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Introduction 

Historically the boreal forest has experienced major changes, and i t  remains a 
highly dynamic bio~ne today. During cold phases of Quaternary climate cycles, 
forests were virtually absent from Alaska, and since the postglacial re-establish- 
merit of forests ca 13,000 years ago, here  have been periods of both relative sta- 
bility and rapid change (Chapter 5 ) .  ~ h d a ~ ,  the Alaskan boreal forest appears to 
be on the brink of' furlher significant change in co~nposition and f'unction trig- 
gered by recent changes that include clirnalic warming (Chapter 4). In this cllap- 
ter, we summarize the major conclusions fro111 earlier chapters as a basis for 
anticipating future trends. 
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Forest Dynamics 

Alaska warmed rapidly at the end of the last glacial period, ca 15,000-1 3,000 years 
ago. Broadly speaking, climate was warmest and dricst in  the laie glacial and early 
Holocene; subsequently, moisture increased, and the climate gradually cooled. These 
changes were associated with shifts in vegetation dominance from deciduous wood- 
land and shrubland to white spruce and then to black spruce. The establishment of 
stands of fire-prone black spruce ovcr large areas of the boreal Sorest 5000-6000 
years ago is linked to an apparent increase in fire Srequcncy, despite the climatic 
trend to cooler and lnoistcr conditions. This suggests that long-tcrm features of the 
Holocene fire regirne are morc strongly driven by vegetation characteristics than 
directly by climate (Chapter 5).  

White spruce forests show decreused growth in response to recent warming, 
because warming-induced drought stress is more limiting to growth than is tem- 
perature per se (Chapters 5, 1 1 ). IS these environmental controls persist. projections 
suggest that continued climate warming will lead to zero net annual growth and 
perhaps the movement of white spruce to cooler upland forest sites before the end 
of the twenty-first century. At the southern limit of the Alaskan boreal forest, spruce 
bark beetle outbreaks have decimated extensive arcas oS spruce forest, because 
warmer temperatures have reduced tree resistance to bark beetles and shortened 
the life cycle of the beetle from two years to one, shifting the tree-beetle interaction 
in favor of the insect (Chapter 9). At its altitudinal and latitudinal limits, the boreal 
forest is expanding into tundra because of tree recruitment beyond treeline during 
recent warm decades. At arctic treeline, spruce establishment in tundra depends at 
least partially on thawing permafrost and other disturbances. In summary, current 
trends show a slow expansion of forest into tundra i n  the north, retreat of boreal 
forest in the south, and impending ma-jor compositional changes in central portions 
of Alaska's boreal forest. 

Same major Holocene vegetation transitions occurred over a time scale of a few 
centuries (e.g., deciduous to white spruce) to perhaps 1000 years (e.g., white to black 
spruce). Future changes in fire regime (Chapter 17) could trigger further widespread 
change by creating the potential for altered successional trajectories. Although self- 
replacement, in which the prefire tree species returns to dominance after fire, oc- 
curs i n  the coldest and warmest environments doniinatcd by black spruce and aspen, 
respectively, successional sequences with multiple stages are morc common in in- 
termediate sites. Here, changes in a number of processes could alter vegetation 
composition and successional trajectory. Late-successional conisers establish during 
the first and second decades after fire, but their establishment success is sensitive 
to the depth of the organic mat remaining after fire, understory species composi- 
tion, and seed availability from on-site serotinous cones (black spruce) or off-site , 

seed sources (white spruce). Insect outbreaks can disrupl or redirect succession by 
reducing abundance of prefe~red hosts (Chapters 7,9). Mammalian herbivores speed 
succession by eliminating early successional species and by shifting the competi- 
tive balance in favor of the less palatable, more s l o ~ l y  growing late-successional 
species (chapters 8, 13). Changes in any of these processes could alter vegetation 
colnposition and successional tra-jectory. 
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After initial establishmcnt, colnpetition, facilitation, and herbivory inleract to 
drive successional change (Chapter 7). Ecosysteln controls change at key ru~-rlirlg 

points (thresholds), where a shift in  dominance of plant functional types radically 
alters the physical and chemical environments that govern ecosystem processes and 
disturbance probability (Chapter 1) .  I n  the floodplaitl, intense herbivory by moose 
initially constrains canopy development, creating an ecosystem dominated by physi- 
cal controls over soil water movement, driving surl'acc evaporation and gypsum 
accumulation at the soil surface (Chapters 7, 13). Colonization by thinleaf aides 
shifts the system li-om physical to biological control, adds 60-70(% of thc nitrogen 
that accun~ulates during succession, and causes herbivory to change horn a deter- 
rent to an accelerator of succession by elilninating palatable early successional 
species (Chapters 7, 13, 15). Other key turning points include ( I  ) a shill to balsam 
poplar dominance, where changes in  productive polential and litter chemistry en- 
hance NPP and nitrogen cycling rates (Chapters 1 1 ,  14), and (2) a shili lo white 
spruce dominance, where lnosses grow rapidly in the absence of smothering broad- 
leaved litter, nutrient cycling rates are reduced by low teinperature and the seques- 
tering of nutrients in low-quality litter, and fire probability increases because fuels 
dry quickly and support fire spread (Chapters 6, 7, 14, 17). 

Species diversity is low in the boreal Sorest (Chaplei-s 6, 13) and varies dramati- 
cally through succession, with peaks in early succession (e.g., fire-specialist plants, 
herbivorous insects, neotropical migrant birds, and mammals) and late succession 
(nonvascular plants and saprophagous insects). 

Many boreal anin-rals exhibit large population fluctuations. Moose and hare den- 
sities appear to be sensitive to food availability and predation, whereas vole densi- 
ties correlate more strongly with climate (Chapter 8). Two native insects have 
changed horn decadal outbreaks 10 consistently low populations (large aspen tor- 
trix since 1985; spear-marked blackmoth since 1973, whereas other species that 
had negligible populations before I 990 now show large outbreaks (eastern spruce 
budworm, spruce coneworn-r, larch sawfly, and aspen leaf miner; Chapter 9). 

Long-term fixes1 harvest studies permit an assessment of potential futui-e I~urnan 
impacts on Alaska's boreal forest. Low-intensity forest harvest (no scarification) 
reduces initial seedling establishment but maxjmizes long-term growth of tree seed- 
lings (Chapter 18). Overstory retention treatments have no long-term effect on tree 
recruit~nent and growth. These studies suggest that low-intensity management af- 
ter clear-cutting, an approach that mimics cel-t~rill aspects of natural fire cycles, tnay 
inaxiniize ecological recovery. Economics currently prcclude widespread commer- 
cial forestry in  interior Alaska, and f'utur-e developments of' this industry would 
require substantial changes in  world markets and local infrastructure. 

Biogeochemistry 

Although IIIOSI SUI-hces of interior Alaska have not been glaciated during the Qua- 
ternary, they ex11ibi-i properties of young soils, with minirnal profile develop~nent 
being widespread on the landscape (Chapter 3). This occurs because weathering 
rates are slow because of the cold, and frequently anaerobic, environtnent and bc- 
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cause surface loess deposition, frost-heaving, and/or erosion counteract these soil- 
forming processes (Chapters 3, 16). 

Aboveground production varies by more than an order of magnitude among major 
forest types in interior Alaska, primarily due to variation in topography and suc- 
cessional age (Chapters 6, 1 1  ). It is greatest in midsuccessional stands on llood- 
plains, where soil temperature and moisture are relatively high. On south-facing 
slopes, production is constrained by moisture and on north-Pacing slopes, by soil 
temperature. On temperature-limited sites, mosses account for half of aboveground 
production. Except on water-limited south-facing slopes, nitrogen appears to be the 
factor that directly limits growth, with temperature exerting indirect effects through 
its impacts on nitrogcn cycling (Chapters I 1 ,  12, 14, 1 5). 

The critical controls over the productivity and nutrient cycling of Alaskan bo- 
real forests occur belowground (Chapters 1 1 , 12). Carbon and nutrient cycling rates 
in fine roots are several orders of magnitude faster than in aboveground tissues 
because of high belowground allocalion and turnover (Chapter 12). Cold tempera- 
tures confine fine-root production to zones close to the soil surface, and the pro- 
gressive extension of fine-root production into deeper soil horizons occurs slowly, 
as the soil warms through the season. Alaskan trees and shrubs have roots with 
morphological, plienological, and physiological traits that are similar to those of 
most forest biomes. Alaskan trees are unusual primarily in their large root alloca- 
tion and in the large quantity and rapid turnover of fine roots (Chapter 12). 

Ratios of aboveground Iitterfall to soil respiration in interior Alaskan forests are 
among the lowest recorded in North American forests, suggesting that a large pro- 
portion of boreal soil respiration originates in root respiration and the rapid turn- 
over of fine roots (Chapter 12). For example, fine-root respiration constitutes about 
60% of total soil respiration in black spruce forests. The soil carbon derived from 
fine roots is quite labile, so soil carbon stocks can decline rapidly in the absence of 
continued inputs, such as might occur after fire. 

Mammalian herbivores play a key role in the biogeochernistry of the boreal for- 
est. In the floodplain willow communities, they consume 40% of aboveground NPP 
(Chapter 13). When herbivores are experimentally excluded, biogeoche~nistry changes 
rapidly from a system dominated by inorganic C cycling and solubility equilibria lo 
a biologically controlled pattern of cycling dominated by NPP and decomposition. 

N2 fixation inputs by green alder in the uplands and thinleaf alder in the flood- 
plains account for the largest percentage of total N accumulated during succession 
(Chapters 13, 15). Fixation inputs appear to exceed plant N demand. and signifi- 
cant amounts of fixed N may be lost via leaching or denitrification, particularly in 
midsuccessional stages, where nitrification potential is high and soil inicrobial bio- 
mass is more C- than N-limi led (Chapters 1 4, 16). 

Despite the large quantities of organic N that accumulate in boreal soils, the 
vegetation is strongly N-limited, and conversion of insoluble organic N lo plant- 
available forms appears to be the rate-limi ting step (Chapters 1 1 ,  15). Once this 
organic N beco~nes soluble, i t  is quite dynamic.  min no-acids turn over more rap- 
idly than inorganic N and are a ~najor source of N absorbed by both plants and 
microbes (Chapters 14, 15). The nalural abundance of 'W in vegetation suggests 
that uptake of organic N plays a significant role in the N nutrition of the boreal forest. 
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Landscape Processes and Disturbance 

Presence or absence of permafrost is probably the single most important threshold 
regulating the structure and functioning of Alaska's boreal forest (Chapters 4, 16). 
Permafrost is discontinuous in most of interior Alaska, being generally present on 
north-facing slopes and in valley bottoms, where it leads to cold, water-logged soils, 
and generally absenl on the upper parts of south-facing slopes, where soils drain 
freely. Permafrost temperatures are now typically warmer than -2°C and have 
warmed about 0.7"C per decade since 1970 in response to regional warming and 
changes in insulation by snow and vegetation (Chapter 4). Continued warming will 
likely lead to extensive permafrost degradation within 10 to 25 years. Currently 
38%) of the research watersheds that have been intensively studied by the Bonanza 
Creek LTER have unstable or thawing permafrost. Thus, permafrost is likely to be 
lost much more rapidly in the coming decades than during the past 90 years, over 
which span a 2.1 % loss occur-red. 

Permafrost response to cl i~nate warming involves multiple ecosystem feedbacks 
that involve changes in insulation by snow, moss, the surface organic mat, and soil 
drainage (Chapter I 6). Insulation declines dramatically after fire, increasing the 
depth of thawed soil from about 50 crn to 2-4 m. As permafrost recovers during 
postfire succession, an unfrozen layer (lalik) forms between a seasonally frozen or 
newly developed upper permafrost layer and the lowered surface of original per- 
mafrost. In sloping terrain, water drains laterally through the talik, drying surface 
soils, whereas on flat terrain water may accumulate at the surface, forming ponds 
or waterlogged soil. In cases where this permahost contains large volulnes of ice, 
thawing may cause subsidence of the ground surface (thermokarst). Thus, the im- 
pact of climate warming on soil moistul-e in permafrost terrain depends strongly on 
topography, fire history, and other factors that control talik formation and drainage 
conditions. 

Low-permafrost watersheds or watersheds with well-developed taliks have 
greater base flow (80% of discharge) and are less flashy (i.e., less likely to cause 
floods) than high-permafrost watersheds, in which base flow increases from 50% 
to 60% of discharge in early summer to values silnilar to those of low-permafrost 
watersheds in late summer, when mineral soils have thawed (Chapter 16). Areas 
with abundant groundwater flow also generate aufeis (areas of thick winter ice that 
forms when groundwater is forced to the surface by freezing soil) that kilIs most 
woody vegetation, substantially altering riparian dynamics. Groundwater flow also 
generates higher concentrations of base cations, inorganic nitrogen, and dissolved 
CO, and less dissolved organic carbon and nitrogen than in permafrost-dominated 
watersheds, where inost water ilows through the organic ~nat.  Thus, permafrost and 
talik distribution strongly influence soil moisture, land-water interactions, and stream 
discharge and chemistry. In contrast to temperate ecosystems, nitrate losses in Alas- 
kan boreal streams are four to five iirnes greater than deposition* inputs. a result that 
we cannot currently explain in  light of the strong nitrogen limilalion of' watershed 
vegetation. 

The running waters of the boreal forest derive most of their physical and bio- 
logical characteristics from a cold climate syndrome. Extreme seasonality induces 
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formation of several kinds of ice in streams and drainage basins. Long-lasting ice 
cover can limit gaseous exchanges between water and the atmosphere, frazil and 
anchor ice can disturb substrates, and permafrost in  the drainage basin increases 
transport of dissolved organic carbon and makes streams hydrologically flashy in 
rcsponse to runoff and precipitation (Chapters 10. 16). Glaciers in headwaters trans- 
port cold water and sediments during surnlner melt, reducing substrate diversity 
and stability and so limiting biotic diversity. As is the case elsewhere, autu~nnal 
leaf litter is the major source of food to stream foodwebs and a connection between 
riparian and aquatic ecosystems. The cascading effects of herbivory on soil sys- 
tems (changes in  species composition of vegetation and chemical characteristics of 
leaf litter; Chapter 13) affect stream foodwebs via autumnal leaf litter. High-latitude 
li~nitations on primary production by both periphytic microbes (attached to stre- 
ambed sediments) and riparian vegetation make running waters ~lutrient-poor. There- 
fore, the uphill transport of marine-derived nutrients by spawning salmon provides a 
key source of nutrients for steam and riparian consumers. Even so, limited food rc- 
sources and cold waters slow growth rates and maturation of stream consumers, so 
many major taxa are absent or in low abundance in Alaskan running waters, com- 
pared to their presence in temperate streams. Extreme seasonality renders some habi- 
tats uninhabitable in winter, forcing vertical migrations of benthic invertebrates and 
longitudinal migrations of fishes. The arctic grayling, a ubiquitous fish in boreal for- 
est streams, has a complex life history that maps the seasonal availability of habitats 
for spawning, juvenile rearing, adult feeding, and overwintering. 

Fire is the dominant disturbance agent in interior Alaska but is highly variable 
in space and time. In the average year, the fire season lasts only three weeks, sand- 
wiched between early summer, when soils are wet from snowmelt, and late sum- 
mer, when precipitation increases (Chapter 17). However, 55% of the total area 
burned between 1961 and 2000 burned in just 6 years, when the fire season lasted 
much longer, giving rise to very large fires. Thus, the fire regime is dominated by 
unusual years, rather than by average conditions. The 7% increase in area burned 
in Alaska in the past 40 years is much less than the doubling reported for western 
Canada. Fire return time varies regionally from c50 years to more than 100 years. 
It correlates positively with temperature and vegetation cover and negatively with 
precipitation. Lightning, which accounts for 90% of the area burned, is controlled 
by both synoptic processes related to El Nifio and by local factors such as topogra- 
phy and presence of forest vegetation. Human ignitions, which account for 60% of 
the fires in Alaska, generally produce small fires because they are lit at times and 
places where fire does not readily spread. 

Recent and pro-jected changes in the boreal forest could feed back to the climate 
system. The lower albedo and greater sensible heat flux of spruce compared to 
deciduous forests or nonforested wetlands (Chapter 19) suggest that northward forest 
expansion could be a positive feedback to regional warining but that loss of forests 
to the sourh or net conversion from conifer 10 deciduous forests resulting from fire 
could have a net cooling effect, one of the few ncgative feedbacks to high-latitude 
warming that has been identified. Boreal forests contain approximately 27% of the 
world's vegetation carbon inventory and 28% of the world's soil carbon inventory 
(equivalent to 75% of the total atmospheric carbon), so warming effects on net 
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ecosystem production (NPP minus respiration) or on fire regime could substantially 
alter the global climate system. Warming appears to enhance carbon release in dry 
areas, enhance uptake in  wet areas, and enhance methane release in wet areas. The 
net effect of fire depends on Sire severity and on changes in lire frequency. All of 
these eff'ects on trace-gas feedbacks hinge on perrnaliost and hydrologicai changes, 
which are poorly known. The recent shrinkage of lakes and wetlands in interior 
Alaska suggests, however, that the CO, eff lux is increasing and rnethane efflux is 
decreasing. 

Preparing for the Future 

Although the boreal forest is the northernmost outpost of lbrested bio~nes, whose 
current distribution is clearly linked LO temperature, its immediate future appears 
to be more sensitive to projected changes in moisture than to temperature. If warm- 
ing leads to surface drying, as suggested by recent trends and many climate pro-jec- 
tions, drought could enhance soil drying and cause more frequent insect outbreaks 
and Sires, triggering rapid changes in vegetation, permafrost, soils, and streams. 
Alternatively, a more ice-free ocean upwind of Alaska could increase precipitation 
(Chapters 2,4), with quite different ecosystem consequences. Although our ci-yslal 
ball does not allow a clear choice between these alternative futures, it seems quite 
likely that the Alaskan boreal forest will change dramatically from its current slate 
and that future planning must account for this eventuality (Chapter 20). Only with 
long-term research, such as that conducted by the Bonanza Creek LTER program, 
can we understand the controls and patterns of' long-term change adequately to 
prepare society for the choices that it must face. 
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VIERECK, L. A..  C .  T. DYRNESS. K.  VAN CLEVE, and M. J .  FOOTE. 1983. Vegetation, soils, and forest productivity in selected 
forest types in interior Alaska. Can. J .  For. Res. 13: 703-720. 

Vegetation, forest productivity, and soils of 23 forest stands in the taiga of intcrior Alaska are described. The stands are 
arranged on an environmental gradient from an aspen (Populus tremuloides Michx.) stand on a dry, steep south-facing bluff, 
to open black spruce (P icm rncrriarri~ (Mill.) B.S.P.) stands underlain by perniafrost on north-facing slopes. The coldest site 
is a mixed white spruce (F'ic.cn glauco (Moench) Voss) and black spruce woodland at the treeline. Mesic upland sites are 
represented by successional stands of paper birch (Betctltr perpyrijero Marsh.) and aspen, and highly productive stands of white 
spruce. Several floodplain stands represent the successional sequence from productive balsam poplar (Populus bal.snmifera L.) 
and white spruce to black spruce stands underlain by permafrost on the older terraces. The environmental gradient is described 
by using two soil factors: soil moisture and annual accumulated soil degrec days (SDD). which range from 2217 SDD for the 
warmest aspen stand to 480 SDD for thc coldest permafrost-dominated black spruce site. Soils vary from Alfic Cryochrepts 
on most of the mesic sites to Histic Pergelic Cryochrepts on the coldcr sites underlain by permafrost. A typical soil profile is 
described for each major forest type. A black spruce stand on permafrost has the lowest tree standing crop (1586 g . me-') and 
annual productivity (56 g . m -' . year- ' )  whereas a mature white spruce stand has the largest tree standing crop (24 577 
g - m-') and an annual productivity of 540 g m-'  . y e a r ' ,  but the successional balsam poplar stand on flood plain alluvium 
has the highest annual tree increment (952 g - m-' . year I). The study supports the hypothesis that black spruce is a nutrient 
poor, unproductive forest type and that its low productivity is primarily the result of low soil temperature and high soil moisture. 

VIERECK, L. A , ,  C .  T.  DYRNESS, K. VAN CLEVE et M. J.  FOOTE. 1983. Vegetation. soils, and forest prodactivity in selected 
forest types in interior Alaska. Can. J .  For. Rcs. 13: 703-720. 

L'article traite des sols, de la vegetation et de la productiviti de vingt-trois peuplements forestiers de la ta'iga de I'intCrieur 
de I'Alaska. Les peuplements sont rCpartis selorl un gradient stationnel allant d'un peuplement de Populus trom~r1oide.s Michx. 
sur falaise a exposition sud, jusqu'i des peuplements ouverts de Pic,eo mcrricrr~cr (Mill.) B.S.P. sur pergtlisols de versants 
exposCs au nord. Le peuplement de la station la plus froide est constitud d'un melange de Picw glnucn (Moench) Voss et de 
Picen marinna, B la limite des arbres. Les stations mtsiques bien drainCcs sont representees par des peuplements de succession 
de Bet~lapap~vrifern Marsh. et Poprt1u.s trernuloide.~, et des peuplenients tr6s productifs de Picen gloucn. Plusieurs peuplements 
sur plaine alluviale reprksentent la sCrie allant de peuplements productifs de Populus bnl.samijercr L. et Picecz glaucn a des 
peuplements de Picen glnucn et Picen moriclnn sur pergClisols dcs tcrraces les plus anciennes. Le gradient environnemental 
est dCcrit par I'emploi de deux facteurs Cdaphiques: I'humiditC du sol et le nombre de degrts jours annuels du sol; ce dernier 
varie de 2217 DJS pour la station la plus chaude, de Pop~rlus trernuloiele.~, B 480 DJS pour la station la plus froide, de Picea 
mnriann sur pergClisol. Les sols varient depuis les Cryochrepts Alfic, sur la majoritd des stations mesiques, aux Cryochrepts 
Histic Pergelic des stations les plus froides sur pergClisols. Un profil de sol typique est ddcrit pour chaque type majeur de for&t. 
Les plus faibles valeurs de population sur pied (1586 g . m-') et de productiviti (56 g . m-' . a n ' )  sont celles d'un peuplement 
de Picen mnrinna sur pergClisol, alors que la plus grande population sur pied (24 577 g . m-') et la production la plus ClevCe 
(540 g . m-' . an- ')  sont pour un peuplement miir de Picen g/nltc.cr; c'est toutefois le peuplement de Populus balsnmen sur 
plaine d'alluvion qui prCsente I'accroissement annuel le plus ClevC (952 g . m-2 . an- I). Cette Ctude appuie I'hypothkse voulant 
que les peuplements de Picen mnrinna sont associCs des stations pauvres et que leur faible productivite resulte surtout de 
la basse tempiraturc et du haut niveau d'humidite du sol. 

[Traduit par le journal] 

Introduction types resulting primarily from past fires and the charac- 
T h e  taiga in interior Alaska is a mosaic of  vegetation teristics of  slope, aspect,  elevation, drainage, and par- 

ent material. In this paper w e  describe the forest vege- 
'Revised manuscript received May 9 ,  1983. tation, soils, and ecosystem parameters along a wide 
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environmental gradient. 
L. 

In the Fairbanks area, upland forest types vary from 
highly productive aspen (Populus trernuloi~les Michx.), 
birch (Betula papyr~fera Marsh .), and white spruce 
(Picea glauca (Moench) Voss) stands on south-facing, 
well-drained slopes, to permafrost and moss-dominated 
black spruce (Picea mariaila (Mill.) B.S.P.) forests of 
low productivity on north-facing slopes (Viereck 
1975). Floodplain forests of balsam poplar (Populus 
balsamifera L.) and white spruce are productive on 
recently formed river alluvium where is ab- 
sent, but slow-growing black spruce and bogs occupy 
the older terraces which are underlain by permafrost. 
Permafrost underlies as much as 75-80% of the area. 
including almost all terrain except south-facing slopes 
and floodplains adjacent to major rivers. Black spruce 
is the most widespread.forest type, covering 44% of the 
area and usually~associated with permafrost. Treeline 
forests characterized by open stands of black and white 
spruce occur at about 750 m on the surrounding hills. In 
general the forest sites can be divided into cold, wet, 
black spruce sites usually underlain by permafrost, 
and mesic white spruce sites, and successional stages 
leading to white spruce, on warm, well-drained, 
~ermafrost-free soils. 

The climate of the area is strongly continental; tem- 
perature extremes range from -50 to +35"C. The mean 
annual temperature is -3.5"C. January is the coldest 
month with an average temperature of -25"C, and July 
is the warmest with an average temperature of + 16°C. 
Air temperature degree day summations based on 5°C 
are 1076 degree days for the 30-year average of Fair- 
banks. During our study, totals ranged from 1400 de- 
gree days for the warmest site to 500 for the treeline 
site. The average annual precipitation is 286 mm, with 
about 30% falling as snow. Monthly precipitation is 
low during spring and early summer but increases in 
late summer to a maximum of 58 mm in August. Ac- 
cording to Thornthwaite's classification, the &mate in 
the Fairbanks area is semiarid (Patric and Black 1968). 

Because of the cold and dry climate, which reduces 
the intensity of chemical weathering, soils have slight 
morphological development. Inceptisols, Entisols, and 
Histosols occupy 78, 12, and 7% of the land area. 
Throughout the Fairbanks region, silt loam upland soils 
have developed from loess that originated from exten- 
sive glacial outwash streams that were prevalent during 
the last glacial maximum. Floodplain soils have devel- 
oped in sandy or silt-textured alluvium. 

When the study of a black spruce ecosystem was 
developed at the Washington Creek Fire Ecology 
Research Area (Van Cleve, Dyrness et al. 1983) it was 
recognized that the intensive site with its black 
spruce - permafrost ecosystem was near the extreme 
end of the continuum in terms of forest productivity, 
mineral cycling, and controlling variables: such as soil 

temperatures, but that to thoroughly understand the 
black spruce ecosystem, we needed to compare it with 
other more productive and less productive forest sites. 
To test various hypotheses developed at the intensive 
site, we needed to have a number of semi-intensive sites 
established over as wide an environmental gradient as 
existed in the area. We also recognized that these sites 
should include forest stands where information had pre- 
viously been gathered as part of other studies. We felt 
that these semi-intensive sites would be especially use- 
ful in testing hypotheses related to soil temperature, 
nutrient cycling, and forest productivity. 

Study sites 
In this paper information is presented from 21 widely scat- 

tered sites, which we designate as semi-intensive sites in this 
and other papers, and two transects at the intensive site. These 
sites, all within 50 km of Fairbanks (Fig. I), were subjectively 
selected to represent a spectrum from the coldest sites at the 
treeline and on north-facing slopes, to the warmest and driest 
sites that support tree growth. Stands for which data were 
available from previous studies were selected whenever possi- 
ble. The stands were classified according to Viereck and 
Dyrness (1980). 

In the upland the warmest, driest south-facing site is repre- 
sented by an aspenfShepherdinlgrass stand on a south-facing 
bluff above the Tanana River. A young aspen stand and two 
birch stands represent the deciduous forest stage after a fire on 
productive upland sites. A 165-year-old white spruce stand 
represents a later stage in this successional sequence. 

Open and closed stands of black spruce with feather mosses 
or sphagnum, most of which are underlain by permafrost, are 
representative of the colder upland sites. The coldest site is a 
white spruce - black spruce/alder-shrub-birchlfeather- 
moss type at an elevation of 750 m. The series of floodplain 
stands represents mid- to late stages of a successional se- 
quence developing on newly exposed silt on both the Chena 
and Tanana rivers. Younger forest stages include 40-, 50-, 
and 100-year-old balsam poplar stands. The mature, pro- 
ductive white spruce stands include two 110- to 120-year-old 
stands and one 250-year-old stand. Older stages on terraces 
underlain by permafrost include a mixed black and white 
spruce stand and three black spruce stands. This successional 
sequence is described in detail by Van Cleve and Viereck 
(1981). The relative position of these stands along a cross 
section of the floodplains and uplands is shown in Fig. 2 and 
their geographic location is shown in Fig. 1. 

The semi-intensive sites (numbered as stands 1 I through 32 
with no 17) and the intensive site (stands 33 and 34) are 
described below. Tree and vegetation data for each stand are 
given in Tables 1 and 2, and landform and soil information are 
given in Table 3. Biomass, annual tree productivity, and litter 
fall are given for only 16 of the stands (Table 4). In Tables I 
and 2 the stands are arranged by their position along an envi- 
ronmental gradient rather than in numerical order. 

Methods 
Vegetation 

The vegetation was sampled by use of one fixed grid of 20 
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Bonanza Creek 

FIG. 1. Location of 21 semi-intensive sites (stands 11 - 16 and 18-32) and the intensive site (stands 33 and 34) in the 
Fairbanks area of interior Alaska. 

points in each stand. At each point percent cover of herbs, low 
shrubs, mosses, and lichens was determined for a I-m2 plot; 
for seedlings and shrubs, a 4-m2 plot was used; trees and 
saplings (under 2.5 cm diameter at breast height (dbh)) were 
sampled by the point quarter method, modified from Ohman 
and Ream (197 1) and described in detail in Foote (1 983). 

Details concerning sampling for tree biomass annual tree 
production, element requirement, and litter fall are presented 
by Van Cleve, Oliver et al. (1983). 

Soils 
Two soil profiles were randomly selected and described at 

each site following procedures outlined in the Soil Survey 
Manual (Anonymous 195 1). Samples from all important hori- 
zons were analyzed for pH and nutrients at the Forest Soils 
Laboratory, University of Alaska, following procedures dis- 
cussed in Van Cleve et al. (1971). Soil taxonomy follows 
Furbush and Schoephorster ( 1977). 

tinuously. At other stands temperatures were recorded weekly 
by the use of a thermistor probe or with thermistors per- 
manently placed in the soil. The base of the living moss layer 
was used as the surface for determining depths. Soil degree 
days accumulations were calculated for the 10 cm depth, with 
0°C as the base, and for the period May 20 to September 10. 
Depth to permafrost (the thickness of the active layer) was 
determined in late summer with a steel probe. Moisture con- 
tent of the forest floor and surface 10 cm of mineral soil were 
determined by taking 15-cm-diameter cores of the forest floor 
and the upper mineral soil weekly and determining moisture 
content gravimetrically. Organic matter and soil samples were 
dried to constant weights at 65 and 105°C. respectively. 
Average soil moisture for the summer was determined for the 
period May 20 to September 10. 

Descriptions of forest types and stands 

Microclimate Closed and open deciduous forest: aspen 
Soil temperatures were taken during the summer at 5, 10, aspen communities were as sites. 

and 20 cm at most of the stands. At the intensive site (stands One, on a south-facing bluff, represents the driest site 
33 and 34) and stands 11, 12, 13, and 14 in Bonanza Creek conditions for tree growth in interior Alaska. The sec- 
Experimental Forest, soil temperatures were recorded con- ond, an upland south-facing gentle slope, represents 
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Black Spruce No. 14 
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Paper Birch No. 13, 1 
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Frc. 2. Generalized cross section of topography, landforms, vegetation, and parent material in the Fairbanks area with 
locations of the semi-intensive sites (stands 11 - 16 and 18-32) and the intensive site (stands 33 and 34). 

more mesic conditions, typical for aspen stands in 
interior Alaska. Both stands are young, 50-60 years 
old. Trees on the dry site average 6.7 cm in diameter 
and 10 m in height, whereas those on the moderate site 
average 11.9 cm in diameter and 20 m in height. The 
mesic site is more productive with a basal area 
of 30.1 m' - ha-' compared with 8.7 m 2 .  ha-' for 
the dry site. The productivity is about twice as great in 
this mesic site, 760 g m-I . year-' compared with 
363 g . m-' . year-' for the dry site. Aboveground tree 
biomass is 4653 g . rn-I on the dry site compared with 

17 490 g . m-* on the mesic site. Litter fall ranges from 
27 g . m-I . year-' to 222 g . m-' . year-' in the two 
stands, respectively (Table 4). 

There is little similarity in the understory of the two 
stands: Viburnum edule (Michx.) Raf. and Rosa 
acicularis Lindl. are the dominant shrub in the mesic 
stand, and Shepherdia canadensis (L.) Nutt. and 
Arctosraphylos uva-ursi (L.) Spreng. dominate the dry 
aspen stand. In the mesic site herbs are scarce, but in 
the dry site a number of herbaceous species, especially 
Calamagrostis purpurascens R. Br., Galium boreale 
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L., and Pulsatilla patens (L.) Mill. provide 20% cover. 
Mosses and lichens are insignificant. 

Stand 11: Populus tremuloides1Shepherdia canaden- 
sis/Calamagrostis purpurascens 

The warmest and driest site conditions are repre- 
sented by an open aspen stand located on a 75% 
southeast-facing bluff above the floodplain of the 
Tanana River at an elevation of 182 m. The adjacent 
center of the slope is occupied by an Artemisia- 
grassland community. The stand is about 50 years old 
and it developed after a fire. Trees average 6.7-7 cm 
in diameter and 10 m in height but the larger trees in the 
stand are 12 cm dbh and up to 15 m tall. Density of 
the trees is 2445 . ha-' and basal area of the stand is 
8.7 m' - ha-'. 

Rosa acicularis is the only tall shrub in the stand, and 
the low shrub layer is made up primarily of Shepherdia 
canadensis and Arctostaphylos uva-ursi. An herba- 
ceous layer has 20% cover and consists of Calama- 
grostis purpurascens, Galium boreale, Pulsatilla 
patens, and several herbs characteristic of the adjacent 
grassland. Mosses and lichens have no significant cover 
in the stand. 

Stand 15: Populus tremuloides/Viburnum edule/ 
Linnaea borealis 

The more typical site for aspen is represented by 
a 60-year-old aspen stand on a 15% south-facing slope 
along the Chena Hot Springs Road at an elevation 
of 229 m. Although aspen is dominant, both paper 
birch and white spruce occur in the stand. Tree den- 
sity is 3981 . ha-' and basal area of the stand is 
30.1 m2 ha-'. Average tree diameters are 11.9 cm, 
and the average height is 20 m, but the largest aspen in 
the stand have 20 cm dbh and heights of 23 m. Succes- 
sion of this stand to white spruce is indicated by the 
density of white spruce seedlings, 8500 ha-'. 

Shrubs in the stand are Viburnum edule, Alnus crispa 
(Ait.) Pursh, and Rosa acicularis with a total cover of 
10% and the subshrub, Linnaea borealis L. with 5% 
cover. Only one herb, Geocaulon lividum (Richards.) 
Fern., has a cover of 1 % or more. Mosses and lichens 
are scattered in the stand and have a total cover of 10% 
and no single species dominates. 

Soils of aspen stands 
The two south-facing aspen stands are situated on 

well-drained silt loams derived from loess that mantles 
the schist bedrock. Stand 11 occupies an extremely 
steep, river-cut slope. The Gilmore silt loam (Alfic 
Cryochrept) tends to be shallow and stony, with bed- 
rock within about 50 cm of the surface. The stonefree, 
silty s&ce layer is only about 10 cm thick at this site. 
Because of high stone content and the steep south- 
facing slope, this soil is very warm and dry throughout 

most of the growing season. At best, the site is marginal 
for growth of aspen. 

The soil at stand 15 reflects the effects of a consid- 
erably deeper deposit of loess on a more gentle slope. 
The silt loam soil is essentially free of stones to a depth 
of about 70 cm, and bedrock is at a depth of at least 
1 m. Moisture relations are much more favorable for 
the growth of trees because of a considerably higher 
water-holding capacity. 

In interior Alaska, aspen is reputed to grow only on 
warm, well-drained sites. Our observations on the two 
aspen sites tend to validate that hypothesis. A gener- 
alized description of a profile typical of Steese silt loam 
(Alfic Cryochrept: stand 15) follows: 7-4 cm, recently 
deposited litter; 4-0 cm, partially decomposed leaf 
material; 0-3 cm, black (10 YR 21 1 )* sandy loam, 
moderate granular structure, friable, roots abundant; 
3-9 cm, brown (7.5 YR 413) silt loam, moderate angu- 
lar blocky structure, friable, roots abundant; 9-22 cm, 
yellowish-brown (10 YR 514) silt loam, weak platy 
structure, friable, roots abundant; 22-25 cm, dark 
yellowish-brown (10 YR 314) silt loam, weak platy 
structure, friable, roots common; 25-41 cm, olive- 
brown (2.5 YR 414) silt loam, weak platy struc- 
ture, friable, roots common; 41 -80 cm, olive-brown 
(2.5 YR 414) silt loam, moderate platy structure, 
friable, roots scattered; 80 cm and over, 90% schist 
fragments. 

Closed deciduous forest: paper birch 
Two upland birch stands were included in the study. 

They occur on slightly cooler sites than the aspen 
stands. Tree density in the stands ranges from 
2100. ha-' in a 60-year-old stand to 575 trees. ha-' 
in a 130-year-old stand. Birch tree diameters average 
17 cm (dbh) in the young stand and 25.4 cm in the older 
stand. Total aboveground tree biomass in this forest 
type ranges from 9192 to 14 7 13 g m-', and the annual 
increment ranges from 343 to 572 g . m-2 . year-'. Lit- 
ter fall averages 25 1 g . m-2 . year-'. 

Both stands have a relatively sparse understory of 
shrubs, herbs, mosses, and lichens. Alnus crispa is the 
characteristic tall shrub, although its cover is only 4% 
in the young stand, but 22% in the older stand. Low 
shrubs-are lacking in the old stand, but the subshrubs, 
Vaccinium vitis-idaea L. and Linnaea borealis, are 
present in the younger stand. Calamagrostis cana- 
densis, although low in cover, is characteristic of the 
herbaceous layer. Mosses and lichens are rare, probably 
because of the heavy leaf litter. 

Stand 16: Betula papyrifera/Alnus crispa/Calama- 
grostis canadensis 

Z~unsel l  color notation for moist soil. 
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TABLE 3. Soils information, landform, elevation, slope, and aspect for 21 semi-intensive sites (stands 1 1  - 16 

Stand 
No. 

Elevation Slope (%) Parent 
(m) and aspect Landform Soil series Classification material 

Aspen 
I I Upper 1 /3 

slope 
Lower 112 

slope 

Gilmore Alfic 
Cryochrept 

Steese Alfic 
Cryochrept 

Loess 

Loess 

Birch 
13 Upper 113 

slope 
Lower 113 

slope 

Gilmore Alfic 
Cryochrept 

Fairbanks Alfic 
Cryochrept 

Loess 

Loess 

32 E 

15 SSE 

Balsam poplar 
24 Floodplain Salchaket Typic 

Cryofluvent 
Salchaket Typic 

Cryofluvent 
Salchaket Typic 

Cryofluvent 

Alluvium 

Alluvium 

Alluvium 

Floodplain 

Floodplain 

White spruce 
12 Upper 113 

slope 
Upper 113 

slope 
Floodplain 

Fairbanks Alfic 
Cryochrept 

Fairbanks Alfic 
Cryochrept 

Salchaket Typic 
Cryofluvent 

Salchaket Typic 
Cryofluvent 

Salchaket Typic 
Cryofluvent 

Loess 

Loess 

Alluvium 

Alluvium 

Alluvium 

Floodplain 

Floodplain 

White spruce/black spruce 
28 Salchaket Typic 

Cryofluvent 
Fairplay Aquic 

Cryorthent 

Alluvium Floodplain 

Upper 113 
slope 

Loess and 
fractured 
schist 

Black spruce 
14 Upper 1 /3 

slope 
Ridgetop 

Ester Histic pergelic 
Cryaquept 

Fairplay Aquic 
Cryorthent 

Gilmore Alfic 
Cryochrept 

Goldstream Histic pergelic 
Cryaquept 

Gilmore Alfic 
Cryochrept 

Bradway Pergelic 
Cryaquept 

Bradway Pergelic 
Cryaquept 

Saulich Histic Pergelic 
Cryaquept' 

Saulich Histic Pergelic 
Cryaquept 

Loess 

Loess 

Loess Midslope saddle 

Terrace Alluvium 

Ridgetop Loess 

Floodplain Alluvium 

Floodplain Alluvium 

Mid 113 
slope 

Mid 113 
slope 

Loess 

Loess 

"Measured from organic-mineral interlace 
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and 18-32) and the Washington Creek intensive site (stands 33 and 34). interior Alaska 

Maximum" 
Drainage Surface Subsoil Forest floor Depth to rooting Soil degree 

class texture texture thickness (cm) permafrost (cm) depth (cm) days 

Well drained Silt loam Stony loam 2 None 33 2217 

Well drained Loam Silt loam 8 None 90 1048 

Well drained Silt loam Stony 
silt loam 

Silt loam 

None 

None Well drained Silt loam 

Well drained Fine sandy 
loam 

Well drained Fine sandy 
loam 

Well drained Fine sandy 
loam 

Fine loamy 
sand 

Silt loam 
sandy loam 

Silt loam 
loamy sand 

None 

None 

None 

Well drained Silt loam Silty clay 
loam 

Silty clay 
loam 

Very fine 
sandy loam 

Silt loam 

None 

None 

None 

None 

None 

Well drained Silt loam 

Well drained Silt loam 

Well drained Sandy loam 

Well drained Silt loam Sandy loam 

Moderately Silt loam 
well drained 

Moderately Stony 
drained silt loam 

Silt loam 3ccasional 
deep 
None Stony 

silt loam 

Poorly Stony 
drained silt loam 

Somewhat poorly Silt loam 
drained 

Moderately Silt loam 
well drained 

Poorly Silt loam 
drained 

Moderately Silt loam 
well drained 

Poorly Silt loam 
drained 

Poorly Silt loam 
drained 

Poorly Silt loam 

Stony 
silt loam 

Stony 
silt loam 

Silt loam 

22 

None 

None 

55 

None 

16 

20 

5 1 

35 

Silt loam 

Stony 
silt loam 

Silt loam 

Silt loam 

Silt loam 
drained 

Poorly Silt loam 
drained 

Silt loam 
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This 60-year-old birch stand is located on a 15% 
south-southeast slope, at an elevation of 229 m, along 
the Chena Hot Springs Road. The stand has received a 
number of years of intensive study (Van Cleve and 
Noonan 1975). Although paper birch is dominant, both 
aspen and white spruce occur in the stand. Density is 
2100 trees. ha-' and the basal area of the stand is 
33.5 m2.  ha-'. The average birch tree diameter is 
17.1 cm (dbh) for the dominant birch, and heights 
average 16 m, the tallest trees being about 23 m. 
Reproduction is primarily white spruce seedlings, 
2375 trees-ha-', with a scattering of aspen and birch 
seedlings. 

The tall shrub layer is scattered and is comprised of 
Alnus crispa and Rosa acicularis. Low shrubs and 
herbs are also low in cover value; Vaccinium vitis- 
idaea, Linnaea borealis, Calamagrostis canadensis, 
and Lycopodium annotinum L. are the most common 
species. Mosses and lichens are unimportant in the 
stand. 

Stand 13: Betula papyrifera/Alnus crisps/ Calama- 
grostis canadensis 

The 130-year-old paper birch stand is located in 
Bonanza Creek Experimental Forest at an elevation of 
381 m on- a 32% east-facing slope. The stand is open, 
with a density of only 572 trees . ha-' and a canopy 
cover of about 60%. Basal area of the trees is 
26.6 m2 ha-'. A few white spruce occur in the stand. 
Average tree diameter of the birch is 25.4 cm (dbh) and 
heights average 18 m. Reproduction in the stand is 
sparse, consisting of a few birch seedlings. 

Below the forest canopy is a scattered tall shrub cover 
of Alnus crispa of about 21%. Beneath this the low 
shrub, herb, moss, and lichen layers are insignificant, 
having a total cover of only 7%. Calamagrostis cana- 
densis and Lycopodium complanatum L. are the most 
common herbs. 

Soils of paper birch stands 
Both birch stands are located on upland slopes with 

well-drained silt loam soils. The soil at stand 13 is a 
Gilmore silt loam (Alfic Cryochrept), with shallow 
stony horizons and bedrock within 1 m of the surface. 
The soil at stand 16, on the other hand, is deep and 
stone-free with no hint of approaching bedrock at 
depths greater than 1 m. This soil is classified as Fair- 
banks silt loam (Alfic Cryochrept); the soil is described 
in the white spruce section. Birch may also develop on 
soils with a shallow active layer. 

Forest floor layers are thin and consist mainly of 
birch leaves in varying stages of decay. Moss is almost 
completely absent from these forest floors; as a result, 
organic materials do not accumulate nearly as fast. 

A generalized description of a profile typical of 
Gilmore silt loam (stand 13) follows: 4-3 cm, recently 

deposited litter, mainly birch leaves; 3-0 cm, very 
dark brown humus; 0-6 cm, dark brown (7.5 YR 414) 
silt loam, weak subangular blocky structure, friable, 
roots common; 6- 19 cm, light olive-brown (2.5 YR 
514) silt loam, weak platy structure, friable, roots com- 
mon; 19-38 cm, light yellowish-brown (2.5 YR 614) 
with small yellowish-brown (I0 YR 516) mottles stony 
silt loam, weak platy structure, friable, 35% schist 
gravels and cobbles, roots scattered; 38-57 cm and 
over, olive-brown (2.5 YR 414) stony sandy loam, 
single grained (structureless), 50% angular schist frag- 
ments, roots absent. 

Closed broadleaf forest: balsam poplar 
Three balsam poplar stands were studied: one on the 

floodplain of the Chena River and two on the floodplain 
of the Tanana River. All three have become established 
on newly exposed river alluvium and are part of the 
floodplain successional series from willow-alder 
thickets to balsam poplar to white spruce and eventually 
to black spruce (Viereck 1970). These balsam poplar 
stands, abundant on the floodplains in the region, are 
the most productive forest stands. Aboveground tree 
biomass ranged from 4100 to 18 000 g . m-*. Annual 
tree production averages 551 g . m-2 . year-' but may 
reach 952 g . m-' . year-' on the most productive sites. 
Litter fall averages 390 g m-I . year-'. 

Environmentally these stands compare with the up- 
land aspen and birch stands with accumulated soil de- 
gree day sums averaging between 900 and 1300, but the 
plant species are different (Table 2). The forest floor 
layer consists of about 2 cm of leaf litter, litter fall being 
between 268 and 653 g . rn-' . year-'. Mosses are lim- 
ited to about 1% cover, primarily around the bases of 
the tree stems. Low shrubs, which comprise an im- 
portant component of upland black spruce stands, are 
entirely lacking in the balsam poplar stands. 

Stand 32: Populus balsamifera/Alnus-Rosa/ 
Equisetum 

The 50-year-old balsam poplar stand on the Tanana 
River floodplain is considerably less productive than 
the same aged stand in the Chena River. The density of 
the balsam poplar is 1917 trees . ha-', average di- 
ameters (dbh) are only 12.1 cm, and heights are about 
20 m. Basal area of the trees is 22.1 m2 ha-'. In spite 
of the higher tree density, the canopy is open, only 50% 
cover. 

The tall shrub layer is variable within this stand but 
averages about 30%. It is composed of decadent clumps 
of Alnus tenuijolia and Salix alaxensis (Anderss.) Cov. 
which reach heights of 10 to 15 m and have only 
recently been overtopped by the trees. A number of 
balsam poplar seedlings or root suckers are developing 
in the areas that have opened up as the result of the 
breaking up of the tall shrub canopy. The herb layer is 
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TABLE 4. Aboveground tree biomass and annual production and vascular plant litter fall for the principal forest types in 
interior Alaska (grams per square metre) 

Tree biomass Annual tree production Litter fall 
Number - 

Forest type of stands Range x 5 SE Range .Y & SE Range x 2 SE 

Black spruce 4 1586- 10984 509452107 57-148 109220 15-142 43&11 
White spruce 4 6152-24577 17442-r-4279 238-540 366263 95-316 155578 
Quaking aspen 2 4653 - 17490 11071?6419 363-760 5672199 27-222 156-r-65 
Paper birch 3 9192-14713 11  156+ 1782 343-572 470267 233-265 251 *8 
Balsam poplar 3 4067 - 1 8027 1209754165 264-952 5522206 268-653 389549 

composed almost entirely of Equisetum pratense which The tall shrub layer in this stand has about 40% cover 
has a cover value of 29%; all other herbs have less than and is primarily AInus tenuifolia Nutt. with only a small 
0.5% cover. Mosses are unable to tolerate the heavy amount (4%) of Rosa acicularis and Viburnum edule. 
litter fall and are found at the base of the trees, making The herb layer is sparse (total cover 2%) and is primar- 
up about 1 % cover. ily Equisetum pratense. As with the other balsam pop- 

srand z5: Populus balsami~era/Alnus-Rosa/ lar stands, there is no significant moss cover. 

Equisetum Soils of balsam poplar stands 
This 60-year-old balsam poplar stand on the flood- The three balsam poplar stands are located on the 

plain of the Chena River at an elevation of 177 m is the level floodplain immediately adjacent to the Tanana 
most productive of all interior forest stands that we have River (stands 24 and 32) or Chena River (stand 25). 
~ ~ e a s u r e d .  The dominant balsam poplar trees are 25 to Soil parent materials are dominantly sandy alluvium, 
30 m tall and average 24.8 cm in d ~ ~ ~ e t e r  (dbh). Tree although localized lenses of silty sediments are also 
density is 675 trees . ha-', and the tree canopy cover is present. Soils are deep and well drained and so imma- 
about 90%. Basal area is 32.5 m2 ' ha-' and the n~ean ture that effects of soil-forming processes are not very 
annual increment is 952 g m-2. noticeable. Instead, the soil profile features are mainly 

~ l n u s  crispa is scattered in the stand, and there is a a result of the depositional history of the alluvium. An 
well-developed shrub layer of Rosa acicularis with a unusual feature of these soils is the presence of a num- 
scattering of Viburnum edule. Horsetails, primarily ber of buried forest floor layers, in various stages of 
Equisetum Pratense L. and E. m-vense L.9 are   red om- decomposition. Each of these layers represents a sur- 
inant in the herbaceous layer and, together with Cola- face that was exposed for a number of years before it 
magrosris canadensis and Galium boreale, make up too was buried by a fresh covering of alluvial sedi- 
most of the 43% herb cover. A few r~~osses  occur at the ments. These soils are underlain by gravel at a depth of 
bases of the poplar trees where they are slightly above over 1 m. 
the heavy leaf litter. Reproduction in the stand consists ~ 1 1  six profiles examined are classified in the 
of s a n e  saplings of balsam poplar that may have devel- Salchaket soil series (Typic Cryofluvent). The principal 
oped as root shoots and a number of white spruce difference among profiles is fewer buried organic layers 
seedlings and saplings with a density of 150 . ha-'. in the soil as in stand 25, where there is only one 

Stand 24: Populus balsamifera/Alnus-Rosa/ shallow layer, probably buried by deposition of the 
Equisetum flood of 1967. 

The 100-year-old balsam poplar stand 20 km south- A generalized profile description taken at stand 24 
west of Fairbanks on the Tanana River floodplain at an (mature balsam poplar along the Tanana River) follows: 
elevation of 122 m is in the process of breaking up and 0-8 cm, grayish-brown (10 YR 512) fine sandy loam, 
represents an older stage of balsam poplar development weak platy structure, very friable, roots plentiful; 8- 10 
on the floodplain. There is considerable rot in the base cm, brown forest floor material, leaf parts distin- 
of the tree stems, and several large trees have fallen in guishable, very abundant roots; 10- 13 cm, grayish- 
the past few years. The dominant trees are 30 m in brown (10 YR 512) and dark yellowish-brown (10 YR 
height and average 27.2 cm in diameter (dbh). Tree 416) loam, weak angular blocky structure, friable, roots 
density is low, 609 trees ha-', and the tree canopy plentiful; 13- 14 cm, dark brown, well-decomposed 
rather open, about 40% cover. Basal area of the trees is organic material, very abundant roots; 14-22 cm, dark 
36 m2 ha-'. There are a few scattered white spruce in grayish-brown (2.5 YR 412) with brown (7.5 YR 414) 
the stand but with a density of only 16 . ha-'. Seedling mottles fine loamy sand, weak subangular blocky struc- 
reproduction is balsam poplar, 1250 - ha-', and white ture, very friable, roots plentiful; 22-25 cm, brown 
spruce, 2250 . ha-'. distinguishable leaf remains interbedded with thin 
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sediment lenses; 25-35 cm, dark grayish-brown 
(2.5 YR 412) with brown (7.5 YR 414) mottles silt 
loam, weak angular blocky structure, friable, roots 
common; 35-36 cm, dark brown, well-decomposed 
organic material; 36-40 cm, grayish-brown (2.5 YR 
512) with brown (7.5 YR 414) mottles silt loam, weak 
angular blocky structure, friable, roots common; 
40-41 cm, dark brown, well-decomposed organic ma- 
terial; 41-65 cm, dark grayish-brown (10 YR 412) 
with abundant yellowish-brown (10 YR 516) mottles 
fine sandy loam, massive, friable, roots scattered; 
65-105 cm, dark grayish-brown (2.5 YR 412) fine 
loamy sand, massive, very friable, roots scattered; 105 
cm and over, water-worn gravels. 

Closed conifer: white spruce 
Five white spruce stands were included in our study. 

Three are mature stands on the floodplains of the Chena 
(27) and Tanana rivers (26, 31), and two are on south- 
facing upland slopes. Two ages are represented in the 
upland stands: a 70-year-old stand that apparently came 
in directly after a fire (22) and a 165-year-old stand of 
large mature trees (12). These white spruce stands rep- 
resent the commercial forest sites in interior Alaska. 
They usually occur on warm permafrostfree sites adja- 
cent to rivers and on south-facing slopes with deep loess 
parent material. 

Tree density may be high in young successional 
stands on these sites but is low in the older stands, 
550-750 trees . ha-'. In the mature stands tree size 
averages about 30 cm in diameter and 25-35 m in 
height. Basal area ranges from 30 to 60 m2.  ha-' 
and aboveground tree biomass of mature stands from 
24 000 to 26 000 g . m-2. Annual productivity may 
reach 540 . m-2 . year-', and litter fall averages 
155 g . m-2 . year-'. 

Rosa acicularis is the most conspicuous tall shrub in 
these white spruce stands but scattered clumps of Alnus 
crispa and some Viburnum edule are also typical. Low 
shrubs and herbs may be sparse to abundant, depending 
on overstory density, and consist primarily of Linnaea 
borealis, Equisetum spp., Geocaulon lividum, and 
Pyrola spp. The forest floor has a nearly continuous 
moss mat of Hylocomium splendens (Hedw.) B.S.G. 
which in some floodplain stands may also contain 
a high cover of Rhytidiadelphus triquetrus (Hedw.) 
Warnst. Lichens make up a small component of the 
forest floor. 

Stand 27: Picea glauca/Rosa acicularis/Rhytidia- 
delphus triquetrus 

This 130-year-old white spruce stand on the flood- 
plain of the Chena River at an elevation of 177 m has 
developed from a successional stage in which balsam 
poplar was more abundant. Old decaying balsam poplar 
are standing among the spruce, and fallen balsam 

poplar are common on the forest floor. The density of 
spruce trees is 640 trees . ha-', their average diameter 
is 30.6 cm, and the height of the dominants is 27 to 30 
m. Basal area of the trees is 55 m2 . ha-'. Reproduction 
of spruce, birch, and balsam poplar is scattered in the 
stand. 

Beneath the forest canopy are scattered clumps of 
Alnus crispa and an abundant layer of Rosa acicularis. 
The herbaceous layer is well developed, with an overall 
cover of 48%. It is dominated by Equisetum pratense, 
Calamagrostis canadensis, Galium boreale, and 
Cornus canadensis. The most important species in the 
nearly continuous moss layer is Rhytidiadelphus tri- 
quetrus, a common moss in floodplain white spruce 
stands. The exceptionally rich herbaceous layer in this 
stand may be the result of frequent flooding which adds 
nutrient to the forest floor and tends to reduce the moss 
cover. 

Stand 26: Picea glauca/Rosa acicularis/Linnaea 
borealis - Hylocomium splendens 

This white spruce stand on the floodplain of the 
Tanana River is located on Sam Charley Island, at an 
elevation of 120 m. In addition to the 1 15-year-old 
white spruce, there are occasional decadent balsam 
poplar in the stand. Diameters of the dominant spruce 
trees average 30 cm, and their heights are 25 to 27 m. 
Tree density is low, 566 trees . ha-', and the basal area 
is 30.4 m2 . ha-'. Seedlings of white spruce are 
scattered throughout the stand and have a density of 
2500 ha-'. 

The tall shrub layer is dominated by Rosa acicularis, 
with an occasional clump of Alnus crispa. The low 
shrub and herb layers together cover 20% and are com- 
posed primarily of Linnaea borealis, Equisetum pra- 
tense, Geocaulon lividum, Pyrola secunda L., and 
Pyrola asarifolia Michx. Hylocomium splendens pro- 
vides most of the moss cover, and lichens are unim- 
portant in the stand. 

Stand 12: Picea glauca/Hylocomium splendens 
This 165-year-old, upland white spruce stand, typi- 

cal of commercial forest stands in interior Alaska, is 
located at an elevation of 396 m on a 25% south-facing 
slope in Bonanza Creek Experimental Forest. Diam- 
eters of dominant trees range from 35 to 43 cm and 
average 29 cm, heights range from 30 to 36 m and 
average 25 m. Canopy cover is about 60%, tree density 
is 897 trees ha-', and the basal area is 58 m2 . ha-'. 
Occasional paper birch and aspen persist beneath the 
spruce canopy. Reproduction of white spruce seedlings 
is abundant in the stand, density 3500 ha-'. 

Shrubs are scarce; scattered Alnus crispa and 
Viburnum edule make up less than 1% cover. Heyba- 
ceous cover is also low and consists of Calamagrostis 
canadensis, Geocaulon lividum, and Pyrola secunda. 
The forest floor is covered by a moss mat made up 
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almost entirely of Hylocomium splerzdens. Peltigera 
canina (L.) Willd. is the main foliose lichen species. 

Stand 22: Picea glauca/Rosa acicularis - Viburnum 
edule 

This dense stand of relatively young, white spruce is 
located in a south-southeast facing slope of about 20% 
on a ridge about 40 km southwest of Fairbanks. Appar- 
ently the stand came in after a fire about 70 years ago 
as a mixed aspen and spruce stand. It was selected as 
representative of a young stage of white spruce stand 
development. White spruce has a density of 3870 
trees . ha-' and the density of aspen is 550 trees ha-'. 
The tree canopy cover is nearly 80%. The average 
diameter of the spruce is 9.5 cm, and the height of 
dominant trees is 15 to 20 m. Total aboveground tree 
biomass is high, 25 000 g m-2, and aboveground tree 
production is 8 1 g . m-2. Reproduction consists of 1375 
aspen suckers ha-'.  

In spite of this dense canopy, a shrub layer of Rosa 
acicularis and Viburnum edule makes up about 8% 
cover, but the cover of low shrubs and herbs is only 2% 
for each group. Surprisingly for a spruce stand in this 
area, the moss layer of Hylocomium splendens has only 
14% cover. 

Stand 31: Picea glauca/Rosa acicularis - Viburnum 
edule/Linnaea borealis - Hylocomium 
splendens 

The oldest white spruce stand we studied is a 
250-year-old stand on the floodplain of the Tanana 
River at an elevation of 120 m. In addition to the white 
spruce, there are occasional paper birch. The density of 
spruce is low, 520 - ha-', but average tree diameters are 
large (33.5 cm); the largest diameter in the stand is 
50 cm. The stand is beginning to break up; several large 
trees have fallen in the past decade. White spruce seed- 
lings have a density of 2125 . ha-', but none have 
reached a metre in height in spite of the new openings 
and increased light in the stand. 

The tall shrub layer consists of 10% cover of Rosa 
acicularis and occasional clumps of Alnus tenuifolia. 
The low shrub and herb layer is not well developed, and 
only Linnaea borealis, Vaccinium vitis-idaea, and 
Cornus canadensis L. have more than 1% cover. The 
dominant moss is Hylocomium splendens, but Pleu- 
rozium schreberi (Brid.) Mitt. has a 9% cover value. 
Peltigera canina, the only lichen in the forest floor, has 
less than 1% cover. 

Soils of white spruce stands 
The soils supporting all five white spruce stands are 

deep, well drained, and permafrost-free. Three stands 
(26, 27, and 31) are situated on river floodplains and 
have Salchaket soils (Typic Cryofluvents) similar to 
those supporting the balsam poplar stands. These are 
deep soils, developing in stratified alluvial sediments, 

and underlain at considerable depth by water-worn 
gravels. The soil at stand 26 has a surface silt loam 
horizon, and the subsoil ranges from sandy loam to very 
fine sand in texture. The surface soil at stand 27 is a 
sandy loam; in addition to sand and gravel, the subsoil 
has two layers of silt loam. 

The upland stands (12 and 22) have soils classified as 
Fairbanks silt loam (Alfic Cryochrept). These soils are 
developing in deep deposits of aerially deposited loess. 
The degree of profile development is not great, al- 
though a textural and darker B-horizon is sometimes 
present. Reflecting the parent material, soil texture is 
most often silt loam in all horizons, which are, in gen- 
eral, remarkably stonefree. Thickness of the forest floor 
averages only about 7 cm, despite the fact that moss 
cover was virtually complete in these stands. 

Soils supporting white spruce are among the warmest 
and most well-drained soils in the area. A generalized 
description of a profile typical of Fairbanks silt loam 
(stand 22) follows: 8-5 cm, live moss and recently 
deposited litter; 5-0 cm, dark brown mat of coarse 
fibrous moss remains and forest litter, roots abundant; 
0-4 cm, dark brown (10 YR 313) silt loam, weak 
granular structure, friable, roots abundant; 4- 10 cm, 
brown (10 YR 413) silt loam, moderate subangular 
blocky structure, friable, roots abundant; 10-35 cm, 
brown (10 YR 413) silt loam, weak subangular blocky 
structure, friable, roots common; 25-30 cm, dark 
yellowish-brown (10 YR 314) silty clay loam, weak 
platy structure, firm, roots common; 30-39 cm, brown 
(10 YR 413) silt loam, weak platy structure, slightly 
firm, roots common; 39-100 cm and over, dark 
grayish-brown (2.5 YR 412) silt loam, weak platy 
structure, friable, roots common, decreasing with 
depth. 

Closed conifer: mixed white and black spruce 
Stand 28: Picea glauca - P. mariana/Alnus crisps/ 

Rhytidiadelphus triquetrus 
The mixed white spruce and black spruce stand on 

the floodplain of the Chena River represents a transition 
from the productive floodplain white spruce stands to 
the less produ"ctive black spruce stands on the older 
terraces. This stand was earlier described by Viereck 
(1970). The dominant trees are 200-year-old white 
spruce with an average dbh of 27.7 cm and an average 
height of 24 m. Between the older trees are 140-year- 
old white and black spruce and an occasional paper 
birch. Total tree density is 1450 trees . ha-' and the 
basal area of the stand is 46.7 m2 . ha-'. Reproduction 
in the stand is limited to a few birch seedlings, 
500 . ha-'. 

Scattered Alnus crispa, Rosa acicularis, and 
Viburnum edule form a shrub layer with about 20% 
cover. Low shrubs and herbs are abundant in the stand; 
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Equisetum sylvaticum L., Cornus canadensis, Vacci- 
nium vitis-idaea, and Calamagrostis canadensis are 
most common. The moss layer is dominated by Rhy- 
tidiadelphus triquetrus and Hylocomium splendens. 
Conifer woodland: mixed white and black spruce 

Stand 23: Picea glauca - P. mariana/Alnus crispa - 
Betula glandulosa/Pleurozium schreberi 

The coldest site in our study is represented by an 
open mixed white and black spruce stand at treeline at 
747-m elevation on Wickersham Dome. This site is at 
the upper limit of large mature spruce, but younger 
spruce about 40 years old are common well above the 
older established treeline (Viereck 1979). The stand is 
very open, with a tree density of 262 trees . ha-' and a 
canopy cover of 8%. Most of the trees are white spruce, 
but there are some black spruce, about 40 . ha-' in the 
stand. Tree diameters (dbh) average 8.4 cm and heights 
average 5 m, but some of the larger white spruce are up 
to 21.5 cm dbh and 10 m in height. Basal area of the 
stand is only 1.3 m2 . ha-'. Tree ages range from 110 
to about 150 years. Reproduction consists of scattered 
spruce seedlings and saplings, most of which are about 
40 years old. 

Betula glandulosa and Alnus crispa form dense 
thickets in the stand and have a total cover of 40%. Low 
shrubs are abundant between the tall shrub clumps and 
consist mainly of Vaccinium uliginosum, Vaccinium 
vitis-idaea, Ledum decumbens, and Empetrum nigrum. 
The herb layer is sparse and comprises Carex bigelowii 
and Calamagrostis canadensis. The moss cover is 
nearly continuous and is made up mostly of Pleurozium 
schreberi and Polytrichum sppT ~ l a d & i a  rangiferina 
is the most important lichen species, with a cover of 
about 4%. 
Closed conifer, open conifer, and conifer woodland: 

black spruce 
Nine stands in which black sDruce is dominant are 

included in this series. All are relatively unproductive 
stands in which tree growth is slow but moss pro- 
ductivity high. The stands vary from those with tree 
canopy cover of 60% or more to woodland stands with 
less than 25% canopy cover. Heights and diameters of 
the dominant trees range from 18 m and 15 cm, re- 
spectively, on the better sites, to 5 m and 5.6 cm, 
respectively, on the poorer permafrost-dominated site. 
Tree densities range from 1428 to 4730 trees ha-'. 
Tree biomass ranges from 148 to 1586 g . m-2. Litter 
fall averages 43 g . m-2 .   ear-', but ranges from 15 to 
142 g . m-2 . year-'. 

All of the stands are characterized by a sparse layer 
of tall shrubs mostly of isolated clumps of Alnus crispa 
and a well-developed layer of low shrubs, mostly Vac- 
cinium uliginosum L., Ledum groenlandicum Oeder., 
and Vaccinium vitis-idaea. The most characteristic fea- 
ture of all the stands is a thick, lush moss mat of the two 

feathermosses, Hylocomium splendens and Pleurozium 
schreberi, but with as much as 34% cover of Sphagnum 
spp. on the coldest and wettest sites. Fruticose lichens, 
primarily Cladonia spp., are most abundant in the open 
sites, and foliose lichens, especially Peltigera spp. and 
Nephroma arcticum (L.) Willd. occur commonly in the 
closed stands. However, in some black spruce stands 
lichen cover may be as low as 1%. 

Stand 30: Picea mariana/Ledum groenlandicum/ 
Hylocomium splendens 

This stand is located on an older terrace of the active 
floodplain of the Tanana River at an elevation of 122 m. 
Black spruce is the dominant tree, but there are scat- 
tered white spruce and tamarack in the stand, with a 
total canopy cover of 60%. It was chosen to repre- 
sent a late stage of floodplain succession. The total 
tree density is 2400 . ha-', and the basal area is 
40 m2 . ha-'. The oldest trees in the stand are 140 years 
old, and the average age is about 120 years. The aver- 
age diameter of the dominant trees is 14.6 cm, and their 
height is about 15 m. 

Tall shrubs, primarily Alnus crispa and Rosa aci- 
cularis, have about 10% cover. Low shrubs form a 
nearly continuous cover, with Vaccinium vitis-idaea, 
Ledum groenlandicum, and Empetrum nigrum L. the 
most common. Herbs are not important on the stand; 15 
species have total cover of 13%, and only Equisetum 
scirpoides, Geocaulon lividum, and Calamagrostis 
canadensis have cover values of more than I%. The 
moss layer is thick and continuous and consists almost 
totally of Hylocomium splendens. Depressions that re- 
main filled with water most or all of the summer are 
common, and the active layer is shallow, only 20 cm of 
the mineral soil thaws. 

Stand 21: Picea mariana/Vaccinium vitis-idaea/ 
feather moss 

This stand is near a ridgetop on a north-facing slope 
of about 15% at the highest elevation in Bonanza Creek 
Experimental Forest, 470 m. This stand has received 
considerable study in the past (Barney and Van Cleve 
1973; Barney et al. 1978; Van Cleve et al. 198 1). The 
trees in the stand are about 60 years old. Tree density 
is 4200 trees. ha-' and includes about 200 paper 
birch . ha-'; total tree canopy is about 50%. Tree di- 
ameters average 5.7 cm and heights average about 7 m, 
with dominant trees reaching 12 cm in diameter and 9 
m in height. The basal area is 1 1  m2 . ha-'. 

Tall shrubs are lacking in this stand. Low shrubs 
have 22% cover and consist primarily of Vuccinium 
vitis-idaea, Ledum groenlandicum, and Vrrccinium 
uliginosum. Herbs are scarce, and only G~oc~uulon 
lividum has more than 1 % cover. Pleurozi~rm schreberi, 
Hylocomium splendens, and Polytrichum spp. cover 
76% of the forest floor. A number of lichens make up 
13% cover but only Nephromu arcticwm, Pclti~eru 
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trphtho.str (L. )  Willd., and Cetraria islandica (L.) Ach. the Tanana River well above the flood level at an 
have more than I % cover. elevation of 183 m and was studied in detail bv Barnev 

Stclncl 18: Picea mariana/Vaccinium uliginosum/ 
Pleurozium schreberi 

The black spruce stand adjacent to the Wickersham 
fire area on a level site at an elevation of 468 m was 
used as a control for the Wickersham study, and the 
description is derived from Viereck and Dyrness 
( 1979). The stand consists of a scattering of older trees 
that survived a fire about 75 years ago and a predom- 
inance of trees about 75 years old. The height of the 
older trees averages 15 m, but the younger trees have an 
average height of 8 to 10 m. Diameters of the larger 
trees are 12 to 15 cm, and the average diameter of the 
younger trees is 7.5 cm. The tree density is 2300 
trees ha-', and the basal area is 6.9 m' - ha-'. Black 
spruce regeneration is dense, 13 000 stems . ha-', 
primarily as the result of layering. 

Tall shrubs in the stand consist of scattered decadent 
clumps of Salix scouleriana Barratt. Low shrubs have 
a cover of 23% and consist primarily of Vaccinium 
uliginosum, V. vitis-idaea, and Ledum groenlandic~um. 
The herbaceous layer is sparse but mosses, predom- 
inantly Pleurozium schreberi, have 70% cover. 
Lichens, both foliose and fruticose species, have a 
cover of 32% and are dominated by Nephroma arc- 
ticum, Cladonia rangiferina, and Peltigera aphthosa. 

Stand 19: Picea marianalfeather moss 
This black spruce stand in the middle of a generally 

south-facing slope lies along the crest of a rounded 
ridge that slopes slightly to the north and east. It is the 
most productive of the black spruce sites sampled in 
interior Alaska. The average age of trees in the stand is 
130 years; the oldest sample is 165 years. The average 
diameter is 14.5 cm, and the average height is 13 m. A 
few dominants reach 17 m in height and 34 cm in 
diameter. The tree density, primarily black spruce, is 
1565 trees . ha-' and the basal area is 27.1 m2 . ha-'. In 
addition to the black spruce, there are occasional paper 
birch and white spruce in the stand, but neither species 
has significant cover. There is almost no reproduction 
in ,the stand. 

The tall shrub layer of Alnus crispa is sporadic and 
makes up only 37% cover. Low shrubs are also sparse, 
with Vaccinium vitis-idaea and Ledum groenlm(licum 
making up 9% cover. An herb layer of about 22% 
comprises mostly Calamagrostis canadensis, Equi- 
setum sylvaticum, and Geocaulon lividum. The moss 
layer of Hylocomium splendens and Pleurozilim 
schreberi is lush and covers about 90% of the stand. 
Lichens make up only 3% of the forest floor cover. 

Stand 20: Picea mariana/Ledum groenlandicum/ 
Pleurozium schreberi 

This black spruce stand is located on an old terrace of 

and Van Cleve (1973). The stand has two ages of trees 
which have probably resulted from a fire that did not 
completely kill the original stand. The older trees are 
about 100 years old and the younger trees average 
57 years. Dominant heights are 8 m, but the younger 
trees average about 4.4 m. A few larger white spruce 
are also scattered in the stand. The basal area of the 
spruce is 8.4 m' . ha-'. Reproduction is abundant, pri- 
marily from layering of black spruce. 

The shrub layer consists of scattered Rosa acicularis 
and an abundance of Vaccinium vitis-idaea, Ledum 
groenlandicum, and Vaccinium uliginosum. A herba- 
ceous layer of 5% cover is made up primarily of Cala- 
magrostis canadensis. A moss cover of 68% is domi- 
nated by Pleurozium schreberi, with lesser amounts 
of Polytrichum spp. and Hylocomium splendens. 
Although on a lowland site with cold, wet soils, Sphag- 
num spp. makes up less than I % cover. Lichens, mainly 
Peltigera aphthosa, Clador~ia rangiferina, Cladonia 
spp., and Cetraria islandica have a cover value of 18%. 

Intensive site: Washington Creek: stands 33 and 34 
The site selected for the intensive study of the black 

spruce ecosystem is a gently sloping lo%, southeast- 
facing hillside in the Washington Creek Fire Ecology 
Research Area, about 45 km north of Fairbanks. The 
site is represented by two black spruce communities, 
a closed black spruce - feather-moss type in the 
upper half and an open black spruce (feather moss- 
Cladonin)-(Sphagnum) transition in the lower half. 
The description of the site follows that of Dyrness and 
Grigal ( 1979). 

Stand 33: upper stand (400 m elevation): Picea 
marianalfeather moss-The overstory black spruce on 
this site are about 140 years old and have an average 
diameter of 6.5 cm, a height of 8- 10 m, and a basal 
area of 18.6 m' . ha-'. Density of trees and saplings is 
high, 7500 stems . ha-'. Black spruce regeneration is 
abundant, over 25 000.  ha-' mainly because of lay- 
ering of basal branches. The shrub layer is scattered and 
is made up primarily of low shrubs, such as Ledum 
groenlandicum, Vaccinium uliginosum, and Vaccinium 
vitis-idaea. Tall shrubs, primarily Alnus crispa, make 
up about 5% cover and occur only sporadically. The 
herb layer is also poorly developed, with Equisetum 
sylvaticum and Calamagrostis canadensis the most im- 
portant species. The moss layer. on the other hand, is 
luxuriant; the entire forest floor is covered by a thick 
layer dominated by Pleurozium schreberi, Hylocomium 
splendens, and Polytrichum juniperinum. Lichens, pri- 
marily several species of Cladonia, but also species of 
Peltigera and Nephroma arcticum, make up about 35% 
cover. 
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Stand 34: lower stand (385 m elevation): Picea 
mariana - (feather moss-Cladonia)- (Sphagnum)- 
The lower part of the intensive site was described by 
Dyrness and Grigal (1979) as an open black spruce - 
(feather moss - C1adonia)-(Sphagnum) intergrade, 
with Sphagnum spp. in the lower areas and Cladonia 
spp. dominating the slight rises. The overstory black 
spruce is open and density of trees is 2900 trees . ha-'. 
The average diameter is 5.1 cm, and the height is only 
6-8 m. Basal area of trees is 6.8 mZ ha-'. The aver- 
age age of the trees is about 120 years, but trees as old 
as 150 years occur in the stand. The principal shrubs, 
which have about 60% cover, are Ledum groenlandi- 
cum, Vaccinium uliginosum, Betula glandulosa, and 
Vaccinium vitis-idaea. Herbs, which make up 25 -30% 
cover, include Calamagrostis canadensis, Rubus cha- 
maemorus L., and Eqitisetum sylvaticum. Sphagnum 
and feather moss-Cladonia patches occur as a mosaic 
with Sphagnum dominating the depressions and 
Cladonia lichens and feather mosses the elevated areas. 

Stand 29: Picea mariana/Salix-Ledum/Sphagnum 
This open black spruce stand is located on an older 

terrace of the Chena River at an elevation of 177 m. The 
stand was used as part of a successional study and has 
been described by Viereck (1970). It consists of black 
spruce and an occasional tamarack (Larix laricina 
(DuPoi) K. Koch). The average age of the spruce is 
about 130 years, their average height is 10 m, and their 
average dbh is 6.5 cm. The density of the trees is 3820 
trees - ha-' and the canopy cover is 30%. Aboveground 
tree production is low at about 15 g m-2.  year-'. 
Reproduction is primarily by layering of the black 
spruce and by seedlings of the tamarack. 

A few scattered clumps of Salix planifolia spp. 
pulchra (Cham.) Argus, Salix alaxensis, and Alnus 
crispa occur in openings between the spruce. Low 
shrubs, Ledum groenlandicum, Ledum decumbens, and 
Vaccinium uliginosum, form a nearly continuous layer 
with a total cover of 90%. Herbs are also abundant, 
66% cover, and consist mainly of Calamagrostis cana- 
dansis, Equisetum sylvaticum, and Rubus chamae- 
morus. Mosses are abundant and dominated by 
Sphagnum squarrosum (Sw. ex. Croms) and S. warn- 
storfianum Du Rietz along with Hylocomium splendens 
and Pleurozium schreberi. 

Stand 14: Picea mariana - Ledum groenlandicum - 
Sphagnum 

Stand 14 is on a 30% north-facing slope at an el- 
evation of 427 m in Bonanza Creek Experimental For- 
est and was selected to represent the cold, wet, low 
productivity, upland sites. This stand was contrasted 
with an adjacent south-facing white spruce stand (stand 
12) in an earlier study (Krause et al. 1959). Older trees 
in the stand are about 145 years old, and the average age 
is 125 years. The black spruce are very slow growing; 

the average height of the dominants is 7.0 m and their 
average diameter is 6.4 cm. Although the density of 
trees in the stand is relatively high, 4600 trees . ha-'. 
because they are small and narrow crowned the total 
tree cover is only 12%. The basal area of the trees is 
15 m2 . ha-'. Regeneration of black spruce in the form 
of layering from lower branches is abundant. 

The tall shrub layer in this stand consists of a few 
isolated clumps of Alnus crispa. Low shrubs are abun- 
dant; the 43% cover is composed primarily of Ledum 
groenlandicum, Vaccinium vitis-idaea, Vaccinium uli- 
.ginosum, and Spiraea beauverdiana. The herbaceous 
layer is sparse; Rubus chamaemorus and Geocaulon 
lividum are most abundant. In spite of the steepness of 
the slope, Sphagnum spp. are abundant, 35% cover, 
and with Pleurozium schreberi and Hylocomium splen- 
dens, mosses make up a total cover of 94%. Nephroma 
arcticum and Cladonia rangiferina are the most abun- 
dant lichens. 
Soils of black spruce stands 

Black spruce stands are situated on six different soil 
series in both floodplain and upland positions (Table 3). 
Six of the nine black spruce stands have soils exhibiting 
a shallow permafrost layer. Soils lacking permafrost 
(stands 18, 19, and 21) are shallow to schist bedrock. 
One soil characteristic that all the black spruce stands 
share is a mineral surface horizon of silt loam texture. 
The silty parent material in the two stands adjacent to 
the river (29 and 30) is alluvial material; in the upland 
stands, it is loessial in origin. With the exception of the 
Gilmore silt loam soils (Alfic Cryochrepts, stands 19 
and 21), which are moderately well drained, all soils 
supporting the black spruce stands are poorly drained. 
The soil profiles examined are generally immature, 
with little development of horizons beyond an A hori- 
zon. Forest floors, on the other hand, are consistently 
well developed, averaging about 23 cm in thickness. 
These forest floor layers, made up mainly of moss re- 
mains, decompose slowly and thus build up rapidly as 
stand age increases. 

The soils supporting black spruce are the wettest and 
coldest of all soils supporting tree growth. Although 
these conditions may generally be attributed to very 
thick forest floors and the consequent appearance of 
shallow permafrost, they also exist in certain soils on 
upper slopes and ridgetops that lack permafrost. 

A general profile description from stand 33 in the 
intensive study site (Saulich silt loam: Histic Pergelic 
Cryaquept) follows: 25- 18 cm, live moss and recently 
deposited litter; 18-5 cm, dark reddish-brown (5 YR 
312) mat of coarse fibrous moss remains and forest 
litter, roots abundant; 5-0 cm, black (5 YR 2.5/1) 
humus, roots abundant; 0-7 cm, very dark grayish- 
brown (10 YR 312) silt loam, weak subangular blocky 
structure, friable, roots common; 7-25 cm, dark 
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grayish-brown (2.5 YR 412) saturated silt loam, many 
indistinct dark yellowish-brown (10 YR 414) mottles, 
massive, sticky and plastic, roots scattered; 25 cm and 
over, permafrost. 

Discussion 
Environmental gradient 

In the subjective selection of the stands for this study 
we attempted to include forest sites across the complete 
environmental gradient under which trees can grow in 
interior Alaska. Viereck (1975) had suggested that the 
vegetation types in interior Alaska were distributed 
along general gradients of temperature and moisture. 
This strategy provided an ideal framework within which 
we could test the central hypothesis of the research 
program. To characterize this gradient we have used 
two criteria, a soil degree day (SDD) sum and the aver- 
age percent moisture in the upper portion of the mineral 
soil. Figure 3 shows the distribution of the 23 stands 
along the two axes of this environmental gradient. 

The extremes in the environmental gradient run from 
the aspen stand on a steep bluff (stand 11) with an SDD 
of 2217 and an average soil moisture of slightly less 
than 20% to black spruce sites with an SDD as low as 
483 and an average soil moisture of 250%. The aspen 
site is at the lower limit of soil mcisture for tree growth 
in interior Alaska, being adjacent to an Artemesia- 
grassland on the same slope. The cold, wet extreme is 
represented by a cluster of black spruce stands, all un- 
derlain by permafrost and with a shallow active layer. 
The wettest site is stand 14, an open black spruce stand 
on a north-facing slope. The coldest site is a lowland 
open black spruce stand on an old terrace of the Tanana 
River (stand 20). The treeline site, although having the 
lowest summer air temperatures (with an air degree day 
sum of 500), did not have soil temperatures as cold as 
the wetter sites. In this case air temperatures and wind 
rather than soil temperatures are probably the limiting 
factor controlling growth. As hypothesized, the two 
black spruce stands (stands 33 and 34) at the intensive 
site at Washington Creek, are close to the cold-wet 
extreme of the environmental gradient. 

Figure 3 shows two circled clusters of stands; the 
black spruce stands, all with an SDD below 800 and 
with an average soil moisture above 60%, and the 
stands on white spruce sites, all with an SDD between 
800 and 1400 and with an average soil moisture be- 
tween 30 and 50%. This mesic group includes the white 
spruce stands and the broadleaf stands that are succes- 
sional to white spruce (i.e., aspen, birch, and balsam 
poplar). Stand 28 (outside the circled area), a mixed 
white spruce and black spruce stand, is successional on 
an intermediate aged terrace of the Chena River in tran- 
sition from white spruce to black spruce (Viereck 1970) 
but environmentally is still closest to white spruce sites. 
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FIG. 3. Location of 2 1 semi-intensive sites (stands 1 1 - 16 
and 18-32) and the intensive site (stands 33 and 34) along an 
environmental gradient determined by accumulated soil 
degree days and average seasonal moisture in the mineral soil. 

The other two stands outside of the circled clusters are 
the treeline mixed white and black spruce stand site (23) 
and the aspen stand on a bluff (I I). 

The cluster of black spruce stands shows a wide 
range of average soil moisture (65 to 250%) and a 
narrow range of soil temperatures (450 to 750 SDD). 
Most of the black spruce stands are underlain by per- 
mafrost but three (18, 19, and 21) are not. There is no 
real difference in the soil temperature regime at 10 cm 
for the permafrost and permafrost-free sites. Two of the 
permafrost-free sites (19 and 21), however, one on a 
ridgetop and the other in a ridge saddle, have signifi- 
cantly better drained soils. 

Because of the obvious clustering of the two groups 
of stands (one cold and wet, the other warm and mesic) 
and previous recognition of two distinct forest sites in 
interior Alaska (Foote 1983), we found it useful to 
characterize and compare these two site types rather 
than to discuss more subtle differences that may occur 
along the entire environmental gradient. 

Vegetation 
In the vegetation tables (Tables 1 and 2) the stands 

are arranged roughly along the environmental gradient 
except that they are also grouped by dominant species. 
For convenience, treeline has been grouped with the 
mixed white and black spruce stand on the Chena River 
terrace although environmentally it could be included 
with the black spruce stands. 

Although only a few stands were subjectively se- 
lected for this study, some general relationships 
between individual species and the environmental gra- 
dient can be inferred from the vegetation data and from 
general observations. The general environmental pref- 



718 CAN. I. FOR. RES. VOL. 13, 1983 

erence of the six tree species of interior Alaska is indi- 
cated by Table I. Aspen is most common on the warm 
mesic sites, both in pure stands and with paper birch 
and white spruce. It is a successional, short-lived 
species that comes in quickly after wildfire. Although 
not indicated in our data, aspen is sometimes found as 
a successional species on the more mesic black spruce 
sites (Foote 1983). 

Balsam poplar is found primarily in floodplain stands 
where it is dominant and in younger white spruce stands 
where it is gradually replaced by the spruce. The newly 
deposited alluvial soils are relatively warm, with SDD 
ranging from 1 150 to 13 10. 

Paper birch and white spruce both occur over a broad 
range of environmental conditions. White spruce re- 
places aspen on all but the driest sites, occupies most of 
the permafrost-free mesic sites, and is also found in 
some colder sites, especially those on river terraces and 
at treeline. Paper birch is also an intermediate species; 
it is often found following fire in both cold and warm 
sites. In the uplands it tends to be on cooler slopes than 
the aspen stands and can occupy cold north-facing 
slopes where it is successional to black spruce. It is also 
a minor component in floodplain white spruce stands. 

Black spruce is found almost exclusively on the 
colder sites. With its shallow root system and ability to 
conserve nutrients, it seems well adapted to growth on 
the cold sites with a shallow active layer over per- 
mafrost. With its semiserotinous cones it tends to re- 
place itself directly after fire on these cold sites. Even 
on the floodplain, it dominates the older terraces and 
eventually replaces white spruce as the terraces become 
elevated above flood level. 

Tamarack is of minor importance in interior Alaska, 
occupying primarily cold, wet sites on old river ter- 
races. It is commonly found in some of the bogs in 
interior Alaska. In our study it was a minor component 
of two of the black spruce stands on older river terraces. 

From the cover values of the shrub species in the 23 
stands (Table 2) some general relationships to the envi- 
ronmental gradient can be seen. Two tall shrubs, Rosa 
acicularis and Alnus crispa, are found across almost the 
entire environmental gradient, both in upland and 
floodplain stands. Rosa acicularis has higher cover val- 
ues in the mesic stands but occurs in most of the black 
spruce stands. Alder seems to have about equal cover in 
both cold and warm sites. 

A number of low shrubs are limited to the black 
spruce stands and the treeline site. These include Ledum 
groenlandicum, L. decumbens, Vaccinium oxycoccus, 
and V .  uliginosum. Vaccinium vitis-idaea, the most 
abundant low shrub in the black spruce stands, also 

Indicators of the mesic sites among the shrubs are 
limited to Viburnum edule and Linnaea borealis. Shep- 
erdia canadensis and Arctostaphylos uva-ursi are abun- 
dant at the warmest and driest sites, but do not occur in, 
or are rare in, the mesic site samples. 

Occurrence of herbaceous species is erratic and there 
are few species that show strong tendencies toward 
either the cold or the mesic sites. Several are limited to 
the dry aspen bluff, and a few have limited occurrence 
in only the black spruce stands. Calamagrostis cana- 
densis, Geocaulon lividum, and Cornus canadensis 
show a ubiquitous distribution along the gradient. Equi- 
setum sylvaticum and Rubus chamaemorus are com- 
monly found in the black spruce and mixed white and 
black spruce stands. 

Mosses and lichens tend to show more specific pref- 
erences to either the cold or the mesic sites than do most 
of the vascular species. Both mosses and lichens have 
low cover values in the hardwood stands. Hylocomium 
splendens is abundant in both black and white spruce 
stands. Rhytidiadelphus triquetrus occurs only in flood- 
plain white spruce stands but is abundant in only one 
stand. Pleurozium schreberi, although occurring in 
most white spruce stands, is the dominant feather moss 
in most of the black spruce stands. Sphagnum spp. are 
limited to black spruce on the coldest sites with per- 
mafrost. The lichens are found almost exclusively in the 
black spruce stands; only Peltigera canina occurs with 
any regularity in the white spruce stands. 

Tree production 
A broad range of tree productivity is encountered 

along the environmental gradient. Cold, wet soils 
support an average standing crop of black spruce bio- 
mass of 5 kg . m-2 compared with average biomass of 
17 kg . m-2 in white spruce, and 11 to 12 kg mm2 in 
aspen, birch, and poplar (Table 4). Maximum standing 
crop biomass ranges between 15 and 25 kg m-2 in the 
mesic forest types. Within the same age-class (130 
years) standing crop biomass in black spruce may range 
from 5 kg - mW2, on permafrost dominated sites, to 
11 kg . m-', on permafrost-free sites. 

Average annual tree production ranges from about 
110 g . m-2 . year-' in black spruce to between 366 
and 562 g . m-2 . in the mesic forest (Fig. 4 
and Table 4). Maximum tree production, 952 g . m-2 . 
year-', was measured in balsam poplar stands on the 
floodplains. Litter fall also follows the same trends, 
with a low average annual return of 43 g . m-2 . year-' 
for black spruce and a maximum average return of 389 
and 251 g . m-2 year-' for balsam poplar and birch, 
respectively. 

occasionally occurs in white spruce and birch stands. Forest communities 
Betula glandulosa occurs at the treeline site where it has The various distribution patterns of individual 
a cover value of 34%. species along the environmental gradient are reflected 
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FIG. 4. Annual tree production for five forest types in 
interior Alaska. 

in the changes in forest community types. On the warm 
and dry sites the two aspen communities are distinct; 
an open stand with Shepherdia canadensis and Cala- 
magrostis purpurascens dominating the understory in 
the warmest, driest site, and a closed aspen stand with 
Viburnum edule and Linnaea boreale in the cooler, 
moister site. The birch stands, on cooler and moister 
sites than the aspen stands, represent different ages of 
the same forest type, with Alnus crispa and Cala- 
magrostis canadensis important species in the shrub 
and herbaceous layers. 

On the floodplain the three balsam poplar stands, 
although varying in age, were all in the same commu- 
nity type, with Alnus tenuifolia, Rosa acicularis, and 
Equisetum pratense the most important shrub and her- 
baceous species. They reflect a successional rela- 
tionship more than an environmental one. The white 
spruce stands on the floodplain show only minor differ- 
ences from the upland stands in relation to soil tem- 
perature and moisture and to forest community types. 
They are closed conifer types dominated by feather 
mosses, either Hylocomium splendens in the upland or 
H. splendens or Rhytidiadelphus triquetrus on the 
floodplain. In all but one upland stand, Rosa acicularis 
is a characteristic shrub. 

The black spruce community types show more di- 
versity. The permafrost-free sites have closed canopy 
types with a poorly developed shrub layer but with a 
well-developed feather moss layer, primarily Pleuro- 
zium schreberi. Toward the cold, wet end of the gra- 
dient the canopy becomes more open, with one stand on 
a steep north-facing slope having only 12% tree cover. 
Also in stands with more open canopy, Ledum 
groenlandicum, Vaccinium uliginosum, and V .  vitis- 
idaea are the characteristic low shrub species. An im- 

portant characteristic of the black spruce communities 
on the coldest sites is the dominance of Sphagnum spp. 
and Cladonia spp. on the forest floor. 

Soils and topography 
The parent material underlying the two site types 

(i.e., the cold, wet sites and the mesic sites) is essen- 
tially the same, either loess or river alluvium. The me- 
sic stands of aspen, birch, poplar, and white spruce are 
found on well-drained uplands or on alluvium that is 
close to river channels. The black spruce stands are on 
poorly drained or moderately poorly drained silt loams 
on older terraces of the rivers or in the uplands on 
ridgetops or north-facing slopes. Of all the black spruce 
stands only the two in the intensive site are on a south 
aspect, but the combination of higher elevation, low 
slope angle, and midslope position makes this a colder 
site. The soils on which mesic stands occur are classi- 
fied Alfic Cryochrepts or Typic Cryofluvent, whereas 
soils on the permafrost sites are Histic Pergelic 
Cryaquepts or Pergelic Cryaquepts. The nonpermafrost 
black spruce sites are classified as Aquic Cryochrepts or 
Alfic Cryochrepts. 

Summary 
Forest sites in the taiga of interior Alaska extend over 

a wide environmental gradient but can be basically di- 
vided into the cold, wet, black spruce sites usually 
underlain by permafrost and mesic white spruce sites, 
and the successional stages leading to white spruce on 
warm, well-drained permafrost-free soils. Accumulated 
SDD range from 2217 at the warmest sites to 480 at the 
coldest permafrost-dominated sites. Mesic sites range 
from 800 to 1300 SDD. A moisture gradient in the soil 
is present. 

Forest types range from successional stands of aspen, 
balsam poplar, and paper birch on the warm sites, to 
open black spruce and sphagnum types on the coldest 
sites. White spruce stands occupy upland and flood- 
plain mesic sites. As would be expected, there are a 
number of plant species associated with either cold or 
warm sites and a few species that are ubiquitous on both 
sites. A larger number of species seems to be limited to 
the black spruce sites than to the white spruce sites. 

Soils range from Alfic Cryochrepts on most of the 
mesic sites to Histic Pergelic Cryochrepts on the cold 
sites underlain by permafrost. Soils on the younger 
terraces of the river floodplains are Typic Cryofluvents. 
A typical profile for each soil is described. 

Standing crop of tree biomass, annual tree pro- 
duction, and litter fall reflect the changing soil tem- 
perature and moisture regimes across the environmental 
gradient. Cold, moist soils support the lowest standing 
crop of black spruce biomass, the lowest annual tree 
production, and the lowest vascular plant litter fall. 
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Average values for these ecosystem parameters may be, 
respectively, three, five, and nine times greater on  
mesic forest sites than on black spruce sites. 

The data presented in this paper support the basic 
hypothesis of the taiga black spruce ecosystem study 
(Van Cleve, Dyrness et  al. 1983) (i.e., that black spruce 
is a nutrient-poor, unproductive forest type). This low 
productivity is primarily the result of low forest floor 
and mineral soil temperatures, and high soil moisture 
content which retard nutrient cycling and mineral- 
ization of organic matter. The black spruce ecosystem 
is near the end of the range of the cold, wet limits of tree 
growth and also at the low end of forest productivity. 
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