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Abstract

The extensive boreal biome s little studied relative to its
global tmportance. Its high soil moisture and low temperatures
result in large below-ground reservoirs of carbon (C) and nitro-
gen (N). Presently, such high-latitude ecosystems are undergoing
the largest temperature increases in global warming. Change in
soil temperature or moisture in the large pools of soil organic
matter could fundamentally change ecosysliem C and N bud-
gets. Since 1990, we have conducted treeline studies in a small
(800 ha) watershed in Noatak National Preserve, northwestern
Alaska. Our objectives were o (1) gain an understanding of
wreeline dynamics, structure, and function; and (2) examine the
effects of global climate change, particularly soil temperature,
motsturc, and N availability, on ecosystem processes. Our inten-
sive site studies show that the treeline has advanced into tundra
during the past 150 years. Inplace and laboratory incubations
indicate that soil organic-layer mineralization rates increase with
a temperature change >5°C. N availability was greatest in soils
beneath alder and lowest beneath willow or cottongrass tussocks.
Watershed output of inorganic N as NO; was 70 percent greater
than input, The high inorganie-N output likely reflects sotl
freeze-thaw cycles, shallow flowpaths to the stream, and low sea-
sonal biological retention. Concentrations and flux of dissolved
organic carbon (DOC) in sureamwater increased during spring
melt and in autumn, indicating a seasonal accumulation of soil
and forest-floor DOC and a shallower flowpath for meltwater o
the stream. In sum, our research suggests that treeline transition-
zone processes are quite sensilive to climate change, cspecially
those functions regulating the C and N cycles.

Introduction

The boreal biome covers an area of 15 million km?, second
in extent only to tropical forest. Boreal lakes and ponds cover
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approximately 10 percent of the biome. In the taiga-tundra treeline
of northwestern Alaska, temperatures have increased since 1950,
especially in spring (Herrmann and others, 2000). The rate of
regtonal climate change may be more significant than its magni-
tude (Solomon and Bartlein, 1992). The level of research on boreal
forests does not match the extent or importance of this ecosystem
(Botkin and Simpson, 1990; Mooney and others, 1991).

In the boreal biome, warming temperatures and change in
moisture could increase above-ground production or below-
ground respiration (Shaver and others, 1992). A change in
available soil N may alter above- or below-ground C/N ratios,
possibly also accelerating above-ground production or below-
ground respiration. Which process is greater in magnitude
may determine whether the ecosystem becomes a C source or
sink (Oechel and others, 1995; McKane and othcrs, 1997). To
assess the effect of climate shift on the boreal C cycle requires
knowledge of how temperature and moisture change aftect soil
organic reservoirs and other clement cycles, especially N.

The boreal biome contains large, but mostly unavailable,
reservoirs of C, N, and P. High-latitude terrestrial ecosys-
lems contain from 20 to 45 percent of the global pool of soil
organic C. Typically, >95 percent of tundra ecosystem C, N,
and P occurs in soil organic matier (SOM) (Shaver and olhers,
1992). In such ccosystems, the nutrient and C storage in SOM
pools is a function of high soil moisture and low temperature,
both of which slow decomposition.

In the taiga-tundra transition zone at the northernmost
extent of the boreal biome, most SOM is below the annual
thaw depth (soil active layer) and not readily available for
biological uptake. Any factor that increases the depth of the
soil active layer or the depth to permafrost could change soil
moisture and temperature, SOM decomposition, nutrient avail-
ability, and respiration rates (Chapin and others, 1995; Jonas-
son and others, 1999). Research in Michigan shows thal slight
gains in soil tcmperature result in an increase of SOM decom-
position and available nurrients as inorganic N in amounts
greater than the sum of other N sources, such as precipitation
and fixation (Stottlemyer and Toczydlowski, 1999).

The National Park Serviee (NPS) manages an area of
7 million ha in northwestern Alaska, or about 25 pereent of

Treeline Biogeochemistry and Dynamics, Noatak National Preserve, Northwestern Alaska 113




the Nation’s total land in national parks. The northwestern
Alaska region stretehes inland from the Chukchi Sea almost
600 km, mainly along the Brooks Range, encompassing much
of Alaska’s taiga-tandra treeline transition zone. Much of this
NPS land is in Noatak National Preserve, which, along with
the western part of Gates of the Arctic National Park, con-
tains the entire 500-km-long Noatak River Basin (Kepner and
Stottlemyer, 1990). Ecologic studies in the region are few and
largely confined to wildlife. Except for the National Science
Foundation studies at Toolik Lake and vicinity in east-central
Alaska, few studies of ecosystem processes have heen con-
ducted within the region.

In 1989, studies were begun in Noatak National Preserve
to assess surface water quality, treeline dynamics, ecosystem
processes that may regulate terrestrial nutrient and energy
cycles, and terrestrial and aquatic ecosystem linkages. In this
chapter, we summarize results from several intensive studies
in a small (800-ha area) watershed to (1) relate changes in
upstream and downstream water chemistry 1o soil conditions
and possible changes in hydrologic flowpath, (2) investigate
the relations between soil temperature and moisture in regu-
lating soil N supply in major ecosystems in and adjacent to
the watershed, and (3) quantify the extent to which forest
stands have invaded tundra along transects in and adjaeent to
the watershed.

Site Description

Noatak National Preserve

Noartak National Preserve is just north of the Arctic
Circle. Its south boundary is the Baird Mountains, and its
north boundary is the De Long Mountains near the west cnd of
the Brooks Range (fig. 1), which represents the west end of the
Rocky Mountain Physiographic Division of Alaska.

The geology of the preserve is dominated by Quaternary
deposits at low elevations; Permian, Triassic, and Juras-
sic volcanic roeks in the western part; and Mississipptan
conglomcrate, shale, limestone, and dolomitic rocks along
its north border. Some Precambrian bedrock is present, and
much of the rest of the preserve is underlain by Upper Devo-
nian shale, sandstone, chert, and conglomerate (Plafker and
Berg, 1994); however, loess and volcanic ash cover most
of the Noatak Basin. Much of the region is charactcrized
by continuous permafrost, but large areas of discontinuous
permafrost are present, especially along forested southern
aspects (Ferrians, 1965).

Air and soil temperatures in the region have warmed
since 1950 (fig. 2). The mean annual temperatures at National
Oceanographic and Atmospheric Administration (NOAA) sta-
tions in Bettles (lat 66°55' N, long 151°31' W.) and Kotzebue,
Alaska, have increased (p<0.01) by about 0.04°C/yr (Herrmann
and others, 2000), with most of the increase occurring in April
{(p<0.01, r*=0.16, b=0.16°C/yr), The warming at high latitudes
is consistent with other findings (Illeris and Jonasson, 1999).

114 Studies by the U.5. Geological Survey in Alaska, 2000

The NOAA weather stations show eonsiderable annual
variation (fig. 2). Winter temperatures are extreme, and most
of the annual precipitation (mean, 35 cm) occurs during the
summer months. The snowpack rarely exceeds 1 m in depth in
protected areas. Wind redistributes the snow in exposed areas,
and the depth and duration of the snowpack are major factors
regulating vegetation (Lavoie and Payette, 1994).

Bailey (1998) classified the region of the Noatak Nationai
Preserve as a westward extension of the subarctic-regime
mountains. Tundra dominates in the northern part of the pre-
serve, taiga-tundra treeline in the central and western parts,
and taiga along the south boundary with Kobuk National Park.
Forested areas are characterized by spodosols, with histosols
in wetter sitcs (Rieger and others, 1979).

Asik Research Watershed

The 800-ha-area Asik watershed (lat 67°58° N., long
162°15"' W.) is in the south-central part of Noatak National
Preserve, 95 km northeast of Kotzebue (fig. 1). The watershed
is at treeline, and its first-order stream drains from the north
and west into the Agashashok River, which in turn feeds into
the Noatak River. Since 1996, the daily mean air lemperature
in the watershed has ranged from -47 to 20°C (fig. 2). Annual
precipitation averages 30 cm, with about 10 cm falling during
the growing scason (June to mid August). The peak snowpz{ck
averages about 1 m in depth in the more sheltered lower and
middle elevations of the watershed.
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Figure 1. Northwestern Alaska, showing location of the Asik water-

shed, Agashashok River drainage, Noatak National Preserve.




The soil association is gravelly, hilly to steep pergelic
cryaquepts/pergelic cryorthents (Rieger and others, 1979).
The association consists of poorly drained to well-drained
soils, most with permafrost. Soils are poorly drained along
long gradual slopes, valley bottoms, and on steeper north-
ern aspects. Well-drained soils occur along ridges and on
steeper southern-aspect slopes. Frost features are common.
In the Agashashok River flood plain, soils are loamy. Along
steeper slopes of the Asik watershed, soils are shallow and
rocky, with a clay-loam texture. In the Asik watershed, the
bulk density of the decomposed surface organic layer (O2
horizon) averages from 0.3 where the silt content is low to
about 0.7 where the silt content is high. The O2-horizon pH
ranges from 4.6 in tussock tundra to 6.0 beneath spruce, total
C content from 15 weight percent beneath alder to 40 weight

percent in tussock tundra, and total N from 0.8 weight pereent
beneath alder to 1.7 weight percent below tussock tundra.
Discontinuous permafrost exists in the watershed, especially
where there is no forest. The soil surface (uppermost 5 cm) is
frozen from late September to May, except for upper reaches
with southern aspects. The bedrock is Silurian and Devonian
limestone, dolomite, marble, and shale (Plafker and Berg,
1994). About 5 to 7 percent of the watershed area consists

of talus slopes. The Noatak River drainage was unglaciated
during the last ice ape.

The lower two-thirds of the watershed area is dominated
by whitc spruce (Picea glauca [Moench] Voss). Spruce basal
area ranges from 4 m*ha on south aspects to 23 m%ha in
bottom land (Suarez and others, 1999). The spruce forest
understory consists primarily of Hylacomium splendens
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Figure 2. Mean annual {1951-98) and monthly temperature and precipitation far National Oceanographic Atmospheric Administration
(NOAA) stations, Bettles and Kotzebue, Alaska; and {bottom} seasonal change (average, 1996-99) in air and soil temperature, Asik watershed,
Noatak National Preserve, Alaska. Equations are given where time trend was significant

Treeline Biogeochemistry and Dynamics, Noatak National Preserve, Northwestern Alaska

115




(Hedw.) B.S.G., Equisetum arvense L., and Boykinia richard-
sonii (Hook.) Gray, with shrubs of Salix spp. and Vaccinium
uliginosum L. The understory of the taiga-tundra transition
zone and tundra is dominated by tussocks of Eriophorum
vaginatum L., Vaccinium uliginosum, Potentilla fruticosa L.,
and Betula nana L. The upper 20 percent of the watershed
area is dominated by such shrubs as Benda nana, scattered
Alnus crispa (AiL.) Pursh on more northem aspects, and mesic
nontussock tndra. The stream alluvial area is dominated by
Salix spp.

Methods

Hydrology and Streamwater Chemistry

Because of the important role of hydrology in biogeo-
chemical cycles and the need 1o study the ecosystem as an
integrated unit, we chose the watershed-ecosystem design
for most of our intensive studies of terrestrial processes and
their linkages to the aquatic ecosystern (Likens and Bormann,
1995). In 1991, we began intensive study of the first-order,
800-ha-area treeline Asik watershed, which was seleeted for
its central location in the taiga-tundra treeline, its small size,
and its proximity to a river bar [or relative ease ol access by

,bushplane.

A 10-m-high meteorologic tower with data logger and
solar panel was located in the lower Lhird of the watershed. Air
and soil temperature (at 5- and 10-cm depth), relative humid-
ity, radiation, windspeed, and wind direction were monitored
year round. In the alpine tundra, a data logger monitored air
{1 m) and soil temperature (at 5- and 10-cm depth). Precipita-
tion was sampled by using bulk collectors. During winter, the
sampler was a 20-cm-diameter, 1.5-m-long tube lined with
custom-fitted heavy plastic liners. During the growing scason,
a 10-cm-diameter plastic tube with funnel was used with a pre-
rinsed qualitative filter in place to minimize dust and particu-
lates entering the sample. Precipitation samples were collected
weekly during the growing season and early fall.

Stream discharge was mcasured at a natural weir. Since
1996, stage height was monitored by slanding stake and pres-
sure transducer. Each year a discharge curve was developed by
measuring cross sections and velocity (pygmy meter) at vary-
ing stage heights. Daily water temperature was monitored year
round and recorded by data logger. Streamwater was sampled
weekly at the mouth and five upstream stations from late May
to mid-September. Sampling was daily or more frequent at the
mouth during periods of rapid hydrograph change. The stream
was frozen, with little or no flow from mid-October to late
April or early May.

For analyses of precipitation and strcamwatcr samplcs,
PH, specific conductance, and alkalinity (titration with 0.02N
H,S0O, to pH 4.5, streamwater samples only) were measured
in the field laboratory. Separate filtered (prerinsed, 0.45 pm)
subsamples were shipped in coolers to our laboratory in Fort
Collins, Colo., for ion-chromatographic analysis, and an addi-

116 Studies by the U.S. Geological Survey in Alaska, 2000

tional filtered sample was sent to the Michigan Technological
University, Houghton, for dissolved-organtic-carbon (DOC)
analysis.

Nitrogen Mineralization Response to
Temperature and Moisture

In 1990-91, we located three subplots beneath each of
five vegetation types in or adjacent to the Asik watershed
(Binkley and others, 1994). Willow and Dryas spp. subplots
were located on the Agashashok River terraces across from
the watershed. The alder subplots were on a north-facing slope
upstream of the willow subplots, and the spruce subplots were
along the north side of the watershed, with the tundra plots
above the spruce.

To examine the cffects of soil-temperature and moisture
change on N transformations, principally mineralization
(microbial breakdown of organic N to inorganic NOj and NH})
and immobilization (microbial uptake), we conducted a series
of laboratory incubations. First, a composite sample from the
soil surface organic layer, or O2 horizon, was collected from
each subplot, placed in a cooler, and shipped to our laboratory
in Fort Collins, Colo., where the samples were sieved. A 10-g
subsample was extracled with 50 mL of 2M KCl to determine
the initial inorganic-N (NOj and NH;) concentrations. Addi~
tional 10-g subsamples were incubated in the laboratory for a
month at 5 and 12°C at four frequencics of wetting and drying
{one to four times during laboratory incubation). At the end
of a month, all samples were extracted with 2M KCl to deter-
mine the net change in mineralized N. Net N mineralization 1s
the sum of mineralized NH plus NOj from organic N, minus
immobilization of NH; and NO; during the incubation period;
net nitrification is the sum of NO; from both organic N and
NH; minus immobilization of NO;.

A subsample from the incubated samples was retained
for a "N pool-dilution experiment to estimate gross, or total,
N mineralization and immobilization during a 24-hour period.
The gross results provide an estimate of the total NH] and NO;
cycled within a given timc period. For dctails on the proce-
dures used, see Kirkham and Bartholomew (1954) and Brooks
and others (1989).

Expansion of Forest into Tundra

After a 1995 aerial survey of the Asik watershed, five
stands of spruce that showed an apparent expansion pattern
into tundra werc selected for intensive study (Suarez and
others, 1999). The normal vegelation transition was from pure
sprucc to forest mixed with tundra plants, then to tundra with
numerous trees, then to treeless tundra. The spruce under-
story and tundra vegetation composition was similar to that
described above. In each stand, three transects perpendicular
to the direction of spruce expansion were located. The stand
age of each plot was determined by sampling the five trees



larger than 20 mm in diameter nearest each plot center. The
diameter, height, and age of each sample tree were deter-
mined. In the transect with the oldest vegetation in each

plot, cores were collected from 35 trees to determine annual
growth inerements. From each five-tree plot, seedlings by size
class were recorded and aged, and dead trees and seedlings
were tallied. For further details on data analysis, see Suarez
and others (1999).

Results and Discussion

Streamwater Solute Concentrations and Budgets

Runoff in the Asik watershed averaged 43 percent of pre-
cipitation. Concentrations ol streamwaler base calions (Cp)
(the sum of Ca®, Mg?*, Na*, and K*), and HCO; were higher
than observed in most watersheds in North America (fig. 3;
Kaufmann and others, 1991). Measured concentrations were
similar to those in Rock Creek, Denali National Park, Alaska
(Stottlemyer, 1992).

Streamwater C,, concentrations can provide indications
of seasonal change in water source and age (Rice and Bricker,
1995). In early June and mid-June, low Ca*> concentrations
suggest that discharge from the watershed was dominated by
“new water” from melting of snow and ice (McNamara and
others, 1997). Later, in summer, the increase in streamwater
Ca® concentrations suggests greater eontributions from “old”
water deeper in the soil and longer flowpaths (o the stream.

Asik alpine-streamwater Ca® concentrations suggest that
a combination of factors—short flowpath, less reactive soil
and more talus, and domination by new water—contribute to
low solute concentrations. In alpine streamwaler, Lhe absence
of mueh seasonal change in Ca® concentration suggests rapid
penetration of precipitation and meltwaler through porous
soil and talus before it enters the stream, with little contribu-
tion from substrate exchange or weathering (Stottlemyer and
others, 1997).

Asik streamwater NO; concentrations were also higher
than observed in most surface waters, even in regions where
atmospheric NO; inputs are elevated (Kaufmann and others,
1991). However, undisturbed Alaskan streams commonly have
high NO; concentrations year round. with ourputs exceeding
inputs (Stednick, 1981; Stottlemyer and Rutkowski, 1987;
Stottlemyer, 1992). Asik streamwater NO; concentrations
likely reflect a shallow soil active layer or discontinuous per-
mafrost channeling runoff through near-surface soil source
areas where pools of dissolved inorganic N (NH;+NO3) are
greater (Stottlemyer and Toczydlowski, 1990; Creed and
Band, 1998; Stottlemyer and Troendle, 1999), with seasonal
low biological uptake (especially in the alpine), and soil
freeze/thaw cycles releasing biologically usable C and N from
the microbial biomass (Mitchell and others, 1996).

Streamwater NOj concentrations at the mouth of the
Asik watershed varied little during the growing season and
declined only slightly during late summer and early fall, when

streamwater discharge increased. Alpine-streamwater NO,
concentrations espccially suggest low biological uptake during
the growing season, because precipitation inputs were small.
In alpine headwaters where talus dominates, a small amount of
soil and vegetation can still dominate inorganic-N concentra-
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tions in soil and streamwater (Campbell and others, 1995). The
Asik watershed inorganic-N output, primarily NO;, exceeded
input by 70 percent.

The increase in sreamwater DOC concentrations during
spring melt suggests that large soil and forest-floor DOC res-
ervoirs accumulated during the previous fall and winter. The
increases in late summer streamwater DOC concentration and
flux at the watershed mouth indicate considerable growing-
season soil C mineralization, eoupled with greater subsurface
flow to the stream, Streamwater DOC output averaged 0.015
mg/m? per day, and dissolved-inorganic-carbon (DIC) output
0.3 mg/m?® per day. The amount of C exported in streamwater
was small relative to terrestrial CQ, losses to the atmosphere
in the Asik watershed and other study areas in northern Alaska
(Oechel and others, 1995; McKane and others, 1997).

DQC concentrations in §0il water below the rooting zone
and in streamwaler are hypothesized to be low where inorganic
N is relatively high, because large amounts of biologically
usable C are needed to fuel the N-immobilization processes
in SOM (Aber, 1992). A synthesis of the European NITREX
data, however, did not support this hypothesis (Gundersen and
others, 1998), nor do the Asik watershed data. We suspect that
the high Asik DOC export is a function of the large SOM pool,
soil warming, and a larger proportion of the subsurface flow
moving through shallower flowpaths to the stream.

Climate and Soil-N-Mineralization Rates

In our study of soils beneath five vegetation types in and
adjacent to the Asik watershed, inorganic-N availability was
highest beneath alder and lowest in plots dominated by willow
or tussock-tundra (Binkley and others, 1994). However,
all soils from the five vegelation Lypes sampled responded
strongly to an inerease in the frequency of werting and drying
cycles, which raised the net N-mineralization rates 150 to 300
percent in laboratory incubations (fig. 4). An increase in the
frequency of wetting and drying cycles is one potential effect
predicted with global warming.

Net N-mineralization rates also responded strongly to
temperature changes. Rates at 12°C were 5 1o 10 times the rate
at 5°C. The response of net N mineralization to both tempera-
ture and moisture treatments was consistent in soils from all
the five vegetation types; however, the response o0 a change in
soil-moisture content was much less than the response to an
increase in temperature.

Net N-mineralization rates refleeted the strong effect of
temperature and moisture treatments on both gross (total)
soil-microbial N release (mineralization) and uptake (immo-
bilization) (fig. 5). However, the response Lo temperature and
moisture by mineralization processes differed in magnitude
from the response by immobilization processes. For example,
if the N-immobilization rate responds more strongly to tem-
perature increases than does the total N-mineralization rate,
net N-mineralization rates would decline with increasing
lemperature, as may also be reflected in the seasonal pool
size of soil inorganie N. Thus, the effect of climate change
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and, especially, temperature on the available soil inorganic N
in these ecosystems will depend on the relative magnitude of
response in these opposing proeesses of microbial mineraliza-
tion and immobilization. We also suspect that the balanee of
these opposing processes varies seasonally and with available,
or labile, C.

Expansion of Forest into Tundra

Warming during the past 150 years appears to have
increased spruce growth rates in the Asik watershed and
resulted in forest expansion into the conterminous tundra eco-
system. The forest/tundra transition zone has moved about 80
to 100 m into the tundra. Our primary evidence is the progres-
sive decline in maximum tree age from the spruce forest into
the tundra and the frequency distribution of trees in spruce
forest, forest-tundra, and areas where tundra is more prevalent
than forest (fig. 6). The increase over time in spruce frequency
where tundra was dominant is also associated with a broad
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Figure 4. Laboratory net N mineralization in response 1o changes in
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trend of increasing tree growth. The climate conditions that led
to increasing tree growth appear to have promoted tree estab-
lishment in the tundra. The recent expansion of spruce forest
occurred across topographic boundaries and in areas of both
well-drained soils on slopes and poorly drained, flat tundra
areas. However, future advance of spruce may be limited by
inereased topographic exposure to wind and snow (Sturm and
others, 2001) and by the higher soil moistures characteristic of
most tundra.

During the past several centuries, changes in Alaska
treeline have been smail (Brubaker and others, 1983). At the
Asik watershed, however, the encroachment of spruce forest
into tundra was characterized initially by a few trees and later
by increased density. This process of infilling has also been
observed along the north side of the Noatak River (Rowland,
1996) and elsewhere. Changes in spruce density in response [o
climate may have been missed in the pasl during the more syn-
optic surveys of treeline advance, which focused more on only
the presence or absence of spruce trees.
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grawth index. Fram Suarez and others {1999).

Treeline Biogeachemistry and Dynamics, Noatak National Preserve, Northwestern Alaska 119




References Cited

Aber, J.D., 1992, Nitrogen cycling and nitrogen saturation in temperate
forest ecosystems: Trends in Ecology and Evolution, v. 7, p. 220-223.

Bailey, R.G., 1998, Ecoregions; the ecosystem geography of the
oceans and continents: New York, Springer, 176 p.

Binkley, Dan, Stottlemyer, Robert, Suarez, F, and Cortina, J., 1994, Soil
nitrogen availability in some arctic ecosystems in northwest
Alaska—rasponses to temperature and moisture: Ecoscience,
v. 1, p. 64-70.

Botkin, D.B., and Simpson, LG., 1990, Biomass of the North American
horeal forest Biogeochemistry, v. 9, p. 161-174,

Brooks, P.D., Stark, J.M., Mcinteer, B.B., and Preston, T., 1989, Diffu-
sion method to prepare soil extracts for automated nitrogen-15
analysis: Soil Science Society of America Journal, v. 53, p.
1701-1711.

Bruhaker, L.B., Garfinkel, H.L., and Edwards, M.E., 1983, A late Wis-
consin and Holocene vegetation history from the Central
Brooks Range—implications for Alaskan palececology: Quater-
nary Research, v. 20, no. 2, p. 194-214.

Campbell, D.H., Clow, D.W.,, Ingersoll, G.P., Mast, M.A., Spahr, N.E.,
and Turk, J.T, 1995, Processes controlling the chemistry of two
snowmelt-dominated streams in the Rocky Mountains: Water
Resources Research, v. 31, no. 11, p. 2811-2821.

Chapin, F.S., Ill, Shaver, G.R., Giblin, A.E., Nadelhoffer, K.J., and Laun-
dre, J.A., 1995, Responses of arctic tundra 1o experimental and
observed changes in climate: Ecology, v. 76, no. 3, p. 964-711.

Creed, |.F., and Band, L.E., 1998, Export of nitrogen from catchments
within a temperate forest—evidence for a unifying mechanism
regulated by variable source area dynamics: Water Resources
Research, v. 34, no. 11, p. 3105-3120.

Ferrians, 0.J., 1965, Permafrost map of Alaske: U.S. Geological Survey
Miscellaneous Geologic Investigations Map [-445, scale 1:
2,500,000.

Gundersen, Per, Emmett, B.A, Kjonaas, G.J., Koopmans, C.J., and
Tietema, Albert, 1998, Impact of nitrogen deposition on nitrogen
cycling in forests—a synthesis of NITREX data: Forest Ecology
and Management, v. 101, p. 37-55,

Herrmann, Raymond, Stottlemyer, Robert, Zak, J.C., Edmonds, R.L, and
Van Miegroet, Helga, 2000, Biogeochemical effects of global
change on U.S. National Parks: American Water Resources
Association Journal, v. 36, no. 2, p. 337-346.

llleris, L., and Jonasson, Sven, 1999, Soil and plant CO, emission in
response to variations in soil moisture and temperature and to
amendment with nitrogen, phosphorus, and carbon in Northern
Scandinavia: Arctic, Antarctic and Alpine Research, v. 31, no.
3, p. 264-271.

Jonasson, Sven, Michelsen, A., Schmidt, 1.K., and Nielsen, E.V., 1999,
Responses in microbes and plants to changed temperature,

nutrient, and light regimes in the arctic: Ecology, v. 80, no. 6, p.

1828-1843.

Kaufmann, PR., Herlihy, AT, Mitch, M.E., and Messer, J.J., 1991,
Stream chemistry in the Eastern United States 1. Synoptic
survey design, acid-base status, and regional patterns: Water
Resources Research, v. 27, no. 4, p. 611-627.

Kepner, R.L, Jr., and Stottlemyer, Robert, 1990, Baseline surface water
quality, Noatak National Park and Preserve, Alaska: Great
Lakes Area Resource Studies Unit Technical Report 42, 38 p.

Kirkham, D., and Bartholomew, W.V., 1954, Equations for following
nutrient transformations in soil, using tracer data: Soil Science
Society of America Proceedings, v. 18, p. 33-34.

120  Studies by the UU.S. Geological Survey in Alaska, 2000

Lavoie, Claude, and Payette, Serge, 1934, Recent fluctuations of the
lichen-spruce forest limitin subarctic Quebec: Journal of Ecol-
ogy, v. 82, p. 725-734.

Likens, G.E., and Bormann, F.H., 1995, Biogeochemistry of a forested
scosystem: New York, Springer-Verlag, 159 p.

McKane, R.B., Rastetter, E.B., Shaver, G.R., Nadelhoffer, K.J., Giblin,
A.E., Laundre, J.A., and Chapin, ES., lll, 1997, Reconstruction
and analysis of historical changes in carbon storage in Arctic
tundra: Ecology, v. 78, no. 4, p. 1188-1198.

McNamara, J.P, Kane, D.L., and Hinzman, L.D., 1997, Hydrograph
separations in an Arctic watershed using mixing model and
graphical techniques: Water Resources Research, v. 33, no. 7,
p. 1707-1719.

Mitchell, M.J., Driscoll, C.T., Kah), J.S., Likens, G.E., Murdoch, P.S., and
Pardo, L.H., 1996, Climatic control of nitrate loss from forested
watersheds in the northeast United States: Environmental Sci-
ence and Technology, v. 30, no. 8, p. 2609-2612.

Mooney, H.A., Drake, B.G., Luxmoore, R.J., Oechel, W.C., and Pitelka,
L.F., 1991, Predicting ecosystem responses to elevated CD, con-
centrations: BioScience, v. 41, no. 2, p. 96-104.

Qechel, W.C., Vourlitis, G.L.,, Hastings, S.J., and Bo¢hkarev, S.A., 1995,
Change in arctic CO, flux over two decades—effects of climate
change at Barrow, Alaska: Ecological Applications, v. 5, p.
846-855.

Plafker, George, and Berg, H.C., eds., 1994, The geology of Alaska, v.
G-1 of The geology of North America: Boulder, Colo., Geologic
Society of America, 1,055 p.

Rice, K.C., and Bricker, 0.P, 1995, Seasonal ¢cycles of dissolved con-
stituents in streamwater in two forested catchments in the mid-
Atlantic region of the eastern USA: Journal of Hydrology, v. 170,
no. 1-4, p. 137-158.

Rieger, S., Schoepharster, D.B., and Furbush, C.E., 1979, Exploratory
soil survey of Alaska: Washington, D.C., U.S. Department of
Agriculture, Soil Conservation Service, 208 p.

Rowland, E.L., 1996, The recent history of tree-line at the north-west
limit of white spruce in Alaska: Fairbanks, University of Alaska,
M.Sc. thesis.

Shaver, G.R.., Billings, W.D., Chapin, F.S. lIl, Giblin, A.E., Nadelhoffer,
K.J., Qechel, W.C., and Rastetter, E.B., 1992, Global change and
the carbon balance of Arctic ecosystems: BioScience, v. 42,
no. 6, p. 433-441.

Solomon, A.M., and Bartlein, P.J., 1992, Past and future climate
change—response by mixed deciduous-coniferous forest
ecosystems in northern Michigan: Canadian Journal of Forest
Research, v. 22, p. 1727-1738.

Stednick, J.D., 1981, Hydrochemical balance of an alpine watershed
in southeast Alaska: Arctic and Alpine Research, v. 13, no. 4, p.
431-438.

Stottlemyer, Robert, 1992, Nitrogen mineralization and streamwa-
ter chemistry, Rock Creek Watershed, Denali National Park,
Alaska, U.S.A.: Arctic and Alpine Research, v. 24, no. 4, p.
291-303.

Stottlemyer, Robert, and Rutkowski, D., 1987, Baseline stream water
chemistry for watersheds of Glacier Bay National Park and
Preserve, Alaska: GLARSU Technical Report 22, 118 p.

Stottlemyer, Robert, and Toczydtowski, David, 1990, Pattern of solute
movement from snow into an Upper Michigan stream: Cana-
dian Journal of Fisheries and Aquatic Sciences, v. 47, no. 2, p.
290-300.

1999, Nitrogen mineralization in a mature boreal forest, Isle

Royale, Michigan: Journal of Environmental Quality, v. 28, no. 2,

p. 709-720.




Stottlemyer, Robert, and Troendle, C.A., 1999, Effect of subalpine
canopy removal on snowpack, sail salution, and nutrient
export, Fraser Experimental Forest, CO: Hydrologic Processes,
v. 13, p. 22872299,

Stottlemyer, Robert, Troendle, C.A., and Markewitz, Daniel, 1997,
Change in snowpack, soil water, and streamwater chemistry
with elevation during 1990, Fraser Experimental Forest, Colo-
rado: Journal af Hydrology, v. 195, p. 114-136.

Sturm, M., McFadden, J.P, Liston, G.E., Chapin, ES,, Ill, Racine, C.H.,
and Holmgren, Jonathan, 2001, Snow-shrub interactions in
Arctic tundra—a hypothesis with climatic implicatians: Journal
of Climate, v. 14, no. 3, p. 336-344.

Suarez, F., Binkley, Dan, Kaye, M.W., and Stottlemyer, Robert, 1999,
Expansion of forest stands into tundra in the Noatak National
Preserve, Narthwest Alaska: Ecoscience, v. 6, no. 3, p.
465470,

Treeline Biogeochemistry and Dynamics, Noatak National Preserve, Northwestern Alaska 121



seience for a shanging world

U.S. Geological Survey
Professional Paper 1662

Studies by the U.S. Geological Survey in Alaska, 2000

Frederic H. Wilson and John P. Galloway, Editors

Introduction by Fredric H. Wilson and John P. Galloway

Chapter 1. Geochemistry and Age Constraints on Metamorphism and Deformation in the
Fortymile River Area, Eastern Yukon-Tanana Upland, Alaska
By Warren C. Day, John N. Aleinikoff, and Bruce Gamble

Chapter 2. Stratigraphy, Age, and Geochemistry of Tertiary Volcanic Rocks and Associated
Synorogenic Deposits, Mount McKinley Quadrangle, Alaska
By Ronald B. Cole and Paul W. Layer

Chapter 3. Stratigraphic and Provenance Data from the Upper Jurassic to Upper Cretaceous
Kahiltna Assemblage of South-Central Alaska
By Kevin R. Eastham and Kenneth D. Ridgway [pdf not made]

Chapter 4. Late Triassic (Norian) Mollusks From the Taylor Mountains Quadrangle,
Southwestern Alaska
By Christopher A. McRoberts and Robert B. Blodgett

Chapter 5. Notes on the Bedrock Geology and Geography of the Stikine Icefield, Coast
Mountains Complex, Southeastern Alaska
By David A. Brew and Richard M. Friedman

Chapter 6. Mount Griggs: A Compositionally Distinctive Quaternary Stratovolcano Behind the
Main Volcanic Line in Katmai National Park
By Wes Hildreth, Judy Fierstein, Marvin A. Lanphere, and David F. Siems

Chapter 7. Treeline Biogeochemistry and Dynamics, Noatak National Preserve, Northwestern
Alaska
By Robert Stottlemyer, Dan Binkley, and Heidi Steltzer

Chapter 8. Environmental-Geochemical Study of the Slate Creek Antimony Deposit, Kantishna
Hills, Denali National Park and Preserve, Alaska

By Robert G. Eppinger, Paul H. Briggs, James G. Crock, Allen L. Meier, Stephen J. Sutiey, and
Peter M. Theodorakos



Reports on Alaska — U.S. Geological Survey reports on Alaska, and non-USGS reports on
Alaska released in 2000

Download an ASCII-text version of this report

Download a free copy of Adobe Acrobat Reader

| Help | PDF help | Geopubs main page | Professional Papers on geopubs |

This report is also available from

USGS Information Services, Box 25286,
Federal Center, Denver, CO 80225
telephone: 303-202-4210; e-mail: infoservices@usgs.gov

| Department of the Interior | U.S. Geological Survey | Privacy Statement | Disclaimer | Accessibility |
URL of this page: http://geopubs.wr.usgs.qgov/prof-paper/pp1662/

Maintained by: Carolyn Donlin ‘

Last modified: 12-18-02 (cad)

| Privacy Statement | Disclaimer |

| Department of the Interior | U.S. Geological Survey | Geologic Division | Mineral Resources |




