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Scientific Results

Three different data sets on input-output fluxes of nitrogen (N), soil N storage and vegetation characteristics from European forest ecosystem were used to illustrate the extent of nitrate leaching and to analyse relationships between nitrate leaching/N retention, N input and ecosystem characteristics. Detailed process studies and ecosystem manipulation experiments performed at five sites within the EC funded NITREX (Nitrogen Saturation Experiments) project (Wright & Rasmussen, 1998) were used to formulate hypotheses and relationships which are tested on i) data compiled from 70 European forest ecosystem studies (ECOFEE database), and ii) data from a regional survey of nitrate leaching at 111 Danish forest sites.

In the NITREX project, N cycling processes were studied at five sites representing the European deposition gradient (13-59 kg N ha‑1yr‑1) as well as by simulating either increased or decreased nitrogen deposition over a period of 4-5 years at the sites (Gundersen et al., 1998a; Emmett et al., 1998). Significant correlations were found between a range of variables including N concentrations in foliage and litter, soil N transformation rates and forest floor characteristics. The N status at sites could be described by each of these variables or best described by combining the information from each ecosystem component in a summary variable. Nitrate leaching was significantly correlated with N status but not correlated with N deposition. Forest floor mass and root biomass decreased with increased N status. Characteristics of the mineral soil were not correlated with vegetation and forest floor variables. High C/N ratios in the mineral soil at the high N deposition sites suggest that the mineral soil pool changes slowly and need not change for N saturation to occur. The changes in N concentrations and fluxes after either increasing or decreasing the N input followed the direction expected from the site comparison: increases at N addition and decreases at N removal sites. Changes in nitrate leaching were small at the low N status sites and substantial at the high N status sites.

The ECOFEE (Element Cycling and Output-fluxes in Forest Ecosystems in Europe) data compilation gave a representation of N cycling in forests in Central and Northwest Europe where N deposition is elevated (Gundersen, 1995). Sites with high N deposition (up to 64 kg N ha‑1yr‑1) were characterised by high input of ammonia/ammonium. The deposition of oxidised N was usually only 10 to 15 kg N ha‑1yr‑1. Of all the sites included, 60% leached more than 5 kg N ha‑1yr‑1. Elevated nitrate leaching appeared at inputs above 10 kg N ha‑1yr‑1. At several sites with inputs of 15‑25 kg N ha‑1yr‑1 nitrate leaching approached the N input, whereas ammonium dominated sites with high input still retained c. 50% of the input. On the regional scale (Denmark) soil nitrate concentrations were elevated at 30% of the sites (Callesen et al., 1999). High soil nitrate concentrations were clearly related to high N input. 

Nitrate leaching and nitrate concentrations were negatively correlated with forest floor C/N ratios in both the European and the Danish dataset. Sites with a C/N ratio below 25 leached nitrate or had elevated nitrate concentrations. Nitrate was not present in the subsoil at sites with C/N ratios above 30. Forest floor C/N ratios may be used to assess risk for nitrate leaching in conifer stands using >30, 25 to 30, and <25 to separate low, moderate, and high nitrate leaching risk, respectively (Gundersen et al., 1998b).

Lessons

The scientific success of NITREX probably relied on many things of which I will especially mention:

· The project was focused on a clear problem ‘effects of N deposition’.

· The project combined a gradient approach (low to high deposition) with a manipulation approach (N addition at low N, reduction by roof at high N). In this way findings from the gradient could be supported by experiments as well.

· Combining ‘vertical and horizontal’ responsibility for the science so each scientist (or group) was responsible for a site and also for an activity or measurement across sites. 

· Sharing of data that allowed in depth integration across sites within several thematic areas headed by the investigator most qualified or having the time needed for writing an integration paper (Bredemeier et al., 1998; Boxman et al., 1998; Emmett et al., 1998b; Gundersen et al., 1998; Tietema et al., 1998).

· Emphasis on the personal/social side of science, using time to come to know each other over week-long workshops/camps where people worked together on the science and had some fun as well.
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Introduction

Organic matter content strongly influences key soil properties such as aeration, moisture holding capacity, and cation retention in terrestrial ecosystems.  It also contains large reservoirs of nutrients and reduced carbon that fuel microbial processes and support complex communities of soil and forest floor organisms.  Because nutrient cycles are relatively closed in most forests, trees and understory plants depend much more on nutrients released from decomposing organic matter than on nutrient inputs to meet their nutritional requirements.  Therefore, the amount and the quality of soil organic matter greatly influence primary production and biogeochemical cycles in forests. 

Despite the importance of soil organic matter, the degree to which above- and belowground plant inputs influence its formation and dynamics is not well understood.  To address this gap, we established a long-term study in of controls on soil organic matter formation in 1990 at the Harvard Forest LTER site in Petersham, Massachusetts, USA.  We refer to this experiment as the DIRT (Detritus Input Removal and Transfer) project.  Our goal is to assess how rates and sources of plant litter inputs control the accumulation and dynamics of organic matter and nutrients in soils.  

The DIRT treatments at Harvard Forest consist of chronically altering above- and belowground litter inputs to permanent plots in a mid-successional oak-maple-birch forest (Fig. 1). The experimental design is derived from a project started in 1957 in forest and grassland ecosystems at the University of Wisconsin Arboretum  (Nielson and Hole 1963).  Treatments are applied on 3m ( 3m plots (n = 3) as follows: 

Treatment
Method

CONTROL
Normal litter inputs are allowed.

NO LITTER
Aboveground inputs are excluded from plots by raking.

DOUBLE LITTER
Aboveground inputs are doubled by adding litter removed from NO LITTER plots. 

NO ROOTS
Roots are excluded by inserting impenetrable barriers in backfilled trenches to the top of the C horizon.

NO INPUTS
Aboveground inputs are prevented as in NO LITTER plots; Belowground inputs are prevented as in NO ROOTS plots.

O/A‑LESS
Organic and A horizons are replaced with B horizon soil at the start.  Normal inputs are allowed thereafter.
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The DIRT project is developing into a long-term, inter-site experiment.  To that end we have forged linkages with similar experiments at sites in a nutrient-rich maple forest in Pennsylvania, at the Allegheny College Bousson Environmental Research Reserve (USA) and a temperate coniferous forest at the H. J. Andrews Experimental Forest in Oregon (USA).  We hope to develop additional linkages to similar experiments located across climate and soil texture gradients.  This will allow an assessment of the importance of physical as well as biological factors in controlling soil organic matter accumulation.  Here we present selected results from the first decade of DIRT manipulations at Harvard Forest to illustrate how chronically altering aboveground litter and belowground root inputs to soils can provide useful information about ecosystem processes at short- and long-term timescales. 

Figure 1. A conceptual diagram of the Detritus Input Removal and Transfer (DIRT) experiment at the Harvard Forest LTER site.  The surface organic horizon (Oea) is shown in dark grey.  Mineral soils are shown in aggregate in light grey.  From Nadelhoffer et al. in press.
Although DIRT is addresses processes of soil formation operating at time scales ranging from a single decade to centuries, during the initial years of the study we learned much about processes operating at shorter time scales.  Some of these processes include root production, temperature sensitivities of rhizosphere (fine roots and closely associated microbes) respiration versus bulk soil respiration, and shifts in belowground community structure.

Selected Results

We used soil respiration budgets based on measurements done during the second year of treatments to estimate carbon inputs to soils from fine roots (Bowden et al.1993).  This analysis suggested that about that yearly C inputs to soils from roots (110 g C ha‑1 yr‑1) at this site were, on average, about equal to C inputs from aboveground litter (138 g C ha‑1 yr‑1).  Moreover, CO2 emissions from the soils due to live root respiration (123 g C ha‑1 yr‑1), root decomposition, and fine litter decomposition were all roughly equivalent.

We found that root+rhizosphere respiration was much more sensitive to seasonal variations in temperature that was bulk soil respiration (Boone et al. 1998).  Soil respiration measurements made across growing seasons on plots where roots were allowed to grow (CONTROL, NO LITTER, DOUBLE LITTER) and on plots where root growth was prevented (NO ROOTS, NO INPUTS) showed that Q10 values for bulk soils were about 2.4, values for rhizosphere were about 4.6.  These findings have important implications for large scale carbon cycling and climate models.

Forest floor structure and function were influenced by treatments as well.  For example, C and N concentrations in Oe+Oa horizons (not including fresh litter) had decreased with decreasing inputs after 5 years of treatments (Fig. 2).  Treatment related differences in forest floor respiration (Fig. 3) under constant temperature and moisture were even greater than were differences in percents C and N.  Information such as this, particularly if collected into the coming decades, will provide valuable information about the proportions of root and leaf litter that are eventually incorporated into soil organic matter (or "humus").  Net N mineralization potentials of forest floor samples incubated in the laboratory also differed according to treatment (Nadelhoffer et al. accepted).  

Dissolved organic C (DOC) exports from forest floors to mineral soils varied with the amount and source of litter inputs (Aitkenhead and McDowell).   By year 7 of manipulations DOC concentrations were significantly higher in the solutions collected from beneath forest floors in DOUBLE LITTER plots and were significantly lower in O/A-LESS plots (also DOUBLE LITTER > CONTROL = NO LITTER = NO ROOTS > NO INPUTS > O/A‑LESS).  There were no significant differences in DOC concentrations between treatments in the soil solution collected from the mineral horizon, however.  Such information can allow us to quantify the importance of forest floor processes in regulating organic matter retention and accumulation in mineral soils. 

Soil community measurements that these plots are dominated by fungi rather than by bacteria, particularly in the organic horizons (Fig. 4). Total fungal biomass varied with leaf litter input, with the highest values in DOUBLE LITTER and the lowest in NO LITTER and NO INPUTS plots.  The presence of roots, however, appears not to have changed fungal biomass. Forest floor total bacterial biomass appears to have varied inversely with fungal biomass across treatments, except in DOUBLE LITTER in which both fungal and bacterial biomass were high.  Active biomass of both fungi and bacteria were remarkably similar across treatments in forest floors. The strong effects of manipulations on mineralization and respiration (above) suggest that the activities of microbial functional types were influenced by treatments Clearly, neither total, nor active bacterial population size is a good predictor of soil processes. Active fungal biomass did not differ among treatments in forest floors. However, was a strong (but non-significant) trend of lower active fungal biomass in DOUBLE LITTER plots.   

Figure 2. Percents C and N in forest floor (O horizons) and 0-10cm mineral soil after 5 years of litter and root manipulations on the DIRT plots.  Bars show means (n = 9).  From Nadelhoffer et al. in press.
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Figure 3.  Cumulative respiration of forest floor materials (Oea horizons) collected from the DIRT plots (A) 1 year and (B) 5 years after the start of manipulations in 1990.  Samples were incubated at 22 ºC and -66 kPa moisture.  Symbols show means and standard errors (n = 9). ).  From Nadelhoffer et al. in press.
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Figure 4.  Fungal and Bacterial Biomass in Forest Floors at Year 5 of the Harvard Forest DIRT Manipulations.  From Nadelhoffer et al., in press.

Summary

Our manipulations of litter and root inputs to forest soils are aimed at [1] quantifying the proportions of aboveground litter and root inputs that become stored as organic matter with long residence times, [2] quantifying how organic matter formation influences soil properties such as nutrient and water retention, and [3] characterizing how the nutrient supplying capacities of soils are influenced by plant litter and root inputs.   These goals will require decades of manipulations to be achieved.  We have, however, used results from the first years of the experiment to address important questions about forest ecosystem function.  Thus, although the overarching goals are long-term, we have exploited the experiment for short-term benefit as well.  This is a key to sustaining the interest necessary for justifying the continued maintenance of the plots.  Another important feature of long-term experiments is that the manipulations themselves be simple and require a minimum of effort to maintain.  This is the case for the DIRT plots, which require several days of activity to remove and add litter annually to subsets of the plots.  More effort is required to establish the plots and to re-trench plots from which roots are excluded (every 8 to 12 years).  

Measurements thus far indicate that in our temperate deciduous forest site— 

· Inputs to soils from roots are approximately equal to aboveground litter inputs.

· Roots + rhizosphere metabolism is more temperature sensitive than is bulk soil respiration. 

· Dissolved organic carbon exports from forest floors are about 10 percent of CO2-C gas losses and are important for driving mineral soil processes.

· Fungal biomass was much greater than bacterial biomass on all plots.  However, aboveground litter inputs may be more important substrates for fungi than are roots.

· Effects of above- and belowground inputs on activities microbial functional groups are large, as evidenced by differences in processes among samples from differently treated plots.  However, microbial populations are poor predictors of process rates.
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Air Pollution

In Central Europe, and specifically in the former Soviet Block countries, levels of sulfur dioxide (SO2) and nitrogen dioxide (NO2) emissions have been steadily declining (Table 1). Initially, reduction of air pollution emissions was caused mainly by the declining industrial activity. However, since the early 1990s, the mechanisms of the free market economy have promoted much more efficient energy use and cleaner technological processes.  Polluting industries, such as smelting, mining and chemical manufacturing have been steadily declining. They have been gradually replaced by more competitive industries such as consumer products, automobiles, general manufacturing and service industries (Schnoor et al., 1997).  As a result of these changes, the increasing industrial output, which started in Poland in 1991/1992, was accompanied by declining energy use and reduced emissions of dust and SO2 (Figure 1). Between 1990 and 1994 in the entire region of Central and Eastern Europe, the energy use was reduced by about 20%, accompanied by even higher reductions of industrial emissions (Agren, 1998). 

Since 1990, the number of motor vehicles in central and Eastern Europe has drastically risen. In Poland alone, the number of privately owned cars increased from 5.3 million in 1990 to 7.5 million in 1995 (GUS, 1997). It is expected that this trend will continue - at present Poland still has about 2-3 times less privately owned cars per capita than the western European countries or the United States. Increased emissions of nitrogen oxides and non-methane hydrocarbons (NMHCs) from the rapidly increasing number of cars result in increased rate of photochemical smog (including ozone) formation during favorable weather conditions (high solar radiation, high temperatures, and frequent occurrence of stagnant air masses). Elevated ambient concentrations of ozone started to occur in Western Europe already in the 1980s (Dovland, 1987).  Presently, high ozone episodes frequently occur in the Mediterranean countries, Switzerland, Germany and Great Britain (Stanners and Bordeau, 1995). Long-range transport of the polluted air masses together with local photochemical processes are likely to result in increasing ozone concentrations in Central Europe, including the Carpathian Mountains. Elevated levels of ozone have already been found in several locations of Poland, the Czech Republic, Slovakia and Ukraine. Maximum concentrations of 14-day averages and 1-hour averages for the selected areas of Central Europe indicate potentially phytotoxic levels of the pollutant (Figure 2).  

Table 1. Emissions of sulfur dioxide and nitrogen oxides in selected central European countries (in 1000 tons/year) (after Agren, 1997).

Country
Sulfur dioxide
Nitrogen oxides (as NO2)


1980
1990
1995
1980
1990
1995

Czech Republic
2257
1876
1091
937
742
412

Germany
7514
5326
2995
3334
2460
2210

Hungary
1633
1010
699
273
238
171

Poland
4100
3210
2337
1229
1279
1120

Romania
1055
1311
912
523
546
319

Slovakia
780
543
238
197
227
173

Ukraine
3849
2782
1639
1145
1097
530

Concentrations of nitrogen and sulfur oxides remain high in many areas of Central Europe. This is especially true for the vicinity of major industrial centers, such as the Upper Silesia in Poland or the infamous “Black Triangle” near the borders of Poland, Czech Republic and Germany. However, it has to be emphasized that compared to the situation in 1980s, major improvements in air quality have been accomplished. In the early 1990s, the annual mean SO2 concentrations in the Silesian Beskid Mountains and the Katowice agglomeration in the Upper Silesia ranged between 30 and 45 (g/m3. Such levels are well above 20 (g/m3, a value that has been set as a critical level of that pollutant by the UN-Committee for Europe (Godzik et al., 1998). However, such levels are much lower then in 1980 when exceedances of 64 (g/m3 were common on the entire territory of southern Poland (Godzik and Sienkiewicz, 1990). Concentrations of NO2 measured in the Silesian Beskid Mountains and the Katowice agglomeration were between 5 and 10 (g/m3, the levels well below the UN-Committee for Europe standard of 30 (g/m3 (Godzik et al., 1997). Summer measurements of trace nitrogenous pollutants performed in 1997 in the same locations indicated elevated concentrations of nitric acid (HNO3) vapor, nitrous acid (HNO2) vapor, ammonia (NH3) and particulate nitrate and ammonium (Bytnerowicz et al., 1999).  Such elevated concentrations of nitrogenous and sulfurous air pollutants may lead to exceedances of critical loads of nitrogen and sulfur causing acidification and eutrophication in a large portion (43%) of the forested areas in Poland (Sollander, 1999). At the Ratanica site in the foothills of the Carpathian Mountains, the annual depositions of nitrogen and sulfur, were 25 and 26 kg/ha, respectively, in the early 1990s (Grodzinska and Laskowski, 1996).  
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Figure 1. Recent changes in industrial activity, energy use and air pollution emissions in Poland.
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Figure 2. Maximum concentrations of ozone determined in the forested areas in summer 1991 in southern Poland (Bytnerowicz et al., 1993), summer 1994 in the Brdy Mountains, the Czech Republic (Bytnerowicz et al., 1995), summer 1997 in Vyhodna, northern Slovakia (Oszlanyi, personal communication), and in Kiev, Ukraine (Blum et al., 1997).

Health of Forests 

Industrial pollution started affecting forests in Central Europe as a result of a rapid development of heavy industry and mining in the second half of the 19th century. After the Second World War, the intensified industrialization and resulting high emissions of sulfur oxides, nitrogen oxides and heavy metals caused extensive forest decline in many areas of Poland, Germany and the Czech Republic (Godzik and Sienkiewicz, 1990, Grodzinska et al., 1990, Bochenek et al., 1997). Although forest condition in many areas of Central Europe has been recently improving, health of forests in the western regions of the Carpathian Mountains, such as the Silesian Beskid in southern Poland, has been worsening (Godzik et al., 1998). 

The degree of tree defoliation (crown transparency) may be considered an overall indicator of tree health.  Tree defoliation survey levels have become a basis of the large biomonitoring system established in Europe. The UN Economic Commission for Europe and the European Union have coordinated this effort within the ICP-Forests Program.  It should be noted that tree defoliation cannot be treated as a specific measure of air pollution effects (Kandler and Innes, 1995). Although air pollution, especially ozone (Miller et al., 1989), may cause increased tree defoliation, other environmental factors such as drought or insect attacks, may also have pronounced effects on foliage loss of trees. Despite various limitations, trends of forest health changes in Central Europe can be adequately described based on the multi-year large scale monitoring of tree defoliation (Busotti and Feretti, 1998). Results of the recent changes in the several countries of Central Europe are presented in Table 2 (Elvilgson, 1997). These data show that despite the recently observed reduction of the industrial pollution emissions, high levels of tree defoliation in the Central European forests continue. Although concentrations of sulfur and nitrogen oxides have been drastically reduced in the area, high levels of nitrogen and sulfur deposition persist and contribute to exceedances of critical loads of these elements on vast areas of central Europe (Elvingson, 1997). High levels of available nitrogen may cause deterioration of growing conditions of trees due to depletion of magnesium, calcium and other essential nutrients in forest soils. Elevated concentrations of ozone may also cause premature needle senescence and increased crown transparency (Miller et al., 1989).  It has also been well established that at elevated concentrations ozone is highly phytotoxic and may affect physiological status of plants and reduce their growth (Krupa and Manning, 1988). Ozone may also increase phytotoxic effects of other air pollutants, especially sulfur and nitrogen oxides (Guderian, 1985). Of course, other biotic and abiotic stresses such as pathogens, drought, frost, wind, fire, intensive management practices, etc., may also affect health and sustainability of forests (Oszlanyi, 1997).   

Table 2. Results of the national surveys of tree defoliation in selected central European countries presented as percentage of trees in classes 2 - 4 (defoliation >25%) (after Elvingson, 1997).

Country
1990
1991
1992
1993
1994
1995
1996

Czech Republic
47
45
56
52
58
58
72

Germany
-
25
26
24
24
22
20

Hungary
22
20
22
21
22
20
19

Poland
38
45
49
50
55
53
40

Romania
-
10
17
20
21
21
17

Slovakia
42
28
36
38
42
43
34

Ukraine
-
6
16
22
32
30
52

Aside from the effects on trees, elevated concentrations of O3, SO2, NO2 as well as high levels of nitrogen and sulfur deposition may have disastrous consequences for the biodiversity and health of the Carpathian ecosystems similarly to the other already affected European areas (Ashmore et al. 1996, Nihlgard 1985).  Protection against the deleterious effects of air pollution should become an essential component of a proper preservation policy for the Carpathian Mountains. 

Changes in the Central European forests, especially in the Carpathian Mountains, are complex and not well understood. Due to a very dynamic air pollution status and other factors affecting forests and other ecosystems of the region, long-term, multidisciplinary investigations are urgently needed. Exchange of information and cooperation between scientists and land managers from other areas that experience similar environmental stresses, including the North American forests, are essential for increasing the level of our understanding of the occurring processes and changes. The International Long-Term Ecosystem Research network presently being developed in Central Europe seems to be an ideal setting for providing such opportunities. 
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Introduction

The fundamental premise of most small watershed studies is that water quality in streams is intimately linked to biogeochemical processes occurring in the landscape.  Early work at the Hubbard Brook Experimental Forest in New Hampshire, USA was the first to formalize this relationship (Bormann and Likens 1967).  At Hubbard Brook, experimental manipulations showed that forest dynamics had a large impact on stream water chemistry (Likens et al. 1970) and provided new insights into the nature of linkages between terrestrial and aquatic biogeochemistry.  Careful study of elemental dynamics in these small catchments also led to seminal work on acid deposition (Likens and Bormann 1974) and base cation depletion following forest harvesting (Hornbeck and Kropelin 1983).  Work at other experimental watersheds (e.g. Coweeta Hydrologic Laboratory, H.J. Andrews Experimental Forest, and the Luquillo Experimental Forest) further demonstrates the value of using a whole-watershed approach to understand processes affecting the chemistry of small streams and rivers.

In this paper, I address three aspects of small watershed studies relevant to efforts of the ILTER to foster such work in Eastern Europe.  They are: 1) experimental designs used in small watershed studies; 2) the variety of spatial scales at which small watershed studies can be undertaken; and 3) research opportunities particularly appropriate for Central and Eastern Europe.  For each topic, I will address both opportunities provided by small watershed studies, and their limitations. 

Experimental Design

Experimental design is a crucial aspect of any environmental study.  Typically, experimental designs in small watershed studies are limited by the availability of sufficient time and money to conduct the project, or physical limitations of the test watersheds.  In particular, it is often is very difficult to find “replicate” watersheds in a region.  This makes the use of classic experimental designs, such as a randomized block design, especially difficult.  Despite these problems, it is nonetheless instructive to consider the various experimental designs commonly used in small watershed studies.  

Many small watershed studies are best described as post-hoc comparisons (Figure 1).  Typically, a difference between two watersheds in some characteristic such as levels of atmospheric deposition or bedrock chemistry is measured, and the chemistry of stream water is compared between the two sites.  Conclusions are then drawn, for example, about the effect of atmospheric deposition on stream chemistry.  A good example of such a study is provided by Driscoll et al. (1988), who examined the likely effects of atmospheric deposition on stream chemistry by comparing results from Hubbard Brook and British Columbia.  The principal limitation of the post hoc comparison is that it is often difficult to sort out the effects of other differences in the study watersheds that might have contributed to the observed differences in stream chemistry.

Another commonly used experimental design is the before-after comparison.  The principal feature of this design is that two sites are compared both before and after a disturbance or experimental treatment.  This experimental design is typically used to determine the impact of some catastrophic natural or anthropogenic disturbance.  Good examples of a before-after design include classic studies on the impacts of deforestation at Hubbard Brook (Likens et al. 1970) and studies of the impacts of hurricane-driven deforestation on groundwater chemistry (McDowell et al. 1996).  

The before-after comparison is a more powerful design than the post-hoc comparison, because it does not assume that the two watersheds were similar prior to the disturbance event.  It only assumes that the relationship between the two watersheds would have remained unchanged were it not for the disturbance.  This design is particularly appropriate where long-term changes in stream chemistry are occurring, or seasonal changes occur, as it can control for them. 
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Figure 1.  Features of three experimental designs commonly used in watershed studies.  Arrows indicate the period of study; symbols (circle or diamond) indicate the time at which an experimental manipulation was conducted.  Circles represent “reference” watersheds; diamonds indicate “experimental” watersheds.      

A third experimental design is the before-after comparison with replication.  This is the most powerful design, because it adds replication to watershed studies and thus increases the power of any statistical analysis of the results.  Replication provides obvious benefits in strengthening the investigator’s conclusions, but also has obvious costs, and these costs are often prohibitive.  At Hubbard Brook, for example, there have never been any replicated watershed experiments.  This has been due to the costs of conducting replicated experiments, and the limited availability of watersheds for experimental manipulations.  An alternate approach to true replication is to complete a second manipulation which largely duplicates the first but adds some subtle differences in experimental treatment.  At Hubbard Brook, the original whole-watershed manipulation (felling tees and leaving them in place; Likens et al. 1970) was followed by a whole-tree harvest which removed all of the above-ground biomass (Lawrence and Driscoll 1988).


Spatial Scale

In addition to experimental design, another important consideration in small watershed studies is the spatial scale at which the studies are conducted.  Watershed studies can be conducted at multiple spatial scales, each with strengths and weaknesses.  In this section, I will describe the results of some of my work at the local, landscape, regional, and global scales.

Local  By “local” scale, I mean the study of several watersheds in close proximity to each other.  The underlying premise of most watershed studies conducted at the local scale is that differences in a few salient characteristics (e.g. bedrock geology, disturbance regime, etc.) can be used to determine the effects of that characteristic on nutrient losses in drainage waters.  A recent study of elemental losses from two watersheds at the Caribou-Poker Creeks Research Watershed (MacLean et al. 1999) exemplifies this sort of approach.  Two watersheds were chosen from the experimental watersheds at this LTER site, one north-facing (with high permafrost) and a second south-facing (with low permafrost).  Nutrient export was measured for a year, and differences between the two watersheds were ascribed to differences in hydrologic flow paths and vegetation associated with differences in permafrost cover.  The study design was a post-hoc comparison without replication (Fig. 1).  Results of the study were particularly dramatic for dissolved organic carbon.  DOC losses were much higher in the permafrost-dominated watershed, although losses of nitrate and dissolved organic nitrogen (DON) were similar (MacLean et al. 1999).  From these results, the authors concluded that changes in DOC export were likely to result from even modest changes in permafrost coverage due to climate change.

Landscape By ”landscape” scale, I mean studies of a number of watersheds in relatively close geographic proximity that vary in a combination of characteristics such as elevation, rainfall, vegetation, and soils. Studies at the landscape scale provide insight into the variation in nutrient losses associated with local differences in environmental factors.  An example of such a study is given in Schaefer et al. (in press), who examined the response of 8 different watersheds in the Luquillo Mountains in Puerto Rico to the passage of Hurricane Hugo in 1989 as part of the Luquillo LTER.   The experimental design was before-after with multiple replicates (Fig. 1) but no true reference watersheds, as all of those studied suffered considerable damage from the hurricane.  In the first year following the hurricane, average losses of K+ and NO3- , respectively, were double and triple pre-hurricane values.  Their results showed that variation among watersheds was considerable, with little increase in annual nutrient losses from some watersheds and large increases in others.  Differences in the magnitude of hurricane damage presumably were responsible for the differences in biogeochemical responses among watersheds, but experimental manipulations would be required to verify this conclusion.   

Table 1.  Export of dissolved organic carbon, dissolved organic nitrogen, and nitrate (kg ha-1 yr-1) from two watersheds in the Caribou-Poker Creeks Research Watershed, Bonanza Creek LTER.  HiP=watershed C3, with high permafrost coverage; LoP = watershed C2, with low permafrost coverage.  Data from MacLean et al. 1999.






Watershed
DOC
DON
NO3-N

HiP
6.45
0.71
0.13

LoP
2.31
0.68
0.15


Regional Understanding and predicting variation in nutrient losses among small watersheds has long been an objective of ecosystem ecology (e.g. Vitousek and Reiners 1975, Hedin et al. 1995).  Within a given region, variation in land use, site history, or bedrock is most likely to affect stream export.  Results from McDowell et al. (1995) show the likely importance of land use in regulating N loss from tropical watersheds. They found that among watersheds draining Caribbean islands, human population density was a good predictor of N losses, while P losses were inversely related to population density and seemed to be most closely linked to soil age (Fig. 2).  This study is another example of a post-hoc comparison, as no data were available for watershed export before extensive human modification of the watersheds.    

Global In the coming decades, developing predictive models that describe the response of watershed fluxes of carbon and nutrients to climatic changes will take on increasing urgency.  Accurate global models require an understanding of the factors driving variation in nutrient losses across biomes.  Recent work by Aitkenhead and McDowell (in press) provides an example of one such model.  By comparing DOC fluxes and soil C/N ratios among biomes, they found that soil C/N is an excellent predictor of DOC flux (Figure 3).  The nature of the relationship between soil C/N and riverine DOC flux is unclear at present.  Reconciling this relationship with previous observations made at local and regional scales (e.g. Eckhardt and Moore 1990; Hope et al. 1997) is likely to force a re-assessment of the factors controlling DOC production and flux in various biomes.  Based on our results, we believe that biotic processes regulating DOC production (as reflected in soil C/N) may be more important in controlling DOC losses than previously suspected. 

Limitations of past watershed studies

Few research networks have successfully completed comparative watershed studies at a regional or larger scale, and the US LTER network is no exception.  Successful studies have been completed at the local and landscape scale, but no network-wide watershed studies have been undertaken.  This is due primarily to the fact that the LTER network was established as a series of sites addressing common themes with unique, site-specific approaches.  Coordinated studies across the network were encouraged, but not required. Several studies have been undertaken in recent years at multiple sites, including LIDET (a study of terrestrial litter decomposition; Moorhead et al. 1999), and LINX, which addresses nitrogen cycling in streams (Mulholland et al. in press), but neither focuses on small watersheds as a unit of study.   The lack of comparative watershed studies in the LTER system results more from a lack of funding and vision than from any inherent limitations in the comparative, whole-watershed approach to addressing questions in ecosystem ecology. 

Opportunities in Central/Eastern Europe

I see a variety of research opportunities in Eastern and Central Europe for which a comparative watershed approach would be most appropriate.  They include the following:  

· To what extent are watersheds with varying deposition regimes “saturated” with respect to nitrogen?

· Are there measurable differences in watershed N pools associated with differences in current and historic N deposition rates?

· Can elemental losses (e.g. K+, Ca2+) be used as indicators of ecosystem health?

In selecting a focus for future study, careful attention should be paid to the global context in which the studies are undertaken.  Highest priority should be given to two categories of research: projects which have a compelling local interest, and those for which projects in Central/Eastern Europe provide a valuable end member along some sort of gradient.  The most obvious example of this is atmospheric deposition, because high levels of acidic deposition in parts of the region provide globally significant research opportunities. 
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Figure 2.  Population density and export of total P (upper panel) and concentration of nitrate-N (lower panel) for three Caribbean watersheds.  LR=Layou River, Dominica; TR=Troumassee River, St. Lucia.  BR = Buccament River, St. Vincent.  Data from McDowell et al. 1995.

[image: image10.wmf]0

20

40

60

80

100

120

1988

1989

1990

1991

1992

1993

1994

1995

% of 1988 level

Industrial production

Energy use

Dust emissions

SO2 emissions


Figure 3. Mean (( SE) annual riverine DOC flux as a function of mean (( SE) soil C:N for fourteen biome types.  CGR-cool grasslands; TS-tropical savanna; TGA-taiga; SS-Siberian steppe; WDC-warm deciduous forests; WMF-warm mixed forests; CDC-cool deciduous forests; WCN-warm conifer forests; CCN-cool conifer forests; NMF-northern mixed forests; HM-heath moorland; TRP-tropical forests; P/B-peat/boreal mix; PEAT-peatlands; SWP-swamp forests.  From Aitkenhead and McDowell (in press).
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Introduction

During the Regional ILTER Workshop hosted by the Institute of Ecology and Botany of the Hungarian Academy of Sciences in Budapest on 22-25 June 1999, a group of European and U.S. scientists discussed research needs for the long-term ecological research in forests of Central Europe. 

The group consisted of: Per Gundersen (Denmark), Imre Berki, Attila Borhidi, Ilona Meszaros, Janos Attila Toth, Bela Tothmeresz (Hungary); Krystyna Grodzinska (Poland); Ion Barbu, Dan Cogalniceanu (Romania); Pavol Elias, Peter Fleischer, Lubos Halada, Blanka Mankovska, Denisa Popierova (Slovakia); Ihor Kozak (Ukraine); Andrzej Bytnerowicz (Chair), Kate Lajtha, William McDowell, Knute Nadelhoffer, Kristin Vanderbilt (Rapporteur), (United States). 

Selection of sites for the ILTER forestry research

Prior to the Budapest meeting, as a result of their early involvement in planning stages of the ILTER network in Central Europe, the Czech Republic, Hungary and Poland have officially selected and approved their first ILTER forest sites for the Region. These are: 

Czech Republic - the Krkonose Mountains, the Sumava Mountains, Krivoklatsko and the Bile Karpaty Mountains (Waide et al., 1998; Straskrabova and Flousek, 1999) 

Hungary - the Sikfokut oak forest and the Kinkunsag forest-steppe ecosystem (Waide et al., 1998; O’Heix and Toth, 1999) 

Poland - the Bialowieza, Bieszczady and Kampinos National Parks (Waide et al., 1998; Perzanowski and Prus, 1999). 

Other forested areas have been discussed as potential ILTER forest sites at the workshop in September 1998 held in Madralin near Warsaw, Poland.  These were listed in the proceedings from that meeting: 

Poland - the Niepolomice Primeval Forest and the Tatra National Park (Perzanowski and Prus, 1999)

Romania  - the Retezat and Pietrosul Rodnei Biosphere Reserves in Romania (Vadineanu, 1999)

Ukraine – the Carpathian National Park/Biosphere Reserve (including the Chornohora range) and the Beskydy area (including the Stuzhitsa range of the trilateral Eastern Carpathian Biosphere Reserve and forests of the Starosambirskij district) were listed as the primary candidates for the forest ILTER sites. Description of these sites was provided in the proceedings of the ILTER meeting (Kozak, 1999). The Carpathian National Park/Biosphere Reserve and the Beskydy area have been officially endorsed by the Ukrainian National Academy of Sciences (Ihor Kozak, personal communication).  In addition, the Synevir, Vyzhnytsya, Podilsky Tovtry, Shatskij and Svyati Hory National Parks as well as the Horhany and Polyssian Nature Reserves are considered as potential ILTER sites (Akimov, 1999). 

During discussions at the Budapest meeting, the Slovak delegation listed the Tatra, Lower Tatras, and Poloniny National Parks as well as the Polana and Bab Biosphere Reserves as potential sites included in the network of forest ILTER. For Romania, the Retezat, Piatra Craiului-Bucegi, Rodna, and Rarau Mountains were listed as additional potential sites. For Hungary, the Regtek beech forests were mentioned as a new potential research site.

On September 23, 1999, the above forest sites proposed as candidates for the ILTER cooperation in Romania have been officially approved by Mr. Anton Vlad, the Minister of Waters, Forest and Environmental Protection. 

On October 1, 1999, the Slovak Academy of Sciences approved the Eastern Carpathian and Tatra National Parks and the Polana and Slovak Karst Biosphere Reserves as official sites for the ILTER network. 

Research problems related to air pollution and other stresses in Central European forests

Industrial and agricultural activities in densely populated Central Europe have caused serious ecosystem changes due to eutrophication and acidification. However, since the early 1990s, agricultural and industrial activities have been reduced because of the political and the subsequent economic changes. Reduced levels of S and N pollution, decreased use of fertilizers, and increasing area of abandoned agricultural land are the most recent factors affecting ecosystem changes (Weide et al., 1998).  Dynamic growth of number of automobiles causes increasing potential for ozone production and far reaching changes in the air pollution status of this part of Europe (see Bytnerowicz, this volume). Various abiotic and biotic stresses, especially air pollution, periodic droughts, outbreaks of insect infestations, as well as improper land management practices affect sustainability and health of forest ecosystems.  Potential implications include increased defoliation of trees and changes in nutrient status caused by long-term deposition of nitrogenous air pollutants and altered dynamics of forest growth.  These changes may affect also carbon dioxide acquisition and carbon budgets of forests and other ecosystems. Changing environmental conditions also affect diversity of forest flora and fauna. Quality of ground and stream water in forest watersheds is another important issue with major implications for people of Central Europe. 

Specific research ideas discussed at the Budapest meeting:

a. How do changes in forests of the Carpathian range compare with forests in other parts of Europe, namely in the forests of the NITREX research network?  In particular, how do air pollution (nitrogen deposition and ozone) and other factors (different soils and type of forests) affect carbon and nitrogen status of forests?

Changes in C/N, DIN, DON, DOC in KCl soil extracts may provide a good index of availability of nutrients, including N and C.  Simplicity of the method would allow performing such measurements in a relatively dense network of sites (Per Gundersen, personal communication).

An establishment of a network of small catchments in the Carpathian Mountains was suggested.  Such a network would allow for studying pollution deposition, cycling and forest responses to air pollution and management practices (including comparison of changes in managed vs. natural forests). Inputs vs. outputs of nutrients as affected by atmospheric deposition could be measured.  Responses of forests in granite vs. limestone catchments could be determined. Understanding of differences in the input/output budgets could be explained by characterization of forest floor chemistry, 15N soil profiles, and indices of forest health across a range of forest sites (Bill McDowell and Kate Lajtha, personal communication). Experiences of the NITREX are valuable in planning a research program in the Carpathian Mountains. The scientists involved in the ILTER research in Central Europe can greatly benefit from close cooperation with the NITREX researchers. 

Presently, in the Romanian Carpathian Mountains, deposition of S ranges between 8 and 18 kg/ha/yr compared with 15 and 40 kg/ha/yr in 1985.  Present deposition of N ranges between 20 and 26 kg/ha/yr for most of the range, but at some locations such as in the Bucegi N deposition of about 8 kg/ha/yr may be expected.  Present deposition of N and S in the Hungarian forests is about 20 kg N/ha/yr and about 20 kg S/ha/yr. Information on C/N ratios and other soil characteristics in Romanian forests has been extensively gathered since the 1960s and is readily available (Ion Barbu, personal communication).  Also in Slovakia, information on C/N ratios in mineral soils is available since the 1960s. As an example, there are 100 sites in the High Tatra Mountains where such measurements have been performed (Peter Fleischer, personal communication). 

Knute Nadelhoffer and Kate Lajtha suggested that collaboration would be established between the Detritus Removal Treatment Study (DIRT) and some of the Central European forest sites. Litter decomposition is an important indicator of N status in forest ecosystems and can be studied on the NS transect network of intensive research sites (see Scandinavian sponsored studies in Central and Eastern Europe). Scientists of the Sikfukut Project in Hungary are interested in pursuing such collaborative research. Biogeochemical studies, especially on a relatively dense network of sites will require substantial financial support. Therefore new research proposals will have to be developed and submitted to potential European and U.S. sponsors.

b. How do air pollution and other stresses affect biodiversity of the Carpathian forests?

Biodiversity changes are currently studied on vegetation plots in the selected sites of the Carpathian Mountains within the ozone/biodiversity studies sponsored by the USDA Foreign Agricultural Services. In addition, at those sites growth of trees is measured by the analysis of annual growth increments of trees (tree cores) and effects of bark beetles on forest health is evaluated. 

Current studies of air pollution effects in the Carpathian Mountains 

Currently two projects are conducted as a collaborative effort of the Czech Republic, Poland, Romania, Slovakia, Ukraine and the United States: Project No. 1 “Evaluation of Ozone Air Pollution and Its Phytotoxic Potential in the Carpathian Forests”, and Project No. 2  “Effects of Forest Health on Biodiversity with Emphasis on Air Pollution in the Carpathian Mountains”. These studies are supported by the USDA Foreign Agricultural Services with an additional support from the USDA Forest Service International Forestry, International Union of Forest Research Organizations (IUFRO) and the participating European research institutions (Bytnerowicz et al., 1999). 

As a result of these two studies, a monitoring network for ozone, sulfur dioxide and nitrogen dioxide concentrations has been established in the Carpathian Mountains. Spatial and temporal maps of air pollution in conjunction with reliable and systematic forest health evaluation will provide a scientific basis for better understanding of causes of the continuing forest decline in the Carpathian Mountains.  The established network will provide valuable information needed for understanding mechanisms of forest ecosystem changes related to air pollution and other anthropogenic stresses. 

New forest sites for the Central European ILTER network

a. prospective sites sponsored by the USDA 

The Tatra, the Eastern Carpathian and the Retezat Biosphere Reserves represent highest ecological and cultural values for the Carpathian Mountains. All these locations are on a list of the UNESCO Man & Biosphere Reserves and have also a status of national parks. These reserves have been included in a research proposal recently submitted to the USDA Forest Service International Forestry/USDA Foreign Agricultural Services. These three areas would become the first ones in a planned more extensive ILTER network of forest sites in Central Europe. 

Air pollution is a potential problem for the entire Carpathian Mountain range. The air pollutants may have direct effects on health of forests, biodiversity and ecosystem processes. They may also have indirect effects on forests and other ecosystems, such as promotion of secondary stresses, such as bark beetle infestations or toxicity of heavy metals in soils. Changes in pollution composition, and spatial and temporal distribution are dynamic due to changing climate and human activities. Therefore, monitoring of air pollutants and their effects has been designed as a long-term activity. 

The Tatra Bilateral Biosphere Reserve is located on both sides of a border between Poland and Slovakia. In 1992, the Tatra Mountains were included into the UNESCO MAB reserve system. The Reserve has a total area of 145,600 ha, with about 1/3 of this territory as a core are representing all of the most valuable and representative for the Tatra 

ecosystems. The Tatra Mountains is the highest mountain range of the northern Carpathian Mountains (with some peaks exceeding 2,600 m elevation). The High Tatra Mountains are built of the crystalline rocks, while the Western Tatra Mountains of both crystalline and sedimentary rocks. The most eastern part of the Tatra BR, the Bielanske Tatra Mountains, are built of limestone. The Tatra Mountains have strongly diversified flora and fauna distributed between the forest and alpine zones. The lower forest zone (up to about 1,250 m) consists of beech (Fagus silvatica) and fir (Abies alba) forests on the calcium carbonate-rich soils, while Norway spruce (Picea abies) forests are dominant on granitic soils. In the upper forest zone (1,250 – 1,550 m), the spruce forests are dominant. The upper forest transition zone has an admixture of  stone pine (Pinus cembra). In this zone rich flora occurs, and is represented by primrose (Primula auricula), edelweiss (Leontopodium alpinum), gentian (Gentiana clusii), carnation (Dianthus praecox) or alpine aster (Aster alpinus).  The dwarf pine (Pinus mugo) zone stretches between 1,500 and 1,600 m. On granitic soils, dwarf pine is accompanied by other shrubs, such as Sorbus aucuparia, Rosa pendulina, and Salix silesiaca, and on limestone by Sorbus aria. Above the dwarf pine zone, high mountain grasslad zone occures. At this zone, on granitic rocks, the primary species are Juncus trifudus and Oreochloa disticha mixed with low fescue (Festuca supina), campanula (Campanula alpina), pasqueflower (Pulsatilla alba) and others. On limestone, shrubs such as mountains avens (Dryas octopelata) and willow (Salix reticulata) with other species such cyclamen (Viola alpina) and crowfoot (Ranunculus thora) grow. On the highest granite peaks, in extremely difficult conditions, about 120 species of flowering plants and pteridophydes occur. The fauna is richly represented, with such rare animals like chamois (Rucicarpa rucicarpa), brown bear (Ursun arctos), or marmot (Marmota marmota). The vegetation zonation, the varied forms of adaptation of plants and animals to life in high mountain conditions, and the occurrence of rare and endangered species, often endemic for the area, make these mountains very attractive to tourists and scientists (Krzan et al., 1996). Recently, the Tatra Mountains have experienced severe anthropogenic pressure caused mainly by extensive tourist activities, rapid development of urban infrastructure in the immediate vicinity of the Reserve, grazing, and air pollution originating from the local and remote sources. Losses of floral and faunal biodiversity as well as deteriorating health of the spruce forests are among major ecological concerns for the Tatra Mountains (Peter Fleischer, personal communication). The Tatra Mountains, due to their high ecological value for Poland and Slovakia, have a long history of ecological research with rich data sets. 

An overall objective for the Tatra research is to understand air pollution distribution and effects on biodiversity and health of managed and natural forests. Specific objectives include: (a) characterizing spatial and temporal distribution of ozone, sulfur dioxide, ammonia and nitrogen dioxide; (b) evaluation of incidence and severity of air pollution injury to vegetation; (c) selection of native indicators of air pollutants with a special emphasis on ozone; (d) evaluation of effects of ozone and other pollutants on forest health and biodiversity in managed and natural spruce forests; (e) evaluation of responses of bark beetle populations to disturbance interactions related to environmental stresses, especially air pollution; (f) comparison of genetic diversity in managed and natural Norway spruce forests.

The Retezat Biosphere Reserve is located in Romania in the southern Carpathian Mountains. The Retezat Reserve has been proposed to become a model for conservation efforts in Romania and other countries. This effort has been supported by the World Bank and is included into its Global Environment Facility (GEF) network. The Reserve covers 80,000 ha and is the highest range of the southern Carpathians with 19 peaks exceeding 2,000-m elevation. These mountains are characterized by rich flora represented by 1,186 species, 104 sub-species and 312 varieties). The fauna is also rich and includes such endangered species as chamois, bear, lynx, or wolf.  Since 1990, grazing of alpine areas has become the major threat to biodiversity of the Retezat Mountains. Current pressure from grazing is endangering sustainability of the biological resources of these mountains.

An overall objective for the Retezat research is to characterize air pollution distribution and its potential effects on vegetation diversity. Specific objectives are:

(a) characterization of spatial and temporal distribution of ozone, sulfur dioxide, ammonia and nitrogen dioxide; 

(b) evaluation of incidence and severity of air pollution injury to vegetation; 

(c) selection of native indicators of air pollutants with a special emphasis on ozone; 

(d) evaluation of effects of ozone and other pollutants on forest health and biodiversity; 

(e) evaluation of effects of various land management practices on mountain ecosystems.   

The Eastern Carpathian International Biosphere Reserve covers 154,000 ha near the borders between Poland, Slovakia and Ukraine. In November 1992, UNESCO officially approved the Polish-Slovak MAB Reserve. In 1999, the final acceptance of the Trinational Man and Biosphere Reserve with full participation of Poland, Slovakia and Ukraine was accomplished. In Poland, the Reserve includes the Bieszczady National Park, in Slovakia the Poloniny National Park, and in the Ukraine, the Stuzhitsa Reserve.  Additional buffer areas have been added to the Reserve.  The Eastern Carpathians represent the most pristine and most scarcely populated range within the entire Carpathian Mountains. The vegetation is characterized by a specific elevational zonation. Unlike in the Western Carpathians, there are only three elevational ecological zones: the foothills (up to 500 m), the lower forest zone (500 - 1150 m), and the mountain meadows zone (above 1150 m). Spruce forest zone characteristic of the upper forest zone and the zone of dwarf mountain pine are not present. It is believed that the dwarf mountain pine zone is replaced by groves of alder (Alnus viridis), which is a botanical phenomenon unique for this region. On the territory of the Polish Bieszczady National Park, 31 plant communities have been described, including 10 forest and shrub associations. Old beech forests and mountain meadows (poloniny) are unique for the European mountains and of a special ecological value. In the forest zone, the dominant tree species are fir, beech and sycomore (Acer pseudoplatanus). Some of the typical understory species are Lunaria rediviva,  Allium ursinum, Festuca drymeja or Carex pilosa.  About 900 vascular plants, 250 species of mosses and 300 species of lichens, and a rich variety of fungi occur in the Reserve. Some of the important plants are: the pink (Dianthus compactus), vipers grass (Scorzonera rosea), violet (Viola dacica), cornflower (Centaurea kotschyana), veratrum (Veratrum album) or hellebore (Helleborus purpurascens). Among 56 protected species, the moist interesting are monkshoot specues (Aconitum tauricum and A. paniculatum), gentian (Gentiana cruciata), ostrich fern (Metteucia struthiopteris), round-leved sundew (Drosera rotundifolia), and marsh helleborine (Epipactis palustris). Among the animals, brown bear, European bison (Bison bonasus), lynx (Lynx lynx), wildcat (Felis silvestris), wolf (Canis lupus), wild boar (Sus scrofa) and red deer (Cervus elaphus) are found (Denisiuk et al., 1996). Due to different management and nature protection practices in Poland and Ukraine after the World War II, interesting differences in responses of natural ecosystems have developed on two sides of the border (Perzanowski, 1999). 

An overall objective of research in the Eastern Carpathian Reserve is to characterize changes of differently managed ecosystems to anthropogenic influences with a special emphasis on air pollution. Specific objectives are: 

(a) characterization of spatial and temporal distribution of ozone, sulfur dioxide, ammonia and nitrogen dioxide; 

(b) evaluation of incidence and severity of air pollution injury to vegetation; 

(c) selection of native indicators of air pollutants with a special emphasis on ozone; 

(d) evaluation of effects of different management practices on forests and mountain meadow ecosystems including changes in their biodiversity; 

(e) evaluation of the genetic diversity of natural spruce forests. 

A similar approach will be applied for large portions of the proposed research in three locations. The main emphasis of the proposed studies is to establish a good understanding of air pollution distribution and its potential for toxic effects on vegetation. Therefore, some of the objectives are identical for all the areas. Additional specific objectives reflect unique research questions asked for each individual area. Since the most severe changes in forests and other ecosystems have occurred in the Tatra Mountains, this Biosphere Reserve is the primary target area. A widely spread dieback of Norway spruce forests in the Tatra Mountains is a very serious ecological and management problem. On the other hand, effects of land management and other human activities on relatively pristine ecosystems of the Eastern Carpathian and the Retezat Biosphere Reserves are also of high importance. Our research, due to its multidisciplinary approach, will help to understand causes of the observed changes. Results from the current studies sponsored by the USDA ICD (see above) will provide background information valuable for long-term comparison of air pollution distribution trends in the three study sites and the entire Carpathian Mountains range.

b. other candidate sites:

Romania

Piatra Craiului and Bucegi – these two adjacent mountain ranges cover about 100,000 ha and are located in south-central Carpathian Mountains. They have been proposed as a Natural Park funded partially by the World Bark through its GEF projects. The Piatra Craiului and Bucegi Mountains contain about 3,400 ha of pristine mixed and conifer forests and alpine ecosystems surounded by managed forests. Piatra Craiului Mountains consist mostly of limestone. The north-west part of Piatra Craiului has numerous valleys and the eastern ridge is a rich karst area with many caves. The entire area of the Piatra Craiului range has been protected since 1939. The area has the highest concentration of brown bear, wolf and lynx for Europe and many other protected and endangered species of fauna and flora (Wielochowski, 1998). The Bucegi Mountains consist of limestone and crystalline rocks. The mountains are characterized by a high diversity of plants and animals - more than 30 types of forest communities with many species of endemic plants have been identified. The Bucegi Mountains are under a strong anthropogenic pressure, especially in the low forest range and in the alpine meadow zone.  The first experimental forest station for the Bucegi Mountains was established in Sinaia in  1930.  Long-term forest treatment experiments have been conducted and long-term research in the areas of geology-geomorphology, botany, soil sciences, forest ecology, entomology and lichenology have been conducted. In addition, long-term meteorological monitoring has been performed in 4 meteorological stations located at 800, 1000, 1400 and 2500 m elevation. Forest Research and Management Institute (ICAS) in Bucharest and Brasov, Department of Ecology of the University in Bucharets, and Biological Research Institute have been involved in research activities in the Bucegi Mountains (Ion Barbu, personal communication).      

The Rarau Mountains are located in the Eastern Carpathian Mountains. The forested area of the mountains covers about 30,000 ha and ranges between 600 and 1,680 m elevation. The dominant plant communities in the Rarau Mountains are mixed beech and fir forests with additions of planted Norway spruce and pure natural and introduced spruce stands. Other important woody species in the Rarau Mountains are: Taxus baccata, Carpinus betulus, Alnus incana, Acer pseudoplatanus, Juniperus communis, Salix silesiaca, S. cinerea, S. viminalis, Ribes grossularia, Rubus idaeus, Daphne mezereum, Vaccinium myrtillus and V. vitis-ideas. There are 18 endemic herbaceous species in the Rarau Mountains, among them Aconiutum peniculatum, Anemone nemorosa, Hieracium transslvanicum, Ranunculus carpathicus, or Dryopteris filix-mas.  Several rare and endangered species of animals and insects are present: Lynx lynx, Canes vulpes, Tetrao urogallus, Corvux corax, Laspeyresia interruptana, Thera albonigrata and Calostigia laetaria. A forest reserve of 408 ha was established in 1913 in Slatioara as an Orthodox Religious Found.  Since 1950 the Forest Institute of Research and Management have managed the Reserve. In 1955 addition of a 250 ha buffer zone enlarged the Reserve area. More than 150 scientific papers have been published regarding various aspects of forest ecology research of the Rarau Mountains (Ovidiu Badea and Radu Canusa, personal communication).           

The Rodna Mountains are situated in the Eastern Carpathians. About 3,300 ha of the Rodna Mountains has been designated for long-term forest biology research in the Pietrosul Mare Natural Reserve (Biosphere Reserve). The Reserve consists of 1,770 ha of natural forests and 1,430 ha of alpine meadows at elevations ranging between 950 and 2300 m.  The dominant plant communities are the mountainous beech forest, mixed forest, boreal spruce forests, open stands of spruce and Pinus cembra and alpine meadows. About 650 species of flora have been described for the Pietrosul Mare Natural Reserve. Among them there are endemic species for the Carpatho-Baltic area, such as Salix kitaibeliana, Erysimum wittmani, Thymus pulcherrimus, Campanula carpatica, Leontodon pseudotaraxaci, or Centaurea mollis. Lychnis nivalis, Soldanella hungarica spp. Hungarica, and Saussurea porcii are specifically endemic for the Rodna Mountains. Some of the protected species are Leontopodium alpinum, Gentiana lutea, Gentiana punctata, Angelica archangelica, Pinus mugo, Pinus cembra, Taxus baccata or Rhododendron myrtifolium.  Scientific research in the Rodna Mountains has a long history, with the first description of endemic species in 1788-1795. Extensive geological, geomorphologic, botanical and ecological investigations have been performed in the area. In the last 50 years, scientists of the Forest Research and Management Institute performed many forestry studies in the Rodna Mountains. Major research tasks for the Rodna Mountains are: better understanding of sustainable management at a level of forest ecosystem and landscape; application of the existing monitoring programs into long-term ecosystem research; examination of silviculture practices in long-term forestry experiments; establishment of a model forest (center of excellence) integrating long-term forestry/biology research with various social and economic considerations (Ion Barbu and Ovidiu Badea, personal communication).

Slovakia

The Polana Mountains Biosphere Reserve is an ancient stratovolcano with an outstanding geological and geomorphological structure. Polana rises about 1000 m above the surrounding Slatinska Basin in central Slovakia. The Reserve has well preserved ecosystems of mixed and coniferous forests representative for the middle range of the Western  Carpathian Mountains. Polana BR is characterized by a common occurrence of thermophilous and mountain plant species. The original species composition has changed on many sites due to intensive human interference since the 17th century. The remnants of beech-oak and oak-beech forests remain only on southwestern foothills. Besides oaks (Quercus cerris, Q. petrea, Q. robur) and beech, these forests include also hornbeam (Carpinus betulus), and lindens (Tilia cordata and T. platyphyllos). At present, the most frequent forest communities in the area are beech and fir-beech forests. In addition to the dominant stand-forming beech and fir, the highly productive stands also include Norway spruce, sycamore (Acer pseudoplatanus), elm (Ulmus glabra) and ash (Fraxinus excelsior). The summits of the Polana BR are covered by primeval spruce stands, representing the southernmost occurrence of indigenous fir forests in the Western Carpathians. Trees in the Polana BR are well known for their extraordinary dimensions due to favorable humus-rich andisols. Riparian ecosystems are shrinking and thus plants of this ecosystem are most valuable and endangered – they include such species as parnassus (Parnassia palustris), Siberian flag (Iris siberica), green-winged orchid (Orchis morio), and flowering crocus (Crocus heuffelianus). Rare European yew (Taxus baccata) is present on a few sites in the Polana BR. Among the rarest species are: damees rocket (Hespris nivea) and Sudetic pansy (Viola sudetica). Also the fauna of the Polana BR is very rich and includes many biogeographically outstanding and biosociologically significant species. There are 172 species of birds, and 121 species nest in the area. Mammals are also well represented with several species of bats, critically endangered otter (Lutra lutra), about 40 brown bears, northern lynx, and wolf.  The great beauty and diversity as well as its cultural heritage was the reason for declaring the Polana Mountains a biosphere reserve in 1990 (Voloscuk, 1999).  The Polana Biosphere Reserve is a candidate for a national park status.

The Slovak Karst Biosphere Reserve is located in southeast Slovakia near the border with Hungary. The Slovak Karst BR has an area of about 36,170 ha and is surrounded by a protective zone of 38,330 ha. It consists of a series of plateaus ranging from 400 to 900 m elevation.  The basic geological unit is the Silica Nappe. The Slovak Karst is the largest karst region in Central Europe and has a well-developed karst relief and an almost complete karst phenomena of the temperate climate. Typical for this biosphere is a lack of running water with nearly whole precipitation being infiltrated by limestone through numerous fissures and faults into karstic carbonate rocks. The Reserve has a rich system of underground caves. The Slovak Karst has variety of habitats and highly diverse vegetation reflecting its climatic and geological conditions. The most typical forest are the Carpathian oak-hornbeam forests and xero-thermofillous oak forests on alkaline bedrock. They are floristically very rich representing both steppe-forest and sub-mediterranean species, with more than 1,450 vascular plant taxa including 70 protected species. The most important species are: Klastersky’s willow grass (Draba klasterskyi), Turna golden drop (Onosma tornensis), jurinea (Jurinea mollis sp.), and six species of mountain ash (Sorbus bukkensis, S. carstica, S. hazslinsz-kiana, S. huljaki, S. tuzsoniana, and S. zolyomii). There is also a rich riparian flora represented by such species as spiked speedwell (Pseudolysimachion longifolium), or sedge (Cerex buekii). Flora and fauna contains many protected species. Among the insect population the most interesting are: Papilio machaon, Iphiclides podalirius, Parnassius apollo, P. mnemosyne. Slovak Karst was proclaimed a protected landscape area in 1973, a biosphere reserve in 1977, and a World Heritage Reserve in 1995 (Voloscuk, 1999). 

Description of the forest ILTER sites for the Czech Republic (Krkonose Mountains, Sumava Mountains and Krivoklatsko), for Hungary (Sikfokut Forest and Kiskunsag Forest-Steppe), and for Poland (Bialowieza, Kampinos and Bieszczady National Parks) has already been provided (Waide et al., 1998). 

The ILTER forest sites officially endorsed by the governments or the national academies of science of individual countries in Central Europe (October 1999 status) are presented in Figure 1.

It is planned that other forestry sites from Croatia, Slovenia and Bulgaria will be added the ILTER network.  In this regard, contacts with scientists in these countries will be soon established.
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Figure 1. Location of the ILTER forest sites in Central Europe: (1) Kampinos National Park, (2) Bielowieza National Park, (3) Tatra Bi-National Park, (4) Eastern Carpathian International Park, (5) Krkonose National Park, (6) Krivoklatsko Forest, (7) Sumava National Park, (8) Bile Karpaty Mountains, (9) Polana Biosphere Reserve, (10) Slovak Karst Biosphere Reserve, (11) Carpathian National Park (Chornohora Range), (12) Sikfokut Forest, (13) Kiskunsag Forest - Steppe, (14) Rodna Mountains, (15) Rarau Mountains, (16) Piatra Craiuli and Bucegi Mountains, (17) Retezat National Park.   
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								2		NL		25.5988889		6.744928		0.6244444		0.2002367		32334.89		5410.23		716.0022222		104.2099207		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273		9327777.78		938862.75		1.8677778		0.1866799		67436666.67		28355382.3		13.4866667		5.6687455		644.9666667		142.1921170694

								2		NR		37.5144444		15.2472795		0.7555556		0.3064497		33907.17		3954.3		682.4122222		79.5840144														3.6444444		1.2092366		9220000		828801.01		1.8422222		0.1649645		19140000		3221255.79		3.83		0.6443666		0		0

								2		NLNR		41.2133333		19.2335104		0.8811111		0.394037		34127.99		3702.49		737.3111111		111.5968927		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117		6635555.56		586110.32		1.3288889		0.1171116		11863333.33		2697395.86		2.3711111		0.5385615		3875.4333334		1162.2117961218

								2		2XL		37.5755556		10.4132876		0.9588889		0.2822944		33436.82		4302.58		870.4933333		126.9069587		1366.9		488.63		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754		8122222.22		1126025.18		1.6222222		0.2244795		64580000		27239530.97		12.9244444		5.4502121		3277.5033333		642.2789114386

								2		N-O/A		107.8711111		16.4918747		2.1722222		0.332147		8071.81		1567.53		162.4522222		31.5484744		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207		6784444.44		769014.72		1.3566667		0.1530704		40403333.33		17153819.95		8.0911111		3.438716		1082.0033334		256.9531258712

								orgmin		plot		%C				%N				C:N

								1		C		32.53		1.34		1.41		0.07		23.35		0.91

								1		NL		30.61		1.2		1.31		0.04		23.47		0.89

								1		NR		28.67		1.28		1.15		0.05		24.64		0.69

								1		NLNR										21.43		0.43

								1		2XL		34.39		2.49		1.45		0.11		23.84		0.31

								2		C		4.94		0.32		0.37		0.04

								2		NL		6.45		0.92		0.31		0.03

								2		NR		5.91		0.64		0.34		0.04

								2		NLNR		4.87		0.51		0.37		0.08

								2		2XL		4.67		0.25		0.25		0.01

								2		N-O/A		1.03		0.14		0.06		0.01
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				orgmin, plot

		orgmin		plot		actbacb		se		totbacb		se		tot/act		actfungb		se		totfungb		se		tot/act		totfun/bac		actfun/bac		flagnum		se		amoebn		se		ciliates		se		nematode		se

		1		C		3.34		0.5114914		5.7144444		0.8433467		1.710911497		4.4088889		1.0045928		2755.04		592.083304		624.8830629413		482.1186115662		1.3200266168		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302

		1		NL		3.3733333		0.24359		12.1077778		2.7278542		3.5892622291		4.5011111		0.848542		1480.89		176.4448653		329.00543157		122.3089838996		1.3343214855		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863

		1		NR		3.5988889		0.4354673		7.0344444		1.8405216		1.9546156037		6.0088889		1.1805407		2863.88		647.1643623		476.6072476394		407.122416093		1.6696511248		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942

		1		NLNR		3.7866667		0.2793146		10.3855556		1.9538048		2.7426643068		6.3766667		1.2526527		1747.25		332.782924		274.0067941766		168.2384715171		1.6839788672		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713

		1		2XL		3.2011111		0.4957807		13.1655556		3.32516		4.1128080809		3.1177778		0.5966359		4524.46		610.1731584		1451.1810302838		343.6588730065		0.9739673828		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969

		2		C		2.06375		0.1353031		12.13875		4.9821264		5.8818897638		1.48		0.4346304		644.97		120.9618694		435.7905405405		53.1331479765		0.7171411266		866.6		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017

		2		NL		1.8677778		0.1866799		13.4866667		5.6687455		7.2207018951		0.6244444		0.2002367		716.0022222		104.2099207		1146.6228573753		53.0896357215		0.3343247789		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273

		2		NR		1.8422222		0.1649645		3.83		0.6443666		2.0790108815		0.7555556		0.3064497		682.4122222		79.5840144		903.1925939004		178.1755149347		0.4101327191														3.6444444		1.2092366

		2		NLNR		1.3288889		0.1171116		2.3711111		0.5385615		1.7842809132		0.8811111		0.394037		737.3111111		111.5968927		836.796984058		310.9559527177		0.6630434644		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117

		2		2XL		1.6222222		0.2244795		12.9244444		5.4502121		7.9671233694		0.9588889		0.2822944		870.4933333		126.9069587		907.8145896777		67.3524761575		0.5910959054		4686.53		3598.02		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754

		2		N-O/A		1.3566667		0.1530704		8.0911111		3.438716		5.9639638092		2.1722222		0.332147		162.4522222		31.5484744		74.7861900132		20.0778632492		1.6011465454		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207

														4.3296320853										678.244302016		200.5665406218		1.0271663652

														2.8220523435										631.1367133222		304.6894712165		1.3963890954

														5.1494951054										717.5006259275		113.7974317929		0.7194807566



<--Forest Floors



		orgmin		plot		flagnum		se		amoebn		se		ciliates		se				mineral soil		N		var1		var2		var3		commvar		SE

		1		C		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991				3298.3511111		9		271642.671113527		9504025.7796		4063183.14472425		4612950.53181259		1240.0202326055

		1		NL		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533				2077.5777778		9		205459.655982079		4773720.68298087		3269.6049943755		1660816.64798577		744.0467386721

		1		NR		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929				9458.4933333		9		807513.974380074		116031675.24		68482.4300241926		38969223.8814681		3604.128368111

		1		NLNR		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427				3221.1944444		9		775450.438504664		3593087.84978987		25571.7927662839		1464703.36035361		698.7377572818

		1		2XL		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713				4359.8255556		9		408706.535251119		32915463.84		12693.1800280594		11112287.8517597		1924.6028033302

																				organic soil

		2		C		866.6		1645.37		617.9		607.8727672		30.7		15.4642599				1515.2		8		21657939.4952		2956074.40882708		1913.146674038		8205309.01690037		1653.814682978

		2		NL		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462				644.9666667		3		5500.3233375261		176442.690072614		24.3700000841		60655.7944700746		142.1921170694

		2		NR																0				0		0		0		0		0

		2		NLNR		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113				3875.4333334		3		60465.4633665114		12095348.6547		812.2133360184		4052208.77713418		1162.2117961218

		2		2XL		1366.9		488.632		1883.57		999.3070104		27.0333333		13.8154905				3277.5033333		3		716283.694272		2995843.50310376		572.6033332668		1237566.60023634		642.2789114386

		2		NO/A		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667				1082.0033334		3		845.5833375687		593360.343383657		18.2533338267		198074.726685017		256.9531258712





				811.3239318857				1240.0202326055

				142.1921170694				744.0467386721

				0				3604.128368111

				1162.2117961218				698.7377572818

				2155.9648489105				1924.6028033302

				256.9531258712
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Sheet1

										orgmin, plot

								orgmin		plot		actfungl		se		actfungb		se		totfungl		se		totfungb		se		flagnum		se		amoebn		se		ciliates		se		nematode		se		actbacn		se		actbacb		se		totbacn		se		totbacb		se		totprot		SE

								1		C		199.3366667		45.2312563		4.4088889		1.0045928		113074.33		19683.62		2755.04		592.083304		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302		16665555.56		2555693.96		3.34		0.5114914		28577777.78		4219787.31		5.7144444		0.8433467		3298.3511111		1240.0202326055

								1		NL		219.7588889		43.6010501		4.5011111		0.848542		70768.82		8846.29		1480.89		176.4448653		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863		16855555.56		1220099.17		3.3733333		0.24359		60522222.22		13622191.63		12.1077778		2.7278542		2077.5777778		744.0467386721

								1		NR		230.18		38.7724873		6.0088889		1.1805407		106380.91		20662.72		2863.88		647.1643623		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942		18000000		2179385.74		3.5988889		0.4354673		35188888.89		9203508.46		7.0344444		1.8405216		9458.4933333		3604.128368111

								1		NLNR		262.4988889		62.4075423		6.3766667		1.2526527		65435.22		11410.98		1747.25		332.782924		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713		18944444.44		1400308.61		3.7866667		0.2793146		51922222.22		9773700.22		10.3855556		1.9538048		3221.1944444		698.7377572818

								1		2XL		119.4511111		21.8738705		3.1177778		0.5966359		172744.46		19202.03		4524.46		610.1731584		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969		16000000		2479204.62		3.2011111		0.4957807		65811111.11		16590446.08		13.1655556		3.32516		4359.8255556		1924.6028033302

								2		C		67.49875		20.3814227		1.48		0.4346304		29774.17		6282.59		644.97		120.9618694		1645.37		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017		10337500		679508.09		2.06375		0.1353031		60750000		24932000.38		12.13875		4.9821264		1515.2		1653.814682978

								2		NL		25.5988889		6.744928		0.6244444		0.2002367		32334.89		5410.23		716.0022222		104.2099207		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273		9327777.78		938862.75		1.8677778		0.1866799		67436666.67		28355382.3		13.4866667		5.6687455		644.9666667		142.1921170694

								2		NR		37.5144444		15.2472795		0.7555556		0.3064497		33907.17		3954.3		682.4122222		79.5840144														3.6444444		1.2092366		9220000		828801.01		1.8422222		0.1649645		19140000		3221255.79		3.83		0.6443666		0		0

								2		NLNR		41.2133333		19.2335104		0.8811111		0.394037		34127.99		3702.49		737.3111111		111.5968927		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117		6635555.56		586110.32		1.3288889		0.1171116		11863333.33		2697395.86		2.3711111		0.5385615		3875.4333334		1162.2117961218

								2		2XL		37.5755556		10.4132876		0.9588889		0.2822944		33436.82		4302.58		870.4933333		126.9069587		1366.9		488.63		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754		8122222.22		1126025.18		1.6222222		0.2244795		64580000		27239530.97		12.9244444		5.4502121		3277.5033333		642.2789114386

								2		N-O/A		107.8711111		16.4918747		2.1722222		0.332147		8071.81		1567.53		162.4522222		31.5484744		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207		6784444.44		769014.72		1.3566667		0.1530704		40403333.33		17153819.95		8.0911111		3.438716		1082.0033334		256.9531258712

								orgmin		plot		%C				%N				C:N

								1		C		32.53		1.34		1.41		0.07		23.35		0.91

								1		NL		30.61		1.2		1.31		0.04		23.47		0.89

								1		NR		28.67		1.28		1.15		0.05		24.64		0.69

								1		NLNR										21.43		0.43

								1		2XL		34.39		2.49		1.45		0.11		23.84		0.31

								2		C		4.94		0.32		0.37		0.04

								2		NL		6.45		0.92		0.31		0.03

								2		NR		5.91		0.64		0.34		0.04

								2		NLNR		4.87		0.51		0.37		0.08

								2		2XL		4.67		0.25		0.25		0.01

								2		N-O/A		1.03		0.14		0.06		0.01
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				orgmin, plot

		orgmin		plot		actbacb		se		totbacb		se		tot/act		actfungb		se		totfungb		se		tot/act		totfun/bac		actfun/bac		flagnum		se		amoebn		se		ciliates		se		nematode		se

		1		C		3.34		0.5114914		5.7144444		0.8433467		1.710911497		4.4088889		1.0045928		2755.04		592.083304		624.8830629413		482.1186115662		1.3200266168		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302

		1		NL		3.3733333		0.24359		12.1077778		2.7278542		3.5892622291		4.5011111		0.848542		1480.89		176.4448653		329.00543157		122.3089838996		1.3343214855		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863

		1		NR		3.5988889		0.4354673		7.0344444		1.8405216		1.9546156037		6.0088889		1.1805407		2863.88		647.1643623		476.6072476394		407.122416093		1.6696511248		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942

		1		NLNR		3.7866667		0.2793146		10.3855556		1.9538048		2.7426643068		6.3766667		1.2526527		1747.25		332.782924		274.0067941766		168.2384715171		1.6839788672		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713

		1		2XL		3.2011111		0.4957807		13.1655556		3.32516		4.1128080809		3.1177778		0.5966359		4524.46		610.1731584		1451.1810302838		343.6588730065		0.9739673828		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969

		2		C		2.06375		0.1353031		12.13875		4.9821264		5.8818897638		1.48		0.4346304		644.97		120.9618694		435.7905405405		53.1331479765		0.7171411266		866.6		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017

		2		NL		1.8677778		0.1866799		13.4866667		5.6687455		7.2207018951		0.6244444		0.2002367		716.0022222		104.2099207		1146.6228573753		53.0896357215		0.3343247789		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273

		2		NR		1.8422222		0.1649645		3.83		0.6443666		2.0790108815		0.7555556		0.3064497		682.4122222		79.5840144		903.1925939004		178.1755149347		0.4101327191														3.6444444		1.2092366

		2		NLNR		1.3288889		0.1171116		2.3711111		0.5385615		1.7842809132		0.8811111		0.394037		737.3111111		111.5968927		836.796984058		310.9559527177		0.6630434644		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117

		2		2XL		1.6222222		0.2244795		12.9244444		5.4502121		7.9671233694		0.9588889		0.2822944		870.4933333		126.9069587		907.8145896777		67.3524761575		0.5910959054		4686.53		3598.02		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754

		2		N-O/A		1.3566667		0.1530704		8.0911111		3.438716		5.9639638092		2.1722222		0.332147		162.4522222		31.5484744		74.7861900132		20.0778632492		1.6011465454		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207

														4.3296320853										678.244302016		200.5665406218		1.0271663652

														2.8220523435										631.1367133222		304.6894712165		1.3963890954

														5.1494951054										717.5006259275		113.7974317929		0.7194807566



<--Forest Floors



		orgmin		plot		flagnum		se		amoebn		se		ciliates		se				mineral soil		N		var1		var2		var3		commvar		SE

		1		C		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991				3298.3511111		9		271642.671113527		9504025.7796		4063183.14472425		4612950.53181259		1240.0202326055

		1		NL		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533				2077.5777778		9		205459.655982079		4773720.68298087		3269.6049943755		1660816.64798577		744.0467386721

		1		NR		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929				9458.4933333		9		807513.974380074		116031675.24		68482.4300241926		38969223.8814681		3604.128368111

		1		NLNR		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427				3221.1944444		9		775450.438504664		3593087.84978987		25571.7927662839		1464703.36035361		698.7377572818

		1		2XL		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713				4359.8255556		9		408706.535251119		32915463.84		12693.1800280594		11112287.8517597		1924.6028033302

																				organic soil

		2		C		866.6		1645.37		617.9		607.8727672		30.7		15.4642599				1515.2		8		21657939.4952		2956074.40882708		1913.146674038		8205309.01690037		1653.814682978

		2		NL		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462				644.9666667		3		5500.3233375261		176442.690072614		24.3700000841		60655.7944700746		142.1921170694

		2		NR																0				0		0		0		0		0

		2		NLNR		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113				3875.4333334		3		60465.4633665114		12095348.6547		812.2133360184		4052208.77713418		1162.2117961218

		2		2XL		1366.9		488.632		1883.57		999.3070104		27.0333333		13.8154905				3277.5033333		3		716283.694272		2995843.50310376		572.6033332668		1237566.60023634		642.2789114386

		2		NO/A		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667				1082.0033334		3		845.5833375687		593360.343383657		18.2533338267		198074.726685017		256.9531258712





				811.3239318857				1240.0202326055

				142.1921170694				744.0467386721

				0				3604.128368111

				1162.2117961218				698.7377572818

				2155.9648489105				1924.6028033302

				256.9531258712
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		C		592.083304

		NL		176.4448653
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		2XL		610.1731584
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b

b

b
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Sheet1

										orgmin, plot

								orgmin		plot		actfungl		se		actfungb		se		totfungl		se		totfungb		se		flagnum		se		amoebn		se		ciliates		se		nematode		se		actbacn		se		actbacb		se		totbacn		se		totbacb		se		totprot		SE

								1		C		199.3366667		45.2312563		4.4088889		1.0045928		113074.33		19683.62		2755.04		592.083304		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302		16665555.56		2555693.96		3.34		0.5114914		28577777.78		4219787.31		5.7144444		0.8433467		3298.3511111		1240.0202326055

								1		NL		219.7588889		43.6010501		4.5011111		0.848542		70768.82		8846.29		1480.89		176.4448653		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863		16855555.56		1220099.17		3.3733333		0.24359		60522222.22		13622191.63		12.1077778		2.7278542		2077.5777778		744.0467386721

								1		NR		230.18		38.7724873		6.0088889		1.1805407		106380.91		20662.72		2863.88		647.1643623		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942		18000000		2179385.74		3.5988889		0.4354673		35188888.89		9203508.46		7.0344444		1.8405216		9458.4933333		3604.128368111

								1		NLNR		262.4988889		62.4075423		6.3766667		1.2526527		65435.22		11410.98		1747.25		332.782924		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713		18944444.44		1400308.61		3.7866667		0.2793146		51922222.22		9773700.22		10.3855556		1.9538048		3221.1944444		698.7377572818

								1		2XL		119.4511111		21.8738705		3.1177778		0.5966359		172744.46		19202.03		4524.46		610.1731584		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969		16000000		2479204.62		3.2011111		0.4957807		65811111.11		16590446.08		13.1655556		3.32516		4359.8255556		1924.6028033302

								2		C		67.49875		20.3814227		1.48		0.4346304		29774.17		6282.59		644.97		120.9618694		1645.37		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017		10337500		679508.09		2.06375		0.1353031		60750000		24932000.38		12.13875		4.9821264		1515.2		1653.814682978

								2		NL		25.5988889		6.744928		0.6244444		0.2002367		32334.89		5410.23		716.0022222		104.2099207		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273		9327777.78		938862.75		1.8677778		0.1866799		67436666.67		28355382.3		13.4866667		5.6687455		644.9666667		142.1921170694

								2		NR		37.5144444		15.2472795		0.7555556		0.3064497		33907.17		3954.3		682.4122222		79.5840144														3.6444444		1.2092366		9220000		828801.01		1.8422222		0.1649645		19140000		3221255.79		3.83		0.6443666		0		0

								2		NLNR		41.2133333		19.2335104		0.8811111		0.394037		34127.99		3702.49		737.3111111		111.5968927		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117		6635555.56		586110.32		1.3288889		0.1171116		11863333.33		2697395.86		2.3711111		0.5385615		3875.4333334		1162.2117961218

								2		2XL		37.5755556		10.4132876		0.9588889		0.2822944		33436.82		4302.58		870.4933333		126.9069587		1366.9		488.63		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754		8122222.22		1126025.18		1.6222222		0.2244795		64580000		27239530.97		12.9244444		5.4502121		3277.5033333		642.2789114386

								2		N-O/A		107.8711111		16.4918747		2.1722222		0.332147		8071.81		1567.53		162.4522222		31.5484744		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207		6784444.44		769014.72		1.3566667		0.1530704		40403333.33		17153819.95		8.0911111		3.438716		1082.0033334		256.9531258712

								orgmin		plot		%C				%N				C:N

								1		C		32.53		1.34		1.41		0.07		23.35		0.91

								1		NL		30.61		1.2		1.31		0.04		23.47		0.89

								1		NR		28.67		1.28		1.15		0.05		24.64		0.69

								1		NLNR										21.43		0.43

								1		2XL		34.39		2.49		1.45		0.11		23.84		0.31

								2		C		4.94		0.32		0.37		0.04

								2		NL		6.45		0.92		0.31		0.03

								2		NR		5.91		0.64		0.34		0.04

								2		NLNR		4.87		0.51		0.37		0.08

								2		2XL		4.67		0.25		0.25		0.01

								2		N-O/A		1.03		0.14		0.06		0.01
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				3590.6

				631.8480698

				1912.4



amoebn

# amoebae



				671.9112991

				19.0601533

				87.2304929

				53.3039427

				37.5546713



ciliates

# ciliates



				58.485302

				36.3863863

				72.4280942

				34.9965713

				131.9028969



nematode

p = 0.0096

# nematodes

a

c

ab

bc

c



				0.5114914

				0.24359

				0.4354673

				0.2793146

				0.4957807



actbacb

active bacterial biomass



				0.8433467

				2.7278542

				1.8405216

				1.9538048

				3.32516



totbacb

total bacterial biomass



				0.4346304

				0.2002367

				0.3064497

				0.394037

				0.2822944

				0.332147



actfungb

p = 0.0132

active fungal biomass

a

b

b

b

b

ab



				120.9618694

				104.2099207

				79.5840144

				111.5968927

				126.9069587

				31.5484744



totfungb

p = 0.0002

total fungal biomass

b

a

a

a

a

a



				608.9161628

				42.8187005

				NaN

				141.9688503

				488.63

				16.7887198



N/M

flagnum

# flagellates



				607.8727672

				242.5164531

				NaN

				2007.93

				999.3070104

				444.7322578



N/M

amoebn

# amoebae



				15.4642599

				2.8501462

				NaN

				16.4541113

				13.8154905

				2.4666667



N/M

ciliates

# ciliates



				4.7210017

				1.4229273

				1.2092366

				6.3841117

				4.8031754

				1.4969207



nematode

p = 0.005

# nematodes

c

ab

ab

c

bc

a



				0.1353031

				0.1866799

				0.1649645

				0.1171116

				0.2244795

				0.1530704



actbacb

p = 0.0195

active bacterial biomass

b

ab

b

a

a

a



				4.9821264

				5.6687455

				0.6443666

				0.5385615

				5.4502121

				3.438716



totbacb

total bacterial biomass



				1240.0202326055

				744.0467386721

				3604.128368111

				698.7377572818

				1924.6028033302



ciliates

total # protozoa



				1653.814682978				1240.0202326055

				142.1921170694				744.0467386721

				0				3604.128368111

				1162.2117961218				698.7377572818

				642.2789114386				1924.6028033302

				256.9531258712



mineral

organic

total # protozoa



				1653.814682978

				142.1921170694

				0

				1162.2117961218

				642.2789114386

				256.9531258712



N/M

ciliates

total # protozoa



				58.485302

				36.3863863

				72.4280942

				34.9965713

				131.9028969



nematode

p = 0.0096

# nematodes

c

bc

ab

c

a



				4.7210017

				1.4229273

				1.2092366

				6.3841117

				4.8031754

				1.4969207



nematode

p = 0.005

# nematodes

a

bc

c

ab

ab

c



				orgmin, plot

		orgmin		plot		actbacb		se		totbacb		se		tot/act		actfungb		se		totfungb		se		tot/act		totfun/bac		actfun/bac		flagnum		se		amoebn		se		ciliates		se		nematode		se

		1		C		3.34		0.5114914		5.7144444		0.8433467		1.710911497		4.4088889		1.0045928		2755.04		592.083304		624.8830629413		482.1186115662		1.3200266168		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302

		1		NL		3.3733333		0.24359		12.1077778		2.7278542		3.5892622291		4.5011111		0.848542		1480.89		176.4448653		329.00543157		122.3089838996		1.3343214855		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863

		1		NR		3.5988889		0.4354673		7.0344444		1.8405216		1.9546156037		6.0088889		1.1805407		2863.88		647.1643623		476.6072476394		407.122416093		1.6696511248		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942

		1		NLNR		3.7866667		0.2793146		10.3855556		1.9538048		2.7426643068		6.3766667		1.2526527		1747.25		332.782924		274.0067941766		168.2384715171		1.6839788672		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713

		1		2XL		3.2011111		0.4957807		13.1655556		3.32516		4.1128080809		3.1177778		0.5966359		4524.46		610.1731584		1451.1810302838		343.6588730065		0.9739673828		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969

		2		C		2.06375		0.1353031		12.13875		4.9821264		5.8818897638		1.48		0.4346304		644.97		120.9618694		435.7905405405		53.1331479765		0.7171411266		866.6		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017

		2		NL		1.8677778		0.1866799		13.4866667		5.6687455		7.2207018951		0.6244444		0.2002367		716.0022222		104.2099207		1146.6228573753		53.0896357215		0.3343247789		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273

		2		NR		1.8422222		0.1649645		3.83		0.6443666		2.0790108815		0.7555556		0.3064497		682.4122222		79.5840144		903.1925939004		178.1755149347		0.4101327191														3.6444444		1.2092366

		2		NLNR		1.3288889		0.1171116		2.3711111		0.5385615		1.7842809132		0.8811111		0.394037		737.3111111		111.5968927		836.796984058		310.9559527177		0.6630434644		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117

		2		2XL		1.6222222		0.2244795		12.9244444		5.4502121		7.9671233694		0.9588889		0.2822944		870.4933333		126.9069587		907.8145896777		67.3524761575		0.5910959054		4686.53		3598.02		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754

		2		N-O/A		1.3566667		0.1530704		8.0911111		3.438716		5.9639638092		2.1722222		0.332147		162.4522222		31.5484744		74.7861900132		20.0778632492		1.6011465454		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207

														4.3296320853										678.244302016		200.5665406218		1.0271663652

														2.8220523435										631.1367133222		304.6894712165		1.3963890954

														5.1494951054										717.5006259275		113.7974317929		0.7194807566



<--Forest Floors



		orgmin		plot		flagnum		se		amoebn		se		ciliates		se				mineral soil		N		var1		var2		var3		commvar		SE

		1		C		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991				3298.3511111		9		271642.671113527		9504025.7796		4063183.14472425		4612950.53181259		1240.0202326055

		1		NL		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533				2077.5777778		9		205459.655982079		4773720.68298087		3269.6049943755		1660816.64798577		744.0467386721

		1		NR		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929				9458.4933333		9		807513.974380074		116031675.24		68482.4300241926		38969223.8814681		3604.128368111

		1		NLNR		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427				3221.1944444		9		775450.438504664		3593087.84978987		25571.7927662839		1464703.36035361		698.7377572818

		1		2XL		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713				4359.8255556		9		408706.535251119		32915463.84		12693.1800280594		11112287.8517597		1924.6028033302

																				organic soil

		2		C		866.6		1645.37		617.9		607.8727672		30.7		15.4642599				1515.2		8		21657939.4952		2956074.40882708		1913.146674038		8205309.01690037		1653.814682978

		2		NL		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462				644.9666667		3		5500.3233375261		176442.690072614		24.3700000841		60655.7944700746		142.1921170694

		2		NR																0				0		0		0		0		0

		2		NLNR		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113				3875.4333334		3		60465.4633665114		12095348.6547		812.2133360184		4052208.77713418		1162.2117961218

		2		2XL		1366.9		488.632		1883.57		999.3070104		27.0333333		13.8154905				3277.5033333		3		716283.694272		2995843.50310376		572.6033332668		1237566.60023634		642.2789114386

		2		NO/A		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667				1082.0033334		3		845.5833375687		593360.343383657		18.2533338267		198074.726685017		256.9531258712





				811.3239318857				1240.0202326055

				142.1921170694				744.0467386721

				0				3604.128368111

				1162.2117961218				698.7377572818

				2155.9648489105				1924.6028033302

				256.9531258712



organic soil

mineral soil
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Chart6

		C		0.8433467

		NL		2.7278542

		NR		1.8405216

		NLNR		1.9538048

		2XL		3.32516



totbacb

total bacterial biomass

5.7144444

12.1077778

7.0344444

10.3855556

13.1655556



Sheet1

										orgmin, plot

								orgmin		plot		actfungl		se		actfungb		se		totfungl		se		totfungb		se		flagnum		se		amoebn		se		ciliates		se		nematode		se		actbacn		se		actbacb		se		totbacn		se		totbacb		se		totprot		SE

								1		C		199.3366667		45.2312563		4.4088889		1.0045928		113074.33		19683.62		2755.04		592.083304		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302		16665555.56		2555693.96		3.34		0.5114914		28577777.78		4219787.31		5.7144444		0.8433467		3298.3511111		1240.0202326055

								1		NL		219.7588889		43.6010501		4.5011111		0.848542		70768.82		8846.29		1480.89		176.4448653		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863		16855555.56		1220099.17		3.3733333		0.24359		60522222.22		13622191.63		12.1077778		2.7278542		2077.5777778		744.0467386721

								1		NR		230.18		38.7724873		6.0088889		1.1805407		106380.91		20662.72		2863.88		647.1643623		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942		18000000		2179385.74		3.5988889		0.4354673		35188888.89		9203508.46		7.0344444		1.8405216		9458.4933333		3604.128368111

								1		NLNR		262.4988889		62.4075423		6.3766667		1.2526527		65435.22		11410.98		1747.25		332.782924		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713		18944444.44		1400308.61		3.7866667		0.2793146		51922222.22		9773700.22		10.3855556		1.9538048		3221.1944444		698.7377572818

								1		2XL		119.4511111		21.8738705		3.1177778		0.5966359		172744.46		19202.03		4524.46		610.1731584		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969		16000000		2479204.62		3.2011111		0.4957807		65811111.11		16590446.08		13.1655556		3.32516		4359.8255556		1924.6028033302

								2		C		67.49875		20.3814227		1.48		0.4346304		29774.17		6282.59		644.97		120.9618694		1645.37		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017		10337500		679508.09		2.06375		0.1353031		60750000		24932000.38		12.13875		4.9821264		1515.2		1653.814682978

								2		NL		25.5988889		6.744928		0.6244444		0.2002367		32334.89		5410.23		716.0022222		104.2099207		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273		9327777.78		938862.75		1.8677778		0.1866799		67436666.67		28355382.3		13.4866667		5.6687455		644.9666667		142.1921170694

								2		NR		37.5144444		15.2472795		0.7555556		0.3064497		33907.17		3954.3		682.4122222		79.5840144														3.6444444		1.2092366		9220000		828801.01		1.8422222		0.1649645		19140000		3221255.79		3.83		0.6443666		0		0

								2		NLNR		41.2133333		19.2335104		0.8811111		0.394037		34127.99		3702.49		737.3111111		111.5968927		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117		6635555.56		586110.32		1.3288889		0.1171116		11863333.33		2697395.86		2.3711111		0.5385615		3875.4333334		1162.2117961218

								2		2XL		37.5755556		10.4132876		0.9588889		0.2822944		33436.82		4302.58		870.4933333		126.9069587		1366.9		488.63		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754		8122222.22		1126025.18		1.6222222		0.2244795		64580000		27239530.97		12.9244444		5.4502121		3277.5033333		642.2789114386

								2		N-O/A		107.8711111		16.4918747		2.1722222		0.332147		8071.81		1567.53		162.4522222		31.5484744		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207		6784444.44		769014.72		1.3566667		0.1530704		40403333.33		17153819.95		8.0911111		3.438716		1082.0033334		256.9531258712

								orgmin		plot		%C				%N				C:N

								1		C		32.53		1.34		1.41		0.07		23.35		0.91

								1		NL		30.61		1.2		1.31		0.04		23.47		0.89

								1		NR		28.67		1.28		1.15		0.05		24.64		0.69

								1		NLNR										21.43		0.43

								1		2XL		34.39		2.49		1.45		0.11		23.84		0.31

								2		C		4.94		0.32		0.37		0.04

								2		NL		6.45		0.92		0.31		0.03

								2		NR		5.91		0.64		0.34		0.04

								2		NLNR		4.87		0.51		0.37		0.08

								2		2XL		4.67		0.25		0.25		0.01

								2		N-O/A		1.03		0.14		0.06		0.01
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				34.9965713

				131.9028969



nematode

p = 0.0096

# nematodes

c

bc

ab

c

a



				4.7210017

				1.4229273

				1.2092366

				6.3841117

				4.8031754

				1.4969207



nematode

p = 0.005

# nematodes

a

bc

c

ab

ab

c



				orgmin, plot

		orgmin		plot		actbacb		se		totbacb		se		tot/act		actfungb		se		totfungb		se		tot/act		totfun/bac		actfun/bac		flagnum		se		amoebn		se		ciliates		se		nematode		se

		1		C		3.34		0.5114914		5.7144444		0.8433467		1.710911497		4.4088889		1.0045928		2755.04		592.083304		624.8830629413		482.1186115662		1.3200266168		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991		128.49		58.485302

		1		NL		3.3733333		0.24359		12.1077778		2.7278542		3.5892622291		4.5011111		0.848542		1480.89		176.4448653		329.00543157		122.3089838996		1.3343214855		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533		178.2222222		36.3863863

		1		NR		3.5988889		0.4354673		7.0344444		1.8405216		1.9546156037		6.0088889		1.1805407		2863.88		647.1643623		476.6072476394		407.122416093		1.6696511248		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929		377.1777778		72.4280942

		1		NLNR		3.7866667		0.2793146		10.3855556		1.9538048		2.7426643068		6.3766667		1.2526527		1747.25		332.782924		274.0067941766		168.2384715171		1.6839788672		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427		96.6666667		34.9965713

		1		2XL		3.2011111		0.4957807		13.1655556		3.32516		4.1128080809		3.1177778		0.5966359		4524.46		610.1731584		1451.1810302838		343.6588730065		0.9739673828		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713		384.7444444		131.9028969

		2		C		2.06375		0.1353031		12.13875		4.9821264		5.8818897638		1.48		0.4346304		644.97		120.9618694		435.7905405405		53.1331479765		0.7171411266		866.6		608.9161628		1815.77		607.8727672		30.7		15.4642599		20.95		4.7210017

		2		NL		1.8677778		0.1866799		13.4866667		5.6687455		7.2207018951		0.6244444		0.2002367		716.0022222		104.2099207		1146.6228573753		53.0896357215		0.3343247789		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462		10.0333333		1.4229273

		2		NR		1.8422222		0.1649645		3.83		0.6443666		2.0790108815		0.7555556		0.3064497		682.4122222		79.5840144		903.1925939004		178.1755149347		0.4101327191														3.6444444		1.2092366

		2		NLNR		1.3288889		0.1171116		2.3711111		0.5385615		1.7842809132		0.8811111		0.394037		737.3111111		111.5968927		836.796984058		310.9559527177		0.6630434644		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113		11.8777778		6.3841117

		2		2XL		1.6222222		0.2244795		12.9244444		5.4502121		7.9671233694		0.9588889		0.2822944		870.4933333		126.9069587		907.8145896777		67.3524761575		0.5910959054		4686.53		3598.02		1883.57		999.3070104		27.0333333		13.8154905		17.0777778		4.8031754

		2		N-O/A		1.3566667		0.1530704		8.0911111		3.438716		5.9639638092		2.1722222		0.332147		162.4522222		31.5484744		74.7861900132		20.0778632492		1.6011465454		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667		2.7222222		1.4969207

														4.3296320853										678.244302016		200.5665406218		1.0271663652

														2.8220523435										631.1367133222		304.6894712165		1.3963890954

														5.1494951054										717.5006259275		113.7974317929		0.7194807566



<--Forest Floors



		orgmin		plot		flagnum		se		amoebn		se		ciliates		se				mineral soil		N		var1		var2		var3		commvar		SE

		1		C		454.9111111		173.7311688		2065.04		1027.62		778.4		671.9112991				3298.3511111		9		271642.671113527		9504025.7796		4063183.14472425		4612950.53181259		1240.0202326055

		1		NL		464.2111111		151.0921926		1562.8		728.2948642		50.5666667		19.0601533				2077.5777778		9		205459.655982079		4773720.68298087		3269.6049943755		1660816.64798577		744.0467386721

		1		NR		1595.02		299.5392711		7582.64		3590.6		280.8333333		87.2304929				9458.4933333		9		807513.974380074		116031675.24		68482.4300241926		38969223.8814681		3604.128368111

		1		NLNR		1103.09		293.5322126		1956.46		631.8480698		161.6444444		53.3039427				3221.1944444		9		775450.438504664		3593087.84978987		25571.7927662839		1464703.36035361		698.7377572818

		1		2XL		711.5555556		213.1005332		3536.97		1912.4		111.3		37.5546713				4359.8255556		9		408706.535251119		32915463.84		12693.1800280594		11112287.8517597		1924.6028033302

																				organic soil

		2		C		866.6		1645.37		617.9		607.8727672		30.7		15.4642599				1515.2		8		21657939.4952		2956074.40882708		1913.146674038		8205309.01690037		1653.814682978

		2		NL		142.3666667		42.8187005		496.9		242.5164531		5.7		2.8501462				644.9666667		3		5500.3233375261		176442.690072614		24.3700000841		60655.7944700746		142.1921170694

		2		NR																0				0		0		0		0		0

		2		NLNR		503.0666667		141.9688503		3340.1		2007.93		32.2666667		16.4541113				3875.4333334		3		60465.4633665114		12095348.6547		812.2133360184		4052208.77713418		1162.2117961218

		2		2XL		1366.9		488.632		1883.57		999.3070104		27.0333333		13.8154905				3277.5033333		3		716283.694272		2995843.50310376		572.6033332668		1237566.60023634		642.2789114386

		2		NO/A		64.3666667		16.7887198		1015.17		444.7322578		2.4666667		2.4666667				1082.0033334		3		845.5833375687		593360.343383657		18.2533338267		198074.726685017		256.9531258712





				811.3239318857				1240.0202326055

				142.1921170694				744.0467386721

				0				3604.128368111

				1162.2117961218				698.7377572818

				2155.9648489105				1924.6028033302

				256.9531258712



organic soil

mineral soil




_966432811.unknown

_966433264.unknown

_965808748.unknown

