P4

ur

.

‘Tanup 21, Hydrogen-ion conceairafion

Plou
P2 Pif-r Pao o5 "4 4 P 16 Py TH5 -2 Fab
4

N i
alh

' For information on the forest eover an these plats, sodabibes 3, 4, 4, and 8.
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Tanre 22 —Orgonic malier conlend of soifs !

[Vaiues represent Joss-on-lgnition, pereent)

Plot

402 - 451 r4%-8 Psad Pyt P45 X 7 pagedr PAO-TS

it 50 Sl TH.NE K2 B
8% & 4% . L] H il
3 m LS 3 P
B0 A, I o

AL { 2

1 For information on (he forest-cover o (hese plots, s tabdes 3,04, G e »,

Tapug 3.~ Tolal nifragen confend af soils 7

{Valzes b pareentape of gy welieht]

Pl
HOI”ZUH ‘.,.__.__.._,_,__ - N e e e e - -
| PG Paue Pi9-5 Py Prati-ie Pauent P PO-3T 0 Pag-
1.0 1.2 1.7 I Py At IR-2 1] 1.5 (L7 %] O, (3
I Ay LM L . .M . i i
1) CHE L B 4] - Il £
LDR7 13 LG (5n Nin] L1
LHE i Ryt 5 i) 53 . L
LML L iR 5125 BN . . 3 .az2
tice) AHT R o
e 2
e 13
NS

t For THormation of (i forest cover on e plots, see sabdes 354, 6, nmd s
2 Priee.

Tapsne 24.--Headily arailoble phosphorus condent of soils

FVithoes represent pacts per ke of woif

i Plot
1{0‘110‘1 P P e FET—— . [P [, . . .
Paa2| ra 1 Tass Paey o Py mg paww | o | opayss | paeag

LG o k=1 il EC HiE 71
A9 y pil} 4t I 1 &
{1 4 t e i
2, 2

I My

1 For fitornudlon on the forest cover on thuse plots, soe dablosd, 4, 6, avd b
* Trace,

P48-20

8,443
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L2455
LAiTh

LHb
s

ol

P20
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TapLe 25.—Exzchangeable polassium in soils 4

[Values are pereenisges of dey welzht]

. ECOLOGICAL EFFECTS OF FOREST FIRES IN ALASKA.

Horlzon

Flot

Pi-i | P40-5
)

Pap-9

Pi0-36 |

Pig=20

§ rao-21} pyuesr

0.0404 1 00437 | 0.0mm

L0002
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L
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+ 0085
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0102
010
. (26

# For information o the forest cover on these plots, see tibles 3, 4, B, and 8,

TanLs 26.—FErchangeable caleiiom 1n soils

fValies sre pereenlaacs of dry weigiit]

Horizon

Flut

Pag-13

' . i
P44-3 ; P35 TG0 Pl -Iﬁ‘ PAR-20 | Pi9-84 p I9-37

0. 1283
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Pagn

| ]
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NI TE N BT Yo
JUS30 L LOB1S L0541
TT TR T MO
BT F AR 1517 B

0. 7300
- D5t

031

a1 0, 1924
L0510

G
-U480
. [HRS
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0. 2502
LOBFT
D500
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L0119
72

 For informuilon ot the forest cover an these plots, sve labdes 3, 4, 1, aond 8.
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