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Project summary 
The Bonanza Creek Long-Tenn Ecological Research program focuses on improving our 

understanding of the long-term consequences of changing climate and disturbance regimes in the 
Alaskan boreal foresL Our overall objective is to document the major controls over forest 
dynamics, biogeochemistry, and disturbance and their interactions in the face of a changing 
climate. The forest dynamics theme addresses successional changes in population and 
community processes following disturbance, emphasizing the relative imponance of historical 
legacies, stochastic processes, and species effects in determining successional trajectories and the 
sensitivity of these trajectories to climate. Changes in the carbon cycle during succession hinge 
on changes in forest dynamics and other element cycles, but also influence nutrient availability 
and microenvironment and therefore successional changes in forest dynamics. Regional and 
landscape controls over disturbance regime focuses on regional and landscape processes that are 
responsible for the timing, extent, and severity of disturbance. Our research design uses 
experiments and observations in intensive sites in three successional sequences (floodplains, 
south-aspect uplands, nonh-aspect uplands) to document the processes that drive successional 
change. We establish the regional context for these intensive studies by analysis of ecosystem 
processes in two large regions, one in a relatively uniform region in interior Alaska and a second 
along a climate gradient from the wannest to the coldest areas in Alaska. Synthesis of our 
research addresses three imponant ecological issues: Species effects on ecosystem and landscape 
processes explores how species characteristics and diversity influence biogeochemistry and 
disturbance regime. Spatio-temporal scaling provides the conceptual basis for linking process 
and pattern. Ecosystem sustainability explores how the positive and negative feedbacks that 
operate within ecosystems influence the sensitivity of ecosystems to penurbations such as 
changes in climate and disturbance regime. 
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Fig. 1.1. The relationship of climate to white spruce productivity at four time scales. A. Mean annual 
temperature decreased from 1000 years BP until 1900. B. Since 1800, there has been a generally positive 
relationship between ring width in Alaskan white spruce and Nonh American annual temperature. C. Ring width in 
Alaskan white spruce is generally greatest in years with cool moist summers. D. During the period of the BNZ 
LTER research. there has been a positive relationship between ring width and production per tree. 



CLIMATE-DISTURBANCE INTERACTIONS IN THE 
ALASKAN BOREAL FOREST 

Section 1 Results of prior support 
The Bonanza Creek (BNZ) L TER program was initiated in 1987 to study succession in 

the Alaskan boreal forest. The successional paradigm that emerged from this research is based on 
Jenny's (Jenny 1941) state factor approach. The Central Hypothesis of our prior research was 
that .. the pattern of succession is determined primarily by the initial soil physical and 
chemical environment of the site and by the life history traits of component species. The 
rate of successional change is determined by vegetation-caused changes in environment and 
ecosystem function." Our research has largely supported this hypothesis (Van Cleve et al. 1991, 
Yarie et al. 1998) but showed that successional pattern in the boreal forest is regionally variable 
(Mann et al. 1995, Mann and Plug 1999), reflecting stochastic variation in disturbance and 
recruitmenL 

1.1 Major Finding., 

Environment 
Upland and floodplain forests that we studied in the BNZ LTER develop in 

fundamentally different geochemical environments. The acidic upland soils are low in nitrogen 
due to N depletion by repeated fires. In contrast, the floodplain soils, which form from glacial 
silt, are strongly alkaline, due to surface evaporation (Marion et al. 1993). These soils bind 
phosphorus and are inherently low in nitrogen, leading to strongly nutrient-limited plant growth 
in the early stages of succession. Disturbance regimes differ radically between upland and 
floodplain ecosystems, with upland landscape pattern controlled largely by fire (Kasischke et al. 
1995a) and floodplains responding to fluvial processes (Yarie et al. 1998, Adams 1999). 

Microclimate in the boreal forest differs dramatically between north- and south-aspect 
slopes, due to large differences in solar radiation and soil temperature, allowing us to study the 
impact of climate on ecosystem processes under conditions where other state factors are held 
relatively constant (Jenny 1941). Permafrost, which is generally present on north-facing slopes 
and valley bottoms (but absent on south-facing slopes) dramatically reduces rates of 
biogeochemical cycling, nutrient supply, and forest productivity (Van Cleve et al. 1983, Van 
Cleve et al. 1991). Permafrost temperatures were relatively stable from the 1950s to the mid-
1970s. but have increased in response to the recent warming (Osterkamp and Romanovsky 
1999). In ice-rich sites, melting of permafrost has caused widespread thennokarst (slumping of 
the ground surface) (Osterkamp et al. 1994), causing large changes in soil moisture and 
temperature. 

Following a gradual cooling over the last 1,000 years, the Alaskan climate has warmed 
since about 1850, and more dramatically since the mid-1970s, due to changes in atmospheric 
circulation, perhaps superimposed on greenhouse wanning, (Hammond and Y arie 1996, Mantha 
et al. 1997, Overpeck et al. 1997, Serreze et al. In press). Tree-ring analysis shows that this 
wanning is unprecedented in the past 200 years (Juday et al. 1998) (Fig. 1.1). The average 
annual area burned has doubled in boreal North America in the last ten years, in parallel with the 
wanning trend (Kasischke et al. 1999). Lake cores suggest that the fire return time in the 20"' 
century is only half as long as the average for the last 1000 years. The increase in early 
successional deciduous vegetation caused by fire increases regional albedo and 
evapotranspiration and reduces sensible heat transfer to the atmosphere. This acts as a negative 
feedback to regional warming (Chapin et al. in press). 

In summary, changes in the Earth's Climate System have led to pronounced warming in 
the Alaskan boreal forest, causing melting of permafrost, increased fire frequency, and fire­
induced vegetation changes that may cause a negative feedback to regional wanning. As 
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discussed below, forest dynamics and biogeochemical cycling play a critical role in this 
interaction between the boreal forest and climate. 
Forest Dynamics 

The differences in environment and disturbance regime between upland and floodplain 
and between nonh-and south-facing slopes promote colonization by different plant species. 
leading to different successional trajectories (Van Cleve et al. 1991). [See detailed vegetation 
descriptions on the BNZ website.] Following plant colonization in this low-diversity biome. the 
successional change in dominant forest species results in dramatic threshold changes in the 
physical and chemical environment (Fig. 1.2). For example, alder invasion in early succession 
increases nitrogen availability and productivity (Van Cleve et al. 1971. Uliassi et al. In press. 
Uliassi and Ruess Submitted). The late-successional change from deciduous trees to spruce alters 
the physical structure of litter. allowing the establishment of mosses. These mosses insulate the 
soil and greatly reduce soil temperature. decomposition rate. and nitrogen supply (Flanagan and 
Van Cleve 1983. Van Cleve et al. 1991. Van Cleve et al. 1996). The switch to the moss-conifer­
dominated ecosystem. dramatically increases flammability and probability of fire (Starfield and 
Chapin 1996). These turning points associated with changes in the dominant tree species are 
some of the most dramatic examples of species effects on ecosystem processes that have been 
reponed and are likely to occur in many low-diversity ecosystems (Chapin et al. 1997). 

Succession produces repeatable patterns in species diversity (Rees 1997. Waide et al. 
1999). with hot spots of insect and bird diversity in early successional floodplain stands (Johnson 
unpubl.) and nonvascular diversity increasing in late successional spruce forests (Willsrud 1997). 
Early successional plants exhibit a broad specttum of tannins that have species-specific effects 
on insect herbivores (Ayres et al. 1997). The resulting host specificity contributes to the high 
insect diversity in early succession. Climate and land use are the global-change drivers that will 
probably have the greatest impact on boreal diversity over the next century (Rees 1997. Chapin 
and Danell In press. Sala et al. In press). 

Mammalian herbivores strongly influence the rate of successional change. Selective 
browsing by moose and hares on pioneer willows leads to the competitive release of mid­
successional species such as alder and poplar (Kielland and Osborne 1998) and accelerates 
successional change (Kielland and Bryant 1998). The browsing-induced reduction in canopy 
density has cascading effects on nutrient cycling through changes in physical environment. litter 
chemistry, and the proportion of nutrients returned as feces (Kielland et al. 1998. Kielland and 
Bryant 1998). Moose account for a third of the aboveground nitrogen input to soils in the willow 
stage (Kielland and Bryant 1998). indicating a key role of herbivory in the biogeochemistry of 
early succession. 

Coarse-resolution analysis of Holocene pollen cores indicates that regional expansion of 
white spruce ca 8500 yr BP and of black spruce 4500 yr BP coincided with increased effective 
moisture. This is consistent with LTER dendroecological data indicating strong moisture 
limitation to white spruce growth (Barber et al. 1998). The black spruce expansion was 
accompanied by increased charcoal. suggesting a vegetation-induced increase in fire frequency, 
despite the wetter climate (J. Clark. unpubl.). This surprising result indicates a pronounced effect 
of vegetation on fire regime. 

In summary, topographic differences in physical environment and disturbance regime 
give rise to strikingly different suites of initial colonizers and successional trajectories between 
floodplains and nonh- and south-aspect uplands. The pattern of species change after colonization 
is controlled by strong species effects on the soil physical environment. biogeochemistry (sec 
below), and disturbance regime and by herbivory. These strong species effects reflect the low 
functional diversity of trees in boreal forest and their interaction with understory mosses. 
Production and Bio&eochemistry 

Tree ring-climate correlations. carbon isotope analyses. and experimental manipulation of 
water and nitrogen suggest that the productivity of upland white spruce stands is primarily 
limited by water and nitrogen. despite the cold climate (Yarie and Van Cleve 1996. Barber et al. 
1998, Billings 1998). Allocation, however. is responsive to temperature. Alaskan interior forests 
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Table 1.1. Spatial data sets available to or developed by the BNZ L TER. 

Data Set Grain Size Areal Extent Date 

A VHRR images 1.1 km at Statewide Archived at UAF daily since 
nadir 1994 

Vegetation classification 1-km Statewide Derived from multi-temporal 
1991 A VHRR data 

Statewide hydrography, 1:250,000 Statewide Derived from USGS l:250k map 
transportation, 1990 series 
Ponulation 
Color Infrared Aerial 1:15,840 Statewide 1978-86 
Photo21'3ohy 
Elevation 25 meter Statewide Derived from USGS 1:63 360 

contour mans 
Lightning Strikes +/-2km Interior Alaska Alaska Fire Service Detector 

Network 1980s - present 
Fire: Scar Polygons Sketched on Statewide Alaska Fire Service 1950s -

1:63,360 present 
mans 

Landsat TM scenes 25 meter BNZJCPC area June 1991, Sept. 1994 
SPOT HR.Vscene 10.20 meter BNZarea July 1990 
Vegetation classification 25 meter BNZArea Derived from 1991 Landsat TM 

data 
Color Infrared Aerial 1:15,840 BNZArea 1994-95 
Photo2raohv 
Color Infrared Aerial 1:15,840 CPCRW Area 1999 
PhotolmlDhV 
Color Infrared Aerial 1:60,000 BNZArea 1986 
Photography 

Additionally, the following variables have been derived (or are in the process of being derived) 
for the state of Alaska at 1 km scale: A VHRR Bands 0,1,2. composite; onset of greenness; peak 
greenness; duration of greenness; maximum greenness; mean greenness; mean monthly 
precipitation; mean monthly temperature; monthly range of temperature; elevation; slope; aspect; 
hydrologic regions; soils; permafrost; ecoregions; physiographic divisions; mean annual 
precipitation; vegetation; insect kill areas. 1989-1995; burned areas, 1960-1991; geology; land 
status/ownership; maximum NDVI; NOVI composites by 1/2 months during the growing season. 



have the highest allocation to root production of any forest yet reported. This high proportion of 
total ecosystem C allocated below ground contributes to large soil C stocks. Most soil respiration 
is derived from root rather than heterotrophic respiration (Ruess et al. 1996, Ruess et al. 1998). 
Approximately three times more N is cycled through fine roots than through aboveground 
litterfall. These studies indicate the critical role of the belowground environment in explaining 
patterns of production. 

Successional changes in vegetation dramatically alter carbon and nutrient turnover. In the 
floodplain, for example, nitrogen fixers add nitrogen and organic matter (Van Cleve et al. 1971, 
Uliassi et al. In press, lniassi and Ruess Submitted), which acidifies the soil and increases the 
availability of both N and P. When poplars dominate, their tannins cause a decline in N2-fixation, 
but provide sufficient labile C to enhance N mineralization (Clein and Schimel 1995, Schimel et 
al. 1996, Schimel et al. 1998) and N supply to vegetation (Yarie and Van Cleve 1996). As spruce 
replaces poplar, the increase in lignin content, C:N ratio, and lignin:N ratio and the moss-induced 
decline in soil temperature together reduce decomposition and N mineralization (Flanagan and 
Van aeve 1983, Van Cleve et al. 1983, Van aeve et al. 1996). These are among the best­
documented examples of vegetation-driven changes in biogeochemistry. 

Vertebrate herbivory also affects soil processes. The warm dry soils of heavily browsed 
early successional sites have higher rates of soil respiration and higher decomposition potentials 
than do browser-free exclosures (Kielland et al. 1997). The high decomposition rates in browsed 
areas reflects increased labile C and N concentrations in litter (K.ielland et al. 1997) and 
increased root turnover (Kielland et al. 1997. Ruess et al. 1998). The combination of reduced 
fine root biomass (Rossow et al. 1997) and increased root turnover in browsed areas leads to a 
reduction in soil C content outside the exclosures. 

The biogeochemistry of Alaskan boreal forests has important implications for trace-gas 
feedbacks to the atmosphere. Upland Alaskan forests are a sink for atmospheric methane. N 
addition inhibits Cll4 consumption at some sites but not others, due to site differences in CH4. 
oxidizer populations rather than to differences in N cycling (Gulledge et al. 1997, Gulledge and 
Schimel 1998b, Gulledge and Schimel 1998a. Gulledge et al. 1998). This work is one of the 
strongest examples of ecosystem processes being controlled by the structure of the microbial 
community. Models based on LTER research suggest that interior Alaska is currently a net sink 
of CO2 (McGuire and CCMLP Submitted. Yarie and Billings Submitted) but that interannual 
variation in climate and disturbance strongly affect the direction and magnitude of carbon 
exchange (McGuire and CCMLP Submitted). 

In summary, the major state factors (climate, topography, parent material, biota, and 
time) (Jenny 1941) each exert strong effects on ecosystem processes in the boreal forest (Van 
Cleve et al. 1991, Van Cleve et al. 1996), leading to important interactions among microclimate, 
soil resources, functional types of organisms, and disturbance regime (Chapin et al. 1996c). The 
vegetation-driven changes in biogeochemistry are critically important in explaining patterns of 
successional change. 
Hydrotoc: and Agyatic Processes 

Permafrost is a major "ecological adjective" modifying hydrology, thermal regimes, 
chemical fluxes from uplands to streams, and biotic processes in streams (Oswood 1997). Stream 
flow from permafrost-dominated watersheds has more dissolved organic C but less dissolved 
minerals than in permafrost-free watersheds (MacLean et al. 1997, MacLean et al. In press). 
Permafrost apparently acts as a partial barrier to percolation of water from organic soil horizons 
to underlying mineral soils and so generates rapid storm-flows rich in dissolved organic C but 
relatively impoverished in dissolved minerals (MacLean et al. In press). In-stream decomposition 
is influenced not only by water temperature and invertebrate community structure but also by the 
species composition and grazing history of the terrestrial leaf litter input (Irons et al. 1991 ). 
Macroinvertebrates account for an increasing proportion of in-stream decomposition (relative to 
microbes), as one moves northward along a latitudinal gradient (Irons et al. 1994). The recent 
warming and melting of permafrost has important implications for the coupling of land-water 
systems at high latitudes. 
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1.2 Regionallzation 
We have developed regional data sets of input parameters required for regional modeling. 

Maps of climate (Hammond and Yarie 1996, Mock et al. 1998, Fleming et al. In press) document 
the geographic pattern of wanning from the 1960s to the 1980s (Table 1.1). Decadal maps of 
fires since 1950 (Kasischke In press) and of lightning strikes (Dissing and Verbyla in prep) 
suggest an increase annual area burned in the last decade (Kasischke et al. 1999), presumably 
due to wanner temperatures and lower fuel moisture. Bark beetles have eliminated spruce forests 
over broad areas of southern Alaska in association with recent wanning but have not yet reached 
outbreak proportions in interior Alaskan forests (Holsten et al. 1995, McCullough et al. 1998, 
Malmstrom and Raffa In press). Our 20-year population record of major insect defoliators 
indicates high populations of several insect defoliators in BCEF within the past decade. A 200-yr 
chronology of river height developed from correlations of river height at LTER sites (1989 -
present) and USGS gauging stations ( 1962 - present) and a 200-yr ring-width chronology for the 
1tloodplain (Yarie et al. 1998, Adams 1999) indicate large variation in flood frequency but no 
directional trend. 

We have supported many studies to evaluate the utility of airborne and satellite remote 
sensing data for extrapolating our understanding of ecosystem processes from BNZ to broader 
spatial and temporal scales. These studies have developed the technology needed for vegetation 
mapping and biomass estimation (Rignot et al. 1994a, Rignot et al. 1994b, Way et al. 1994, 
Williams et al. 1994, Harrell et aJ. 1995), monitoring of effects of temperature change (Kwok et 
al. 1994, Rignot et al. 1994a), monitoring the effects of fire on soil moisture (French et al. 1996), 
estimating patterns of C release during fires (Kasischke et al. 1995b), and testing for non­
biological artifacts such as switching among satellites and overpass time (MalmstrOm et al. 
1997). The results suggest, for example, that the temporal trends in NPP inferred from satellite 
data (Myneni et al. 1997) are over estimated (MalmstrOm et al. 1997). 

1.3 Synthesis and Modeling 
Our modeling has used L TER data on ecosystem processes to develop and parameterize 

models as a basis for extrapolating results to the regional scale. For example, a carbon balance 
model parameterized from black spruce data in Alaska reproduces the seasonal and interannual 
variation in net ecosystem carbon exchange in the BOREAS old black spruce sites in Canada 
(fi1, 1.3} (Amthor et al. Submitte~ Clein et al. Submitted, Potter et al. Submitted). We then 
apply these models at larger scales to estimate the current carbon budget of Alaska (McGuire and 
CCMLP Submitted, Y arie and Billings Submitted) and future scenarios of carbon storage at the 
circumpolar scale (McGuire et al. In press-b, Clein et al. Submitted). We have also used these 
models to explore the role of winter ecosystem processes of high-latitude ecosystems in seasonal 
aspects of the global carbon cycle (McGuire et al. In press-b). Sensitivity analyses with these 
models highlight the importance of: (1) root dynamics and labile soil carbon in C-budget models; 
(2) vegetation structure (specifically trees and moss) in soil thermal models; and (3) C-N 
interactions in predicting future forest productivity. Changes in vegetation caused by climatic 
wanning could have profound regional effects on landscape processes, including fire spread, 
seed dispersal and feedbacks to climate. We document these changes through remote sensing and 
explore their consequences through landscape-scale modeling of fire-climate-vegetation 
interactions (Starfield and Chapin 1996, Chapin and Starfield 1997, Rupp et al. In press-a, Rupp 
et al. In press-b ). 

We have integrated our research into a larger context through participation in many 
LTER cross-site comparisons (Table 1.2) and through a synthesis of high-latitude ecosystem 
feedbacks to climate involving comparisons of ARC and BNZ LTER sites and the BOREAS 
sites in Canada (Chapin et al. In press). Together with HJA, we have contributed to an effort by 
the US Vice President and Russian Prime Minister to develop ILTER sites in Russia. 
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Table 1.2. BNZ involvement in cross-site comparisons of L TER sites. 

Project Non-BNZPI BNZPI 
Climate network Greenland Viereck/ 

Hinzman 
Stream organic matter processing Webster, Meyer Oswood 
LIDET (litter decomposition) Harmon Yarie. 

Valentine 
Log decomposition Harmon Yaric. 

Valentine 
Productivity-diversity relationships Waide Juday 
Fine root dynamics Pregitzer, Allen, Ruess 

Hendrick, Burton 
Mycorrhizae Allen Ruess 
Control over ecosystem carbon balance (BNZ and ARC) Shaver Chapin/ 

Schimel 
Microbial ecolo2v of CH4 oxidizers (BNZ and HFR) Steudler Gulleda:c 
Hydrolo2ic orocesscs Post Hinzman 
Paleo-limnology of arctic and boreal lakes (BNZ and ARC Brubaker Edwards, 

Finncv 
NASA-LTER-MODIS Verbyla 
NASA-LTER Sun Photometer Viereck 
USFS-LTER-NADP Hinzman 



1.4 Summary 
Research at the BNZ LTER site has contributed substantively to understanding the 

relationship between .. independent" state factors (Jenny 1941) and internal ecosystem dynamics 
(Chapin et al. 1996c) in causing successional change. We have shown that: 
1. Species effects are strong in the boreal forest. 
2. Successional changes in species composition are not a simple consequence of changes in 

competitive balance but involve species-driven changes in biogeochemistry and the physical 
environment. 

3. Vertebrate herbivores are a powerful force driving successional change through their effects 
on plant competitive interactions and biogeochemistry. 

4. Succession influences exchanges of CH., CO2, water, and energy in ways that could feed 
back to climate. 

Our research on succession raises important questions about the broader regional context 
in which succession occurs. Our research for the next phase of LTER addresses the question: 
How do changes in climate and disturbance regime alter the functioning of the Alaskan 
boreal forest? 
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patterns in interior Alaska. Ph.D. Dissertation. University of Alaska Fairbanks. Fairbanks. 
AK. 245 pp. 

Smidt. S. 1997. Spatial variation in the community structure of stream macroinvertebrates within 
a subarctic Alaskan watershed. M.S. Thesis. University of Alaska Fairbanks. Fairbanks, 
AK. 53 pp. 

16 



Uliassi, D.D. 1998. The regulation of symbiotic nitrogen fixation by thinleaf alder in primary 
successional forests of the Tanana River floodplain. M.S. Thesis. University of Alaska 
Fairbanks. Fairbanks, AK. 114 pp. 

Wagener, S.M. 1995. Ecology of birch litter decomposition and forest floor processes in the 
Alaskan taiga. Ph.D. Dissertation. University of Alaska Fairbanks. Fairbanks, AK. 122 
pp. 

Willsrud, S.A. 1997. Moss communities across successional gradients in the Bonanza Creek 
Experimental Forest, interior Alaska. M.S. Thesis. University of Alaska Fairbanks, 
Fairbanks, AK. 161 pp. 

Other Publications 
Fastic, C., and Mann, D.H. 1994. A preliminary fire history for the Caribou-Poker Creeks 

Research Watershed, Alaska. Fairbanks, AK. 
Juday, G.P. 1995. Marketing Alaska Forest Products Sector Team. University of Alaska 

Fairbanks. Alaska Department of Commerce and Economic Development. 
Juday, G.P. 1998. Alaska research natural areas: 4. Big Windy Hot Springs. Agricultural and 

Forestry Experiment Station Miscellaneous Publication 98-1.University of Alaska 
Fairbanks. 47 pp. 

Juday, G.P. 1998. Climate change and its ecological effects in interior Alaska. In Managing for 
forest condition in interior Alaska: what are our options? Technical Workshop. 9-10 
April, 1998. Alaska Cooperative Extension Service. Fairbanks, AK. Pp. 22-23. 

Juday, G.P. 1998. Spruce beetles, budworms, and climate warming. Global Glimpses (Center for 
Global Change and Arctic System Research, University of Alaska Fairbanks), 6 (1): 1-2. 

Juday, G.P., Vierec~ L.A., Oswood, M.W., Adams, P.C., and Bryant, J.P. 1995. Report of 
biodiversity research at Bonanza Creek/Caribou-Poker Creeks LTER. University of 
Alaska Fairbanks. Cedar Creek, MN. 

LaGory, K., Juday, G.P., Paton, P.C., Ott, R.A., Wildman, A.M., and Sarles. J.K. 1995. 
Biodiversity survey of Clear Air Station, Alaska. Environmental Assessment Division, 
Argonne National Laboratory. 

Van Cleve, K., Dymess, T., and Viereck, LA. 1994. Fire: examining its forest regeneration 
potential. Agriculture & forestry Experiment Station, School of Agriculture and Land 
Resource Management, University of Alaska Fairbanks. Fairbanks, AK. 

Wurtz, T.L 1994. Examining a part of the forest ecosystem puzzle. Agroborealis, 26(1): 22-23. 
Papers Submitted 
Barber. V.A., and Juday, G.P. (submitted.) Unprecedented 20m century climate stress in interior 

Alaska white spruce. Nature. 
Barber, V.A., Juday, G.P., and Finney, B.P. (submitted.) Rapid change in climate and tree-ring 

variables in boreal white spruce: a 200-year perspective from Interior Alaska. 
Proceedings of the National Academy of Sciences. 

Cates, R.G., Terry, R., Zou, J. and Wood, S.G. (submitted.) The effect of tannins and phenolics 
from Alaska taiga species on nitrogen-fixation in Alnus tenuifolia. Biochemical 
Systematics and Ecology. 

Cates, R.G., Zou. J., Li, D., and Owen, N. (submitted.) Characterization of balsam poplar 
(Populus balsamifera L.) phenolics known to affect Alaskan taiga nitrogen dynamics. 
Biochemical Systematics and Ecology. 

Clein, J.S., McGuire, A.O., Zhang, X., Kicklighter, D.W., Melillo, J.M., Wofsy, S.C., and Jarvis, 
P.O. (submitted). The role of nitrogen dynamics in modeling historical and projected 
carbon balance of black spruce ecosystems across North America: comparisons with CO2 
fluxes measured in the Boreal Ecosystem Atmosphere Study (BOREAS). Plant and Soil. 

Eckhart, V.M., Chapin, F.S., III, Walker, M.D., and Funk, J.L. (submitted.) Phylogenetic basis of 
suites of traits in arctic and boreal angiosperms: consequences for the relationship 
between biological diversity and ecosystem processes. Oikos. 

Gulledge, J., and Schimel, J.P. (submitted.) Controls on soil carbon dioxide and methane fluxes 
in a variety of taiga forest stands in interior Alaska. Ecosystems. 
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Hastings, F.L., Werner, R.A .• Holsten, E.H., and Shea, P.J. (submitted.) Carbaryl and bark 
beetles: a review. Journal of Economic Entomology. 

Juday, G.P. (submitted.) Structure of older white spruce forests in interior Alaska Research 
Natural Areas. Forest Ecology and ManagemenL 

Kielland, K., Osborne, T .• and Yokel, D. (submitted.) Moose-willow relationships along three 
major river systems in Alaska. Journal of Range Management. 

Mann, D.H., and Plug, L.X. (submitted.) Vegetation and soil change along a geological 
chronosequence in the upland taiga of central Alaska, USA. Ecoscience. 

McGuire, AD., and CCMLP. (submitted). CO2, climate and land-use effects on the terrestrial 
carbon balance, 1920-1992. Global Geochemical Cycles. 

Osterkamp, T .E., Viereck, L., Shur, Y., Jorgenson, M.T., Racine, C., Doyle, A., and Boone, RD. 
(submitted.) Observations of thermokarst and its impact on boreal forests in Alaska. 
Arctic, Antarctic and Alpine Research. 

Oswood, M.W., Reynolds, J.B., Irons, J.G., m, and Milner, A.M. (submitted.) Distributions of 
freshwater fishes in ecoregions and hydroregions of Alaska. Journal of the North 
American Benthological Society. 

Rees, D.C., and Juday, G.P. (submitted.) Plant species diversity and forest structure on logged 
and burned sites in central Alaska. Forest Ecology and ManagemenL 

Roinenen, H., Price, P., and Bryant, J.P. (submitted.) Effect of browsing by moose on sawfly 
abundance of willow. Oikos. 

Rupp, T.S., Chapin, F.S., m, and Starfield, A.M. (submitted.) Modeling the influence of 
topographic barriers on treeline advance at the forest-tundra ecotone in northwestern 
Alaska. Climatic Change. 

Smi~ S., and Oswood, M. W. (submitted.) Landscape patterns and stream reaches in the Alaskan 
taiga forest: potential roles of permafrost in differentiating macroinvertebrate 
communities. Hydrobiologia. 

Suominen, 0., Danell, K., and Bryant, J.P. (submitted.) Effects of winter browsing by moose and 
snowshoe hares on the abundance of ground-living insects. Ecology. 

Uliassi, DD., and Ruess, R.W. (submitted.) The regulation of symbiotic nitrogen fixation by 
thinleaf alder in primary successional forests of the Tanana River floodplain. Ecology. 

Vance, ED., and Chapin, F.S .• m. (submitted.) Substrate-environment interactions: multiple 
limitations to microbial activity in taiga forest floors. Biogeochemistry. 

Werner, R.A. (submitted.) Effect of ecosystem disturbance on diversity of wood borers and bark 
beetles (Coleoptera: Buprestidae, Cerambycidae, Scolytidae) in white spruce ecosystems 
of Alaska. Environmental Entomology. 

Werner, R.A .• and Holsten, E.H. (submitted.) Use of semiochemicals of secondary bark beetles 
to disrupt spruce beetle (Coleoptera: Scolytidae) attraction and survival in Alaska. 
Environmental Entomology. 
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1.6 Online Data and Usage 
Data sets currently available online are listed in Table 1.3. We track usage primarily 

through download information. which does not separate out our own investigators from others 
(Figure 1.3). Total downloads have gone from about 100 in 1995 to approaching 3000 when we 
made this graph toward the end of 1999. This is due to a combination of both increased data 
availability and overall increased online usage. 

Table 1.3 Data sets available online as of October 31 1999 . . .. . 
Online Avail-

Title Autbor(s) Dates Status abWtv Size 
Seed.fall Summary at BCEF Concrol Phyllis C. Adams. 1957- ALL PUBLIC 5417 
Plots Steohanie Pike 1996 bytes 
Species list for Bonanza Creek Phyllis Adams. Les n/a ALL PUBLIC 49184 
Exnmmental Forest Viercc:k. Glenn Juday bvtes 
White Spruce Seedling Counts at BCEF Phyllis C. Adams. 1975- ALL PUBLIC 78918 
Ve2Clation Plots (4 so m) Steohanie Pike 1997 bvtes 
Biogeochemistry of Permafrosted Larry D. Hinzman 1995 ALL PUBLIC 314 bytes 
Watersheds: Annual mean 
concentrations in streams. 1995 
Biogcoc:hemistry of Permafrosted Larry D. Hinzman 1995 ALL PUBLIC 329 bytes 
Watersheds: Annual mean expon from 
streams. 1995 
.Biogcocbemistry of Permafrosted Larry D. Hinzman 1995 ALL PUBLIC 100073 
Watersheds: Main dataset. 1995 bvtes 

Foliage chemistry of the major tree and John Yarie 1989- ALL PUBLIC 223839 
shrub species on each of the treatment 1991 bytes 
and control plots in all succcssional 
StatzeS. 

Forest floor chemistry. BCEF L TER Lola K. Oliver 1989 ALL PUBLIC 34071 
sites. summer 1989 umnles bvtes 
Liucrfall Weights From L TER Study Lola K. Oliver. John 1990- ALL PUBLIC 144003 
Sites. 1990-1999 Yarie 1999 bvtes 
Littcrfall collecicd from 1 meter square Roy E. Erickson 1967- ALL PUBLIC 27946 
littcrtravs.1967-1997: Yearly 1997 bytes 
Seasonal patterns of nitrogen fixation by Roger W. Ruess 1992 ALL PUBLIC 4021 
Alnus tenuifolia within succcssional bytes 
floodplain forests - 1992 
Soil Chemical Analyses. LTER Study John Y arie. Lola K. 1989, ALL PUBLIC 55352 
Sites. 1989 and 1991. Oliver 1991 bvtes 
Soil Solution Nutrient Concentrations for John Y arie. Roy 1985 ALL PUBLIC 50349 
thesununerof1985:Weekly Erickson bvtcs 
Soil Solution Nutrient Concentrations for John Yarie.Roy 1986 ALL PUBLIC 77590 
the summer of 1986: Weekly Erickson bvtcs 
Soil Solution Nutrient Concentrations for John Yarie.Roy 1987. ALL PUBLIC 155573 
the sununers of 1987 and 1988: Weeklv Erickson 1988 bvtcs 
Air Temperature 1968-1989 for 4 sites. Robert E. Schlenmer 1968- ALL PUBLIC 11302003 
digitzed from thennograph weather 1989 bytes 
charts: Hourly Data 
Air Temperature and Relative Humidity Phyllis C. Adams. 1988 - AIL PUBLIC 36028844 
at LTER weather stations: Hourlv Data Steohanie Pike 1995 bytes 
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Figure 1.3. Online data accesses from January 1995 through October 1999. There has been 
about a 30-fold increase in data accesses over the past 5 year period. This is due to a combination 
of both increased data availability and overall increased online usage. 
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Air Temperature and Relative Humidity Roy E. Erickson 1989- AIL PUBLIC 3S023216 
collected in 6 forest types. 1989-1997: 1997 bytes 
Hourlv 
Air Temperature and Relative Humidity Roy E. Erickson 1989- AIL PUBLIC 1028110 
from 6 forest types near Fairbanks, 1989 1997 bytes 
- 1997: Dailv 
Air Temperature at LTER weather Phyllis Adams. Leslie 1988 - AIL PUBLIC 961010 
stations: Dailv Viereck 1996 bvtes 
Air Temperature at LTER weather Phyllis C. Adams. 1988 - AIL PUBLIC 1S54449 
stations: Daily <Recent) Stcohanie Pike 1998 bvtes 
Air Temperature of CPCRW: Daily Larry D. Hinzman 1994- AIL PUBLIC 39806 
means 1995 bvtrs 
Air Temperature of CPCRW: Hourly Larry D. Hinzman 1980- AIL PUBLIC 1638444 
data 199S bvtes 
Air Temperature. Soil Temperature. Roy E. Erickson 1968- AIL PUBLIC 1011018 
Precipitation. Soil Temperature. Snow 1997 bytes 
Depth 1968-1997 at various sites: 
Weeldv 
Barometric Pressure at LTER.1 weather Phyllis C. Adams. 199S- AIL PUBLIC 36436 
station: Daily Stcohanie Pike 1998 bvtes 
Ground Water and River Level readings Roy E. Erickson 1985- AIL PUBLIC 350347S 
at floodolain sites, 1985-1997: Hourly 1997 bvtes 
PAR Radiation at LTER. weather Phyllis C. Adams. 1996- AIL PUBLIC 255074 
stations: Daily Stcohanie Pike 1998 bvtrs 
Precipitation (WB Rain Gauges) at Phyllis C. Adams, 1985- AIL PUBLIC 42910 
BCEF LTER sites: Weekly Stcohanie Pike 1998 bvtes 
Precipitation at L TER. weather stations: Phyllis C. Adams. 1996- AIL PUBLIC S6564 
Dailv Stcohanie Pike 1998 ~ 

Precipitation from 6 forest types near Roy E. Erickson 1989- AIL PUBLIC 66670 
Fairbanks.1989-1997:Weeldv 1997 bvtes 
Precipitation ofCPCRW: Daily sums Larry D. Hinzman 1994- AIL PUBLIC S6812 
from wei2hin2 buclccu 199S bvtes 
Precipitation ofCPCRW: Hourly data Larry D. Hinzman 1969- AIL PUBLIC 2812784 
from wei2hin2 buckets 1997 bvtes 
Relative Hwnidity at L TER weather Phyllis C. Adams. 1988 - AIL PUBLIC 731043 
stations: Daily Leslie A. Viereck 1996 bvtes 
Relative Hwnidity at L TER weather Phyllis C. Adams, 1996- AIL PUBLIC 401438 
stations: Daily (recent) Stcohanie Pike 1998 bvtes 
Schoolyard LTER Climate Data: Air Jacqueline D'Auria 1999 AIL PUBLIC 1028 
temperature lll'3.Dhs bytes 

Snow Depth at LTER weather stations: Phyllis C. Adams. 1997 - AIL PUBLIC 23264 
Daily Stcohanie Pike 1998 bvtes 
Soil Moisture (lDR) at LTER weather Phyllis C. Adams, 1992 - AIL PUBLIC 96970 
stations: Weeklv (Summer) Leslie A. Viereck 1998 bvtes 
Soil Moisture at L TER. upland weather Phyllis C. Adams. 1993 - AIL PUBLIC 45365 
stations: Daily Leslie A. Viereck 1994 bvtes 
Soil Moisture at L TER upland weather Phyllis C. Adams. 1993 - AIL PUBLIC 1524748 
stations: Hourly Leslie A. Viereck 1994 bvtes 
Soil Moisture atLTERl and LTER2 Phyllis Adams. Les 1993 - AIL PUBLIC 30529 
weather stations: Dailv Viereck 1994 bvtes 

Soil Moiswre at L TER.l and L TER2 Phyllis Adams. Les 1993 - AIL PUBLIC 1130378 
weather stations: Hourlv Viereck 1994 bvtes 
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Soil Moisture at floodplain sites, 1985- Roy E. Erickson 1985 - All. PUBLIC 4239444 
1997: Hourly 1997 bvtes 
Soil Moisture taken with a neutron probe Roben E. Schlentner 1969- All. PUBLIC 51984 
1969-1974 from 11 sites: Weekly 1974 bvtes 
Soil Temperature at LTER weather Phyllis C. Adams, 1993- All. PUBLIC 14412387 
stations: Hourly Leslie A. Viereck 1996 bvtes 
Soil Temperature al L TER weather Phyllis C. Adams, 1993 - All. PUBLIC 614643 
stations: Daily Leslie A. Viereck 1996 bvtes 
Soil Temperature at LTER weather Phyllis C. Adams, 1988- All. PUBLIC 1936178 
stations: Dailv (recent) Steohanie Pike 1998 bvtes 
Soil Tcmperawrc al floodplain sites Roy E. Erickson 1985 - All. PUBLIC 11441304 
1985-1997: Hourly 1996 bvtes 
Soil Temperawrc from 6 forest types Roy E. Erickson 1989 - All. PUBLIC 32666270 
near Fairbanks, 1989-1997: Hourly 1997 bvtes 
Solar radiation al BCEF (L TERI and Phyllis C. Adams, 1996- All. PUBLIC 87254 
L TER2) climate stations. Daily Steohanie Pike 1998 bvtes 
Wind Din:ction and Velocity for Lower Phyllis C. Adams, 1996- All. PUBLIC 118521 
(3 meter) Sensor:Dailv <Recent) Steohanie Pike 1998 bvtes 
Wind Dira:tion and Velocity for Upper Phyllis C. Adams. 1998 All. PUBLIC 14815 
(10 meter) Sensor.Daily Steohanie Pike bvtes 
Wind Direction and Velocity: Daily Phyllis C. Adams, 1991 - All. PUBLIC 84852 

Leslie A. Viereck 1995 hvts 

Wind Direction and Velocity: Hourly Phyllis C. Adams. 1991 - All. PUBLIC 2495666 
Leslie A. Viereck 1995 bytes 

Uaabag decomposition study. BCEF Lola K. Oliver. John 1989- All. PUBLIC 226464 
L 1'ER sites. 1989-1997. Yarie. Keith Van 1997 bytes 

Cleve 
Soil Respiration from Upland and John Yarie 1990- All. PUBLIC 179580 
Floodolain sites 1990-1992: Biweeklv 1992 bytes 

Soil Respiration from Upland and John Yarie 1990- All. PUBLIC 34020 
Floodplain sites 1990-1992: Growing 1992 bytes 
Season S y 

Soil Respiration from Upland and John Yarie 1990- All. PUBLIC 43758 
Aoodplain sites. 1990-1992: Daily 1992 bytes 
Summarv 
Ugbtning Sensor data from BLM. John Yarie. BLM 1986- All. PUBLIC 33269239 
Alaska Fire Service 1986-1998 Alaska Fire Service 1998 bvtes 
Biogcochemistry of Pennafrosted Larry D. Hinzman 1995 All. PUBLIC 368 bytes 
Watersheds: Hydrologic summaries, 
1995 
Hydrology ofCPCRW: Discharge, daily Larry D. Hinzman 1994- MOST PUBLIC 50635 
means 1995 hvts 
Hydrology ofCPCRW: Discharge, Larry D. Hinzman 1978- SOME PUBLIC 3057782 
hourly data from Parshall flumes with 9" 1996 bytes 
throat. 
Hydrology of CPCRW: Discharge, spot Larry D. Hinzman 1969- SOME PUBLIC 9430 .. . measurements 1996 bvtes 
Hydrology ofCPCRW: Water John G. Irons ill 1994- SOME PUBLIC 30422 
temperature and strcambed temperawre, 1995 bytes 
daily means 
Hydrology of CPCRW: Water John G. Irons I.II 1994- SOME PUBLIC 723115 
temperature and strcambed temperawre, 1995 bytes 
hourlv data 
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Hydrology of CPCRW: Water John G. Irons ill 1969- SOME PUBLIC 723115 
temnerarurc, hourlv data 1996 bvtes 
Water Quality ofCPCRW, November Larry D. Hinzman 1985 - AU.. PUBLIC 5827 
1985 to Aoril 1987: Dischar2e, raw data 1987 bytes 
Average Tree Basal Arca Growth at Roy E. Erickson 1969- AU.. PUBLIC 47908 
various sites. 1969-1996: Ycarlv Present bvtes 
Average Tree Diameter Growth taken in Roy E. Erickson 1969- AU.. PUBLIC 47908 
various studies, 1969-1996: Y carlv 1996 bvtes 
Fine root and coarse root biomass 1990- Roger W. Ruess 1990. AU.. PUBLIC 30133 
1991 1991 bvtcs 
Fine root length and width Roger W. Ruess 1992. AU.. PUBLIC 1596673 
measurements from digitiz.cd 1993. bytes 
minirhizotron ima2es 1994 
Fine root production and monality - Roger W. Ruess 1992. AU.. PUBLIC 101923 
(Minirhimtrons) 1993. bytes 

1994 
Initial Tree Diameter data taken in Robert E. Schlenblcr 1969- AU.. PUBLIC 9165 
various studies. 1969-1972 1996 bvtes 
Litterfall and Hare Pellet Summary at Phyllis C. Adams. 1986- AU.. PUBLIC 7651 
BCEF Control Plots Leslie A. Vicn:ck, 1996 bytes 

Steohanie Pike 
Tree Basal Arca Growth taken in various Robcn E. Schlentncr 1969- AU.. PUBLIC 242158 
studies, 1969-1996: Ycarlv 1996 bvtes 
Tree Basal Arca data taken in various Robert E. Schlcntncr 1969- AU.. PUBLIC 242158 
studies. 1969-1996: Y earlv 1996 bvtes 
Tree Circumference Growth taken in Roy E. Erickson 1969- AU.. PUBLIC 122055 
various studies. 1969-1997: Ycarlv 1996 bvtcs 
Tree Diameter Growth taken in various Roy E. Erickson 1969- AU.. PUBLIC 91512 
studies. 1969-1997: Yearlv 1996 bvtcs 
Tree Diameter data taken in various Roben E. Schlentncr 1969- AU.. PUBLIC 242158 
studies. 1969-1996: Yearly 1996 bvtcs 
Artificial Communities Seedling Height Phyllis C. Adams. AU.. PUBLIC 328972 
and Survival Steohanie Pike bvtcs 
Stem height and diameter for Long Tenn Charles W. Slaughter NIA AU.. PUBLIC 1507587 
Forest Reserve Plots in CPCRW bvtcs 
The Nel-Rcp plots: Spruce and alder Tricia L Wurtz 1990- AU.. PUBLIC 475358 
heiehts and diameters 1990-1997 1997 bvtes 
Tree stand structure summary at Phyllis C. Adams 1989- AU.. PUBLIC 4111 
Bonanza Creek Experimental Forest 1997 bytes 
LTER sites. 
Bcnthic organic material and the Mark W. Oswood. 1995 - AU.. PUBLIC 43599 
abundance and biomass of stream John G. Irons m 1996 bytes 
nw:roinvertcbratcs within CPCR W 
Riparian clearing in CPCRW: Mark W. Oswood 1982, AU.. PUBLIC 22104 
Mac:roinvertcbratc and CPOM data 1983. bytes 

1985. 
1986 

Seasonal leaf litter input to streams in Marie Oswood, John 1995 AU.. PUBLIC 11460 
CPCRW Irons bvtes 
Effects of mammal browsing on Loni J. Rossow 1992 AU.. PUBLIC 29820 
salicaccous fine root biomass. and bytes 
mvcorritizal colonization 
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Fig. 2.1. Hypothesized characteristics of boreal forest relative to other biomes. The borcal forest has a low 
diversity of dominant tree species, making ecosystem processes highly sensitive to changes in tree species 
composition. There are relatively few highly co-evolved interrelationships in the borcal forest, making species 
highly responsive to changes in the physical environment. The extremely cold dry environment of the borcal forest 
makes it highly sensitive to climatic change. The patchy nature of the borcal landscape makes it sensitive to 
landscape processes. The research theme in which each of these issues is addressed is indicated in each graph. 



Height of Dominant Woody Plants John P. Bryant 1988 - ALL PUBLIC 252755 
Inside and Outside Exclosures Located 1998 bytes 
inFPl. 
Water Quality of CPCRW, November Larry Hinzman 1985 - ALL PUBLIC 377 bytes 
1985 to April 1987: Annual mean 1987 
concentrations in millicquivalents per 
liter 
Water Quality ofCPCRW, November Larry Hinzman 1985 - ALL PUBLIC 336 bytes 
1985 to April 1987: Annual mean 1987 
concentrations in millitmllllll. ner liter 
Water Quality ofCPCRW. November Larry Hinzman 1985 - ALL PUBLIC 355 bytes 
1985 to April 1987: Annual mean expon 1987 
in kilolZr'lllm oer dav 
Water Quality of CPCRW, November Larry Hinzman 1985 - AU. PUBLIC 334 bytes 
1985 to April 1987: Annual unit mean 1987 
cxpon in kilograms per day per square 
kilometer 
Water Quality of CPCRW, November Larry Hinzman 1985 - AU. PUBLIC 8387 
1985 to April 1987: Bicarbonate 1987 bytes 
concentrations. raw data 
Water Quality of CPCRW, November Larry Hinzman 1985 - AU. PUBLIC 12990 
1985 to April 1987: Expon from the 1987 bytes 
basin 
Water Quality ofCPCRW, November Larry Hinzman 1985- AU. PUBLIC 34645 
1985 to April 1987: Ionic concentrations. 1987 bytes 
raw data 
Water Quality ofCPCRW, November Larry Hinzman 1985 - AU. PUBLIC 13811 
1985 to Aoril 1987: Mean concentrations 1987 bvtcs 
Water Quality ofCPCRW, November Larry Hinzman 1985 - AU. PUBLIC 4088 
1985 to Aoril 1987: DH. raw data 1987 bvtcs 



Section 2 Proposed research 

2.1 Note to Reviewers 
There are two issues about this LTER that should be considered when reviewing this 

proposal. ( 1) This proposal is for 4 years of funding rather than the standard six. In 1998 we 
submitted a proposal for 6 years of funding. We were given 2 years of funding and asked to 
resubmit a better-integrated proposal in 2000. (2) This site receives co-funding from the U.S. 
Forest Service. This allows us to expand our studies beyond what would be possible with only 
NSF funds and gives us the latitude to explore relationships between long-term ecology and 
management that are of particular interest to the USFS. Because we manage these funds as a 
single projec~ our operating budget and number of investigators is larger than for many LTER. 
sites. 

1..2 Background 
The boreal forest is the second most extensive terrestrial bioine on earth (Whittaker 1975) 

and has many characteristics that set it apart from other ecosystems (Fig. 2.1 ). It has a cold dry 
climate. making it potentially sensitive to climatic change. It has few dominant tree species. so 
changes in these tree species have large ecosystem impacts. It is relatively undisturbed by current 
human activities. Productivity is low relative to other forests (Gower et al. 1997), but boreal 
forests provide habitat for fish. grazers. and birds. and are used by people for recreation, hunting, 
fishing, and timber. During the relatively brief (10,000 yr) history of the boreal forest in its 
ctJITent location. it has experienced radical changes in climate, vegetation. and fauna (Brubaker 
et al. 1983, Guthrie 1990, Muhs et al. In press). Wanning during the last 25 years (Chapman and 
V{alsh 1993, Keyser et al. In press. Serreze et al. In press) has been associated with wanning and 
melting of permafrost (Osterkamp and Romanovsky 1999), changes in growth rates of dominant 
trees (Barber et al. 1998, Juday et al. 1999), increased area burned (Kasischke et al. 1999), insect 
outbreaks (Reynolds and Holsten 1994, Aeming and Volney 1995), and changes in vertebrate 
populations (Stephenson et al. In press). We do not yet know all the causal links among these 
changes. nor their implications for the functioning of the boreal forest and the people who inhabit 
this region. Research in the Bonanza Creek L TER focuses on documenting these changes, their 
causes and interactions, and their implications for regional sustainability (Chapin et al. 1996c, 
Chapin and Whiteman 1998). 

The structure and functioning of the boreal forest determines and is influenced by its 
disturbance regime (Stocks 1991, Van Cleve et al. 1991. Apps et al. 1993, Mann et al. 1995, 
Mann and Plug 1999). Fire. flooding, and insect outbreaks are important natural disturbances 
(Viereck 1973, Werner and Holsten 1983, Payette 1992, Kasischke et al. 1995a). Millions of 
hectares of the Alaskan Interior bum each decade. The extent and distribution of these 
disturbances are changing rapidly as climate warms, and fire control is extended near population 
centers (Stocks et al. 1996, Kasischke et al. 1999), as timber harvest expands to meet the fiber 
needs of a growing human population (Melillo et al. 1996), and as insect outbreaks increase with 
climatic warming (Fleming and Volney 1995, Malmstrom and Raffa In press). In order to 
understand ·the current and future structure, diversity, and functioning of the boreal forest. we 
must understand the interactions between changes in climate and disturbance regime. 

Our research focus is primarily local and regional. but has implications for the global 
system. The boreal forest contains 40% of the world's reactive soil carbon (McGuire et al. 1995). 
The current and future role of the boreal forest in the global carbon cycle is uncertain, however. 
High-latitude carbon storage responds sensitively to temperature and precipitation (Van Cleve et 
al. 1986. Oechel et al. 1993) so that recent trends (Chapman and Walsh 1993, Keyser et al. In 
press. Serreze et al. In press) and projected patterns (Kattenberg et al. 1996) of rapid warming at 
high latitudes could alter high-latitude carbon exchange (Oechel et al. 1993, Zimov et al. 1996, 
Goulden et al. 1998). Boreal forests could be part of the "missing sink" of CO2, if they are 
accumulating carbon (Ciais et al. 1995, Myneni et al. 1997, Randerson et al. 1999) or a carbon 
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Table 2.1. The application of important ecological concepts to BNZ research. This table lists 
examples of important issues and the types of related questions that are addressed by the BNZ 
L TER research program. 

Theme 1: Forest dynamics 
1. The role of environmental variability in structuring communities (Chesson 1986): How do 

equilibrium and stochastic processes interact to control the functioning of the boreal forest in 
a directionally changing environment? 

2. The role of species diversity in ecosystems (Tilman et al. 1996, Chapin et al. 1998): How do 
the number and identity of species influence the vulnerability of ecosystems to a changing 
environment? 

3. Animal population cycles (Krebs et al. 1995): How do variations in herbivore abundance 
influence forest recruitment and succession? 

4. Environmental thresholds for vegetation change (Davis 1981): How do changes in climate 
and disturbance influence community structure and dynamics? 

Theme 2: The changing boreal carbon cycle 
l.. Litter-quality feedbacks (Hobbie 1992, van Breemen 1993): How do variation in litter quality 

and environment interact to regulate carbon and nitrogen fluxes in ecosystems? 
2. Interactions of biogeochemical cycles (Rastetter and Shaver 1992): To what extent does the 

use of organic nitrogen by plants and microbes short-circuit the mineralization process? 
.3. Role of disturbance in net ecosystem production (Schulze and Heimann 1999): Can we 

simulate the impacts of disturbance on biogeochemistry adequately to capture interannual 
variation in the boreal carbon cycle? 

4. Terrestrial feedbacks to the climate system (Melillo et al. 1996, Braswell et al. 1997): What 
are the relative importance of direct vs. indirect climate responses in governing terrestrial 
feedbacks to climate. 

Theme 3: Regional and landscape controls over disturbance regime 
1. Landscape effects on regional processes (Turner et al. 1995): How do landscape structure and 

grain influence the functioning of ecosystems? 
2. Hierarchical scaling of processes (Allen and Starr 1982): How do processes occurring at 

multiple scales interact to determine the pattern measured at one particular scale? 

Synthesis Areas (See section 2.10) 
1. Species effects on ecosystem and landscape processes 
2. Spatio-temporal scaling 
3. Ecosystem sustainability 



source if recent wanning trends enhance fire frequency or decomposition more than they 
enhance plant production (Kasischke et al. 1995a, Kurz and Apps 1995, Zimov et al. 1999). 

The boreal forest also influences climate through regional energy exchange and the 
hydrologic cycle. The northward movement of the arctic treeline could amplify the expected 
rapid climatic wanning at high latitudes (Thomas and Rowntree 1992, Foley et al. 1994, Bonan 
et al. 1995). Alternatively, increased deforestation or a shift from predominance of conifer to 
deciduous forest resulting from logging or fire could cause regional cooling (Chapin et al. In 
press). The boreal forest accounts for 80% of the watershed area that drains into the Arctic 
Ocean. The quantity and salinity of water that moves from the Arctic Ocean to the North Atlantic 
influence deepwater formation and the strength of the thermohaline circulation that drives 
latitudinal heat transport by the earth's oceans. Changes in this circulation are implicated in past 
switches between glacial and interglacial periods. Thus, the boreal forest plays a critical but 
uncertain role in the future climate of the Earth. 

2.3 History of climate-disturbance-vegetation interactions in the boreal forest 
There is evidence for both stability and rapid change in boreal ecosystems at all time 

scales. At large temporal and spatial scales, the boreal forest has responded sensitively to 
climate, with changes from birch-shrub tundra to poplar woodland (9,000 to 12,000 yr BP) to 
white spruce forest (5,000-9,000 yr BP) to a landscape mosaic with abundant black spruce 
forests (4,000-6,000 yr BP) (Hu et al. 1993. Anderson and Brubaker 1994, Edwards and Barker 
1994). At the end of the ice age 12,000 yr BP. the climate ameliorated rapidly and remained 
relatively wann until 5-9,000 yr BP, when Neoglacial cooling began (Mann and Hamilton 1995, 
Barber and Finney In press). Fire frequency increased dramatically with the arrival of black 
spruce, despite the trend toward a cooler wetter climate at that time, indicating strong vegetation 
effects on fire regime. During the last 1,000 years, the vegetation has remained remarkably 
stable, despite large changes in climate, including the medieval wann period. the Little Ice Age, 
and recent wanning to temperatures that are the wannest in 400 years (Overpeck et al. 1997). 
The large waves of species immigration during the Holocene appear to have been driven by 
threshold climate changes. The apparent stability during the last millennium suggests that no new 
thresholds existed for new migrations. However, potential migrants, such as lodgepole pine, have 
already migrated the Alaskan border from the east and been planted in interior Alaska. so 
imminent future changes in forest dominants are plausible. 

At the decade-to-century time scale there are both stochastic processes that generate 
landscape variability and processes that lead to repeatable cycles of disturbance and succession. 
Our LTERl and LTER2 research documented relatively repeatable changes in species 
composition, environment. and ecosystem processes occurring at key "turning points" associated 
with change in the dominant tree species (Viereck et al. 1986, Van Cleve et al. 1991). Turning 
points occur in Alaskan forest succession because there are only 1 or 2 dominant tree species in 
any one stand, and each of these species exerts strikingly different effects on ecosystem 
processes (Hobbie 1992, Chapin et al. 1997). Consequently, successional changes in forest 
dominants translate into strong autogenic control over biogeochemical and population processes. 
However, many of the processes that generate these repeatable patterns are stochastic and 
regionally variable. Population and disturbance studies suggest that the boreal forest is constantly 
rebounding from a series of past "extreme" events. Stand-replacing fires occur every 40-200 yr 
(Dymess et al. 1986, Kasischke et al. 1995a, Mann and Plug 1999). White spruce recruitment 
following fire requires seed dispersal onto a mineral seedbed within 5-10 yr after fire. However. 
good cone crops occur only every 3-10 yr and disperse seed only modest distances. Plant 
mortality from herbivory (snowshoe hare, spruce budworm, larch sawfly, aspen tortix, birch 
spear-marked black moth) and snow-breakage events occur in pulses separated by years or 
decades. Together, these events introduce a stochastic element to vegetation dynamics (Pickett et 
al. 1987) that contributes to substantial variation in species composition and successional 
trajectory across the landscape (Drury 1956). 



Table 2.2. Summary or Intensive field sites and measurements for the Bonanza Creek LTER. "Early", "mid", and "late" refer 
to successional phases. · 

When Frequency or sampling· 
Disturbance Yearof Vegetation measurements Stocks Fluxes• Stand type type disturbance Dominance Initiated 

South faclna uplands 
Early Fire 1983 Herbs and 1989 3 yr 1 yr (n=l) 

Fire saplings 1983 (n=I) 
Insects Insects 1999 Moss 1999 I yr 1 yr (n=3) 

Mid Fire 1940 Birch or 1989 6 yr I yr (n=I) 
aspen 

Late Fire 1700 White spruce 1989 6yr I yr (n=l) 
North facing uplands 

Early Fire 1999 Herbs 1998 1 yr Monthly 
Mid Fire 1971 Willow 1971 6 yr I yr (n=I) 
Late Fire 1915 Black spruce 1998 6yr Monthly 

Floodplain 
Sandbar Flooding Bare soil 1 yr 1 yr 
Open shrub Flooding Willow 1989 3 yr 3 yr 
Closed shrub Flooding Alder 1989 3 yr 3 yr 
Poplar Flooding Poplar 1989 6yr I yr (n=l) 
White spruce Flooding White spruce 1989 6yr 1 yr (n=l) 
Black spruce Flooding Black spruce 1989 6yr 6yr 

1 Annual fluxes include only annually integrated measurements (litterfall, tree diameter, litterbags, etc.). Monthly fluxes also include 
CO2 exchange. 



2.4 Conceptual Framework 
Our central question in L TER3 is: How do changes in climate and disturbance regime 

alter the functioning of the Alaskan boreal forest? Our overall objective is to document the 
major controls over forest dynamics, biogeochemistry, and disturbance and their interactions in 
the face of a changing climate (Fig. 2.2). The research is organized around three interactive 
themes: (1) Forest dynamics; (2) The changing boreal carbon cycle; and (3) Regional and 
landscape controls over disturbance regime. 

The forest dynamics theme addresses succcssional changes in population and 
community processes following disturbance. We will examine the relative importance of 
historical legacies, stochastic processes, and species effects (autogcnic processes) in determining 
successional trajectories and the sensitivity of these trajectories·to climate. An improved 
understanding of forest dynamics and their mechanistic controls is essential to management for 
forest products, wildlife, and forest health. Changes in the carbon cycle during succession 
hinge on changes in forest dynamics and other element cycles, but also influence nutrient 
availability and microcnvironment and therefore succcssional changes in forest dynamics. 
Climate affects the carbon cycle directly through changes in net primary production and 
hcterotrophic respiration and indirectly through changes in species composition and their effects 
on biogcochcmistry. An improved understanding of the boreal carbon cycle is critical to 
projections of future changes in global carbon and climate dynamics. Regional and landscape 
controls over disturbance regime focuses on regional and landscape processes that are 
responsible for the timing, extent, and severity of disturbance. Disturbance regime is affected by 
and influences successional trajectories of forest dynamics and biogcochcmistry. Understanding 
controls over disturbance regime is critical to long-term regional planning for sustainable use of 
natural resources. 

Research in each theme addresses important issues in ecology (Table 2.1), as described 
below. We have identified three synthesis areas that cut across all themes as a focus for 
integration and synthesis: Species effects on ecosystem and landscape processes explores how 
species identity and diversity influence biogcochcmistry and disturbance regime. Spatio­
temporal waling provides the conceptual basis for linking process and pattern. Ecosystem 
sustainability explores how the positive and negative feedbacks that operate within ecosystems 
influence the sensitivity of ecosystems to perturbations such as changes in climate and 
disturbance regime. 

Our research themes address the five core research areas mandated by L TER: population 
processes/trophic structure, primary production. organic accumulation, nutrient cycling, and 
disturbance regime (Fig. 2.2). 

2.S Linkages to Previous Bonanza Creek L TER Research 
Our research in the first two funding cycles of the BNZ L TER program ( 1987-1998) 

focused primarily on interactive changes in forest dynamics, environment, and biogeochcmistry 
during succession after fire or flooding (sec prior research). In LTER3 we build on the 
succcssional paradigms developed in LTERl and LTER2 by expanding our research to a broader 
regional scale and by adding new modeling approaches. This broadening allows us to consider 
both the causes and consequences of disturbance and the ways in which disturbance regime and 
post-disturbance succession might respond to temporal and spatial variation in climate. We also 
extend the temporal and spatial scope of the BNZ L TER research ( 1) by studying regional 
variation in boreal processes and (2) examining palcoecological records of boreal vegetation and 
disturbance regime to past variation in climate. We focus in the proposal text on the conceptual 
basis, general research design. and integration. We provide details of the implementation of the 
research in the tables and figures and on our website: 
http://www.lter.alaska.edu/htmVpublications.html. 

2.6 Integrated Research Design 
Our research design utilizes a combination of intensive sites. where we focus on 

observations and experiments to study processes. and extensive sites. where we analyze the 
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State 
Factors 

BNZ 
LTER 
Research 

LTER Core 
Areas 

Societal 
Implications 

Forest Dynamics 
Theme 1 

Stand establishment 
Forest Composition 
Herbivory 
Diversity 
Biomass 

Population processes 
Trophic structure 

Forest products 
Wildlife 
Forest health 

Climate 
Parent Material 
Topograrhy 
Potentia Biota 
Time 

Blogeochemlstry 
Theme2 

Landscape/disturb. 
Theme 3 

Disturbance NPP 
C cycling 
N cycling 

.... ---■ Landscape structure 

C sequestration 

Primary production 
Organic accumulation 
Nutrient cycling 

Feedbacks to climate 
Ecosystem sustainability 

Hydrology 

Disturbance regime 

Disturbance risk 
Water quality 

Fig. 2.2. Structural overview of the BNZ LTER research program, showing 1he relalionships among major driving variables (slale faclors), lhe BNZ L TER 
research program (subdivided inlo lhrcc major lhemes), lhe Core Research Areas of 1he Nalional L TER ne1work addressed by each Iheme, and 1he socieial 
implica1ions of each Iheme. The de1ails of research conduc1ed in each Iheme are shown in Fig 2.7, 2.9, and 2.13, respcclively. The in1egra1ion of research across 
lhe 1hrcc 1hemes is shown in Fig. 2.15. 



regional pattern in these processes. There is a strong interaction between pattern and process 
studies. with pattern representing the consequences of processes operating at multiple spatial 
scales. and process informing us about the mechanisms underlying these patterns. 
Paleoecological studies extend our observations in time. and modeling integrates process with 
pattern across a range of temporal and spatial scales. 

Intensive sites. Our intensive research sites are at the Bonanza Creek Experimental Forest 
(BCEF), which is dissected by the glacially fed Tanana River, and the Caribou-Poker Creek 
Research Watershed (CPCRW), which has several well-defined upland watersheds. Our 
intensive studies focus on three chronosequences: succession following flooding in the Tanana 
River floodplain at BCEF. post-fire succession on south-facing uplands at BCEF, and post-fire 
succession on north-facing uplands at CPCR W. These sites enable us to compare primary and 
secondary succession and to compare post-fire succession in two dramatically different thermal 
and disturbance regimes (Table 2.2). The floodplain-upland contrast allows us to compare a 
moisture-rich system (floodplains) with a moisture-limited upland system. The post-fire 
successional sequences allow us to compare warm, dry, south-facing slopes without permafrost 
to north-facing, permafrost-dominated slopes. For each of these sequences we study early, mid. 
and late successional sites. except in the floodplain. where the more complex successional 
dynamics require six successional stages. Each of these stages is replicated three times. In many 
of these intensive sites we have experiments to test the importance of particular processes (Table 
2.3). In each successional stage we measure microenvironment continuously, those population 
and ecosystem variables that respond sensitively to climate annually (e.g .• litterfall and tree 
diameter increment), and slow variables (e.g., species composition and biomass) at 1-6 yr 
interVals depending on rate of successional change (Table 2.4 ). For those processes that occur 
most actively or have greatest impact in particular stages (e.g., establishment of tree seedlings 
and mammalian herbivory in early succession), we focus intensive effort on these stages and use 
less intensive observations at other stages. · 

Ex.tensive sites. The intensive study sites were deliberately selected to minimize variation 
in all state factors except time within each of our three successional sequences. so that we could 
study the mechanisms underlying long-term successional change. In LTER3 we will initiate 
study of two regions to determine how the variability in our intensive study sites compare with 
the total regional variability. The Fairbanks Region is a 100 x 100-km area centered on our two 
major study areas (BCEF and CPCRW; Fig. 2.3). This area is relatively uniform climatically and 
will be the focus of landscape and regional studies in the first two years of proposed research. 
The Alaska Climate Transect extends from the warmest part of the borcal forest to the coldest 
part of arctic tundra in Alaska and includes both BNZ and the ARC LTER sites. We will work 
jointly with the ARC LTER site in seeking external funding for intensive study of this transect. 
In the research proposed here. we will focus on the forested part of this transect (from Fairbanks 
to the latitudinal trceline in the Brooks Range). The transect will enable us to quantify 
relationships among vegetation (Theme 1), biogeochemical (Theme 2), and landscape (Theme 3) 
processes and their dependence on current climate (Fig. 2.2). 

Modelin&. We use five types of models that operate across a range of spatial and 
temporal scales to integrate our results in time and space and as a mechanism for testing 
proposed linkages between pattern and process (Fig. 2.4 ). ( 1) Stand-level population models 
include models of small mammal population dynamics and herbivory (Rexstad 1994) and an 
individual-based model of tree population dynamics (SKOG, Malmsuom and Juday unpubl]. (2) 
Soil thermal and hydrologic models simulate permafrost temperatures and the probability of 
thermokarst within stands (Hinzman et al. 1997. Romanovsky et al. 1997). (3) A dynamic 
vegetation model (DVM), which is currently under development by McGuire and Chapin with 
external funding, will incorporate understanding gained from stand-level population studies and 
models to simulate the impacts of species changes on forest dynamics. biogeochemistry, and 
disturbance regime (Fig. 2.5). The DVM is being designed for use at the stand-scale for 
investigating the role of different processes in species dynamics and at larger scales to explore 
the response of species shifts to regional changes in climate and disturbance regime. (4) The 
Alaska Frame Based Ecosystem Code (ALFRESCO) is a landscape model based on the turning 
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Table 2.3. Long-term experiments maintained by the BNZ L TER. Many experiments 
were initated before the start of LTER or with separate funding but all are now maintained by 
LTER research. Long-term observations are listed in Table 2.3 (except for floodplain succession 
and insect population monitoring, for which we have particularly long records). 

BNZ long-term experiments 
Theme 1 

Responsible scientist Date initiated 

Mammalian herbivore exclosures 
Alder-spruce competition expt 

Kielland 
Wurtz 

1990 
1990 

Observation of floodplain succession Viereck 1965 
Insect population monitoring Werner 1976 
Fire effects on soil thaw depth Viereck 1983 

Theme2 
Annual N addition Ruess, Valentine, Yarie 1989 
One-time sawdust or sugar addition Ruess, Valentine. Yarie 1989 
Summer precipitation exclusion 
Root-trenching experiments 
1'NH4 post-fire retention 

Theme3 
Forest harvest experiments 
Experimental bum (FROSTARE) 
Simulated insect outbreak 

Ruess, Valentine, Y arie 
Valentine, Boone 
Chapin, Valentine, Mack 

Wunz,Zasada 

Chapin 
Werner, Raffa. Illman 

1989 
1999 

1999 

1972 
1999 
1998 



point theory of our previous L TER. research. It simulates the interactions of climate, fire, and 
landscape structure in causing shifts in landscape structure and disturbance spread (Starfield and 
Chapin 1996, Rupp et al. In press-a, Rupp et al. In press-b) (Fig. 2.6). (5) The high-latitude 
version of the Terrestrial Ecosystem Model (TEM), which simulates the major C and N fluxes 
and pools sizes of ecosystems (Fig. 2.7), incorporates understanding gained from soil thennal 
and hydrology models. TEM has been applied at a variety of spatial scales (stand-level to 
regional) and temporal scales (seasonal to century) to evaluate the carbon dynamics of high 
latitude ecosystems (Clein et al. In press. McGuire et al. In press-a, McGuire et al. In press-b, 
Clein et al. Submitted). The coupling and application of these models (Fig. 2.4, 2.8) provides a 
mechanism to ( 1) integrate our research on forest dynamics, boreal carbon dynamics, and 
controls over the disturbance regime and (2) evaluate the impacts of historical and projected 
changes in climate on the structure and functioning of the boreal forest at regional scales. 

Hierarchical GIS and Spatial Analysis. We are developing a set of hierarchical spatial 
databases for use in landscape analysis, model parameterization, and site management. Key 
uncertainties in the application of ecosystem models to the regional scale include the resolution 
and accuracy of the data used as inputs to these models (Pierce and Running 1995, Nungesser et 
al. 1999. McGuire et al. In press-a). Our goal in developing these data sets is to focus on key 
parameters needed for stand. landscape, and regional modeling. including vegetation, soils. 
surface water, permafrost. and topography. Databases of disturbances (fire history, insect 
outbreaks, and timber harvest) are essential for model parameterization and validation. We will 
use a hierarchical approach. because different system controls emerge at different spatial scales 
(Walker and Walker 1991, Allen and Hoekstra 1992). We will assess the scales and quality of 
existing data sets (Table 1. 1) and incorporate them into a set of hierarchical spatial data sets at 
the following scales: 1 :6,000 (photointerprctation to distinguish white from black spruce at 
BCEF and CPCRW). 1:25,000 (stand-level [30 m] pixels). 1 km resolution, and o.s·x o.s• 
resolution. These hierarchical data sets enable us to model at scales ranging from the population 
dynamics within stands to the circumboreal zone. 

Temporal scalin&. To assess past interactions between climate, disturbance. and 
ecosystem properties, we will focus on three time scales: (1) the last 300 years, during which 
climate has wanned (tree rings), (2) the last 1,000 years. which includes relatively rapid. low­
magnitudc climate changes of the LIA as recorded in lake cores, and (3) lower-resolution records 
from lake cores for the past 12.000 years. which includes the entire history of the boreal fores~ 
including the period ca. 10,000-6000 yr B.P. when conditions were probably wanner and drier 
than present. 

Smnmar;y. Our study design provides several independent tests of the impact of climate 
on ecosystem processes and disturbance: interannual variability. tree ring reconstructions, lake 
cores. early vs. late succession. north vs. south-facing slopes. and the Alaska Climate Transect. 
Together these comparisons provide a powerful test of the impact of climate on boreal forest 
over a range of temporal and spatial scales. 

2. 7 Theme 1. Forest dynamics 

Conceptual model 
Our goal in the forest dynamics theme is to understand the processes governing the 

patterns and changes in community composition over a range of temporal and spatial scales (Fig. 
2.9). We include here studies of climate. dominant tree populations, vegetation cover. and key 
venebrate and invenebrate populations. We hypothesize that initial tree establishment is strongly 
influenced by landscape-scale factors that have a strong historical legacy and substantial 
interannual variability (i.e .• both spatial and temporal stochasticity) (Chesson 1986). These 
include ( 1) the type. severity, and size of disturbance (Turner et al. In press), (2) the local seed 
availability of potential colonizers (Walker et al. 1986), and (3) populations of resprouting 
species from the pre-disturbance communities (Mann and Plug 1999). Once seedlings have 
established. a series of biotic filters governs the early survival and growth of tree seedlings at a 
site (Lambers et al. 1998). These include their competitive ability relative to herbaceous 
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Table 2.4. Parameters measured in BNZ intensive sites. 

Parameter 
Climate 

Air temperature LTER, BCEF. CPCRW 
LTER, BCEF. CPCRW Soil temp at 6 depths 

Relative humidity 
Precipitation 
Evaporation 

LTER. BCEF. CPCRW 1984-

Wind speed. direction 
Solar radiation (global) 

UV 
PAR 
Shortwave in/out 
Longwave in/out 

Sun photometer 
Snow depth 
Soil moisture 
Thaw depth 
River height 

Theme 1 
Tree density, biomass 
Tree sccdling density 
Understory cover, biomass 
Root biomass 
Seednin 
lnsec::t defolialOB (index) 
Microtine density 
Snowshoe hare density 

Theme2 
Carbon and nutrient stocks 

Trees 
Understory 
Soils 

Littafall 
Diameter increment 
Fine root production 
Browse consumption 
Soil respiration 
N mineralization 
Nitrogen deposition (NADP) 
Net C. H20. energy exchange 

LTER.CPCRW 
LTER 
LTER.CPCRW 
LTER.CPCRW 
LTER 
LTER. BCEF. CPCRW 
CPCRW 1988-
CPCRW 1988-
LTER 
LTER. BCEF. CPCRW 
LTER. BCEF, CPCRW 
LTER. BCEF, CPCRW 
LTER 

BCEF 
BCEF 
BCEF 
BCEF 
BCEF 
BCEF 
BCEF 
BCEF 

BCEF 
BCEF 
BCEF 
BCEF 
BCEF 
BCEF 
BCEF 
BCEF.CPCRW 
BCEF.CPCRW 
CPCRW 
BCEF.CPCRW 

1993-

Dates 

1984-
1984-

Responsible Pl 11 

Hinzman, Viereck 
Hinzman. Viereck 

1984-
1984-
1984-
1984-
1988-
1984-

Hinzman, Viereck 
Hinzman. Viereck 
Hinzman. Viereck 
Hinzman. Viereck 
Hinzman. Viercclc 
Hinzman. Viereck 
Hinzman, Viereck 

Hinzman. Viereck 
Hinzman. Viereck 

1994-
1968-
1992-
1983-
1985- (C) 

1989-
1989-
1989-
1989-
1955- (C) 
1976-
1999-
1999-

1989-
1989-
1989-
1975-
1989-
1992-
1990- (C) 
1998-
1999-

1998-

Vicn::ck 
Hinzman. Viereck 
Hinzman. Viereck 
Hinzman. Viereck 
Hinzman. Viercclc 

Walker. Juday 
Walker, Juday 
Walker, Juday 
Ruess 
Walker, Viereck 
Werner 
Rexstad 
Rexstad 

Ruess. Viereck 
Ruess. Viercclc 
Valentine. Viereck 
Ruess. Yiercclc. Boone 
Ruess. Viereck 
Ruess 
Kielland 
Ruess. Valentine. Boone 
Boone 

Hinzman 
Chapin 

Themc3 
Discharge 
Stream chemistry 

CPCRW 
CPCRW 

1969-
1978- (c) 

Hinzman 
Hinzman 

• LTER = LTER.l and LTER level l climate stations at BCEF: BCEF = intensive-site measurements at BCEF: 
CPCRW = measurements made at CPCRW 

b Many of these measurements were made by earlier BNZ investigatoB. particularly Keith Van Cleve. John Yaric. 
John Bryant. and Chuck Slaughter. These an: the Pis currently responsible. 

c Intermittent 



colonizers (Goldberg and Barton 1992. Gurevitch et al. 1992). their palatability to herbivores 
(Bryant and Kuropat 1980. Pastor and Naiman 1992). and tolerance to herbivory (Rosenthal and 
Kotanen 1994). all of which vary with environmental stress (Grime 1979) and therefore have a 
stochastic component that is sensitive to climate. Tree establishment is rare after the first decade 
of post-disturbance recruitment (Timoney et al. 1997). and we hypothesize that further changes 
in community composition and ecosystem processes arc relatively synchronous within a stand 
and arc strongly influenced by the biology of the dominant species (Hobbie 1992). This results in 
relatively rapid changes in vegetation and soil structure and function ("turning points") that arc 
triggered by successional changes in species dominance (Van Cleve et al. 1991). The major 
turning points that we have identified following the establishment phase arc (1) alder dominance. 
(2) canopy closure of deciduous forest or shrub species. and (3) the shift from deciduous to 
conifer/moss dominance. Each of these turning points causes large changes in biodiversity, 
ecosystem processes, and disturbance probability. Our major hypotheses regarding forest 
dynamics are: 
Hl.1. Climate influences the probability of stochastic events that govern initial floristic 

composition (e.g. seed rain, disturban~ and herbivory) more strongly than it 
Influences the rate or pattern of species replacemP-Dt through succesmon. 

Hl.2. Population densities of small mammals (which strongly affect plant recruitment) and 
insects (which strongly affect mortality and survivorship) are governed primarily by 
climate, whereas population densities of large mammals ( which strongly affect 
co:tive interactions among shrubs and trees) are governed primarily by 
p on. 

Hl.3. There is a change through succession from dominance by a boreal to an arctic Oora 
due to the development of permafrost and consequendy more "arctic'' soil 
conditions. Regional reductions in permafrost extent may reduce the influence of the 
arctic flora. 

Hl.4. Disturbance severity has greater effect than disturbance type on the trajectory of 
post-disturbance succession. 

Hl.S. Over the past 10,000 years, the characteristic pattern of regional changes in tree 
species dominance has been triggered by rapid threshold changes in available 
moisture. 

Approach 
Research on forest dynamics uses a combination of approaches including long-term 

observations. experiments. paleo-records. mapping and remote sensing, and modeling. We use 
long-term observations on permanent plots to document initial species composition and the 
changes in environment. species composition. and biogeochemistry through time. Many of our 
plots that were originally established in mid-successional "turning point" sites appear to have 
'"turned", allowing us to test hypotheses related to successional trajectories (Hl.1, Hl.3). 
Monitoring interannual variation in sensitive population and ecosystem parameters also enables 
us to swdy interactions between climate and other ecological conttols (Hl.1, Hl.2). Mammal 
transects. agency data. and insect plots give us information on animal population turnover rates 
and conttols (Rl.2). Exclosure experiments give us explicit data on how mammal populations 
conttol successional trajectories and rates (Hl.2). Regional studies and modeling allow us to test 
and explore the generality of the conceptual models that we develop from long-term observation 
and experiments, and provide us with explicit data on the interplay between deterministic and 
stochastic conttols on overall landscape pattern (Hl.1). Dynamic vegetation models provide a 
basis to project future landscape patterns of forest composition in response to scenarios of 
climatic change and interactions of disturbance. climate. and vegetation pattern (Hl.l, Hl.4, 
Hl.5). Finally, we test for the effects of climate on forest dynamics by examining interannual 
variability in processes. spatial variability in processes along a climate gradient. and paleo­
reconstruction of processes over time periods during which climate has changed (Hl.1, Hl.S). 
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Fig. 2-'.3. Location of major study areas and transects. The Fairbanks Region ( 100 x 100 km section shown 
expanded) includes the Bonanza Creek Experimental Forest (BCEF) and the Caribou-Poker Creek Research 
Watershed (CPCRW). 



Observations of Stand-Level Pattern and Process 
Climate. (Hinzman and Romanovsky) We maintain 5 complete meteorological stations (2 

in BCEF and 3 in CPCRW) to document temporal and spatial variation in climate (Table 2.4). 
The BCEF weather stations are level-1 L TER weather stations that enable us to compare climate 
between Alaskan uplands. floodplains and other LTER sites. The CPCRW weather stations are 
situated in and above a forest canopy, allowing us to document the climate experienced by 
vegetation. Comparison between the standard installations and the forest installations documents 
the impacts of vegetation on energy balance and microclimatc. We have produced a 1 km­
resolution data set of monthly averages of the climate of Alaska (Table 1. 1) and are working 
with the Vegetation/Ecosystem Modeling and Analysis Project (VEMAP-Members 199S, Kittel 
et al. 1997) to produce a spatially distributed climate data set for Alaska from 1900 to 2100. The 
long-tenn climate measurements and regional climate data sets provide the basis for testing 
effects of temporal and spatial variability in climate on ecological processes. 

We continue to monitor microclimate in major successional stages following flooding in 
the floodplains and after fire in the uplands (Table 2.4 ). These measurements enable us to 
understand how key environmental variables such as radiation beneath the canopy, soil 
temperature, soil moisture, and thaw depth relate to successional changes in vegetation strucnire 
and composition (Hl.1, Hl.3). We will adapt soil thermal and hydrologic models developed in 
arctic Alaska (Hinzman et al. 1996, Romanovsky et al. 1997, Hinzman et al. 1998) to the borcal 
forest. based on these environmental measurements. Coupling these climatic measurements in 
the various successional stages with spatially distributed models of environmental processes will 
allow us to extrapolate our knowledge of the soil thermal and hydrologic regimes over space 
(Fairbanks Region) and time (the last 100 years). 

Yc&etation composition in pcnnanent plots. (Walker, Viereck. and Juday) We will 
continue monitoring community composition and rates of plant establishment and mortality on 
pennanent post-tire and post-flooding successional plots in BCEF and will add new permanent 
plots to the black spruce successional sequence that we are initiating in the uplands in this 
proposal (Table 2.2). We monitor plots annually for the first five years after disturbance. on a 3-
yr cycle through age 15. then on a 6-year cycle. In these plots we permanently mark all trees and 
tall shrubs. and measure stem diameter. height. and monality. Seed traps and seedling counts on 
subplots document annual seed rain and recruitment. For non-woody species (e.g., mosses and 
grass), we document presence and percentage cover. height. and/or density, which are convened 
to biomass values using allometric equations. These measurements allow documentation of 
population parameters for woody species and species composition. diversity, and biomass of the 
entire flora. These measurements have annual resolution in early succession and 3-6 yr resolution 
in later stages. The data provide input parameters and validation data for population dynamics 
and dynamic vegetation models. In collaboration with the University of Alaska Herbarium, we 
are developing a reference collection of voucher specimens, and tissue samples for future genetic 
analysis of vascular and non-vascular plants for our main study areas (BCEF and CPCRW) and 
for the Fairbanks Region and Alaska Climate Transect. The vegetation sampling allows a test of 
our hypotheses about controls over establishment and successional trajectory and the resulting 
patterns of biomass and diversity (Hl.l, Hl.3, Hl.4). 

Insect population dynamics. (Werner) We conduct an annual survey of insect abundance 
at permanent plots in BCEF, focusing on species typified by large population fluctuations (e.g., 
spruce bark beetle. spruce bud worm. aspen tortrix) and their natural predators and parasites 
(NiemeUl 1997). The long-term (23-yr) record of population dynamics of these forest "pests" and 
their predators will be compared with LTER observations of climate and productivity (Hl.2) 
(Mattson and Haack 1987) and with patterns of tree growth and monality to determine the role of 
defoliating insects in forest dynamics (Hl.l, Hl.2). 

Venebrate PQpulation dynamics. (Kielland. Rexstad. and Doak) We document the 
abundance of major venebrate herbivores because of their impact on forest dynamics (Starfield 
and Chapin 1996) and biogeochemistry (Fig. 2.9) (Bryant and Chapin 1986. Pastor et al. 1988. 
Kielland and Bryant 1998. Ruess et al. 1998) and their imponance to humans. We use mark-
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Fig. 2.4. The transfer or understanding among major modeling activities in LTERJ. These modeling activities 
include effons focused on stand population models, soil thermal and hydrology models. a dynamic vegewion model 
(DVM). a landscape model of vegetation shifts and fire spread (ALFRESCO). and a biogeochemical model (TEM). 
The research themes that provide data and understanding for each model arc indicated. The models arc desaibed in 
general in the text and in detail in Figures 2.5. 2.6, and 2.7. 
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Fig. 2.5. Structure or the dynamic vegetation model. The DVM more intimately integrates vegetation dynamics, 
biogeochemistry, and controls over the disturbance regime. Whereas the coupling between ALFRESCO and TEM 
focuses on modeling transitions among e~tant vegetation types without information from the biogcochemical model. 
the structure of the DVM will provide the capability to describe more subtle shifts in species composition of 
communities based on competitive interactions among plant functional types that arc governed by changes in· 
climate and biogeochemical cycling. The ability to describe shifts in species composition is imponant because 
climatic change has the potential to create new community types that do not currently exisL By comparing the 
regional applications of the DVM with the ALFRESCO-TEM coupling, we can evaluate the implications of more 
sophisticated interactions among ecosystem structure. ecosystem function, and the disturbance regime on the 
structure and function of boreal forest at regional scales. 



recapture studies to estimate population abundance and survival of snowshoe hares (Boulanger 
and Krebs 1996) and microtines (Paradis 1995) in early successional habitats where these 
animals are common (Hl.2). From these measures, we can test the relationship between climate 
and population density and turnover (predation or emigration)(Hik 1994, Krebs et al. 1995, 
Stenseth 1995). We use transects of browsed stems (moose and hares), and pellet'counts in litter 
trays in each intensive study site each year to rapidly assess the relative use of different sites by 
hares and moose. We collaborate with state and federal agencies to obtain long-term records o:­
population densities, movement patterns, and mortality of moose in the Tanana Valley. We 
compare plant growth, mortality, and species composition inside and outside of exclosures to 
relate animal population densities to vegetation dynamics. We relate these vegetation changes to 
specific herbivores by documenting diets from evidence of browsing by moose and hares in the 
vegetation surveys on permanent plots. We compare stable isotope composition of tissues from 
small mammals and hunter-killed moose with an established "library" of isotopic signatures of 
potential forage species to determine whether the diet composition in our study plots is 
regionally representative (Fig. 2.10). These measurements are imponant for linking models of 
animal population dynamics (Rexstad 1994 ). forest succession • and biogcochemical cycling 
(Pastor ct al. 1988, Pastor et al. 1993, McGuire et al. 1995, Kiclland and Bryant 1998). 
Experimental Tests of Controls over Processes 

Herbivore exclosure experiments. (Kielland) We will continue monitoring moose/hare 
exclosures that were established in 1990 in early successional floodplain and upland sites and 
which have shown a dramatic reduction in rate of succcssional change (Hl.2), relative to plots 
exposed to herbivores (Table 2.3). We will compare the response of the vegetative community 
outside the cxclosures with the findings of Dale and Zbignicwicz (1997) who report some 
species of shrubs respond rapidly to the reduction of hcrbivory following a hare decline. 

Experimental disturbances 
Insects. (Raffa. Illman. and Werner) To determine how bark beetle populations and their 

microbial associates respond to disturbances that provide susceptible hosts, an experiment was 
initiated in 1998 that provided host trees with three different degrees of tree susceptibility (felled, 
girdled. and control). These trees are baited annually with pheromones, and tree colonization by 
bark beetles and their fungal associates is documented. Emphasis is placed on the population 
responses of several competing bark beetle species, the response of Ii ve trees (growth and resin 
production), understory plant species. and pathogenic fungi. This long-term population and 
community approach complements the long-term LTER survey of insect densities (see above) 
and the more intensive experimental studies in a nawral outbreak of spruce bark beetle in 
southern Alaska (Raffa. Illman, and Werner externally funded project: Table 2.5). The 
experiment tests the controls over a major tree-mortality agent (Hl.l), and the relationship of 
that mortality agent to insect and microbial diversity (Hl.3). We hypothesize that plant 
physiological controls over resin production (Loomis 1932, Bryant et al. 1983. Coley et al. 1985, 
Waring and Pitman 1985, Herms and Mattson 1992) and competition among competing species 
of insects and insect-borne fungi buffer the system from frequent outbreaks. 

E'jm. (Valentine. Chapin) In 1999 there was an externally funded experimental bum of a 
watershed in CPCRW. Funding for this FROSTFIRE project ends in September 2000. The 
LTER will continue to follow the ecological consequences of this fire. To test the hypothesis that 
post-disturbance seed availability and competitive environment determine successional trajectory 
(Hl.l). we will sow seeds and plant seedlings of all the major upland forest species (plus 
lodgepole pine--a potential future colonizer) in a recently burned black spruce forest (the 
FROS'IFIRE site: Table 2.3). By following these plots and those that regenerate from natural 
seed rain, we can determine the limitations on establishment by seed rain, disturbance type and 
severity, and competitive environment. Similar experiments have already been done in 
floodplains (Walker and Chapin 1986, Walker et al. 1986), south-aspect post-fire sites (Cater and 
Chapin In press), post-glacial landscapes (Chapin et al. 1994), and will be initiated in logged 
sites in the next phase of L TER (2004 ). A comparison of these experiments allows a test of the 
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Fig. 2.6. Vegetation transitions simulated by the model ALFRESCO. This spatially explicit model simulates 
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press-b). The model consists of 5 submodels (frames: the boxes in the figure): tundra. deciduous forest. white 
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sbUcture on forest dynamics and disturbance regime. Model inputs are maps of temperature and precipitation, 
topography, and vegetation. Model outputs are maps of vegetation type, fire, and biomass. 
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impact of disturbance type and severity on stand establishment (Hl.4) (Egler 1954, Connell and 
Slatyer 1977, Walker et al. 1986, Adams 1999) .. 

Forest harvest. (Wunz) The LTER will continue efforts begun this year (through a 
separate USFS grant) to evaluate the two longest-running silvicultural experiments in interior 
Alaska. We are seeking outside funds to implement a large-scale biomass removal/forest 
harvesting experiment, with implementation projected for the year 2004. We will use LTER 
funds to organize and host a symposium to develop the design of long-term forest harvesting 
experiments in northern systems. 
Spatial Scaling (Walker, Lloyd, Fastic, Hinzman, Chapin) 

Research in our extensive sites (Fig. 2.3) will focus on the climatically uniform 
(relatively speaking) Fairbanks Region in the first two years and the Alaska Climate Transect 
in the second two years of our proposed research. During this period. we will snidy the black­
spruce chronosequence on north-facing slopes and bottomlands because this is the most 
widespread forest type and the type most prone to disturbance by fire and thermokarst. In 
subsequent phases of L TER, we will expand our regional studies to include south-facing slopes, 
floodplains and wetlands. Data on biomass and productivity, as assessed by remotely sensed 
NOVI and successional stage (recent bum, deciduous phase, black spruce phase), will stratify 
road-accessible black-spruce-dominated sites. At least 50 stands will be randomly selected from 
the stratified design for documentation of stand structure and diversity. In the Fairbanks Region 
we will include the few black spruce stands that have received previous intensive study (e.g., 
Washington Creek) (Van Cleve et al. 1983, Van Cleve et al. 1986). Along the Alaska Climate 
Transect. sites will include Kasischke's chronosequence (Kasischke et al. 1995a) and sites 
adjacent to a transect of lakes that have already been calibrated for modem lake characteristics 
(Edwards et al. In press. Gregory-Eaves et al. In press). These lakes will be used for temporal 
scaling (see below). 

Most sites will be visited only once to document the relationship between remote-sensing 
signature (e.g., NDVI and other spectral combinations) and stand structure and diversity. The 
information will be used to develop a hierarchical. floristically based classification of black 
spruce stands. We will also obtain simple measures of environment, community structure, and 
ecosystem processes, which can be measured rapidly in a large number of sites (Table 2.6). Trees 
will be cored and the largest trees will be examined for fire scars to determine the age 
distribution of trees and the time of the last stand replacing disturbance (Mann and Plug 1999). 
We will use an ordination of species distributions combined with site physical and soil chemical 
parameters to determine the strongest environmental correlates of vegetation and other 
ecosystem characteristics (Walker et al. 1994). These analyses will tell us the regional variation 
in successional trajectory (Hl.l) and the climatic influences on herbivore abundance (Hl.2) and 
plant diversity (Hl.3). 
Temporal Scaling 

The last 300 years; Tree Ring Studies. (Juday) We have used tree-ring climate analyses in 
collaboration with the Lamont-Doheny Eanh Observatory to document recent changes in growth 
rates of white spruce (Fig. 1.1 ). In the current funding cycle we will expand this data set to black 
spruce and to a longer-term record of white spruce. so that we can identify how late successional 
species have responded to climate in the Fairbanks Region and along the Alaska Climate 
Transect. We will extend these studies to other species (birch, aspen) to determine how the major 
tree species of the Interior differ in their climatic response. 

The last millennium. (Edwards and Finney) We will document the fine-scale ( 1 to 100 yr) 
changes in charcoal, pollen. and climate proxies in two annually varved lakes in the Fairbanks 
region to determine patterns and rates of change in vegetation (Hl.S). We will focus on the last 
1000 years. when there have been dramatic climate changes without obvious vegetation change 
and the period prior to 4000-5000 years ago (only in the older of the two lakes), when there was 
a gradual climate cooling, coinciding with increases in black spruce and fire. We will determine 
whether the change in climate/fire regime caused large-scale species turnover or individualistic 
change in community composition (Davis 1981). The longer-term history of the boreal forest 
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Fig. 2.9. Hypothesized relationship among processes governing forest dynamics (theme 1). We hypothesize that 
initial stand composition following disturbance depends on climate. the type and severity of disturbance. and 
landscape controls over propagulc availabili1y (links 10 1hcmcs 2 and 3). These s1ands support dense herbivore 
populations, whose selective browsing determines the rate and pancm of change in forest composition. When 
dominance shifts from deciduous trees to conifers. there is no longer a "smothering" litter layer. allowing the 
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litter quality alters biogcochemistry (link to theme 2). Successional changes in diversity reflect 1hc changes in plant. 
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diversity (especially the types and abundance of mosses and lichens determine flammability and therefore 
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will be addressed by an NSF-PALE funded study of climate and vegetation change in nonhern 
and interior Alaska. and at sites along our Alaska Climate Transect. 
Modeling the Linkage of Pattern and Process (McGuire. Chapin. Juday, Rexstad) . 

We use vegetation modeling to link our observations of patterns and our understanding of 
processes across the various temporal and spatial scales of measurement. SKOG will be used to 
simulate successional trajectories following changes in factors governing recruitment (meters to 
kilometers; Hl.1, Hl.2). The animal population models will explicitly link small mammal 
population dynamics with stand-level herbivory. The DVM. which simulates changes in species 
composition through succession. will link our studies of species dynamics, herbivory, 
microenvironment (Hl.1, Hl.2, Hl.5), biogeochemistry (theme 2), and disturbance regime 
(theme 3). The DVM will be parameterized to capture the dynamics of recruitment (SKOG) and 
herbivory and will be driven by inputs available in our regional database. We will evaluate the 
consequences of different hypotheses of stand-level controls over successional patterns on 
historical (including the paleorecord) and projected vegetation and biogeochemical dynamics 
across climatic gradients at the regional scale. ALFRESCO is complementary to the DVM in that 
it uses information on landscape pattern to simulate the spread of fire and seeds to simulate long­
term changes in vegetation and fire regime in response to variation in climate, disturbance, and 
landscape pattern (Hl.5). The dynamics of the vegetation transitions in ALFRESCO will 
incorporate understanding gained from our field swdies, SKOG modeling of seed spread, and 
DVM modeling of vegetation changes. 

2.8 Theme 2. The Changing Boreal Carbon Cycle 

Conceptual Model 
The objective of the research in this theme is to improve our understanding of the 

functional response of C balance to interactions between the physical environment, vegetation 
dynamics, soil processes, and disturbance and to integrate these effects at the regional scale (Fig. 
2.11). Understanding mechanisms responsible for variations among ecosystem types in these 
interactions is essential for regional scaling of boreal forest C cycling. By incorporating this 
understanding into process-based models that are initialized and driven by geographically 
referenced data on the physical environment, vegetation structure, and soil types, we will 
improve our ability to estimate interannual C balance of forest stands in interior Alaska. At the 
regional scale, the annual C balance of the boreal forest is the integral of emissions associated 
with fire and the C balance of individual stands (Schulze and Heimann 1999). 

Changes in C cycling cannot be understood without considering interactions with other 
element cycles (Rastetter and Shaver 1992). Nitrogen availability is high in early post-fire 
succession and following alder invasion in floodplains. Successional changes in the physical 
environment and species-specific litter chemistry (Hobbie 1992) reduce mineral N availability in 
late succession and. we hypothesize, drive shifts towards more organic-based N cycling and 
plant dependence on mycorrhizal N uptake (Read 1991, Nasholm et al. 1998). Following 
disturbance, stand-level C balance is the difference between net primary production (NPP) and 
heterotrophic respiration (RH). Our conceptual model of stand C balance has three phases (Fig. 
2.12): (1) a phase of negative C balance immediately after a disturbance, (2) which is followed 
by a phase of positive C balance. and (3) finally a phase where NPP and RH are suffic:iently 
similar that C balance is determined primarily by interannual variation in climate. This is only a 
general trajectory but is supponed by work in Manitoba (Harden et al. 1997, Rapalee et al. 1998) 
and Alaska (K. O'Neill pers. comm.). The duration of each phase and magnitude of NPP and RH 
during each phase probably depend on the severity of disturbance (theme 3), the vegetation 
trajectory subsequent to disturbance (theme 1), and the underlying patterns of and mechanisms 
controlling C fluxes (theme 2). We do not yet know the length of each phase, the mechanisms 
controlling the magnitude of C changes that occur. or how the C balance of each phase responds 
to interannual variation in hydrological and meteorological processes. For example, if NPP and 
RH change slowly after disturbance. they may be a function of several past disturbance events 
and never show a simple equilibrium response to climate. 
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Figure 2.10. Panel A depicts 15N natural abundance of the principal forage 
items for moose and hares in winter and summer in interior Alaska. Species 
designations are Sala a/a;censts (Sa), Populus tremulotdes (Pt), Betu/a 
papyr,fera (Bp), Pedtcularts palustns. (Pp), Caltha pa/ustrts (Cp), and 
Potamogeton sp. t Po). The tissue types between winter and summer :ire 

stems (S) and leaves (L), respectively. On the basis of this vegetation 
chemistry, we can monitor many aspects of moose foraging behavior as 
exemplified in panel B. Here. the temporal variation of stable isotopes in 
moose hooves reflect the seasonal variation in isotopic signatures of 
available forage . The hoof samples are easily obtained through hunter­
killed moose. and by incidental collection from wolfkills in the Bonanza 
Creek Experimental Forest. The relative imponance of abiotic vs. biotic 
factors influencing population turnover of mammals in early to mid­
successional forests are shown in panel C. These estimates are derived 
from current investigations (small mammals) and data from Alaska 
Depanment of Fish and Game on productivity and mortality for large 

mammals (canids and ungulates). The population turnover of small mammals is generally less than a year. due to high rates of 
mortality during spring and autumn. Increasing the duration of these sensitive periods may have potennally deleterious impacts on 
smail mammals. The turnover of large-bodied ungulates is increasingly influenced by predation. up to 90% of the annual calf crop. 
and up to 25% of the adult population tADF&G data). ' 1N natural abundance in primary producers. primary consumers. and 
secondary consumers will be used to monitor trophic relationships (panel D), and examine how population flutuations and climate 
affects these ecological processes. Isotopic ennchment wtthin the range of inter-trophic variation is similar to other values reponed 
in the literature (e.g., DeNiro and Epstein 1978, Minagawa and Wada 1984.). Isotopic analyses of plant tissues were carried out as 
described in Kielland et al. ( 1998) and Kielland and Bryant ( 1998). Isotopic signatures of pnmary and secondary consumers were 
determined on muscle tissues provided by the Alaska Department of Fish & Game (large mammals) and animals collected by local 
residents in the Bonanza Creek Experimental Forest (small mammals). Estimated abundance (and 95% confidence intervals) of 
snowshoe hares on in early success1onal floodplain stands along the Tanana River ex1bit large inter and intra-annual variation due to 
high recrumnent dunng the summer and high rates of monality dunng early spnng and autumn (Panel E). Estimates were derived 
from 4-day live trapping sessions usmg Tomahawk. traps in a rectangular panern spaced at SOm intervals. Total trapping area was 
approximately 9ha. Animals were weighed. sexed. and marked with 2 ear tags. Abundance esnmates were produced from closed 
population models (Rexstad 1994). 



Our research will examine how climate (H2.l) and herbivory (H2.3) influence patterns of 
plant C allocation and stand production, how these patterns affect and are affected by the cycling 
and storage of carbon (H2.3), and how at the regional scale, landscape smicture and disturbance 
influence C balance by controlling the spatial distribution of stand types (H2.4 ). The specific 
hypotheses that we will examine during this phase of the research are: 
112.1. The sensitivity of NPP to climate increases through succession because (1) root 

production is both a large component of total NPP and increases at the expense of 
aboveground growth under drought conditions., and (2) mosses., which are drought­
sensitlve, become an increasing proportion of NPP in late succession. 

112.2. Labile organic matter becomes a progressively greater fraction of total soil organic 
matter inputs later in succession because roots., which are readily decomposed., 
become an increasing fraction of total NPP. Low temperature induced by the 
thickening mcm layer slows its decomposition and the decomposition of root-derived 
organic matter., promoting accretion of a large pool of labile soil carbon. This pool 
enhances the overall climate sensitivity of heterotrophic soil respiration (Fig. 2.13). 

112.3. Increases in vertebrate herbivory following disturbance speed carbon and nitrogen 
turnover by (1) reducing carbon and nutrient accumulation in vegetation., (2) sbort­
drcuiting decomposition of plant litter., and (3) increasing the quality and turnover 
of aboveground and belowground litter. 

82.4. Olmate wanning has greater impact on regional carbon balance through its effect on 
Ore regime and stand age distribution than through its direct effects on the carbon 
balance of undisturbed stands. 

Approach 
Our investigations use the same general study design described in theme 1. We will study 

C balance and C-N interactions using "C studies of soil organic matter turnover and C exchange 
measurements at intensive study sites in three successional sequences. We will relate this to 
regional patterns. by studying black spruce sites in the Fairbanks Region and the Alaska Climate 
TransecL After incorporating our understanding of controls into process-based models, we will 
validate the interannual dynamics of the models with measurements of C balance and N 
mineralization over several years and over a broader geographic region. This testing strategy will 
provide confidence of our understanding of controls over the temporal C dynamics at the 
intensively studied stands. which span the major topographic and environmental variation in 
interior Alaska. For the regional testing of our understanding, we will implement an extensive 
measurement program in the Fairbanks region and along the Alaska climate transect. 
Observations of Stand-Level Pattern and Process 

Biomass, NPP. and Element Poojs. (Ruess. Sveinbjornsson. Valentine) Our long-term 
vegetation measurements are designed to examine the extent to which increasing leaf area and 
the proportional allocation to leaves (leaf area ratio) constrain NPP from early to mid-succession 
(Field 1991. Potter et al. 1993). We also study whether decreasing nutrient availability and 
species changes in late succession cause a decline in production efficiency (production per unit 
foliage) and aboveground NPP (Ryan et al. In press) due to a shift in NPP allocation from foliage 
to wood. roots. and mosses. At the beginning of the BNZ L TER study we documented the stocks 
of C and other elements in trees and soils of all intensive sites on the floodplain and on south­
facing uplands (Van Cleve et al. 1983). We repeat measurements of tree biomass every 3-6 yr 
(see theme l). ln the next two years we will repeat the inventories of soil and large woody debris 
to document changes in these stocks. Our current estimates of aboveground NPP neglect 
understory vegetation. Over the next four years we will improve these estimates by documenting 
production of mosses and understory shrubs and confirming band dendrometer estimates of 
wood production with tree-ring counts. These estimates will be combined with minirhizotron 
measurements of root production. monality and decomposition. annual measurements of 
litterfall. and 3-6 yr estimates of tree monality to estimate long-term patterns of aboveground 
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Table 2.5. Other sponsored research projects by BNZ Pis that contribute to L TER research. These projects build on and 
directly contributes to LTER-funded research. 

Project Pl Agency Date(s) 
Theme I 
Bark beetle outbreaks Raffa, lllman NSF 1996-
Microtine cycles (Denali Park) Rexstad NPS 1992-
Treeline dynamics (Denali Park) Juday NPS 1998-
Regional vegetation change (Denali Park) Mann NPS 1995-
Post-glacial succession (Denali Park) Viereck NPS 1999-
Pennafrost and climate Romanovsky NSF 1998-
Ecological effects of thennokarst Viereck DOE 1994-
Forest Harvest Experiment Wurtz USFS 1999-
Controls over growth at treeline Svein~iomsson NSF 2000-
Theme 2 
Nitrogen deposition Hinzman USFS/NADP 1993-
Secondary chem effects on soils processes Schimel NSF 1995-
Ecosystem roles of organic N Kielland, Ruess, Boone USDA 1999-
Regional Carbon Budgets McGuire NASA 1997-
ThemeJ 
Land-Cover Change McGuire, Verbvla NASA 1997-
Alaskan fire remote-sensing program Kasischke NASA 1991-
Declassification of Siberian remote sensin2 Kasischke DOD 1998-
Climate feedbacks from fire (FROSTFIRE) Chapin, Hinzman NSF 1997-
Hydrology of the Yukon Basin Hinzman JAMSTEC 1997-
Human (Soc. Sci.) feedbacks to fire regime Chapin, McGuire NASA Proposed 
Boreal-Arctic Transitions (ATLAS) Chapin, McGuire, Lloyd, NSF 1998-

Romanovsky 
Treeline population dynamics Lloyd, Fastic NSF 1998-



and belowground NPP and tissue turnover (Hl.l). We will also make initial measurements of 
vegetation and soils stocks and initiate measurements in our new intensive sites on north-facing 
uplands (Table 2.2). These and the associated environmental data from these stands provide data 
for the development. parameterization, and testing of a stand-level biogeochemical model for all 
the major forest types in interior Alaska. 

Comprehensive carbon buda;et of a black spruce stand (Chapin. Ruess. Sveinbjomsson. 
Boone, Valentine. McGuire) In a mature black spruce stand. we will begin in year 3 an intensive 
study of all major C pools and fluxes. including the components of production (roots, mosses, 
and vascular aboveground) and decomposition (root. moss. and leaf litter, soil organic matter). 
Toe purpose of this study is to test the sensitivity of the components of stand C budget to 
interannual variation in climate (Hl.l, H2.4). Comparison of eddy covariance measurements of 
net ecosystem exchange with chamber measurements of soil respiration (soil+ roots) and of 
ground layer (moss+ shrubs+ soil+ roots) gas exchange and in situ soil incubations (soil) 
enable us to estimate all the major components of net ecosystem production (NEP), as well as 
whole-system water and energy exchange. Many black spruce stands in interior Alaska show 
signs of incipient thermokarst as a result of warming over the past 20 yr. We expect that long­
term study of C balance in this old-growth black spruce stand will enable us to document the 
changes in C flux that accompany permafrost degradation and thermokarst. 

Watershed water, carbon and nitroa;en buda;ets (Hinzman) The hydrologic studies at 
CPCRW are described below in theme 3. They contribute to theme 2 by documenting watershed 
budgets of water, carbon and nitrogen. The stream expons of dissolved organic carbon (DOC) 
and dissolved inorganic carbon (DIC) are essential components of any complete carbon budget. 
Measurements of the stream carbon dynamics also present a more complete picture of the 
impacts of disturbance and documents linkages between tem:strial processes and aquatic 
ecology. We will continue to maintain the NADP site, which provides the only data on N 
deposition for the Alaskan boreal forest. and to document N output in stream waler. Currendy, N 
outputs in stream water exceed deposition inputs, even 80 yr after disturbance, indicating the 
importance of watershed studies for understanding the tem:strial N budgets, which, in tum, 
regulate the carbon budgets. We are also monitoring the soil and stream chemistry to detect and 
quantify the effects of the experimental bum on the aquatic system (Theme 3). We will measure 
1-0 and "N of stream-water nitrate to differentiate between physical and biological controls over 
N loss. For instance, if the 15N signature of nitrate becomes lighter during storm events in the 
high-permafrost watershed we can infer that rapid nitrification and/or lower denitrification rates 
are contributing to increased nitrate fluxes that we observe during storm events. If only the more 
conservative 110 nitrate signature changes during the same event. then physical mixing of rain 
and soil nitrate with consequent leaching is the primary cause. Isotopic analysis of stream-water 
following snow-melt and rain events provides a measure of the water flow path. Cores of stream 
aufeis serve as a record of stream chemistry from January through March, when it is often 
difficult to obtain stream water for analyses due to ice cover. The watershed studies provide 
crucial information needed to improve modeling of the N constraints on carbon fluxes and of the 
partitioning of precipitation between runoff and evapotranspiration. These processes are 
important to aquatic studies and to modeling terrestrial feedbacks to climate. 

Stand-level process-based studies (Ruess, Schimel, Valentine, Boone) Our process-based 
LTER research focuses on mosses and on belowground processes, because these are critical but 
poorly understood links in the feedback from species change (theme 1) to C and N cycling 
(theme 2) during succession. We concentrate these studies in floodplain stands of alder, poplar, 
white spruce, and black spruce. where our information on fine root dynamics and carbon 
turnover are most complete. We know that fine roots are a large labile input of C and N to the 
soil but have a poor understanding of the fate of these decaying roots, that is, the controls over 
and rate at which fine root C is respired. incorporated into microbial biomass, or sequestered into 
recalcitrant soil organic matter. Our goal is to understand how soil temperature and abiotic 
condensation reactions interact to regulate labile C turnover and sequestration across succession. 
We will collaborate with Jennifer Harden to use bomb-derived 1'C-CO 2 evolved from long-term 
soil incubations to infer the !ability of historic root inputs to the O horizon of black spruce soils 
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Table 2.6. Measurements to be made in the BNZ L TER regional studies. These 
measurements have been selected because they can be done rapidly and are either important 
parameters or are indices of important parameters. For example. the number of fine roots 
produced in July is closely correlated with annual root production in our LTER intensive sites. 
Index parameters will be calibrated against actual variables of interest (e.g., July root number as 
an index of fine-root production) in our LTER intensive sites. 

Microclimate Air and soil temperatures (hourly) with hobo data loggers; soil moisture and thaw 
depth measured durin~ samplimz visits. 

Population and Plant species composition and diversity; tree density, diameter, and height; 
community understory % cover. biomass (based on allometric relationships); number of twigs 
Darameters browsed bv hares and moose: number of moose and hare oellets. 
Ecosystem parameters Litterfall. tree diameter increment (from tree rings of the past 40 years; number of 

fine roots produced during July using minirhimttons; root ingrowth screens; net N 
mineralization rate (total summer period. total winter period); leaf chemical 
concenuations of the dominant species (N. 1'N. 13C); litterbag decomposition of a 
common subsuate. 

Stand age distribution Age suucrurcs and stand histories from tree cores and fire scars from live and dead 
trees. This effon is more time-consuming than other activities and will be done at 
selected siteS. 

Lakes Physical and chemical lake-water parameters (conductivity, surface pH. surface 
temperature, secchi depth. surface turbidity, salinity, nutrients [P, N, organic C, 
inorganic C]) and modem sediment parameters (magnetic properties. grain siz.c. 
major element chemistry, stable isocopes of 0, N, and C, pollen and diatoms. 
Then. based upon the results of the calibrations with watershed species 
composition and biogcochcmistry, a subset of analyses will be carried out down 
core to establish time series of changes through time. A limnological survey of 50 
lakes has been completed. We will seek external funding to conduct the 
palcoecolo2ical analvsis of a subset of these lakes. 

Streams The ARC L TER site will seek external fundin2 for this research. 



(Trumbore and Harden 1997) (Fig. 2.13). We will measure pool equilibration (14C-labeled) of 
labile C proxies into metabolic and acid-insoluble C fractions. These long-term pool 
equilibration studies will be run both in laboratory microcosms (at various temperatures) and in 
situ across ecosystem types using simple labeled compounds as surrogates for fine root labile C 
fraction (112.2). 

Our C flux measurements focus on separating moss photosynthesis/respiration, 
root/mycorrhizal respiration, and heterotrophic respiration. These studies utilize biweekly CO2 
flux measurements in root-trenched and control plots. in situ measurements of fine root 
respiration (Burton et al. Submitted), and incubations of soil organic matter and roots. This will 
enable us to determine whether root and rhizosphcre respiration arc more temperature-sensitive 
than hcterotrophic respiration. as observed in eastern deciduous forests (Boone et al. 1999). We 
know that belowground root inputs to soil organic matter become larger and more labile relative 
to aboveground litter inputs late in succession and arc focusing on the notion that, as relative 
allocation of NPP bclowground increases, soil respiration will become more responsive to high 
tcmpcralW'C (H2.1). 

Successional changes in the C cycle arc intimately linked to N cycling. We have shown 
that boreal trees absorb amino acids intact in the field. Externally funded research is 
documenting the successional changes in organic N uptake and its role in vegetation N budgets 
using natural abundance surveys and 15N/13C amino-acid addition experiments (Table 2.5). The 
LTER research will link the organic N to C cycling by comparing organic N uptake by plants 
and microbes (pool dilution experiments and pulse-chase experiments (Davidson et al. 1991, 
Schimel and Chapin 1996) and estimating the role of labile C in the mineralization of organic N 
to mineral N. 

Gross N inputs to floodplain ecosystems from N1 fixation by alder are much greater than 
N accumulation estimated by mass balance (Uliassi and Ruess Submitted). This discrepancy 
increases with succession. suggesting that N losses from leaching (DIN and DON) and/or 
denitrification increase with succession. The watershed budgets indicate that losses from 
leaching predominate during late fall and early spring, when there arc frequent freeze-thawing 
events and reduced biological uptake. We have initiated a study to quantify N denittification and 
leaching losses in poplar and white spruce forests on the floodplain. 
Experimental Tests of Controls over Processes 

ManipuJation of soil resources. (Valentine and Ruess) Climate and succession arc thought 
to control NPP and C cycling primarily through their effects on the availability of soil resources 
(Van Cleve ct al. 1991). In 1989 we established experiments that altered C:N ratio of soils 
through chronic additions of N and a one-time addition of sawdust. We also reduced growing­
season moisture supply using rain-out shelters (Yaric and Van Cleve 1996). We will continue 
measuring the components of NPP in these sites. We will measure decomposition rates of leaf 
litter and standardized substrates to distinguish influences of litter chemistry and soil 
environment on long-term biogcochcmical feedbacks. In other studies we measure effects of N 
addition on whole-stand C allocation and fine root and mycorrhizal longevity. 

Herbivore exclosure experiments. (Kielland) From the estimates of browse consumption 
in different succcssional stages (theme 1), and tissue N analysis. we will estimate the C and N 
inputs by herbivores, relative to direct inputs from plant litter (112.3). Comparison of 
aboveground litter inputs and root turnover inside and outside exclosures (Ruess et al. 1998) 
provides a test of the indirect effects of herbivores on C and N cycling through changes in 
vegetation and associated changes in litter quality, quantity, and allocation. 

Disturbance effects on carbon and nitroeen cyciine. (Valentine. Cha~in. and Boone) 
Following the FROSTFIRE experimental burn in summer 1999. we added ( 5NH,) 2S0, to four 
replicate burned and unburned stands to follow the long-term fate of N returned to the soil in ash. 
The plots arc large enough ( 144 m~) and have sufficient label to follow N retention on the site for 
at least the next 50 yr. As a component of LTER, we will document the mechanisms of N 
retention (N incorporation into plants. microbial biomass, and physical adsorption) and the rate 
at which the 1'N is diluted by newly fixed N. Using lysimeters we will document N loss to 
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Fig. 2.12. Changes in NPP and heterotrophic respiration (RH) through succession after disturbance as 
simulated for a borcal forest stand in interior Alaska under a constant climate by TEM. Immediately after 
disturbance NPP declines dramatically because of loss of leaf area. and increases as the canopy develops through 
succession. NPP reaches a peak at about 80 years and then declines gradually to pre-disturbance levels as the 
vegetation losses nitrogen to the soil. The pre-disturbance and post-disturbance "equilibrium" values of NPP depend 
on the amount of nitrogen in the system. A net loss of nitrogen from the system over the disturbance-recovery cycle 
will result in a lower "equilibrium" level of NPP. whereas a net gain of niuogen will result in a high level of NPP. 
In conuast to NPP. RH increases immediately after the disturbance event because of an increased root mortality 
associated with the disturbance event. RH gradually declines until approximately year 60 as the amount of organic 
substrate in the soil declines because losses to decomposition exceed inputs from litterfall production. The system is 
in positive carbon balance at approximately year 30 when NPP exceeds RH. After year 60. RH increases as 
increases in littcrfall production exceed RH to increase the amount of organic substrate available for decomposition. 



groundwater as nitrate. ammonium. and DON. NADP measurements of N deposition. and 
watershed measurements of N loss at the site provide input-output constraints on the N budget. 
We seek external funding to suppon detailed documentation of the mechanisms of N retention. 
but L TER funding is sufficient to enable us to document the extent of N retention and its 
partitioning among plants. microbial biomass. and soil-fixed N (Schimel and Chapin 1996). 
Spatial and Temporal Scaling 

In the floodplain successional sequence we have documented production of trees and 
roots and are documenting NPP of shrubs and mosses. providing estimates of total NPP. In the 
next two years wc will continue these measurements to document interannual variability in NPP 
and determine a simplified set of measurements that can be used to estimate annual fluxes at 
other sites. For example. live root number is a good predictor of biomass on minirhizotron 
images. allowing fine root production and mortality to be estimated relatively rapidly (Ruess ct 
al. 1998). Based on the relationships that wc develop in the first two years of the research. we 
will establish a simplified sampling protocol to estimate fluxes in north- and south-facing upland 
stands to test whether the models developed with floodplain data accurately simulate fluxes of C 
and N in the uplands. These measurements provide a basis for estimating patterns of C and N 
cycling through succession in each of the major landscape units (floodplain. north- and south­
facing uplands). 

We will place our biogeochemical studies in a regional context by extensive sampling in 
the Fairbanks Region and along the Alaska Climate Transect. using the same sites and sampling 
design described in Theme 1. At these black spruce sites. we will measure critical input variables 
for biogeochemical modeling (C and N pools in vegetation and soils. soil temperature and 
moisture. etc.) and simple indices of model outputs of components of NPP and organic matter 
turnover (ring-width increment. litterfall. root ingrowth screens. net N mineralization. litterbag 
decomposition of a common substrate). These rapid measures will be calibr.ited against more 
intensive measurements at our LTER intensive sites. We will seek separate funding to document 
soil organic matter turnover. using ''C profiles (Trumbore and Harden 1997). 

Using a 30-yr record of ring-width. litterfall. and stand density, we are developing 
relationships between ring-width and NPP. to extrapolate our estimates of NPP over the 300 yr 
ring-width record. The 30-yr direct record of NPP provides a useful validation data set for model 
simulations of NPP. We are in the exploratory phase of extrapolating biogeochemical indicators 
back through the sediment record. For the last 1000 yr and for the period prior to 4000-5000 yr 
ago. for which we will have climate and vegetation records (see theme 1 ). we will analyze 
sediment samples for chemical and isotopic indices of watershed biogeochemistry. For example. 
we expect Fe and Mn concentrations to be sensitive to lake pH and therefore organic 
accumulation in the watershed. If these efforts prove successful. we will apply the same 
approach to lakes along the Alaska Climate TransecL 
Modeling the Linkage of Pattern and Process 

We will use the biogeochemical model TEM (parameterized with floodplain data) to 
provide an integrated picture of boreal C and N cycling. The most recent version of the model. 
which has largely been parameterized with information from studies at the Bonanza Creek 
Experimental Forest. accurately simulates seasonal and interannual net C exchange of mature 
Canadian black spruce forests (Fig. 1.3) (Amthor et al. Submitte4 Clein et al. Submitted). giving 
us confidence that the model is a useful tool for extrapolation. We have applied this version of 
the model to explore the role of the effects of changes in atmospheric carbon dioxide. climate. 
and fire regime on historical carbon dynamics for Alaska (Fig. 2.14). We are currently 
incorporating soil thermal and hydrologic dynamics (Hinzman et al. 1996. Romanovsky et al. 
1997) into TEM and including additional pools and fluxes as a tool for exploring the 
consequences of alternative hypotheses concerning the role of root dynamics (112.1, 112.2). the 
quality of soil organic matter (112.2), herbivory (112.3), and nitrogen dynamics in affecting 
carbon dynamics through succession. These changes in model structure provides the capability to 
represent this improved understanding in simulations of regional carbon dynamics. The regional 
application of TEM driven with historical data sets on climate (theme 1) and on the timing and 
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Fig. 2.13. In contrast to pronounced decreases in aboveground letter quality and quantity through succession. there 
are comparatively subtle changes in fine root litter quality and quantity among seres. A) Using the Century model 
structure (Parton et al. 1987), we envision the possible fates of fine-root derived C to be 3-fold: l) preserved by low 
temperatures in relatively labile form in slow or passive turnover pools (cryoprotected). 2) chemically or 
biologically sequestered into humates. and 3) respired as CO 2 after deposition. While all of these occur. the 
partitioning of C among these determines the future responsiveness of soil C dynamics to climate variability. B) 
Using methods pioneered by Trumbore and Harden ( 1997), we will use laboratory incubations of bomb-derived 1'C 
as a traeer of C fixed during the l 960's. We expect that cryoprotcctcd organic matter will increase apparent Q10·s. 
and that the resulting CO 2 will initially be enriched in 1'C. An increase over time in 14C enrichment during a long­
term incubation will suggest that most of the bomb-derived C was sequestered in less-climatically sensitive slow and 
passive pools. 



location of fire disturbance and subsequent vegetation transitions (theme 3) will allow us to 
evaluate the relative role of climate and fire regime on regional carbon dynamics in a historical 
context (112.4). 

Linkage of TEM with other models provides the opportunity to test the integrated 
response of the boreal forest to changes in climate and disturbance, which is something that we 
cannot readily achieve with field measurements alone. The representation of biogeochemistry in 
TEM will be incorporated into the DVM to evaluate interactions between species dynamics 
(theme l) and biogeochemistry. Use of the model with historical climate data set (theme l) 
provides a test of the climate sensitivity of boreal C cycling (H2.l, 112.2, H2.4). The coupled 
application ofTEM and ALFRESCO (theme l) enables us to consider the role of vegetation 
transitions, seed dispersal, fire spread, and fuel dynamics in evaluating the relative roles of 
climate and fire regime on regional carbon dynamics in the context of projected climate changes 
(112.4). 

2.9 Theme 3. Landscape controls over changing disturbance regime 

Conceptual framework 
Our goal in theme 3 is to understand how the processes operating within and among 

ecosystems on a landscape influence the impact of a changing climate on disturbance regime 
(Fig. 2.15). There arc many stand-level propenies related to forest dynamics (theme 1) and 
biogeochemistry (theme 2) that influence disturbance regime. For example, the probability of fire 
increases substantially at the turning point when more flammable feather mosses and spruce 
replace deciduous trees. Conversely. thermokarst probability may be greatest following fire and 
decline as mosses invade and insulate the soil. Biogeochemistry affects disturbance probability 
directly. Factors that promote carbon sequestration increase the fuel load to suppon fire but 
increase the insulative properties that reduce the probability of thennokarsL Landscape 
composition and strucnue also sttongly influence disturbance probability by determining the 
proportion and pattern of disturbance-prone stands on the landscape. For example, disturbance 
increases the proportion of early successional stands in the landscape (Chapin et al. In press). 
These stands arc both nonflammable and unsuitable for forest harvest, -creating a negative 
feedback to disturbance probability. The patch size of flammable and nonflammable stands on 
the landscape influences the probability of large fires (Rupp et al. In press-b. Turner et al. In 
press). Changes in climate alter disturbance regime in several ways. For example. climate 
directly affects fire probability through effects on fuel moisture and flammability. Climate 
affects ignition probability through lightning strike density. Climate might also alter landscape 
conttols over fire regime in other ways, e.g., through drought-induced diminution in the 
effectiveness of deciduous vegetation as a fire break or changes in successional trajectories. Any 
significant disturbance could increase the active layer thickness in proportion to disturbance 
severity. If the active layer thickens to the extent that it does not refreeze the following winter, 
then the soil regime could become warmer and drier as soils continue to drain during winter, 
impacting successional dynamics (Theme 1) and local biogeochemical processes (Theme 2). To 
evaluate our conceptual framework of disturbance. we will test the following hypotheses: 
H3.1. Large fires occur only on landscapes dominated by black spruce. Warm dry climate 

increases the probability of large fires by reducing the effectiveness of deciduous 
stands as a landscape-scale fire break. 

H3.2. The natural fire regime is controlled more by flammability than by ignition, so there 
is a low correlation between total annual lightning strikes and total annual area 
burned. 

H3.3. Thennokarst is triggered primarily by past disturbance rather than by the direct 
effect of climate on soil temperature. 

H3.4. The smaller si7.e and greater frequency of disturbance on floodplains than in uplands 
results in numerous small shrub patches that support greater stability of herbivore 
populations. 
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CO2 plus di mate plus fire. For the simula1ion with fire, bum scverily was prescribed as a loss or23% vegclalion carbon 10 the atmosphere and 36% 
soil L"arbon 10 the a1mospherc as fire: emissions; these levels are typical for inlcrior Alaska (Kasischkc, personal communica1ion). The pauem of fire 
timing and location was prescribed hy the large fire data base for interior Alaska, which begins in 1950. The comparison indicates that 1he response or 
sland-level carbon storage to increases in CO2 is highly cons1raincd by nilrogen dynamics, 1ha1 imcrannual variability in the response lo climate is +/· 
0.1 Ions per hectare per year, 1ha1 the srand docs not enter positive carbon balance ar&er the fire even1 unlil approximalc:ly 1970, and 1ha1 lhe trajectory or 
carbon recovery ar1er positive: carbon balance is approximately S Ions per heclare every 20 years. Simula1ion rcsuhs are from McGuire el al. (in 
preparation). The state-wide comparison indicates 1ha1 the response or carbon storage 10 increases in CO2 is highly constrained by nilrogcn dynamics, 
thal inlcrannual variability in 1he response 10 clima1c is +/- 30 Tg C per year, that CO2 and climalc in1erac1 lo cause positive carbon storage as enhanced 
nitrogen cycling in response to warming since the: 1960s allows vegetation 10 incorporate rising CO2 into produc1ion al a rate or about SO Tg C per 
decade, that high fire years can emit as much as 60 Tg C per year, and thal 1he long-term pallcm or carbon storage for lhc simulation wi1h fire is 
generally tracking the paucrn for lite simulation wi1h CO2 plus climate. Simulation results are from McGuire cl al. (in preparation). 



H3.5. Watershed hydrologic and biogeochemical properties are primarily the result of 
microclimate-disturbance interactions. 

Agproach 
During LTER-3 our study of climate-disturbance interactions will focus on fire and 

thermokarst. because these disturbance types have increased in response to a wanning climate 
and are common across the Alaskan boreal foresL We will also document patterns of logging at 
the regional scale and the impacts of flooding and herbivory at the stand scale, as described 
previously. 
Observations of Landscape-Level Pattern and Process 

Spatial variation in fire re&jme, (Verbyla. Kasischke) In the 100 x 100 km Fairbanks 
Region, we will use remote-sensing imagery to assess the accuracy of maps developed from 
historical fire records (Kasischke and French 1998). We will develop GIS data layers for pre-fire 
vegetation, current vegetation. aspect, elevation. weather at the time of the fire, and recorded 
cause of the fire. We can then estimate fire probability as a function of topography, pre-fire 
vegetation. and climate (H3.1, H3.2). Lightning from thunderstorms is the dominant fire-starting 
mechanism for large wildfires in interior Alaska. Using the lightning sttike network in Alaska. 
we will relate fire probability to density of lightning sttikes. fuel moisture conditions. vegetation 
type, and vegetation heterogeneity (H3.1, H3.2). The relationships among these parameters will 
be the basis of the disturbance modules in the DVM and ALFRESCO. 

We will use pre- and post-fire imagery to examine the impact of fire on succcssional 
trajectories. For example, we can estimate the probability of post-fire broadleaf versus black 
spruce vegetation as a function of topographic position, pre-fire vegetation, and fire size. We 
expect post-fire black spruce to be maintained in areas where mineral soil is not exposed by fire 
due to low fuel load. cool-moist topographic position. or low fire severity. We expect aspen to 
invade areas where high fire severity has exposed mineral soil. The results of these analyses will 
be useful for modeling forest dynamics (theme 1). 

Pennafrost Dynamics and Thermokarst, (Hinzman and Romanovsky) Fire severity may 
have a long lasting impact on boreal forest ecosystems through effects on the surface water and 
energy balances and underlying permafrost. Moderate fires leave the organic surface soil 
relatively intact. providing the necessary insulation to prevent the underlying permafrost from 
rapidly degrading. Severe fires that combust the insulative layer and expose the mineral soil 
beneath improve internal drainage and result in drier surface soil. Any disturbance to the surface 
layer will increase heat flow through the active layer (the layer of soil above the permafrost that 
thaws and re-frcczcs seasonally) into the permafrosL Preserving the surface organic layer is 
critical to maintaining the thermal integrity of the permafrosL Under the current climatic regime, 
thcnnokarst is likely to develop in severely disturbed sites over the warm. ice-rich discontinuous 
permafrost common in Interior Alaska (Fig. 2.16). We currently have no regional map of 
thcrmokarst. so we will use a model developed at CPCRW that simulates topographic patterns of 
permafrost as a function of climate (Hinzman et al. 1997). This model will be applied to the 
Fairbanks Region and to the Alaska Climate Transect to estimate regional pattern of permafrost 
temperatures (and therefore probability of thcrmokarst-i.e .• permafrost temperature > OOC) for 
the climates of 1920 (a cool period), 1970 (just prior to recent regional warming), and today. A 
set of 50-100 sites will be visited to docwncnt current permafrost regime to validate the model 
and test hypothesis H3.3. The age when thcrmokarst began can be determined from asymmetry 
of tree rings. Survey transects will be established in the burned forests of the Frostfire 
experiment in areas prone to thennokarst to detect depressions as they develop and grow. This 
will enable us to validate heat flow models that predict incipient thermokarst (Hinzman et al. 
1997). 

On cold sites. the probability of a disturbance exposing mineral soil for establishment of 
aspen or birch seedlings is low because of high soil water content. cold soil temperatures. and a 
relatively deep organic horizon. Thus. the regional distribution of black spruce may reflect 
permafrost distribution. We will apply the permafrost temperature model to the Fairbanks 
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Fig. 2.15. Hypothesized relationship among processes governing regional and landscape controls over 
disturbance regime (theme 3). We hypothesize that climate strongly affects both fire and thennokarst and that all 
disturbances affect biogeochemistry (theme 2). Climate. fire and harvest regime also influence landscape structure. 
which together with soil moisture (hydrology) influence forest dynamics (theme l ). 



Region to predict the probability of black spruce as a function of permafrost. This prediction will 
then be compared with the actual distribution of black spruce as estimated from satellite remote 
sensing. 

Hydrolo&jc response to climate and disturbance. (Hinzman) The watershed studies at 
CPCRW provide an opponunity to examine the interaction of climate and disturbance on 
hydrology and biogeochemistry and to integrate these at the landscape scale. There are three 
intensively studied watersheds, one dominated by nonh-facing uplands, one dominated by south­
facing uplands, and an intermediate watershed that was burned experimentally in 1999 
(FROSTFIRE) (Fig. 2.17). These watersheds have a 10-30 yr record of climate and discharge, 
and a shorter record of stream chemistry. Together they provide a long-term context for 
measurements of the effects of microclimate (nonh vs. south-facing watersheds) and disturbance 
regime (burned vs. unburned) (H3.S). There are two major emphases in the watershed studies: 
(1) integrated watershed budgets and (2) study of chemical transformations associated with 
lateral flow. Measurements of stream discharge and chemistry reveal a great deal about the 
effects of disturbance and microclimate on water balance. erosion. and nutrient transpon 
(integrated watershed budgets). Comparisons of groundwater vs. stream carbon and nitrogen 
chemistry demonstrate additional controls that are not evident in stand-level measurements. For 
example. the CPCRW streams show nitrate losses that exceed inputs. which we would not have 
expected from our stand-level measurements or the literature on temperate N-limited ecosystems 
(Hedin et al. 1995). We will use isotopic-signatures in oxygen. carbon. and nitrogen to quantify 
yound-water and active layer flow paths and residence times of water as it moves into the 
stream. These watershed measurements then guide the stand-level measurements needed to 
understand these nitrogen dynamics (Theme 2). 

I,andscape feedbacks from Disturbance Size to Forest Dynamics. (Walker, Iuday, 
Verbyla, Rexstad). New willow communities that establish following alluvial deposition in the 
BCEF floodplain are smaller and perhaps more readily colonized by herbivores than are large 
upland burns. Snowshoe hares are an .. edge species" requiring juxtaposition of early successional 
forage habitat and late successional cover from predators. We will use historic and current color­
infrared aerial photography to map shrub patches from the BCEF floodplain and uplands to 
compare shrub patch size and temporal dynamics and will examine these patches for evidence of 
herbivore activity. This project links landscape structure (theme 3) to herbivory and forest 
dynamics (theme l) to test H3.4. 
"Experimental Tests of Controls over Processes 

EG,. (Hinzman and Chapin) L TER is now monitoring the impact of the 1999 
experimental fire (FROSIFIRE) on forest regeneration (theme 1), carbon stocks and carbon 
exchange (theme 2), and permafrost dynamics and hydrologic impacts (theme 3) for comparison 
with pre-fire measurements. See previous sections for details. 

Forest harvest. (Wunz) See forest harvest under theme 1. 
Herbjym:y. See exclosures and insect outbreaks under theme 1. 

Temporal Scaling 
Black Spruce-Wildfire Interactions. (Finney, Edwards. Lloyd. Verbyla) We will improve 

our temporal resolution of the relationship between vegetation. fire. and climate by analyses of 
charcoal • pollen. and climate proxies in annually laminated lake sediments (Millspaugh and 
Whitlock 1995, Clark and Hussey 1996). Macro-charcoal concentrations estimate fires within the 
lake catchment; micro-charcoal gives a more regional picture. (See theme 1) 
Modeling the Linkage of Pattern and Process 

The interactive effects of climate and landscape structure on area burned will be 
simulated by ALFRESCO (H3.1, H3.2). Stand-level models can then simulate the resulting 
effects on stand composition (Hl.4, SKOG, DVM), animal population dynamics (H3.4) 
(Rexstad 1994), soil thermal and hydrologic regimes (H3.3. H3.S) (Hinzman et al. 1998), and 
biogeochemistry (H2.4; TEM). Together these modeling efforts link our research on disturbance 
(theme 3) to forest dynamics (theme 1) and biogeochemistry (theme 2). 
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Fig. 2.16. Thermokarst formation and effects on surrounding vegetation and landscape. Areas with ice-rich 
permafrost arc most vulnerable to thennokarst. The large blue wedges shown in the top frame are lenses of ice that 
grow and thicken over time. When there is a disturbance to the organic soil layer (the brown layer at the top of the 
soil section), the underlying ice may begin to meiL Eventually a pond is fanned from the saturated soils. which may 
still have remnant permafrost underneath. The "tipping trees" shown in the lower frame arc typical of landscapes 
that have undergone this process. 



2.10 Program integration 
We described in previous sections the integration that occurs within each theme (Fig. 2.9, 

2.11. 2.15). Here we briefly describe the research connections among the themes (Fig. 2.18), the 
mechanisms of achieving this integration. and the conceptual issues that our synthesis will 
address. Climate directly affects virtually all our aspects of the boreal forest (Fig. 2.18), which 
we document through study of ecological responses to temporal variation (interannual 
variability, tree-rings, successional change. the pollen record) and spatial variation (topographic 
and regional) in climate. Forest dynamics (theme 1) responds not only to climate but also to 
topographic and successional variation in biogcochcmistry (theme 2) and to disturbance regime 
and soil moisture (theme 3). Biogeochcmistry is sensitive to climate, forest structure, and 
disturbance. It affects disturbance regime through its effects on forest structure and f ecds back to 
regional climate through its effect on net carbon exchange and energy balance. Landscape 
structure and disturbance respond sensitively to climate and forest structure and affect patterns of 
stand initiation following disturbance (Fig. 2.18). In addition to the strong scientific connections 
among our research themes. we have several mechanisms that promote scientific integration: 

Use of common sites and experiments. By collecting a consistent set of measurements 
from the same intensive and regional study sites, we have a strong basis for comparisons and 
synthetic work. Perhaps more important. the use of common study sites facilitates the interaction 
among scientists and the integration of results from different types of studies. 

Hierarchical research desi20. Each of our study themes requires an understanding of 
processes at spatial scales ranging from the individual organism to large regions • although each 
theme has a predominant scale at which most of the research is conducted (e.g .• the stand scale 
for theme 1 and the landscape scale for theme 3). Our choice of intensive and extensive sites is 
guided by this hierarchical perspective (Walker and Walker 1991), in which we stratify the 
region into landscape units (north-facing, south-facing, floodplain), each of which contains 
stands of different succcssional ages. with additional variability within and among stands of a 
given age. The long-term temporal perspective is important because die natural range of 
variability in time-varying processes (climate, disturbance regimes. infrequent events, vegetation 
dynamics) cannot be captured from studies at a single temporal scale. 

Modelio& Key Research Components. Our use of a suite of models based on processes 
that operate at different temporal and spatial scales enables us to incorporate our understanding 
developed at one scale and explore the logical consequences at other scales. The models provide 
tools by which each researcher can refine questions about controls over the process which (s)hc 
studies. In this way we explicitly recognize the consequences of these process controls for other 
components of the system, particularly at large temporal and spatial scales. 

Synthesis volume. Our synthesis volume will be a "readable" description of "1bc 
Changing Boreal Forest". rather than an edited volume that summarizes only LTER research. 
The book will explain our current understanding of the structure and functioning of the boreal 
foresL The necessary cross-referencing among processes and chapters will inevitably improve 
our understanding of the linkages among processes and scales. The book has been outlined. and 
serious writing will begin following submission of this proposal. 

Contributions to Conceptual Issues in Ecolozy. Our research is motivated by many of the 
long-standing and recently developing conceptual issues in ecology (Table 2.1) and directly 
addresses the application of these issues to understanding of the functioning of the boreal forest. 
Our synthesis will address three subjects that bridge the subdisciplincs of ecology (diversity 
effects on ecosystem processes. spatio-temporal scaling, and ecosystem sustainability) and which 
arc essential to the application of scientific understanding to ecosystem management. Our 
research directly addresses each of these areas, providing us with the opportunity to make sttong 
contributions to the theoretical developments in ecology, the integration of ecology with other 
disciplines. and the application of ecological theory to resolving current environmental problems. 

Diversity-function relationships. Test of the turning points concept provides an explicit 
test of ways in which species traits influence ecosystem processes (Chapin et al. 1998). Most 
previous tests have been with shon-term experiments in herbaceous communities (Ti~man and 
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Downing 1994, Tilman et al. 1996, Hooper 1998, Hooper and Vitousek 1998). The DVM 
incorporates the documented effects of species or functional types on biogeochemistry and 
disturbance (Chapin et al. 1996a, Chapin et al. 1996b) and can be used to simulate the long-tenn 
consequences (Coffin and Lauenroth 1990, Kittel et al. In press) of various scenarios of climate, 
fire, and management. Our studies of diversity (Hl.3) explicitly test causes of landscape and 
regional patterns of diversity. 

Spatio-temporal scaiing. ~caling IS a pragmatic problem because scienusis have been 
unable to incorporate critical processes (e.g., cloud nucleation and disturbance spread) at large 
temporal and spatial scales. It is of fundamental theoretical interest because processes that are 
observed at large scales are often the patterns to be explained at smaller scales (Allen and Starr 
1982, Walker and Walker 1991, Allen and Hoekstra 1992), raising questions about the 
consequences of processes at spatial and temporal scales other than those at which they are 
measured. Vinually every question addressed by the BNZ LTER is considered at a broad range 
of temporal and spatial scales, and our modeling is explicitly aimed at linking processes across 
scales, so we expect to contribute substantially to understanding of the linking of processes 
across scales. 

Ecosystem sustainability. The sustainability of ecosystems depends on the interactions 
among negative feedbacks that retain the system in its current state and positive feedbacks that 
push it toward a new state (DeAngelis et al. 1986, DeAngelis and Post 1991, Chapin et al. 
1996c). The strong directional changes in virtually all determinants of ecosystem functioning 
(climate, soil resources. biota) threaten the future sustainability of the biosphere (Vitousek 1994, 
Walker et al. 1998). Our long-tenn goal of BNZ LTER research is to develop the scientific 
understanding necessary to assure the sustainability of the boreal forest (Chapin and Whiteman 
1998). 

Intcmtion with other research pmmros. The BNZ LTER has chosen to focus on the 
interaction of climate and disturbance, as these affect the functioning of the Alaskan boreal 
foresL We extend this research by seeking additional outside funding (Table 2.5) and attracting 
collaborators who build on and contribute to our LTER research (Table 2.7). Research that is 
essential to understanding of the boreal forest but beyond the funding capabilities of the LTER 
includes (Tables 1.2, 2.5, 2.7): 
1. Process studies of fine root and mycorrhizal dynamics (Ruess), organic N uptake (Kielland), 

microbial C dynamics (Schimel), soil C turnover (Harden. Schuur), fire behavior (Sandberg), 
insect outbreaks (Raffa), vertebrate population cycles (Rexstad), permafrost dynamics 
(Romanovsky). river runoff (Hinzman), land-surface feedbacks to climate (Lynch, Chapin), 
boreal forest and the global C cycle (McGuire) 

2. Regional comparisons with the boreal forests of Canada (Apps. Gower) and Russia (Zimov, 
Fukuda) and with other L TER sites. 

3. Human dimensions of the boreal forest, including timber harvest (Wurtz), and fire control 
(Chapin, Naylor). 

4. Patterns of change including genetic diversity (Cook, Denton), biodiversity (Walker), species 
migration (Sveinbjomsson, Lloyd, Juday, Starfield), disturbance regime (Kasischke), land 
cover (McGuire, Melillo), climate (Chapin. Lynch), and social processes (Naylor). 

5. Model development at scales ranging from populations (Malmstrom. Rexstad) to landscapes 
(Starfield) to regions and the globe (McGuire, Melillo, Harden). 
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Fig. 2.18. Summary of the BNZ L TER research program. Research integration within each theme is described 
in Figs. 2.9. 2.11. and 2.15. Successional changes in N supply (theme 2) affect species composition and biomass 
( theme l) and vice versa. Stand composition and landscape structure affect ecosystem exchanges of water. energy, 
and CO2. which in tum affect regional climate. Disturbance both affects and is affected by forest composition. Soil 
moisture (hydrology) affects forest composition and biogcochemisuy. Specific measurements being made to 
document these effects arc shown in Table 2.4. 



Table 2.7. Research by BNZ atTdiate scientists (non-BNZ Pis) that integrates with BNZ 
research. The research by BNZ affiliate scientists is closely coordinated with BNZ L1ER 
research but is directed by non-LTER Pis. 

Project PI Agency Start 
Climate 

Meteorological processes Ishikawa JAMSTEC 1997-
Regional climate modeling (veg. Feedbacks)Lynch. Wu NSF 1997-

Theme 1 
Forest population dynamics model (SKOG) Malmst.rom NASA 1998-
Genetic diversity of Alaskan biota Cook. Denton UAF 1998-
Alaska tree-ring transect Jacoby, D' Arrigo NSF 
Proposed 
Fire effects on myconhizae Helm NSF 1999-
Geographic patterns of fungal diversity Laursen 1998-
Nonh American boreal vegetation map McDonald NASA 1998-

Themel 
Holocene C and N cycling (fire effects) Harden USGS 1999-
Post-fire N retention (1'N addition expts) Mack NSF 1999-
Fire effects on atmospheric C budgets Randerson. Neff Cal Tech 1999-
Remote sensing of canopy N Zimmermann IARC 1999-
Watershed nutrient dynamics Shibata 1998-
Inventories of boreal soil carbon Ping UAF 1998-
Land~over change and the global C cycle Melillo NASA 1998-
Veg. effects on soil 1'C turnover after fire Schuur.Mack Unfunded 1999-

Theme3 
Experimental bums in Alaska and Siberia Fukuda NASDA 1997-
Fire behavior modeling Sandberg, Ottmar USFS 1997-
Boreal treeline modeling (climate/fire effects)Starfield NSF 1996-
SAR analysis of freeze/thaw and phenology McDonald NASA-JPL 1994-
Hydrologic processes Urano 1998-
Fire history at CPCR W and BCEF Fastic NSF 1999-

Other regions 
Canadian and circum-boreal Carbon budgets Apps Can FS1995-
Siberian boreal C and CH, emissions Zimov Russian SF 1995-
BOREAS follow-up (carbon balance) Gower NASA 1998-
LTER national network. especially 

Arctic LTER Hobbie. Shaver NSF 1987-
HJ Andrews L TER Swanson NSF 
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Section 4 Site management 
The Bonanza Creek LTER project is jointly funded by NSF and by the U.S. Forest 

Service (through the Pacific Northwest Experiment Station). Over the past four years BNZ has 
undergone a substantial change in leadership and organization as a result of the closure of the 
Institute of Northern Forestry (the USFS Experiment Station in interior Alaska) and the 
retirement of the lead Pis for both the NSF (Van Cleve) and the Forest Service (Viereck) 
components of BNZ. Following the closure of INF. PNW established a new Cooperative 
Forestry Research Unit at the University of Alaska Fairbanks. which provides a continuing 
Forest Service presence in the BNZ LTER. In the two years since our previous proposal. several 
changes have solidified the BNZ leadership. Stuan Chapin and Marilyn Walker. the co-directors 
of the BNZ LTER. have moved to the University of Alaska. with Chapin as a UAF faculty 
member and Walker as the USFS unit leader. Both co-directors now focus their research 
primarily on the BNZ LTER sites. with their major effort directed toward the integration of the 
research program described in this proposal. 

BNZ LTER has two intensive research sites: The Bonanza Creek Ex.perimental Forest 
(BCEF) is within the Tanana State Forest and is managed.by the PNW Cooperative Forestry Unit 
through a renewable 50-yr lease. The Caribou-Poker Creek Research Watersheds (CPCRW) was 
added to the BNZ LTER program during LTER2 because it is the major site of hydrologic and 
aquatic research in interior Alaska. It includes lands under the jurisdiction of the University of 
Alaska and the Alaska DNR. The BNZ L TER manages BCEF and CPCRW, with general policy 
issues addressed by the BNZ executive committee and detailed management overseen by the site 
manager and the staff responsible for the long-term monitoring at BCEF and CPCRW. 

The Forest Service and NSF-sponsored components of the LTER program are thoroughly 
integrated into a single program. so we describe the management as it actually functions. rather 
than distinguishing between NSF and USFS components. The Pis (Chapin and Walker) are 
jointly responsible for ensuring that all research conducted at Bonanza Creek and CPCRW is in 
the best interests of the long-term research program in these sites. A site manager (currently 
being recruited) deals with daily management issues (Fig. 4.1 ). Chapin serves as the PI of the 
LTER research program and is ultimately responsible to NSF for the overall design and 
implementation of the research program. Decisions about scientific direction of the L TER are 
made at five levels. 

l. Chapin and Walker are jointly responsible for the continuity and quality of long-term 
measurements of the BNZ LTER as co-directors of the BNZ LTER (Fig. 4.1). They 
meet weekly to discuss important issues. 

2. A national advisory committee provides guidance on effectiveness of the general 
research directions of the BNZ LTER program. This group will meet once in year 4. 

3. Chapin and Walker make major policy decisions governing the direction of the 
overall LTER program. with the advice of a 6-member executive committee (Ruess. 
McGuire. Valentine. Viereck. Verbyla. and Hinzman in LTER3). These decisions 
include budget allocation. integration among research components within LTER. 
linkages between LTER and other research programs. data management policy. etc. 
To date. all issues have been decided by consensus of this group. If this group cannot 
reach consensus. the PI (Chapin) will make the decision. The BNZ executive 
committee convenes monthly in meetings that are open to all BNZ L1ER scientists. 
At these meetings we discuss any issues of concern plus an in-depth discussion of a 
topic of general interest. This meeting format proved productive in the preparation for 
this renewal proposal. 

4. A theme leader who is a member of the LTER executive committee (Fig. 4.1. Table 
4.1) coordinates integration within each of the three research themes. Within each 
theme there are specific research components for which an LTER scientist is 
responsible. These groups make most of the day-to-day scientific decisions about how 
to conduct the research within individual components. Broader issues are brought to 
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Site Inte2rity 
BCEF.CPCRW 

Landowners: 
AK Div. Nall. Res. 
USDIBLM 
USDAFS 

Agency Long-Term Res. 
USFS Forest Health: Raffa/Werner 
USFS Forest lnvemory: Valentine 
AK Div. of Forauy: Wunz 
AK Fish and Oame: Kielland 
EROS Da&a Center. <llapin 
VEMAP: McGuire 
USFS Hydrology: Hinzman 
Naaional Park Service: Rcxs&.ad/ 

Juday 

BNZ Co-Directors 
(Chapin, Walker) 

I 
LTER Science Pro2ram 
PI (Chapin) and Co-Pl (Walker) 
Program components 

Oimarc:Hinzman 
Forest dynamics: Walker 
Biogeochemisuy: Ruess 
Land~ proc:csses: Verbyla 
Scaling: McGuire 
Da&a Management: Walker 
Educalion:Spanow 
Agency Liason: Wurtz 
Collections: Boone 

I I I 

Other Sponsored Res. 
(LTER Pis, Table 2.5) 

Land-cover change: McOuircJVcrbyla 
Fire/Carbon balance: Kasischke 
&pcrimmal bum: Chapin/Hinzman 
Belowground proc:csses: Ruess 
Insect Olllbrcaks: Raffa/Wcmcrilllman 
Microcinc cycles: Reu&ad 
Permafros&llhennolws&: Romanovsky 
Hydrology of the Yukon Basin: Hinzman 
Human dimensions: Chapin/Naylor 
High-laliwdc diversity: Walker 

National Context 
LTER Network 
BNZ National Advisory Committee 
Boreal Ecology Coop. Res. Unit 

(USDA FS PNW Station) 

I 
AtTlliated Research 

(Tablel.7) 
Holocene C/N cycling: ~ 
Ocnctic diversity: UAP Mmeum 
Posdue N retention: Mack 
Borea.l fire: Fukuda 
Boreas follow on: Oowcr 
Canadian boral C cycle: Apps 
Siberian C cycle: Zimov 

Flg. 4.1. Management stnicture of the BNZ LTER. The BNZ co-directors (Chapin and Walker) arc responsible for ( l) 
maintaining the long-tcnn integrity of the research sitcS. (2) directing the scientific program of the BNZ LTER. and (3) ensur 
the relevance of the rcscarch program to national and international scientific issues. Decisions concerning site integrity of ou 
pcnnancnt study sites (BCEF and CPCRW) arc made by the LTER co-directors. with input from land management agencies. 
The LTER site manager addresses daily issues affecting site integrity. The LTER Science Program is described in table 4.1 a 
the proposal text. The BNZ actively panicipates in the national LTER network. It addresses the concerns of the USFS throu 
the Northern Forcsary Cooperative Unit. directed by Walker and funded by the USFS. We receive periodic advice from our 
National Advisory Committee about how best to address major conceptual and environmental issues in ecology. The BNZ 
LTER has become the hub of ecological research in the Alaskan borcaJ forest but depends on non-LTER research to develop 
more comprehensive understanding of the borcal foresL This research includes (I) long-term research conducted by state an 
federal agencies. (2) non-LTER-fundcd research by BNZ Pis. and (3) research directed by non-LTER Pis. which is affiliated 
with BNZ LTER research. The PI of each affiliated rcsearc:h program receives all the LTER group communications about Bl 
issues and is invited to participate in our annual symposium. These BNZ affiliates arc effectively pan of the BNZ program t 
receive funding for their research from non-LTER sources. 



the monthly meeting of the executive committee. The involvement of many Pis in 
multiple research components plus the oversight by the executive committee 
guarantees coordination across the research components. 

5. All BNZ scientists (Pis. staff. and students) meet twice annually. In early winter we 
hold a 2-day symposium/workshop where each BNZ scientist presents research 
results (day l; see the BNZ website for abstracts) and where we discuss overall BNZ 
LTER issues and interactions with agencies (day 2). We invite representatives of 
relevant agencies. biological consulting companies. and public advocacy groups to 
this symposium. In LTER.3 we will also meet in the spring to coordinate details of the 
summer field research. 

Each investigator is allocated a separate budget (Table 7 .1, budget justification). Every 
two years each investigator must submit a progress report that includes major findings, a listing 
of data sets that are on line or being prepared. and a mini-proposal that describes research plans 
for the next two years. These reports and mini-proposals serve as a basis for evaluation and 
budget reallocation by the executive committee. If more frequent budgetary adjustments are 
necessary, these will be made annually at the time of budget submission to NSF. We have made 
substantial changes in budget allocation among existing projects and changes in personnel since 
the last mid-point site-review to adjust for research performance and the changing needs of the 
program. In addition to budgets for each research project. we maintain separate budgets for core 
research, data management, and general project costs. Core research includes monitoring of 
climate, hydrology, and other critical long-term site measurements. General project costs include 
national travel, some infrastructure costs, and a disaster contingency fund (e.g., to replace data 
loggers after floods, boat motors that die, etc). This budgetary process has worked well so far. 

Due to retirements, we have confronted the issues of maintaining continuity and allowing 
gradual evolution of a long-term research program. When the two lead Pis of BNZ L TER2 
retired simultaneously, the University of Alaska and the Forest Service, as the two lead 
institutions, brought in new Pis, one of whom (Chapin) had been a co-Pl in LTERl and had 
helped write the LTER.2 proposal. Where possible, we have brought in new investigators to 
overlap with dcpaning Pis for at least a year (e.g., Kielland's replacement of Bryant). In cases 
where overlap of personnel has not been possible we provide interim oversight of the project and 
develop a strategy for continuation. For example. following Oswood's retirement in July 1999, 
Joan Braddock (an aquatic microbiologist) has assumed oversight of the aquatics project (with 
continued input from Oswood), until the UAF faculty position in aquatic ecology is filled 
(anticipated July 2000), at which time we will decide how best to provide leadership to the 
aquatic ecology component of the BNZ program. The aquatics ecology program has been a 
productive and essential component of our research, and we intend to maintain a strong program 
in this area. 

We encourage non-LTER investigators to conduct research at BNZ in three ways: (1) 
LTER inter-site comparisons (Table 1.2), (2) other collaborations with LTER scientists (Tables 
2.5 and 2.7), and (3) independently initiated research projects in BCEF or CPCRW (Table 2.7). 
We established a group of LTER affiliate scientists (Table 2.7. Fig. 4.1), who collaborate closely 
with LTER investigators but are not funded by the LTER program. We provide logistic and 
travel assistance to LTER affiliates and other collaborating scientists, to the extent possible. 
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Table 4.1. Subdivision of responsibilities in the BNZ LTER and their relationship to LTER 
network core research areas. The name in bold has primary responsibility for the design, 
implementation, quality control, and analysis of this component of the research. 

Major research themes: Walker and Chapin 
Climate: Hinzman, Romanovsky, and Chapin 
Theme l: Forest dynamics: Walker and Kielland 

(L TER Core Area: Populations of key organisms) 
Vegetation dynamics and diversity: Walker, Juday, and Wurtz 
Mammals: Kielland, Rexstad, Doak 
Insects: Raffa, Ulman, and Werner 

Theme 2: Biogeochemical processes: Ruess, Valentine, and Boone 
(L TER. core areas: primacy productio~ organic accumulatio~ nutrient cycling) 
Biomass and NPP: Ruess and Sveinbjomsson 
Herbivory: Kielland and Werner 
Soils processes: Valentine, Boone, Ruess, and Kielland 
Net ecosystem carbon exchange: Chapin and McGuire 
Aquatic biogeochemistry: mN 

Theme 3: Disturbance and landscape processes: Verbyla and Hinzman 
(L TER. core area: disturbance regime) 
Hydrology and watershed biogeochemistry: Hinzman 
Landscape fire dynamics: Kasischke and Verbyla 
Forest harvest Wurtz and Valentine · 

Scaling and Integration: McGuire, Finney, Walker, and Chapin 
Modeling: McGuire 
Remote Sensing and GIS: Verbyla and Walker 
Paleoecology: Finney, Lloy~ Juday, and Mann 
Human dimensions: Chapin and Juday 

Education and outreach: Sparro~ 

Program-Agency Liaison: Wurtz and Kielland 
ADF&G, USFWS: Kielland 
DOF: Wurtz 
AFS, USGS: Hinzman 
L'IEM:Rexstad 

Data Management Blodgett and Walker 
Site Management: TBN and Chapin 
Collections: Boone 

Plant and soil sample archival: Boone 
Herbarium: Walker 
Animal tissues: Cookb 

8Funded by Schoolyard supplement 
bpunded by Univ. of Alaska Museum 



Section 5 Data and information management 

5.1 Goals and objectives of data management 
Information management at the BNZ LTER site is constantly evolving to implement new 

ideas and technology, as they mature. The primary goal of data and information management at 
our L TER site is to insure the long-term security and usability of data sets collected at our site. 
To reach this goal. a data management system has been developed with the following elements: 

1. Documentation: Standardized documentation of data sets allows both current and 
future users of the data to understand the data and its origins. 

2. Quality Control: Quality control seeks to insure the validity and integrity of data and 
metadata. 

3. Access: User-friendly access to data sets allows those that need the data to locate and 
reaieve them in a readily usable form. 

4. Security: &tablishment and enforcement of procedures for protecting against loss or 
damage to data sets via natural disaster. the~ or any other destructive means. 

Additional important goals for data management include the following: 
1. Facilitating the process of getting data from the field into the data management 

system. 
2. Training users in the use of the network. the web. and the data management system. 
3. Enabling or improving both intra-site and inter-site communications and networking. 
4. Network and systems administration and technical support. 
5. Researching new ideas and technology that would benefit the site. 

5.2 Historical Perspective 
Initial efforts in data management at BNZ focused on developing an infrastructure for the 

data management system and documentation of projects and data sets. Standardized forms for 
documenting overall projects and individual data sets were available as printed forms or 
electronic files. In 1994 we transferred our data base to the World Wide Web (WWW) to 
increase its accessibility to the scientific community. In 1997 we implemented the use of a 
shareware relational database. MSQL. to allow information to be organized according to the 
needs of the user. rather than only in the way it was entered. 

5.3 Current System 
The system: The current BNZ data management system is housed on a Sun Spare server 

3000. All metadata that have been submitted to the data management system are on line and 
accessible via the BNZ web server. All our current data sets are publicly accessible via this 
server. Server accesses have increased over time as both our available data and online usage in 
general have increased (Figure 1.3). All data are stored in ascii files. and metadata are stored in 
MSQL database tables. Currently there are five tables in the MSQL database: bibliography, 
project description. data description. site description. and personnel. Data files are stored in a 
hierarchical structure based on the PI. or an overall subject such as climate. 

Documentation: Standard online forms for documenting projects. data sets. sites. and 
personnel are accessible via the WWW to researchers with the required password. These forms 
are filled out and submitted to a temporary storage area for data management review. Once 
reviewed. data management submits the forms into the main BNZ MSQL database. and the 
information becomes universally available via the WWW. Project description records describe 
the overall project. Data-set description records describe an individual data set. which can be 
made up of one or more files of the same structure and content. Site description records provide a 
detailed description of an individual research site. Personnel records describe an individual. 
Logical links can be made between each of the various tables to provide various ways of looking 
for information. 

Quality control: Quality control is the responsibility of the Pl who submits the data set to 
the BNZ data management system. Pl's rely on various methods for quality control. including 
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plotting, visual inspection. and programmatic range checking. The data manager subjects each 
data set to range checking and repons the extreme values for each data set back to the PI prior to 
placing the data set on line. 

Access: Our data management policy is to place all data on line within 1-2 years of 
collection. Currently all our on-line data sets are available to the scientific community without 
restriction. However. there will occasionally be circumstances where restricted access may be 
desirable (e.g., locations of endangered species. time-series data to be used in a dissertation). 
These exceptional cases of restricted access require approval of the BNZ executive committee 
and in most cases will reven to unrestricted access within 2-3 years after collection. 

Access to Bonanza Creek data is made via our WWW server. We provide logical links 
between tables to allow different ways of getting to information. Data files must be accessed via 
the data description form, which describes the data set in detail. To get to a data description 
form, you may go through the project description table, the personnel table or the data 
description table. 

Security: Data reside on individual PJ's computer system, and on the Bonanza Creek 
server. Data on the server is backed up weekly to 8mm tape. Two copies of the backup are 
created. one of which is stored off-site. The server is located in a secure area behind a 
combination-locked door. 

Role of data mana&er. Darrell Blodgett. the BNZ data manager, plays several key roles in 
our LTER site. (1) He is responsible for the maintenance and security of the data base. (2) 
During LTER3 he will interact with researchers during the entire scientific process-from the 
initial planning of sampling designs and field data collection to archiving and distribution of 
long-term data. The purpose here is to make data archival an integral part of data collection and 
analysis. (3) He takes a proactive role in searching out and modifying appropriate software to 
facilitate ease of data entry and use on our web site. (4) As system administrator, he trouble­
shoots and solves problems of networking the computers of L TER scientists. (5) He works with 
other LTER data managers to improve the networking capabilities of the network. For example, 
he worked with the climate committee to develop a way to harvest climate data from individual 
sites so that climate data could be retrieved and centralized on LTER-network climate data base 
and is currently taking the lead in developing a similar L TER-network system for harvesting 
other L TER site information .. 

Procedures to ensure each investieators places data on line. Our major mechanism of 
getting individual investigators to place data on line is to ingrain in each scientist a sense of 
responsibility for public archival of data and to make the process as easy and beneficial to the 
investigator as possible. Compliance with this responsibility is an important aspect of our 
internal review process. when we reallocate budgets among projects every two years. 
Investigators who refuse to archive their data cannot receive continued LTER funding. 

5.4 Future developments 
Our information system will continue to evolve as new ideas. technology, and software 

tools become available. Our effons up to this point have emphasized hardware infrastructure. 
documentation. access. and security. Quality control will continue to be the charge of the 
researchers. although we will add a data-screening process to flag extreme values in the data. 
Additional new effons in the next 4 years will be to increase the number of data sets on line and 
to increase the ease of access and usability of these data sets. We will also develop and regularly 
update summary data sets that are likely to be of frequent interest (climate, biomass, NPP, 
species diversity, etc.). 

More data sets on Iine: We now have about 100 distinct data sets on line (Table 1.3), and 
long-term data sets are kept as current as possible. Nonetheless there are additional LTER data 
sets. primarily related to shon-tenn observations and experiments, that must be placed on line. 
This will receive increased emphasis in LTER3 and will be an important component of our 
interim project evaluation and re-budgeting process. 

A new emphasis in LTER3 will be to identify relevant environmental. ecological. 
historical, and social-science data sets for Alaskan boreal forest that have not been collected by 

58 



LTER and to find the most expedient way to make these available to ecologists. The options that 
we will pursue are (in order of preference) (l) to develop web links to other web sites where 
these data sets are archived (e.g .• maps of Alaskan climate. soils. and vegetation. developed 
jointly by the BNZ L TER and the EROS data center of USGS and maintained on the EROS web 
page), (2) to provide technical advice and encouragement to agencies to develop their own long­
term data bases (to which we would develop web links). as we are doing with the Denali 
National Park monitoring program (see outreach), or (3) to offer the service of the BNZ web site 
as a repository for imponant non-LTER ecological data (see outreach). This incorporation of 
non-L TER data sets into the BNZ data base is part of our new effon to build strong linkages with 
other research units in Alas~ such as Forest Inventory of USFS. We have designated an LTER 
Pis to be responsible for developing linkages with each agency (Table 4.1) and will explore the 
availability of appropriate data sets and determine how best to increase the accessibility of these 
data to the general community. Our first priority is simply to identify the nature and contact 
location of important data sets; in addition. we will facilitate their availability via WWW, as time 
and resources penniL 

frase of data access and usability. We will continue to pursue our cUJTCnt effons to 
improve availability of user-friendly data entry, quality control. and plotting programs so as to 
facilitate the documentation and archival of data sets by LTER investigators. By providing user­
friendly data analysis tools. we hope to provide an environment that facilitates analysis. cross­
comparison, and synthesis so that each investigator will want to put their data on line quickly to 
analyze it. rather than feel it is an obligation that they must fulfill. 
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Section 6 Outreach efforts 
The BNZ LTER has substantially expanded its efforts at outreach in the areas of K-12 

education, development of formal ties with other research programs. museums and agencies, and 
organization of science symposia. We are searching for a site manager, one of whose 
responsibility will be to augment our outreach to the general public. 
Education 

As part of the LTER schoolyard program. we have added a new PI (Elena Sparrow) to 
direct our K-12 education efforts. We have teamed up with two ongoing science education 
programs. GLOBE (NASA) and Partners in Science to train science teachers in 15 Alaskan 
towns and villages. LTER funding enabled six Fairbanks elementary and high school teachers to 
be added to the program. We have initially focused attention on teachers in close proximity to 
our LTER site to explore how best to integrate education with our research program. 

In addition to the formal LTER schoolyard program. individual LTER Pis have taught 
shon courses for secondary school science teachers from rural Alaska (Oswood and Bryant), 
developed web-based curricula in long-term ecological monitoring (Verbyla, Sparrow. and 
Juday), worked in rural schools to describe the LTER science program (Lloyd), taught about 
LTER science in local environmental summer camps for grade school students (Rexstad), 
involved high school students in LTER research projects (Ruess and Chapin). taught lessons in 
climatology and helped establish climate and soil monitoring stations in local schools 
(Hinzman), and acted as judges for the local elementary and secondary school science fairs 
(many Pis). 
Ties with other LTER sites 

The BNZ provides a logical comparison with many other LTER sites, particularly the 
vegetation types that are immediately north (Arctic [ARC] LTER site) and south (HJ Andrews 
(HJA] LTER site). We have worked closely with these two sites to develop programs that will 
maximin: the opponunities for comparative studies. A joint proposal with the ARC site seeks 
funding for the Alaska Climate Transect. Our intention is to understand Alaska as a regional 
system in which the boreal forest and tundra are linked by many common biotic components and 
by the atmosphere. We are developing museum collections and a sample archive that will serve 
both the ARC and BNZ sites. With HJA we are developing common protocols in studies of 
hydrology, vegetation feedbacks to climate, and designs for regional study of biodiversity. 
Ties with Alaskan lon~-tcnn ecolo~ical research promms 

Our LTER. science symposia and active solicitation of collaborations with agencies have 
created closer links with several long-term ecological research programs in Alaska. We are 
assisting the Long-Term Ecological Monitoring (LTEM) program of the National Park Service in 
developing a web-based data archive similar to the BNZ database. The BNZ LTER and LTEM 
will use the same regional sampling protocols. hierarchical vegetation classifications, and 
climate monitoring programs. Two LTER investigators (Rexstad and Juday) also work in the 
LTEM. providing direct communication between the two programs. 

Collaborative ammgements provide the LTER access to population and habitat data from 
the Alaska Department of Fish and Game (ADF&G). We are developing a GIS database of 
previous forest harvests with the Alaska Division of Forestry (DOF). We worked with the EROS 
data center of USGS to develop statewide maps of climate. vegetation, and other variables at the 
1-km scale (Table 1.1). The BNZ LTER col_laborated with the Alaska Fire Service (AFS), a 
section of BLM. to burn a 740 ha watershed in CPCRW in July 1999 (FROSTFIRE). As follow­
up, the LTER. initiated regular seminars allowing interchange between scientists from LTER. and 
agencies (AFS. ADF&G. DOF, etc.). An explicit objective of these seminars is the development 
of models that link climate, fire, post-fire succession. and wildlife habitat. AFS has offered to do 
additional prescribed burns to meet LTER science needs. Our long-term goal is to identify and 
make accessible all the long-term data bases in Alaska that are useful for ecological modeling. 
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We provide links to agency web sites where data are available, provide on our web site a list of 
data sets and contact information. or will post these data on our web site, as a last resort. 
Ties with museum collections 

Using LTER supplement funding, we have worked with the University of Alaska 
Museum to develop collections of plants (herbarium specimens and tissue collections), insects, 
and vertebrates that provide both a long-term record and a broad spatial record of genetic and 
species diversity of Alaska. We have also initiated discussions with them about how to 
proactively design the optimal long-term collections program, rather than to be passive recipients 
of specimens that are brought to the museum. We anticipate a strengthening of this tie with the 
Museum, as we sttengthen the biodiversity component in our regionalization studies. 
Involvement in f~st mana&ement issues 

In 1997, we held a workshop on the ecological role of forest harvest in interior Alaskan 
forests. This workshop presented perspectives from state and federal land managers, native 
groups, commercial interests, and ecologists. We developed a conceptual model of the role of 
human activities as an integral component of the boreal forest and determined that, in the next 
two decades, human decisions about fire control would have much greater impact on the boreal 
forest than would forest harvesL We seek external funding to explore the role of humans as 
components of the Alaskan regional system. We plan a second symposium on forest harvesL 

Wurtz occupies the Forest Science seat on the Citizens' Advisory Committee for the 1.7 
million-acre Tanana Valley State Forest. Juday has participated in training sessions for the 
Alaska Division of Forestry. the Bureau of Land Management. and the National Park Service. 
Several LTER scientists have contributed to articles sponsored by the Society of American 
Foresters in the local newspaper and to the occasional newsletter "Forest Science Notes" 
published by the UAF DepL of Forest Science. 
Outreach to the icneral public 

LTER scientists (Juday, Romanovsky, Chapin, and others) have been interviewed by 
numerous radio and television stations (NBC, CBS, ABC, public television and radio, Danish 
Broadcasting System) and newspapers (New York Times. local Alaskan newspapers) about the 
impact of global wanning on boreal forests. Juday was an invited speaker in the Congressional 
Seminar series, sponsored by U.S. Global Change Research Program, Washington. The audience 
included members of Congress and staff. constituencies involved in U.S. global change policy, 
and agencies involved in global change research. NOVA film crews interviewed LTER scientists 
and filmed the FROSTFIRE experimental bum as part of a major television series on the 
ecological role of fire. Hinzman led four public meetings to explain the science of the Frostfire 
project. 
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