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PROJECTSUMMARY

A multidisdplinary study of fire, grazing and fire-grazing interactions on population, community and

ecosystem properties will be continued on Konza Prairie, a native tallgrass prairie site in northeastern Kansas.

The proposed research builds and expands upon a ten-year study of fire frequency effects on tallgrass prairie.

Previous and proposed LTER efforts will continue to provide long-term data and baseline studies such as those

that spawned a series of intensive short-term experiments and manipulations supported by NSF, NASA, USCS

and state funds. Results from these previous studies have been incorporated into current LTER measurements

and questions. Our goal of the proposed research is to understand how grazing influences biotic and ecosystem

processes and patterns imposed by fire frequency over the landscape mosaic, all of which are subjected to a

variable (and possibly directional) climate regime. A new, landscape-level study linking surface and ground

water chemistry will interface with ongoing measurements to provide a landscape emphasis to ecological

research. Our new focus involves topoedaphic effects and landscape interactions influencing ecological

phenomena; specifically, the relationship between geomorphic patterns and ecological constraints (fire and/or

grazing) from the perspective of the individual organism to the watershed level. These efforts are necessary if

ecologists are to integrate their research to scales where biotic processes may adequately be incorporated with

climate models.
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Figure A. An annually-bumed watershed is torched in mid April.



Results from Prior NSF Support (LTER grant BSR-8514327)

Mechanistic Interpretations of the role of fire in the ecosystem dynamics of tallgrass prairie were

essentially unknown and unstudied at the initiation of the Konza LTER. The 1986-1990 Korea Prairie efforts

included an experimental emphasis that focused on the effects of fire on population, community and ecosystem

processes of tallgrass prairie. To date, we have published or have in press over 100 peer-reviewed research

articles and book chapters based largely on this five-year effort (1986 to date: see Appendix A). While most of

these publications dealt with specific research projects, several syntheses of research have been presented

(Knapp and Seastedt 1986, Seastedt et al. 1988a, Collins and Gibson 1990, Kaufman et al. 1990, Seastedt and

Ramundo 1990, Tate in press).

A major effort initiated in 1986 was the conversion of the Konza LTER from a "product of the special

interests of the individual Konza team members" (NSF Panel Summary, 1985), to an integrated study of factors

controlling the grassland system. This effort emphasized belowground processes, hydrology, plant productivity,

organic matter dynamics and nitrogen cycling. Brief accounts of the progress in these areas follow this overview;

publications cited in the appendix attest to our productivity in these areas.

The CENTURY model (Parton et al. 1987), was modified by Ojima (1987 and unpubl. results) to

address fire frequency questions in tallgrass prairie. The model used empirical data from Knapp (1984,1985),

Seastedt (1985,1988) and Ojima (1987) to demonstrate that a combination of photosynthetic efficiencies of

foliage and nitrogen availability to roots could control prairie NPP. Knapp (1985) demonstrated that

photosynthetic efficiencies of dominant grasses were strongly influenced by the presence or absence of litter.

Ojima et al. (1989,1990) and Seastedt et al. (submitted) provided evidence that nitrogen availability to plants

was controlled by soil ON ratios which were, in turn, controlled by previous plant productivity. Thus, fire

regime in ungrazed prairie controls both litter amounts and soil C:N ratios which, in turn, control NPP. The

model predicts that the constraints imposed by fire have both short and long-term components. Short-term

experiments have supported the predictions generated by the model (Seastedt et al. submitted) while LTER

experiments are in place to evaluate long-term predictions. Similar hypotheses have been generated for soil

organic matter and nitrogen dynamics, and preliminary results of field tests of the model support its predictions

(Ojima et al. 1989). The CENTURY model therefore has become a focus for our synthetic efforts involving the

ecosystem aspects of the LTER study. A full-time modeler was hired by the Korea Prairie LTER program in 1989

to provide leadership in this work.

Hydrologic studies completed include a model for water yield of the Korea Prairie drainage system,

Kings Creek (Bartlett 1988). Four streams draining watersheds with different fire frequencies were gaged

beginning in 1986. A simulated rainfall experiment was conducted to study fire effects on infiltration, overland

flow and erosion rates (Duell 1990), and an analysis of fire effects on nonsaturated hydraulic conductivity of

soils was completed (Klittich 1989). A major analysis of landscape and within-system controls on the temporal

patterns and consequences of nitrogen availability in streams was also completed (Tate in press). The

completion of a geomorphic map of Konza Prairie (Smith 1990) and the installation of soil lysimeters and

ground water wells into various aquifers (a cooperative study with the USCS) has created a new research

emphasis on the effects of prairie and agroecosystem management on water quality and quantity. Collectively,

these studies enable Korea Prairie researchers to link a hydrologic model with similar efforts focused at

vegetation-atmosphere interactions.

Studies of patterns and controls of population and community phenomena were the Korea LTER's

initial focus when the project was funded in 1981, and efforts in these areas were not diminished during the



FigureB.KonzaPrairieResearchNaturalAreaislocatedintheFlintHillsregionofnortheasternKansas.The

tallgrassprairiebiome,oncethesecondlargestbiomeinthe49contiguousstates,isnowrelegatedtosmall

remnants.AstheFlintHillsweretoosteepandrockytoplow,thisareastillcontainslargeexpansesofnative

tallgrassprairie.



1986-1990 interval. Our approach to mechanistic interpretations of fire effects on tallgrass prairie is expressed

by Huston et al/s (1988) central hypothesis of ecosystem organization: spatially explicit interactions of

individuals are the basis for correct mechanistic interpretation of ecological phenomena, even If the

phenomenon of interest uses some aggregate of these Interactions for more simplistic or proximate

interpretations.

We have begun to explore the growth, reproductive and demographic response of individual grass and

forb spedes that determine their patterns of abundance in relation to fire, soils and climate. Fire regime strongly

influences the reproduction and population responses of the dominant grasses (Hulbert and Wilson 1983,

Knapp and Hulbert 1986). The density and biomass of flowering tillers of the dominant C4 grasses are

increased significantly by spring burning, but their response to fire in a given year varies with past fire or climate

patterns. For example, maximum enhancement of tiller growth and seed production by late spring fire occurs in

mesic years that were preceded by a dry year or a long previous fire-free interval (Hulbert and Wilson 1983, •

Knapp and Hulbert 1986). In addition, Konza LTER studies offer exciting new science possibilities for

interfacing remote sensing and geographic information systems for modeling impacts of bison grazing and

longer-term watershed change.

Konza LTER studies have confirmed the importance of fire as a major influence on tallgrass prairie plant

communities. The principal gradient of variation in plant community structure is related to time since fire and

secondarily to topographic position (Gibson and Hulbert 1987). Communities on uplands are higher in species

richness and diversity than lowlands, but the differences between them disappear with annual burning. Studies

on the four year fire cycle showed that plant community characteristics such as biomass and life form

composition shift in tandem with the fire cycle (Gibson 1988) in a similar manner to that observed for

grasshoppers (Evans 1988a,b). Relative abundances of the dominant species, however, are more dosely related

to soil, topography, and annual climatic variation. Underlying the community response to the fire cycle is a

landscape effect, resulting perhaps from prior large scale land-use practices. These landscape effects are

important in the interpretation of the mechanisms determining the structure of plant communities on Konza (eg.

Cibson and Hetrick 1988, Gibson 1989).

Patterns in plant community structure are a result of individualistic responses of plant spedes to fire

frequency and topography (Gibson and Hulbert 1987). C4 species and dominant grasses decrease in

abundance with time since burning, whereas woody spedes increase (Bragg and Hulbert 1976). Changes in

forb spedes abundances are variable, differing in both direction and magnitude along the principal

fire/topographical gradients. The effects of fire on microdimate (Knapp 1984, Hulbert 1988) and species seed

pools (Abrams 1988) have an important effect on the productivity and abundance of the dominant matrix-

forming species and hence community structure (Collins and Gibson 1990). As a result, vegetation of

infrequently burned prairie is more heterogeneous and spedes rich than frequently burned sites. Big bluestem

remains the most abundant spedes under all fire and soil conditions, but its abundance is affected by annual

climatic variation.

The influence of fire on prairie net primary productivity remains an active area of research. Initial

studies focused on comparisons of long-term burned and unburned prairie (Abrams et al. 1986, Briggs et al.

1989). More recently, the effects of fire frequency have been evaluated in conjunction with predictions from

the CENTURY model and with nitrogen enrichment experiments. These results demonstrate that the large

production enhancement on infrequently burned sites results from the concurrent removal of light and nitrogen

limitations to the system. We are now using remote sensing to evaluate whole watershed responses, and to test

the extent to which topoedaphic factors control the within-watershed patterns (Briggs and Nellis 1989).



Research Management Plan
for Konza Prairie Research
Natural Area
Prefix C = grazed by cattle, 8 ha/animal unit
Prefix N = grazed by native grazers: bison

8 ha/animal unit

Prefix K = ungra:ed North Branch of Kings Creek

No prefix = ungrazed (south end of Konza Prairie)

U = unburned

1, 2,4,10 = number of years between burnings

W = burned irregularly, after years with more than
1.2 times the median precipitation

3B3U = burned for 3 years, then unburned for 3 years

3U3B = unburned for 3 years, then burned for 3 years

e and o = burned in even and odd years, respectively

A, B, C, D, etc. = replications

FENCE

«* FIRE BOUNDARY

> DRAINACEWAY

Figure C. A map of Konza Prairie illustrating its management units and watershed treatments. The southern

portion of the research site was established in 1970, while the northern portion was added in 1980. Fire

records have been maintained for all watersheds. A retrospective analysis of satellite images will allow us to use

past years burning treatments to test current questions regarding fire frequency • climate interactions.



Research was expanded in 1986-1990 to include indices of belowground net primary productivity, and

the interactions of soil biota with root dynamics. Hetrick et al. (1988a-d) demonstrated that the warm-season

(C4) prairie grasses are highly dependent on mycorrhizal symbiosis while the co-occcuring cool-season (C3)

grasses are not They suggested that cool-season grasses evolved a more finely branched root system as an

alternate strategy for nutrient acquisition since mycorrhizal fungi, like many microbes, are less metabotically

active at the low soil temperatures. Thus, plant growth stimulation by spring burning may result from a

maximization of potential mutualistic relationship between the fungus and the roots. Laboratory studies using

bioassays (Hetrick et al. 1988a-d) and radioactive phosphorus 0- Hetrick 1989) indicated that big bluestem

cannot efficiently obtain phosphorus without mycorrhizal roots. In subsequent studies Hetrick et al. (1989)

have demonstrated that mycorrhizal dependence can influence the relative competitive abilities of warm- and

cool-season grasses. These mycorrhizal effects are not solely nutritional as changes in root architecture and

rooting strategy are also elicited by the symbiosis (Hetrick et al. 1988). Loss of symbiosis, as occurs under

intensive simulated grazing (Hetrick et al. 1990), therefore, can profoundly affect species composition and

productivity.

Root and rhizome biomass have been measured on experimental plots since 1986. These data are

related to productivity by use of root windows which have been in operation since 1984 (Hayes and Seastedt

1987). Root windows, like mini-rhizotrons, provide somewhat biased estimates of growth and decay; however,

relative treatment differences are not affected. Results to date (Ojima 1987, Seastedt et al. 1988a, 1989b)

demonstrate both fire and grazing controls on root carbon and nitrogen amounts, with subsequent, measurable

effects on soil microbial activity (Rice unpubl.) and soil fauna (Seastedt et al. 1988a, Todd unpubl.).

Studies of consumers demonstrated the complex relationships among fire frequency, topography and

plant species composition for population densities and community structure (of both vertebrate and invertebrate

groups). Interactions were demonstrated between above-ground (foliage) consumers and root-feeding

organisms (Evans and Seastedt in press), including a "grazer maximization response", where intermediate levels

of grazing by ungulates results in maximum densities of root-feeding arthropods (Seastedt et al. 1988b).

Studies of small mammals have provided the first detailed information on spatial and temporal variation

in their population densities and community structure in tallgrass prairie. Yearly densities of common species

varied several-fold during the last nine years. Short-term studies demonstrated that population responses of fire-

negative species are due to emigration and not to direct mortality from fire (Clark and Kaufman submitted).

Responses are probably related to removal of litter and standing dead vegetation (Kaufman et al. 1989).

Distribution of small mammals also varied among topoedaphic sites with the effect of fire and population

recovery following fire varying among sites (Kaufman et al. 1988). In similar fashion, Evans (1988a,b)

demonstrated that species richness of the grasshopper fauna is correlated with local plant species richness and

diversity. Overall, interspecific differences in habitat distribution suggest that individual species are adapted to

different micro- to mesohabitats of the prairie mosaic that are created by topoedaphic conditions, fire and

grazing.

Bison were added to Konza Prairie in autumn of 1987. Historically, large ungulate grazers were an

essential component of North American grasslands, and the re-establishment of this species was an essential

component of the original Konza Prairie management plan. Preliminary studies of the impacts of these

organisms are underway, and grazing by this species will be a major component of new LTER research.

The 1986-1990 interval also saw our initial attempts to convert our two-dimensional (small-plot or

plotless) models and questions into true watershed-level, landscape-related models and questions (e.g., Briggs et

al. 1989, Schimel et al. submitted). This effort is necessary if ecological studies are to be useful in vegetation-

vi



ABOVEGROUND PLANT CARBON PRODUCTION
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Figure D. Long-term effects of burning in tallgrass prairie have been predicted by the CENTURY model (Ojima

1987, Ojima et al. 1990). Here, the CENTURY models predicts slow deterioration of productivity on annually

burned prairie. This deterioration is due to the progressive loss of available nitrogen. The two simulations give

different predictions regarding the effect of infrequent burning. The difference in output is caused by the

models' treatment of the extent of nitrogen immobilization occurring in the years following fire. Empirical data

(data set PAB01) support results from the upper simulation, but also suggest a strong topoedaphic constraint on

this effect (e.g. see Figure 12)



atmosphere studies of climate. The development of satellite image processing and geographical information

system (CIS) procedures became a major thrust of NASA sponsored research on Konza Prairie. These

procedures and techniques have some very obvious and useful applications to long-term ecological research,

and remote sensing projects of Nellis and Briggs (1987,1980,1989) have begun to demonstrate these

possibilities. The entire Konza Prairie site was designed as a fire frequency experiment and these new

techniques allow us at long-last to utilize fully this experimental design.

Figures representing specific research findings are included throughout the text Whenever possible,

the specific LTER data-set code(s) from which the figure was constructed and research article(s) in which the

results were presented are cited.

A CIS image of Konza Prairie that was generated using an unsupervised classification cluster routine on digital

data collected by the SPOT satellite on May 1, 1967 (Nellis and Briggs 1989; Data set code = SAT01).
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Section 1. Prefect Description and Proposed Research

Introduction

The tallgrass prairie was North America's major humid grassland. Once the second largest biome in the

contiguous U.S., only small remnants of this "inland sea of grass" remain. The environmental conditions that

created the tallgrass prairie also created very fertile soils. As a result, most of the tallgrass prairie has been

converted to agroecosystems. The largest surviving tract of prairie is represented by the Flint Hills of Kansas,

with about 50,000 krrr of unplowed native tallgrass vegetation. Konza Prairie Research Natural Area (KPRNA),

a 3400 ha tract 10 km south of Manhattan, Kansas, is the largest parcel of tallgrass prairie in North America set

aside for ecological research (Figure 1). Konza's development as a research site began in modest fashion in

1970 following purchase by The Nature Conservancy (Hulbert 1973). Now, Konza Prairie Is the most

Intensively studied grassland on earth. No other area has experienced the magnitude of research supported by

NSF, NASA, USCS and other agencies during the 1986-1990 interval. Our LTER program benefited from the

intensive NASA-FIFE research effort operating at Konza Prairie from 1987 through 1989 (Sellers et al. 1988,

Strebel et al. 1989). FIFE (First ISLSCP Field Experiment, ISLSCP >= International Land Satellite Surface

Climatology Project) has given us an appreciation for spatial scales and spatial patterns that, we believe, are

relevant and appropriate for LTER questions.

Our tallgrass prairie site has much to offer as a biosphere observatory within the framework of a

national or global network (Seastedt and Briggs 1990). Konza Prairie serves as a benchmark for studies of

agricultural or grazing land management-water quality relationships (McArthur et al. 1985, Tate in press). The

area is a refugium for native tallgrass flora and fauna, and at the same time has become a research site for

studying the consequences of exotic species introductions (e.g., James and Seastedt 1986). The combination of

NASA and NSF sponsored research has provided new insights into methods for studying vegetation-climate

interactions (Sellers et al. 1988, Schimel et al. submitted; Figure 2). These interactions are hypothesized to be

the causal links between traditional ecological and dimatological interests, and form a logical research emphasis

for a national or international network of biosphere preserves (Seastedt and Briggs 1990). Facilitating this

interaction is an objective of the 1991-1996 LTER effort



Figure 1. Photos of Konza

Prairie in June (A), April (B)

August (C), showing some ot

complex topography.

Figure B illustrates an

interaction of burning and
grazing. A fence separates

grazed (right) from ungrazed

(left) bumed prairie. Note

that grazers selectively

reduce the standing crop of
grass such that certain areas

do not bum cleanly. Also

note the early green-up on

the cattle grazed areas, a

result of a shift in the

abundance of C3 and C4

grasses.

Bison were added to a portion o

the prairie in late 1987. In photo

C, the animals can be seen

grazing adjacent to a small
permanent exclosure installed tc

evaluate plant species growth
and reproductive responses to

grazers. The bison are sc/iedulet

to go into LTER experimental

areas in 1991,



Research conducted as part of the International Biological Program at other tallgrass sites emphasized

effects of cattle on ecosystem dynamics (Rissef et al. 1981). While we are interested in effects of large grazers,

bison were not established on Konza Prairie until autumn of 1987 and, to date, these animals have not been

allowed on LTER intensive study sites. As discussed in the Results of Prior Research section, research during the

first ten years of the Konza Prairie LTER program concentrated on fire, the major variable influencing tallgrass

prairie. This background research on fire effects. In conjunction with previous research done on grazing and the

new, spatially explicit analytical techniques developed as part of the NASA-FIFE program, now allows us to

study complex aspects of fire, grazing and climatic interactions.

Development of a Landscape-Level Conceptual Model of Tallgrass Prairie

Our conceptual model of the structure and coupling of tallgrass prairie components is shown in Figure

3. Ecologists tend to filter out or treat as constants those variables not believed to be important to specific

questions under study. This filtering exercise involves scaling, an activity implicit in all scientific enquiries

(Tansley 1935, Allen and Starr 1982, O'Neill et al. 1986). Our research encompasses a variety of questions

within the realms of population, community and ecosystem ecology and attempts to integrate them (e.g.,

explain community dynamics in terms of population processes; explain system productivity in terms of

ecophysiological processes; and explain landscape scale phenomena in terms of spatially explicit patterns of

abiotic influences and population responses). This diversity of approaches and interests is one of our strengths.

Some of our questions or variables do not directly scale up to units necessary to provide a higher synthesis or

integrate ecological information from diverse sites (Seastedt and Briggs 1990). Nonetheless, such comparisons

do provide insights into basic ecological processes (Magnuson et al. in press). Moreover, explicit comparisons of

population, community and ecosystem phenomena often contribute to a better appreciation of ecological

concepts. For example, the evaluation of disturbance effects led us (Evans et al. 19B9b) to the conclusion that

the disturbance concept is useful only when applied to a specific level of the biological hierarchy (Pickett et al.

1989), i.e., a disturbance to an organism or population is not necessarily measurable at higher levels. Moreover,

the same "disturbance" produces potentially very different responses depending upon initial conditions of the

system, and other forcing functions such as climatic variables (Figure 4).



m.

Figure 2. An August, 1987, Landsai satellite thermal image (Thematic Mapper, channel 6) of Konza Prairie.

Watershed boundaries have been ovcrlayed on the image using an ERDAS software procedure. The influence of

watershed treatments on the canopy brightness of this image is evident. Canopies of burned watersheds can be 4 CC

cooler than unbumcd watersheds during this lime interval, and grazing can also have both negative and positive

effects on canopy temperatures. These results demonstrate that the ecological constraints (here, gracing and fire

frequency) can have a large effect on surface climatologica! variables. These data arc part of the LTER image

library (SATOl) and are being used to scale up findings from small plot studies (Seastedl and Briggs, 1990).



Ecologists are only now developing methodologies and procedures to study the consequences of spatial

patterns on organismic and ecosystem processes. Evidence is accumulating that spatially explicit interactions are

the appropriate level for mechanistic interpretations of many ecological phenomena (Urban et al. 1987, Huston

et al. 1988). Aggregation of this information using different formulae and approaches produces unique

perspectives, all of which are potentially important for specific ecological questions. We therefore advocate this

approach to the long-term study of fire and grazing effects on tallgrass prairie, and our proposed studies involve

landscape-level, spatially explicit analyses of population, community and ecosystem responses to fire, grazers

and climate interactions.

Identification of Important Long-Term Questions

In spite of a rich history of ecological inquiry (cf. Aldous 1934, Mclntosh 1985), important concepts

basic to the functioning of tallgrass prairie have been overlooked or unappreciated. For example, John Weaver

was the premier prairie ecologist during the period of 1920-1960; his work on bdowground aspects of plant

ecology will likely never be equalled. Nonetheless, Weaver viewed fire as a destructive force (Weaver 1954, pg

271), and the role of fire as an ecological factor required for the maintenance of tallgrass prairie was not

recognized by ecologists until the mid to late 1960s. Why, after 40 years of study, did Weaver not see the

importance of fire for arresting forest invasion of prairie? Possible answers include: 1) decades of fire

suppression were required for woody species to attain densities to provide an adequate seed source, 2) the

droughts of the '30s and '50s suppressed woody expansion even in the absence of fire (Anderson 1982), and/or

3) Weaver's emphasis was on grazed prairie. Fire under moderate to heavily grazed conditions may be a neutral

factor. Tests of these hypotheses require a long-term, site specific data base on plant population and

community dynamics such as that accumulating on Konza Prairie.

Previous land-use practices (Hamburg and Sanford 1986) and biological legacies of previous

communities (Franklin et al. 1987) affect current ecological phenomena. Our site exhibits large-scale patterns in

plant species composition not attributable to current management treatments (Gibson 1988, Collins and Glenn

1990). Changes in the physical and chemical properties of soils occur as a result of cumulative changes in the

vegetation. The years 1981-1987 (the first 7 years of the Konza LTER program) all had annual precipitation

values above the long-term average (Figure 5), and our results from this period were affected by this unusual
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while lower-level interactions provide a mechanistic interpretation of higher-level phenomena. Ecologists must

remain active at all levels if ecological theory is to concurrently be used in biodiversity and climate-change

initiatives.



climatic pattern. Only in 1988 and 1989 were data representative of responses to below-average rainfall.

Ironically, our own LTER group Initially failed to recognize this potential Vet bias" in our results. Wet years

favored plant production in general (and certain species in particular) which in turn increased the C:N ratio of

the soil and therefore Increased the soil nitrogen Immobilization potential. As a result, stream chemistry

exhibited directional changes (Tate in press) and the production of the gallery forests (located "downhill* from

the prairie) may have been similarly affected by a reduction in available nitrogen (Briggs et al. 1989). The extent

to which demographic responses of individual plant and consumer spedes were influenced by this suite of wet

years is not yet known. Only a long-term data base will demonstrate these patterns and relationships. This

work becomes particularly relevant given anticipated directional changes in dimate. Historical effects or

biological legacies will be important in understanding the biotic response to climatic change, and while some

effects of drought on tallgrass flora are known (e.g., Weaver et al. 1935, Albertson et al. 1957), we are just

beginning to develop predictive models for other system components.

Crazing impacts of cattle on the tallgrass prairie are well documented (Risser et al. 1981), but only now

are we proposing to study the fire-native grazer-catena interaction as the central mechanism for maintaining the

structural and functional attributes of the tallgrass prairie. Spedfic hypotheses are presented in subsequent

sections. These questions are exciting and relevant to us, and all qualify as legitimate LTER questions using the

criteria of Franklin (1989). However, some of these questions are focused at a particular hierarchical level and

involve units or processes that do not directly produce quantitative information at higher or lower levels of

resolution. Because of the different scales, the list of questions does not (and should not) integrate into a single,

unified whole (Seastedt and Briggs 1990). Collectively, however, our research addresses the following areas

that we feel are critical to the advancement of ecology as a predictive science:

STUDIES RELATED TO GLOBAL QUESTIONS

1. ECOSYSTEM-CLIMATE RELATIONSHIPS. How do fire, grazing and fire-grazing interactions influence

processes and patterns in tallgrass prairie and the response of the prairie to climate forcing functions?

What will be the ecological response (biophysical, ecosystem, community, population) to dimate

change given current land use? How will modification of experimental treatments (representing Flint

Hills land use patterns) influence the persistence and characteristics of the system? How much control



ARID GRASSLAND

B

MESIC GRASSLAND FOREST

FIRE

HUMID GRASSLAND FOREST

Figure 4. Fire produces different responses depending upon the initial conditions and climatic regime of the

system. A system with one strong equilibrium state (A) remains in that state regardless of fire. Under multi-

steady state conditions, such as might occur in a mixed grassland (B), fire will return the system to a single state.

Under moist conditions (C) fire is required to maintain the system as a grassland. Note that climatic variation

may alter the system such that the consequences of the absence of fire could vary (i.e., the system represented

by C could be shifted to the one shown in B).



does the biota have on microsite and local climate, and how might these controls be modified by fire

and grazing intensities or frequencies? Can patterns observed for the tallgrass prairie be extrapolated to

other LTER sites?

Ecology has traditionally focused at the organism to ecosystem hierarchies, but efforts are now

underway to predict ecosystem, landscape and regional relationships. We therefore believe that

ecologists must be able to scale research questions to the landscape level in order to integrate the

importance of their research to the regional scale and to alternative scales where implications for

climate change are meaningful (Figure 6). Understanding the landscape controls or constraints on

ecological phenomena therefore become a critical LTER question.

2. THE ECOLOGICAL SIGNIFICANCE OF SPATIAL PATTERNS. How do position in the landscape and

landscape interactions affect ecological phenomena in tallgrass prairie, and what is the importance of

the interaction of edaphic and climatic variables on biotic processes? How applicable are the four

classes of landform effects (Swanson et al. 1988) in tallgrass prairie? The null hypothesis (spatial

patterns do not affect the variable of interest) has been implicitly negated by all Konza researchers

(Figure 7). Analysis of the importance of geomorphic patterns and landscape position on ecological

processes are underway at scales ranging from plant leaf to watershed levels using remote sensing, CIS

and modeling.

Testable hypotheses and corollaries developed from these questions are presented in subsequent sections. We

emphasize that we have a synthetic research project that involves all LTER investigators, and combines both of

the areas of critical concern listed above. This project is an assessment of how energy, water availability and

nutrients control the ecosystem from both bottom-up (parent material, topography) and top-down (effects of

herbivores, plant competition) interactions. The focus is multidimensional and covers all core areas of the LTER

and all levels of ecological organization illustrated in Figure 3.

Long-Term Climate Patterns In Tallgrass Prairie.

Over the last 98 years, annual precipitation and average maximum temperatures for the Manhattan, KS

area (Figure 5) are negatively correlated. This relationship becomes stronger if only growing season precipitation
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imparted certain characteristics to the biota that affected biogeochemical cycles, particularly nitrogen

immobilization/mineralization characteristics.



and temperatures (April through September) are used (Figure 8). The greatest precipitation in our region

normally occurs in spring and early summer (Bark 1987). Much of this precipitation is used in

evapotranspiradon and functions to cool the site. Thus, wetter years, which may also have reduced solar input

due to increased cloud cover, tend to be cooler. Figure 8 illustrates the range of temperature-moisture

relationships that the vegetation experiences. This analysis suggests why elements of the Southwestern U.S.

flora and fauna can be found in tallgrass prairie, but species from dry, cool zones (e.g., the biota of central

Wyoming) are absent Figure 8 can also represent a state-space plot, with year-to-year shifts in the composition

of the biota tracking specific temperature-moisture conditions. Weaver (1954 and references therein)

documented the expansion of shortgrass species into the tallgrass region during the drought of the 1930s, and

we have observed similar changes in abundance during an extended drought in 1988-89.

Although plant populations have exhibited considerable temporal dynamics (Figure 9), it is too early to

determine if local extinctions or colonizations are related to fluctuating climatic patterns. It is dear, however,

that species "immigrations" into a watershed are unrelated to species richness (Figure 9). In contrast, local

"extinctions" are positively correlated with richness. That is, the more species present in a watershed, the more

likely some will go extinct Which species will disappear and whether or not extinction is related to climatic

events is an important focus of our proposed research.

Unlike other sites in North America, our climate is at most weakly influenced by the El Nino

phenomenon; instead, the Westerlies Modulation is a major influence (B.P. Hayden, U.Va., unpubl. report).

Runs of randomness of the climatic data in Figure 5 (Pimentel and Smith 1986) showed no statistically

significant trends in precipitation and temperatures. Using a binomial approach, the probability of seven years

of continuous, above-average precipitation as occurred in 1981-1987 is 0.008, clearly an unusual event if

rainfall is, in fact, independent of previous year's precipitation. The "sine wave" in the long-term temperature

record also suggests a non-random pattern (Figure 10). An apparent decline in average annual temperatures

occurred from the 1950s to mid 1980s. That trend has now reversed, but, because high year-to-year variability

is characteristic of the Kansas continental climate, a warming pattern will have to continue for some time before

we can identify warming as a directional trend.
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Figure 6. The relationship between ecological studies and atmospheric climate change models (Shugart 1986).

Slow processes, the subject of LTER studies, provide the ecological constraints for fine-scaled temporal processes

such as biogenic gas flux. The ecological constraints control the short-term response of the system, but are

under the long-term effects of atmospheric phenomena. Providing suitable models that adequately depict cause

and effect relationships is a major goal of Konza Prairie collaborative efforts. LTER data will be essential in the

construction and validation of these models.



LTER Hypotheses and Questions (specific hypotheses are underlined)

I. Controls of Net Primary Productivity (specific hypotheses are underlined)

A. Controls on Ungrazed Prairie

Ungrazed taligrass prairie exhibits energy, water and nitrogen limitations, with the Intensity of the

limitation determined by the specific combination of climate, topography and fire frequency (Seastedt et al.

submitted; Figures 11,12). The absence of fire results in a reduction in the photosynthetfc capacity of litter-

shaded foliage (Knapp 1985). However, the absence of fire also results in a build-up of soil nitrate and reduces

evaporative losses of rainfall from the upper soil horizons (Seastedt and Hayes 1988). In years or sites where

water limitation is unimportant, the combination of greater N availability and improved microclimate of

infrequently burned sites results in increased productivity during the year that these sites are burned, as

compared to annually burned sites.

Climate can amplify or attenuate the light-nitrogen limitation effect of fire frequency. The prairie will,

in general, be much more productive in a wet year following a dry year due to available nitrogen accumulation

(Figure 12). Wet years following wet years will have relatively less productivity due to nitrogen immobilization

on previous year's root litter. These hypotheses can be evaluated with both whole watershed (remotely sensed

canopy brightness measurements; Figure 13), and plot-transect measurements.

B. Net Primary Productivity-Grazing Interactions

Crazing reduces leaf area, which reduces evapotranspiration losses. Thus, grazed areas will have higher

subsurface soil moisture levels later in the growing season in years of average rainfall. However, grazing also

reduces root biomass and root colonization by mycorrhizal fungi. Once available water has been depleted (as

in droughts extending beyond one year), grazed vegetation becomes more sensitive to water stress. Thus,

production will be diminished in the second year of drought, and recovery from drought effects will be slower

on grazed sites (Albertson et al. 1957).

Soil nutrient availability will Improve during drought in grazed sites. First, the lack of normal detritus

inputs from roots and rhizomes will reduce the C:N ratio of soil. Reduced microbial immobilization potentials,

in conjunction with microbial decomposition processes occurring without concurrent plant uptake of end



Figure 7. Soils and topoedaphic patterns on Konza Prairie watersheds (jantz et al. 1975). Watershed units may

vary in elevation by about 80 meters and cut through as many as 10 distinct layers of limestone and shale.

Limestone layers tend to be permeable to water; shales are not Water therefore tends to move laterally at

Irmestone-shale interfaces, resulting in seeps and springs where these zones surface. The layers may be tilted,

resulting in seeps on only one side of the watershed and possible transport of water aaoss traditional watershed

boundaries.



products, will result in an accumulation of inorganic nutrients. Because grazed vegetation will lack the root

surface area to exploit higher levels of available nutrients in soils once water is no longer limiting, the production

response on grazed prairie will be less than that observed on ungrazed sites.

Crazing negates the effects of fire as an ecological variable, but often substitutes a similar effect The

effects of grazing and burning are scale dependent For example, analysts of the species composition data from

the FIFE sites indicated that sites that were grazed by cattle only or grazed + burned were less similar on a

regional scale than burned only or undisturbed treatments. At the local scale, however, the most homogeneous

treatments were those that were included In the most heterogeneous groups at the regional scale (Glenn et al.

submitted).

The trampling of litter and removal of foliage by grazers mimics some positive aspects of spring burning.

Thus, grazed sites tend to experience a late spring environment similar to burned watersheds. However, cattle

and bison prefer the warm-season (C4) grasses, so that heavily grazed sites do not have similar relative

abundances of plant species. Light and moderate grazing, like fire, will stimulate foliage productivity in most

years. Heavy grazing will negate the potential of a site to carry subsequent fires, and directly affect plant species

composition. Heavily grazed sites will most resemble floras from the shortgrass prairie and/or contain elements

of the flora of the Southwest

II. Organic Matter Dynamics

Microbial immobilization of nutrients requires inputs of fixed carbon. Continued annual burning

removes aboveground carbon inputs and will eventually result in a decline in soil organic matter (Ojima 1987).

However, annual detritus inputs from roots on frequently burned sites exceeds that of unburned sites (Seastedt

and Ramundo 1990). Thus, the reduction in soil carbon is slow and significant only on annually burned,

ungrazed sites.

Soil organic matter dynamics are an important mediator of net primary production and nutrient

availability. Microbial biomass and composition and the active fraction of soil organic matter are dependent

upon the inputs of fixed C and N from NPP. Thus the controls on NPP (climate, fire, grazing and topography)

will directly and indirectly affect organic matter dynamics. The availability of plant nutrients is controlled by soil
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organic matter dynamics. Thus plant nutrient availability Is dependent upon decomposition, mlcroblal

Immobilization of nutrients and turnover of the active fraction of soil organic matter.

Ungrazed tallgrass prairie is limited by some combination of energy, water and nutrients (N and P).

These limitations are moderated or intensified by dimate, landscape and fire. In the absence of fire in years of

adequate rainfall, NPP is limited primarily by energy, although landscape position and climate also control NPP.

Fire, however, minimizes the energy limitation. Fire increases the photosynthetic capacity which results in

increased C inputs into the ecosystem (Knapp and Seastedt 1986) with little or no change in N input The

increase C input with a greater C:N ratio reduces N availability through N immobilization by plants and

microbes (Seastedt and Hayes 1988, Ojima et al. 1990). Thus fire will result In tighter coupling of plant and

microbial N dynamics. Long-term annual fires eventually decrease aboveground C input as a result of decreased

N availability and soil organic matter levels. Ojima (1987) also measured a decrease in net N mineralization;

however, he did not determine if the cause of the decrease was due to increased immobilization or reduced

gross mineralization. The increase in C inputs without a concomitant increase in N led to reduced microbial

biomass C and N and a change in the composition of the microbial biomass (Ojima 1987). The nature of the

change in the microbial community was not studied. We predict that the input of higher C;N ratio plant

material will result in an increase in the proportion of fungi compared to bacteria. An increased proportion of

fungi would result in slower cycling of N and greater conservation of C.

Crazing in tallgrass prairie reduces the C input and the C:N ratio of the above- and belowground plant

biomass. and grazers may negate the fire effect The decrease in C quantity and quality (C:N ratio) as a result of

grazing reduces the immobilization potential of nutrients (Holland and Detling in press). Microbial biomass C

and N is also reduced with grazing regardless of fire (Rice unpubl.).

III. Nutrient Dynamics

A, Climate constraints on nutrient availability

Atmospheric nutrient inputs are a function of bulk precipitation (wetfall + dryfall) but contain an

anthropogenic component from domestic, industrial and agricultural sources (Figure 14). Outputs are controlled

by the interaction of climatic inputs with current and previous states of the system so that a series of wet years

results in immobilization of nitrogen within the system. Relatively high export amounts of nitrogen are possible

9
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in a wet year following a dry year. In all cases outputs are less than Inputs except during years marked by high-

intensity, low-frequency runoff events (floods). Long-term drought will result in an Increase In nitrogen

concentrations of groundwater and (if present) streamwater.

B. Nutrient dynamics of ungrazed tallgrass prairie.

Nitrogen limitation is a key factor in understanding patterns of net primary productivity with respect to

fire frequency in tallgrass prairie. Microbial immobilization of nitrogen on high C:N root detritus results in a

reduction in N availability in the first several years following burning. Subsequent reduction In productivity as a

consequence of cooler soil temperatures and reduced photosynthetic activity of foliage results in inorganic

nitrogen accumulation on unburned prairie.

Nitrogen fixation by free-living microbes such as Nostocand Azotobacter\$ controlled primarily by

phosphorus availability. Other sites have reported relatively large populations and large activities of Nostoc

(DuBois and Kapustka 1983), yet we seldom observe such crusts at Konza. We predict that continued

phosphorus enrichment on LTER experimental plots will eventually stimulate the appearance of these N-fixers.

C Nutrient dynamics of grazed prairie.

Crazing affects nutrient availability in both direct and indirect ways. Central to the plant production

response is the change in carbon allocation from roots to shoots. This change in root:shoot ratios reduces the

soil N immobilization potential by reducing the inputs of high C:N root and rhizome detritus (Holland and

Detling in press). Net mineralization of N is therefore larger, and N uptake by roots may also be increased in

years of normal rainfall uptake by plants. Soil and stream water nitrate concentrations will therefore increase in

response to grazing intensity due to the reduction in soil N immobilization potential. Moreover, aboveground

NPP will be maximized by an intermediate intensity of grazing because of the increase in soil inorganic N

availability.

IV. Population Studies

Consumer studies will continue to focus on understanding the successional relationships of plants and

animals as affected by fire, climate and grazing. Because we can manipulate both fire and grazing, we are

particularly able to study these effects. Fire is generally portrayed as inhibiting plant and animal succession (e.g.,

Cleason 1913, Sauer 1950), and our research confirms the presence of fire-frequency induced patterns in the
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abundance of various taxa (Zimmerman 1983, Evans 1988a,b, Kaufman et al. 1990). Evidence suggests that

grazing will at least interact with If not override the effects of fire on consumers (eg., Clark et al. 1989). Hence,

in the terminology and conceptual framework of Margalef (1969), Connell and Slatyer (1977) and Connell and

Sousa (1983), we are concerned with the resistance and adjustment stability of the various floristic and faunat

communities in response to fire and grazing pressures. Questions for the proposed research interval thgrrfnrp

will evaluate the maenltude of the responses of bird, small mammal and grasshopper populations, and the

extent to which these responses can be linked to common variables. Our initial interests of relating diversity to

fire frequencies now are expanded to the more complex relationships between patterns of diversity and

abundance of these groups and the complex Konza Prairie landscape. Inclusion of the impacts of landscape

features on consumers is becoming increasingly important as evidence now suggests strong

geomorphic/topoedaphic effects on spatial distribution and interspecific partitioning of space on tallgrass prairie

(Figure 25).

Certain forbs appear to respond more strongly to nutrient additions than do the dominant grasses

(Figure 15). Crass to forb ratios may be more nutrient controlled than previously thought The forb rooting

strategy (deep tap roots with relatively few fine roots in the upper zone of maximum nutrient availability;

Weaver 1954) would also imply this response. We hypothesize that forbs exhibiting these patterns should

benefit by short term drought, which mav improve soil nutrient status via reduced immobilization and/or

reduced plant competition for nutrients while deep soil water remains available. Thus, although frequent

burning may result in declines in many forb populations relative to C4 grasses, this may be offset by an

enhancement of forbs in drought years due to enhanced nutrient availability.

Factors affecting plant species composition of the tallgrass prairie are not only a function of fire

frequencies and grazing intensities, but also of interactions of topoedaphic factors (soil fertility and water

availability) with these variables. Species composition measurements (and diversity indices) are scale dependent

measurements and ecological treatments such as fire and grazing may influence the scaling relationships (i.e.

distributions) more than they do the actual abundance of these species. There is a significant positive

relationship between distribution and abundance of plant species at Konza (Collins and Clenn 1990). That is,

species with high average cover values are more widely distributed than species with smaller average cover

11
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(Figure 16). The degree of scatter in this relationship would suggest; however, that numerous scale-related

variables, such as fire, nutrients, grazing and productivity, also affect spedes composition and dynamics.

Multivariate statistical analyses will be used to assess the Influence of fire regime, grazing and

topoedaphic effects on vegetation patterns. Plant spedes richness, relative abundance distributions and

diversity indices will be calculated to assess the combined influence of these processes on plant spedes diversity

at both the alpha (within local habitat) and beta (variation across environmental gradient) scales. The effects of

fire/grazer interactions on spedes diversity will be a central focus of the analysis and the influence of bison

grazing on plant spedes diversity will be examined in relation to current model predictions (e.g., Milchunas et al.

1988). Current ideas on the role of grazers in grassland community structure suggest that grazers can increase

diversity by either increasing habitat heterogeneity or by reducing the competitive dominance of the dominant

perennial grasses. These alternative mechanisms should be reflected in effects on different diversity

components, the former mechanism should primarily influence spedes richness, whereas the latter is predicted

to strongly influence the evenness component In addition, spedes composition data are being used (Collins

and Glenn 1990, submitted; Figure 17) to test theoretical predictions concerning spatial and temporal changes

in species abundance and distribution as a test of predictions from landscape-level species distribution models

(e.g., Levins 1969, Brown 1984) and the core-satellite hypothesis (Hanski 1982).

We hypothesize that the interacting influences of native ungulate grazers and fire over the topographic

gradient will result in unique patterns In spedes relative abundances, distributions and diversity at different

spatial scales. We further predict that local abundances and within population diversity of plant species can be

explained by predictable effects of fire, grazers and their interactions on plant growth dynamics, sexual and

vegetative reproduction, and demography. Differential responses of grass and forb populations to fire and

grazing are strongly influenced by effects of these interacting processes on plant spedes competitive

relationships and outcomes, and secondarily by direct effects on plant growth, reproduction and mortality. Due

to the relative importance of vegetative reproduction relative to seed production in the maintenance of local

taiigrass prairie plant populations, we predict that patterns in plant population abundances will be more closely

related to variation in vegetative than seed reproduction. Local soil disturbing activities of bison, however, may

12
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shift the balance between these two modes of plant recruitment in local patches and may thereby influence

genetic diversity within local populations.

There has been much recent debate concerning the potential interacting roles of grazing and

mycorrhizal symbiosis on grassland community structure (Crime et al. 1987,1988; Bergelson and Crawley

1988) but necessary long-term field studies are lacking. Mycorrhizae have been hypothesized to influence plant

community structure by suppression of mycorrhiza-lnhibited dominants or enhancing evenness of species

abundance through translocation of resources to subordinate species via hyphal conditions. Our preliminary

studies on tallgrass prairie plant species, indicate that mycorrhizal abundance influences relative competitive

abilities of co-occurring plant species (Hetrick et al. 1989) and that intensive grazing inhibits mycorrhizal

symbosis (Hetrick et al. 1990). Crazing by bison will result In different responses among co-occurring plant

species and shifts in plant community structure, and these grazing effects may be a result of both direct effects

on plants and indirect effects on mycorrhizal abundances and resulting shifts in competitive relationships

between C3 and C4 species. Thus, we predict that grazing, fire and topography will all interact to influence

plant population and community responses and many of these interactions may be strongly mediated by effects

on mycorrhizae and plant competitive relationships.

V. Disturbance Studies.

All of the above questions involve variables that could be considered disturbances. Beyond these, we

recognize that rare but intensive events (tornados, hail, floods) can have a strong influence on the long-term

dynamics of the system. The measurements we have in place to study questions concerning the other four core

areas are mostly sufficient to address the consequences of these rare events. However, we are prepared to

mobilize our efforts or resources into the study of the effects of an extreme weather event, a large accidental

fire, or a major insert outbreak if the situation warrants such a response.

KONZA PRAIRIE LTER EXPERIMENTAL DESIGN

Konza Prairie is a complex landscape consisting of grazed and ungrazed watersheds burned at various

intervals (Figure B). Konza Prairie's founder, the late Dr. L.C. Hulbert, created this design for the specific

purpose of studying fire and grazing effects on community and ecosystem processes. The design has many

strengths and several weaknesses. If fire frequency (1, 2, 4,10 and 20 year burns) exhibits strong interactions

13
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with the time of year of fire (winter, spring, summer, autumn), we would need a 5 x 4 factorial design. Add

three levels of grazing (none, moderate, heavy), and we would need 60 specific treatments prior to replication.

This design ignores the complex topoedaphic effects created by the limestone and shale layering of the Flint

Hills landscape.

Previously, we have let the specific questions select the appropriate experimental design. Our initial

LTER questions focused primarily on the effects of late spring bums of varying frequencies on upland and

lowland communities, or on the characteristics of 1,2,4, or 20 year burns. Not all treatments were replicated

for LTER measurements, but replicated short-term intensive studies were used to statistically validate LTER

findings (c.f. Kaufman et al. 1990, Seastedt and Ramundo 1990). Our interest in grazing-fire-soil fertility

interactions resulted in the establishment of the LTER Belowground Plots in 1986, which do provide long-term,

statistically valid comparisons among treatments. Ironically, while such information may be statistically valid, the

generality of the results from small plot studies may be questioned because of the potential for "founder effects"

on the system response.

Civen our central questions involving fire-grazing-landscape interactions, the watershed (catena)

remains the best "experimental unit" for most of our research. We believe that grazing intensities (none,

moderate, heavy) and topoedaphic effects can be nested within a watershed unit In the past, we tended to

study the extremes of annually burned versus long-term unburned prairie. We will continue certain

measurements and observations on those treatments, but substantial information suggests that annual burning or

extended periods of fire suppression on any particular site were low probability events, unlikely to persist for

extended periods. Thus, expansion of the experimental design to Include native grazer treatments and detailed

analysis of fire-bison-topoedaphic interactions will focus only on sites burned at 4-year intervals because this

regime is most similar to estimated natural or pre-European settlement fire frequencies (Pyne 1982,1986) and

because expansion of sampling to include grazing and topoedaphic effects on all burn frequencies is not

feasible. Measurements on a watershed burned every four years means that data are actually gathered on sites

burned in the year of study, or that have been left unburned for up to three years. By using four watersheds in

this effort, at least one watershed will be burned each year; thus, major patterns of fire-grazing-climate

interactions will be detected. As before, we will have to use short-term experimentation on replicated

14



a Wetfall and Bulk Precipitation
Inorganic Nitrogen, 1983-1987

«*tf«P

1983 1984 10B5 10B6 1987

B Bulk Precipitation and Organic N
I983-I987

EHI Or0»ne N

120

0.90

0.60

0.30

0.00

rainfall

On)

1983 1984 1985 1986 1987

Figure 14. A. Inorganic nitrogen content of wetfall and bulk precipitation. B. Organic nitrogen content of bulk

precipitation graphed with precipitation amounts (from data set NPLOl compared with NADP records).

Measurements of local and regional contributions to nutrient deposition in precipitation is an ongoing LTER

project (Seastedt 1985, Cilliam et al. 1987, Ramundo and Seastedt, submitted).



watersheds or plots to provide statistically robust interpretations of our observations. We also plan to use

remote sensing and geographic information systems (CIS) to offer spatial pattern measurements at various scales

for the treated watersheds.

Bison are scheduled for introduction to the new intensive study sites in autumn of 1991. All LTER plots

are permanently marked, and a cessation of measurements on certain sites does not preclude that

measurements can be resumed, either intermittently or more intensively, at a future date. Fire treatments as

shown in Figure B will be continued on all Konza Prairie watersheds.

NEWAND CONTINUING RESEARCH

In addition to continuation of long-term study of tallgrass prairie patterns in relation to fire/climate, we

propose to expand the LTER study significantly to 1) assess the role of fire/bison grazing interactions on

populations, community structure, net primary production (NPP), organic matter and nutrient dynamics, 2)

conduct a more spatially explicit analysis to patterns of variation across topographical gradients, and 3) analyze

patterns at larger spatial scales by linking analysis of population, communities and ecosystem properties with

patterns detected at the landscape level using remote sensing and CIS. Thus, the central question and goal of

the proposed research Is to understand how grazing Influences blotic and ecosystem processes and patterns

imposed by fire frequency over the landscape mosaic, all of which are subjected to a variable (and possibly

directional) climatic regime.

Plant Communities (Collins, Hartnett, Gibson)

Plant communities will be studied by obtaining estimates of % cover of all vascular plant species.

Vegetation will be sampled in a series of 10 m2 circular plots on upland and lowland soils in watersheds

representing varying fire frequency as done previously. Sample plots within 4-year grazed and ungrazed

watersheds will be arranged along an elevational transect rather than the simple upland/lowland stratification

employed in past and current Konza LTER studies (Figures 18, 20; see "Konza Prairie Experimental Design"

section).

Four permanent transects will be established representing each of four treatment combinations (grazed

and burned at 4-y intervals, ungrazed and burned at 4-y intervals, grazed and long-term unburned, and

ungrazed and long-term unburned). Transects extending along an elevational gradient will be distributed
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grasses and total biomass (data set PBB02).



among replicate watersheds representing each of these 4 treatment combinations (Table 1). Sampling points at

a minimum of six positions along the topographical gradient will be established and permanently marked along

each transect (Figure 18). Points 1 and 2 will be located on the level uplands (corresponding to the

topographical positions of current upland Florence soil sites), 3 and 4 will be located at intermediate slope

positions, and 5 and 6 will be located in the lowland areas (corresponding to the topographical position of

current lowland Tully soil sites). Sample points will be selected such that the elevation, slope, aspect, soil type

and hydrological features (e.g., position relative to a seepage zone) of each of the 6 transect positions will be

similar among transects. Mapping of geomorphlc, hydrologjc and surface/ground water characteristics across

topographic gradients in the 4-year burn watersheds (see "Geomorphic Studies" & "Landform Effects on

Hydrology and Surface/Ground Water Chemistry* below) will aid in the establishment of comparable transects

among watershed. Ten 10 m2 circular plots will be established and permanently marked at each of the six

topographical positions. The percent cover of all vascular plant species in each circular plot will be measured

three times during the growing season as done currently. For each species, the maximum cover value attained

during the growing season will be retained for analysis.

This proposed experimental design expands our current studies of tallgrass prairie plant communities by

assessing the role of native ungulate grazers (bison) and fire-grazer interactions on long-term patterns in plant

community structure and by utilizing a landscape approach. This approach encompasses much more of the

spatial variation present than existing LTER methods, will allow more spatially explicit analyses of plant

community characteristics, and will provide a more complete understanding of the interacting roles of fire,

grazing, topography and annual climatic variation in determining long-term patterns of tallgrass prairie

community structure. It will also facilitate integration with studies assessing patterns at the landscape level using

remote sensing, and CIS allowing the simultaneous study of vegetation patterns at multiple spatial scales.

Several ecological models predict a relationship between productivity and species richness in plant

communities (Crime 1973, Connell 1978, Huston 1979, Tilman 1982). Recent research indicates that this

relationship holds across but not within plant communities. We recently analyzed productivity-richness

relationships at three spatial scales at Konza (Collins and Briggs unpubl.). At the transect level, total standing

crop was significantly negatively correlated with richness in all years from 1984-1988 (Figure 19). At the soil
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type and watershed levels, richness was again negatively related to productivity In all years except the severe

drought of 1988. Implicit within this model Is the notion that as production on a site changes from year to year,

there will be a corresponding change in richness. A dear temporal relationship would provide strong support

for the model. There were significant relationships between richness and productivity in 3 of 7 watersheds and

6 of 14 soil type comparisons over time. The short duration of this analysis (5 years) reduces the statistical

power for the temporal analysis. These results Indicate that a relationship between productivity and richness

does exist within communities at Konza. The inconsistent temporal results may imply that other factors such as

site history or disturbance also contribute to temporal variation in species richness.

Net Primary Production (Knapp, Hartnett, Seastedt)

Our documented record of aboveground biomass and NPP at upland and lowland sites now covers a

15 year period (Figure 12). We have previously analyzed these patterns relative to precipitation inputs and

other meteorological phenomena (Abrams et al. 1986). Long term patterns of greater NPP In burned versus

unburned and in lowland vs upland are consistent throughout this time period. However, in dry years, NPP is

not increased by fire. Moreover, at the more xeric upland sites, burning only infrequently increased

aboveground biomass. This response is similar to that of mixed-grass prairies to fire (Redmann 1978), perhaps

reflecting both the decrease in water availability at upland sites as well as different species composition. The

maintenance of this long term record will provide a sensitive ecological index of regional/global climate change,

especially when coupled with trends in plant population data.

We estimate NPP by harvesting all aboveground biomass in 20 0.1 m2 quadrats per treatment/soil type

in late August/September (peak season biomass). These quadrats are located adjacent to the circular plots used

for plant community sampling (see above). We separate live and dead graminoids from forbs/woody species as

well as previous year's dead biomass. Losses in biomass due to decomposition are minor within the initial 3-4

months of the growing season (prairie litterfall has a turnover time of 3-4 years) and the current season

senescent foliage can be readily distinguished and separated from the older detritus of previous years. Thus,

NPP is estimated as the sum of green and current year's senescent foliage at peak season biomass. Over the last

5 years, we have sampled an annually burned and an unburned site at 2-wk intervals throughout the growing
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season and compared NPP estimated by summing positive blomass increments to the single harvest method

described above. We have found no significant differences In NPP estimates from these two methods.

Recently, we reassessed our biomass sampling scheme (20 0.1 m quadrats sampled per site) to

determine if our sampling was adequate or if we could reduce the number of quadrats harvested. Using several

statistical procedures (monte carlo and jack-knifing techniques) we concluded that a sample size of 20 was

adequate for detecting treatment effects for all blomass components except forb production. Moreover, we can

not decrease our sampling effort without a marked reduction in our ability to detect treatment effects in all

categories (Figure 20; Briggs and Knapp submitted).

Measurements of aboveground NPP will also be expanded to include variation in topography. Our

past sampling of upland/lowland sites has produced a valuable 15 y record which we plan to continue (Figure

12), and additional sampling for topography/production relationships will be confined to areas adjacent to the

plant species composition transects described above. A preliminary study of the relationship between

topography and biomass showed that productivity on hillsides is usually more similar to uplands than lowlands

(Figure 1 .a), but that significant variability along topographic gradients occurs probably due to small-scale

differences in water availability (Figure 21.b; Knapp et al. unpubl. data).

The addition of bison adds another level of complexity and their consumption of biomass must be

accounted for in production estimates. Watersheds scheduled for grazing were sampled prior to bison

Introductions and seldom were there significant differences in NPP between replicate ungrazed and (soon-to-

be) grazed watersheds. Thus, the relative impact bison have on aboveground biomass can be quantified by

comparison with ungrazed replicates. Estimating the effect that bison have on NPP would require frequent

sampling of movable exclosures to determine yield consumed by the herbivores. Remote sensing procedures

also offer some new approaches to this problem. We have already conducted preliminary studies (Turner

unpubl.), and we plan to sample such exclosures in the short term as part of a related research project on bison

grazing and topography by Hartnett, but due to the labor intensive nature of this approach, we do not propose

that foliage consumption be a LTER core measurement
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Figure 18. Existing and proposed sample design for plant species composition, foliage productivity, and selected

belowground measurements. The number and positioning of hillslope plots will be located based on known

geomorphic properties of the watershed (see Figures 32 and 42).



Plant Population* (Hartnett)

Long-term study of characteristics of tallgrass prairie plant populations are important in that 1) they

provide an understanding of the plant demographic and life history responses that cause observed community

patterns, 2) demographic and life history responses (such as the balance between sexual and vegetative

reproduction) may strongly influence patterns of genetic variation within populations and hence overall patterns

of biodiversity in tallgrass prairie, and 3) characteristics such as seed and rhizome production patterns are

important in understanding both above- and below-ground consumer population dynamics (see "Consumer

Population Studies" below). Thus, there are important linkages between plant population features and tallgrass

prairie community structure, diversity and consumer populations.

Preliminary studies on perennial forbs such as goldenrod (Solidago canadensft, prairie conefiower

(Ratibida columnifera) and ironweed {Vernonia baldwinlt) on Konza Indicate that plant biomass, stem numbers,

flower head production and seed production increase with years since fire, and that fire alters the balance

between sexual and vegetative reproduction (Knapp 1984, Hartnett submitted b). Preliminary studies also

suggest that changes in forb species abundances with fire are not closely correlated with changes in their seed

production (Hartnett submitted a.). Thus, the underlying demographic processes causing observed changes in

plant species' abundances with fire in concert with stochastic variation at small spatial scales (Clenn and Collins

1990) require further study (Rabinowitz et al. 1989).

Recent studies on the responses of two dominant grasses (big bluestem and switchgrass) to grazing by

bison showed that plant growth and reproductive responses to bison differed under burned vs unburned

conditions in a given year (Vinton and Hartnett unpubl.) and that effects of grazing varied with plant density and

growth stage (Hartnett 1989). In addition, carryover effects were evident in that heavy grazing in one year

significantly reduced tiller emergence and growth rates in the following year. Bison grazing on Konza is highly

patchy and the spatial patterns of grazing differ between burned and unburned sites. This additional spatial

component associated with bison will influence our proposed vegetation sampling methods (see above).

Our proposed long-term study of plant population characteristics include measurements of patterns of

abundance, flower, seed and rhizome production of dominant grasses and forbs, and the mapping of woody
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vegetation. Data discussed above as plant species composition will be used to track plant population responses

to fire, grazing and annual climatic variation. Although most previous studies on tallgrass prairie community

structure have focused on only the suite of the most abundant species (e.g., Collins 1987, Gibson 1988),

processes such as grazing, fire or climatic stress may have large effects on populations of sparse species, and,

understanding the influence of fire-grazer-climate interactions on biodiversity requires assessment of responses

of species at the tail end of the relative abundance distribution as well (Rabinowitz et al. 1989). Thus we will

examine the relationships between grazing-fi re-climate patterns and the frequencies of sparse plant species as

well as the dominants that contribute disproportionately to total productivity and other system processes.

In 1981, we initiated long-term records for density, height and seed production of three dominant tall

grasses, big bluestem, little bluestem and indiangrass (see "Results From Prior NSF Support"). We propose in

1991 to initiate additional long-term studies of six numerically important forb species as well. Forb species that

differ in seasonal phenology may differ considerably in response to treatments. For example, growth and

reproduction of late spring forbs may be affected directly by fire, whereas later blooming species may be

affected by fire indirectly through altered competitive relationships (Hartnett submitted a). Thus, the forbs

studied will include a mixture of early, mid and late season species. Sampling will be similar to existing methods

for sampling the three grasses and data on individual plant height, aboveground biomass and inflorescence

biomass will be collected.

These data on grass and forb populations will be collected each season in each treatment area sampled

for plant community composition (Table 1). In addition, representative grass and forb species that propagate

both sexually and vegetatively (e.g., big bluestem, indiangrass, prairie goldenrod, aster) will be sampled each

season for number of new rhizomes per plant, rhizome length and total new rhizome biomass, as well as sexual

reproductive effort. These data on relative magnitudes of sexual and vegetative reproduction, along with data

from concurrent long-term mapping and monitoring of the numbers and sizes of genets (clones) of dominant

rhizomatous forbs (a related project initiated by Hartnett in 1990) will provide insight into the potential effects

of varying fire/grazing regimes on both spatial pattern and genetic diversity within tallgrass prairie plant

populations. Data on patterns of seed production among a variety of grasses and forbs, along with intensive
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short-term manipulative studies (see "Consumer Population Studies" below) will increase our understanding of

the effects of fire and bison on plant-small mammal interactions.

Mapping of Woody Vegetation (Briggs)

The location of each individual tree, shrub and patch of shrubs have been determined on 12

watersheds every five years since 1981. Each watershed is surveyed in parallel lines approximately 15-20 m

apart The location of all individuals are marked with a unique symbol for each species on a large scale aerial

photograph. Height is recorded to the nearest meter for trees, while for shrubs the approximate diameter and

shape of the patch is drawn on the overlay. Individual tree locations and heights and shrub diameters and

shapes have been digitized into the ERDAS geographical information system.

The number of trees increased by over 60% on an unburned watershed over the 1981 -1986 period,

while in an annually burned watershed the number of trees decreased (Figure 22). The spatial patterns of

woody tree species invading tallgrass prairie appear to be a function of dispersal vectors, habitat availability and

reproductive mode as well as burning regime. Under a variety of burning regimes red cedar (Juniperus

virginiana) and hackberry (Cettis occidental® were significantly more uniform in their distribution pattern than

American elm (Ulmus americana), eastern cottonwood (Populus deltoids and honey locust (Gleditsia

trichanthuf). Trees with wind dispersed seeds had contagious distribution while most trees with bird-dispersed

seeds were regular to random in their dispersion patterns (Briggs and Gibson submitted).

We propose to continue sampling at five year intervals to study the related effects of burning, soil, and

now, grazing on the establishment and growth of woody plants in prairie communities. We will also study how

these factors affect the prairie-forest boundary. These questions will be more rigorously examined with the

increased spatial resolution of the Konza CIS data base that is in its early stages of development

Consumer Population Studies (Kaufman, Zimmerman, Evans)

Since 1981, long-term data sets have been obtained on small mammals, birds and grasshoppers (Figure

23). Comparisons of spatial-temporal variation in population patterns and responses to fire indicate that

different groups and species are controlled by different factors (Mushinsky and Gibson in press, Kaufman et al.

1990). These data have been collected to establish links between temporal variation in abundance and

diversity and patterns of climatic variation, to describe more fully the manner in which periodic fire forced
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Table 1. Konza LTER proposed experimental design for plant community sampling.

TREATMENT WATERSHEDS SAMPLE DISTRIBUTION SAMPLE SIZE+

Annually burned 1C, ID Upland & Lowland 80

2-year burn 2C.2D .yl^ Upland only 40
4-year burn/Ungrazed 4B, 4A A[> Topographical gradient 120

4-year burn/Grazed N487, N484/[ Topographical gradient 120

*Unburned/Ungrazed UB, UD Topographical gradient 120

•Unburned/Grazed NUB, NUA Topographical gradient 120

'Burned at 20 year intervals + Number of 10 nr circular plots.



fluctuating patterns of density and diversity of consumers, and to verify unl-directional changes assodated with

fire frequencies.

Small mammals have been censused In 28 permanent prairie plots to establish patterns of spatial-

temporal variation in density and diversity, and effects of fire (Figures 24,25) and topoedaphic conditions on

these characteristics. Data were collected during spring, summer, and autumn using live-trap census lines (20

stations at 15 m intervals with 2 live-traps per station) that started in upland, crossed through the slope, and

ended in lowland. Manuscripts summarizing eight years of data are now being prepared. We will continue to

census small mammals in 14 study plots in four ungrazed watersheds with experimental fires at frequencies of

1,4 (two sites out of phase by two years), and 20 years and three watersheds to be grazed by bison with

experimental fires every 1, 4, and 20 years. Continuation of these censuses will enable us to incorporate the

effects of bison grazing into our analysis of temporal variation of density and diversity. Intensive short-term

manipulative studies will be used to study plant-small mammal interactions.

Methods for estimating bird and grasshopper densities will continue largely unchanged from previous

LTER studies, as described in the Konza Methods Manual (see Data MgmL section). These procedures involve

censuses (sweeps or visual counts) along permanent transects. Hence, unlike other LTER studies, these

collections already employ an approach conducive to landscape interpretations. Some reduction in the intensity

of these efforts is anticipated. In previous years these activities were conducted and directed by LTER supported

postdoctoral students. Now they will be conducted by faculty and student assistants. Nonetheless,

continuation of these data is important, particularly since other sites have similar data suggesting directional

trends and/or strong responses to climate variables (e.g., Holmes at Hubbard Brook and Joern at Arapahoe

Prairie in the sandhills of Nebraska). A related research project has begun to explore long-term patterns in

infestations of gall-forming insects, another guild of insect consumers, in relation to fire regime. Hartnett and

Fay have thus far documented strong effects of fire regime on insect infestation levels during the 1988-89 dry

years.

Belowground Studies (Hetrick, Todd, Rice, Schwab, Seastedt)

Belowground plant biomass has been studied on the -Belowground Plots", a set of 64,100 m plots

created to study the belowground response to fire, mowing and nutrient additions (Figure 26). Live and dead
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roots and rhizomes are harvested in autumn of odd-numbered years. These are washed, sorted, dried and

ground for nitrogen and phosphorus analyses following procedures described in Hayes and Seastedt (1987) and

Seastedt (1988). Samples taken to harvest rhizomes are also used to sample macroarthropods and earthworms,

while separate samples are taken for nematodes, microarthropods, soil chemistry and mycorrhizal spore density

counts (e.g., Figure 27). Fire, mowing and nutrient treatments to these plots will continue as shown on Figure

26. Shifts in plant species composition as a result of the respective treatments have already occurred, and we

now believe this experimental design is useful in evaluating some of the mechanisms causing negative effects of

fire on certain forb species. Nitrogen limitation as a consequence of annual burning appears to explain some of

the competitive advantage obtained by C4 grasses. When annually burned plots are fertilized, forb densities

increase. These data on forb responses in the Belowground Plots, when integrated with measurements of forb

life history and demographic responses to fire-grazer treatment effects in the experimental watersheds (see

"Plant Population Studies" above), will provide a more complete understanding of how fire-grazer-topoedaphic

interactions influence plant species competitive relationships and community structure and diversity.

Another important reason for continuation of this experiment is to test predictions of Aber et al. (1989)

regarding chronic nitrogen enrichment (Figure 28). Unlike forest systems, we predict no decline in plant

productivity and continued accumulation of organic nitrogen. We do, however, expect to see other similar

patterns and document the fate of added nitrogen and phosphorus (see below). We will continue fire and

mowing experiments in conjunction with nitrogen enrichment These treatments will inhibit invasion by woody

species, and maintain the experiment as a grassland study.

Foliage biomass harvests on Belowground Plots will be continued on an annual basis. Porous cup

lysimeters (Hayes and Seastedt 1989) will be installed so that soil water nitrogen content can be measured. We

will discontinue other LTER lysimeter measurements except those in conjunction with the USGS study (see

below). Belowground measurements of roots, rhizomes, nematodes, mycorrhizal spore densities and soil

chemistry will be continued on an infrequent (five year) interval.

Plant root biomass data are supplemented by measurements obtained at eight, 40 cm x 40 cm

plexiglass root windows (e.g., Hayes and Seastedt 1987, Seastedt and Ramundo 1990). Initial treatments

consisted only of burned and unburned plots. Since 1987, treatments have consisted of a two-factor design
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BURNING REGIME

Figure 22. Change in tree densities on annually burned (1), 2-year burns (2), 4-year burns (4) and long-term

unburned (>9) watersheds. These results (data code PWV01) were obtained over the 1981-1986 interval, a

consistently wet period. The next census (1991) should suggest how climate patterns may influence these

results.



involving burning and clipping. Roots have been traced every two weeks during the growing season. Length,

appearance of new roots and decay of old roots (the latter two measurements obtained by comparison with

previous tracings) are obtained for 10 cm x 10 cm increments. All tracings are archived. These data provide

useful time-series indices of root response to climatic and treatment effects and are needed to correctly interpret

the root biomass data. The root window measurements will continue until we can install a mini-rhizotron

system on the Belowground Plots.

Organic Matter Studies (Rice, Schwab, Seastedt)

Standard litterbag studies of foliage and root decomposition and mineralization have been conducted

on Konza Prairie in conjunction with forest and prairie litterfall measurements (Seastedt 1988, Briggs et al. 1989,

Seastedt and Ramundo 1990). Organic matter amounts at 5 cm and (where possible) 25 cm depths have been

obtained at 5 year intervals on upland and lowland soils of LTER watersheds.

The long-term dynamics of soil organic matter at the landscape level (transects) will be evaluated by

several techniques. To detect a shift in the composition of the microbial community, the population of bacteria,

actinomycetes and fungi will be determined annually. Population size will be assessed by plating on differential

media (Wollum 1982). We are aware of the deficiencies of this approach; however, it is an accepted technique

and can be compared to existing data bases. Population counts may be supplemented at a later date by direct

microscopy or new techniques derived from studies at the Kellogg Biological Station, LTER and the NSF

Microbial Ecology Center. The stable, active and mineralizable fractions of soil organic matter will be

determined on a four year cycle prior to the burn year. Total soil organic C and N levels will be measured. The

size of the active fraction of the soil organic matter will be estimated as described by Paul and Juma (1981).

Mineralization of C and N will be determined by a modification of the Stanford and Smith (1972) technique to

include an estimate of C mineralization by CO2 production. The ratio of C to N mineralized can also be used

to estimate of the quality of the soil organic matter.

Microbial biomass C and N and inorganic N will be measured four times per year on the Belowground

Plots to establish a good data base on the dynamic nature of these pools on the tallgrass prairie. In addition to

the annual determination of the microbial composition by plate counts, substrate induced respiration (SIR) will

be used to estimate the relative contribution of fungi and bacteria to the overall microbial activity (Anderson and
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Domsch 1975). SIR will be assessed several times per year until we establish the optimal time and frequency for

adequate assessment Total soil organic C and N, the active and mineralizable fractions of soil organic matter,

will be assessed on a four year cycle as with the transect data. Since fire and grazing result in a change in N

immobilization-mineralization, net and gross N mineralization will be estimated to determine which process is

dominant Estimates of net and gross N mineralization will be derived from isotopic dilution experiments with

1 N under laboratory conditions as described by Myrold and Tiedje (1986). Supplemental funding will be

sought to permit labelling of the active fraction of soil organic matter and plant fractions with 15N and 13C/14C

to trace the N and C dynamics through the prairie soil ecosystem.

Nutrient Dynamics (Schwab, Hetrick, Rice, Seastedt)

The consequences of nutrient limitation in tallgrass prairie are being studied at several levels of

resolution within the ecological hierarchy. At the organism level, we are studying how plant characteristics

associated with nutrient limitation (Chapin et al. 1986) and mycorrhizae affect specific species growth

responses. Another focus is how nutrient and water interactions along a topographical gradient affect the

response of specific species. At the community level, we are using the Belowground Plot experiments to

determine how nutrient availability affects the relative abundance and distribution of the prairie species. At the

ecosystem and landscape level, we are evaluating the effects of nutrient availability on patterns of NPP and on

energy and water exchange with the atmosphere. Hence the topic, "Effects of Nutrient Limitation" becomes an

integrating focus on much of our LTER effort

Phosphorus studies have emphasized plant-mycorrhizal interactions. The biomass of native grasses and

forbs growing on the prairie soils seldom increases in response to P applications despite the low concentrations

of "plant available" P as determined by agricultural soil tests. One of the means by which the native species

acquire P is through symbiosis with mycorrhizae. It is possible that the mycorrhizae obtain P by enhancing

mineralization of organic matter (Cerdemann 1968) or by dissolving inorganic P sources (Bolan et al. 1987).

Recent research (Jayachandaran et al. 1989) demonstrated that mycorrhizae can access the minute

concentrations of P which are released during the chelation of Fe by natural complex!ng agents. It is not dear

whether or not mycorrhizae can produce these complexing agents, but they can take advantage of them.

Current research is focusing on the rates of mineralization of P as affected by mycorrhizae. We have modified
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Figure 24. Fire alters the density of small mammals in tallgrass prairie as can be seen when relative densities from

periodic censuses in burned and unburned prairie are plotted against each other. The positive effect of fire on total

small mammals and deer mice and the negative effect of fire on western harvest mice and short-iailed shrews are

illustrated. Fire-negative responses also can be illustrated for prairie voles and southern bog lemmings. Data are

from Konza LTER Data Set CSM04.



the method of Pons and Cuthrle (1946) to physically separate soluble organic and Inorganic P. Using 32P

labelling and established kinetic analysis, the rates of mineralization of organic P can be quantified.

Estimates of within-watershed patterns of soil nitrogen availability were made by Wittich (1988) and J.

Hetrick (1989). Those results indicated that autocorrelation patterns often seen for agronomic systems and

oldfields using kriging and co-krlging procedures (e.g., Robertson et al. 1988; Figure 29), are not evident in

native prairie. Our hypothesis for this phenomena Is that microsite (e.g.# a few centimeters to meter) variation

generated in the native prairie is homogenized by plowing. This variability therefore disappears from the semi-

variograms allowing the somewhat larger scaled sources of variation to be observed. In a more detailed analysis,

estimates of the mineralization of soil organic nitrogen across several Konza Prairie transects using the 6 month

incubation procedure of Stanford and Smith (1972) were completed. These data have yet to be analyzed, but

they should provide definitive patterns of nitrogen availability across the catena.

J. Hetrick was partially supported by LTER during the present grant to study the consequences of long-

term nitrogen and phosphorus fertilization to inorganic and organic soil phosphorus dynamics. This work was

conducted on an experimental grassland site maintained by the KSU Agronomy Department that had been

fertilized annually for over 40 years. This site was selected over Konza Prairie because of the long history of

nutrient additions, and because results would be useful in making predictions about long-term nutrient effects

on both native and agricultural systems. Current theory of phosphorus cycling suggests that Mollisols maintain

an active organic phosphorus cycle (Cole et al. 1977), but that the inorganic phosphorus cycle may be relatively

more important (Tiessen et al. 1984). Results from this study (J. Hetrick 1989) indicate that fertilizer additions

increase the inorganic phosphorus fraction, while addition of nitrogen results in an increase in the organic

phosphorus fraction as a result of biological immobilization and chemical stabilization mechanisms. Overall,

nitrogen availability exhibited strong controls on phosphorus dynamics, a finding consistent with observations

from vegetation studies (Seastedt 1988, Ramundo et al. 1989). Verification of these findings will be conducted

using both transect and Belowground Plot studies.

Wetfall (NADP measurements), bulk precipitation, throughfall, soil water, stream, groundwater, plant

and soil nitrogen measurements have been routinely obtained on Konza Prairie during the current project

interval. Emphasis is primarily on N and P content. Short-term measurements of net mineralization (Ojima
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Figure 23. Small mammals are non-randomly distributed across landscape features on Konza Prairie. This figure

illustrates flve general patterns of relative distribution of captures (for each species, the site with the greatest

captures = 1.0) across a toposequence from upland prairie (UP) to prairie (UB) immediately above rocky limestone

breaks (BR) to moderately deep soil region below the breaks (BL) to relatively flat, deep soil lowland prairie

(LO) to lowland prairie next to ravines (LR) to ravines with a mixture of grass, shrubs, and trees (RA). Landscape

distributions for microiine rodents (Microtus ochrogaster and Svnaptomvs coopcri). shrews (Cryptotis parva and

Blarina hvlophaea). and Peromsvcus species argue for some form of interspecific partitioning. Data from a short-

term non-LTER study by B. Clark and others.



1987, Schwab unpubl.), N-flxation (Eisele et al. 1989), and denitrification (Groffman unpubl.), and a plant-

microbial interaction study on N dynamics (Firestone unpulb.) is underway. Nitrogen availability to plants

remains a central focus as this factor explains a large amount of the variance of the system response to fire and

grazing, and also acts as a constraint on vegetation-climate biogenic gas flux (Schimel et al. submitted). The

availability of the element, as mediated by fire-grazing-climate interactions, may also explain much about

outcomes of plant competition Interactions, and plant-mycorrhizal relationships (see "LTER Hypotheses and

Questons" above).

Our largest commitment to nutrient measurements in terms of number of samples routinely analyzed

involves dissolved forms (bulk precipitation, throughfall, soil water, groundwater, storm-event stream samples

and baseflow stream samples), which are obtained on a weekly basis, given availability of samples. We propose

to continue these, with emphasis placed on accurate measurements of bulk precipitation inputs and stream and

groundwater outputs. Quality control procedures for our analytical measurements have been evaluated by

routinely checking our numbers with those obtained by other laboratories (e.g., Ramundo and Seastedt

submitted; Figure 30).

Landform Effects on Hydrology and Surface/Ground Water Chemistry (The Wet Group)

To understand landscape controls and constraints on ecological phenomena, the Wet Group proposes

to expand current LTER stream research (i.e. nutrient transport and water yield modeling) to include studies of

geomorphology, hydrogeology, and surface/ground water chemistry. The complexity of the Konza landscape

(Figure 7) requires our research effort to be focussed initially on the most intensively studied LTER watershed,

N04D, with later expansion to all of Konza Prairie.

Concurrent with the expansion of data collection, we shall develop a spatially explicit model of

surface/ground water dynamics and nutrient/sediment transport within the watershed. This physico-chemical

modeling effort will progress in conjunction with the soil-vegetation modeling (see "Modeling" below), as our

goal is an integrated soil-water-vegetation model.

Spatially-distributed process models require a network through which space is apportioned into

relevant modeling units. The proposed model will capture the effects of physical terrain on plant-soil-water

dynamics; accordingly, space will be apportioned into relevant polyhedra using the Link-Node approach
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outlined by Chen and Orlob (1972), rather than into the conventional grid of uniform areas or parallelopipeds.

The Link-Node approach was originally developed in conjunction with a model of the complex estuarine

ecology in the San Fransico Bay-Delta system. It has recently been used to simulate the movement of water and

chemicals in a variably saturated porous medium (Tracy and Marino 1987).

The Link-Node technique divides the physical system Into a series of discrete volume, area or length

units call "Nodes" (Figure 31). The nodes are characterized by the physical properties associated with the

storage of mass in the system. For example, in studying the flow of groundwater, a node would be

characterized by the surface area, storage coefficient and aquifer thickness at the node. The nodes are then

interconnected by flux paths called "Links" (Figure 31). The links are defined by the physical properties

associated with mass transfer. For example, a link would be characterized by the hydraulic conductivity and

hydraulic gradient between the two nodes connected by the link as well as the representative dimensions of the

link. The state of the physical system being simulated from one time period to the next is then computed using

the principle of mass balance.

The main advantage of the Link-Node approach over other numerical simulation techniques is that any

number of state variables can be computed at each node, each having a variety of different governing

equations. The division of the nodes and link connection can remain the same for each of the state variables

being considered, with only the parameters defining the mass storage in a node and mass flux between nodes,

varying from one state variable to the next. This allows the model to be developed for one of the physical

systems that is well understood, such as surface water, and later expanded to include groundwater flow,

chemical, nutrient and sediment transport and vegetative growth without having to develop new numerical

solution procedures or redefining the simulation network. Moreover, the contingent character of the Link-Node

network enables an increase (or decrease) of resolution through the further subdivision (or aggregation) of

existing nodes and links as additional data become available.

The first step to apportioning the watershed into an appropriate network of Link-Node polyhedra is to

define features of the landscape. A1:2000-scale topographic (1 m contour) map of the N04D watershed will

be used as a base map to which geologic, geomorphic (see below) and soil maps will be overlain using our CIS

system. Soils will be mapped by W. Wehmueller (U.S. Soil Conservation Service) at no cost to LTER.
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The Initial configuration of the Link-Node network will be motivated by extant data on surface water

movement collected since 1986 by J. Koelliker and C. Tate for use in a hydrologic model. Data from infiltration

studies, groundwater/surface water flow, chemistry and sediment transport studies described below will be

added later.

Geomorphic Studies (Oviatt and Martin)

Our long-term goal is to develop a comprehensive mode) of the geomorphdogy that can be integrated

with the findings of other groups studying surface water, groundwater and biotic systems in the N04D basin

with the ultimate goal of determining the role of geomorphic processes and history in the ecosystem as a whole

(Figure 32; Swanson et al. 1988). We have three major interrelated objectives: 1) to map the geomorphology

and geology of the drainage basin in detail; 2) to determine the geomorphic history of the basin; and 3) to

measure and monitor the rates of modern geomorphic processes operating in the basin.

Features to be mapped include: thickness, texture, and composition of surfidal deposits (stream

deposits, slope deposits, loess); bedrock and alluvial knickpoints in stream channels; bedrock (at the surface,

and at shallow depth); gravel bars in stream channels; terraces; cut-bank exposures; and eolian deposits on

ridge tops.

Geomorphic history will be documented from the initiation of erosion in the drainage basin (ca. 20

million years ago), to historical (post-European settlement) changes in the landscape. We are restricted by the

limited and relatively young sedimentary record of geomorphic history preserved in the drainage basin because

the long-term trend in the basin is one of erosion (i.e., sediments are not stored for long periods (Smith 1990)].

Cores of alluvium and colluvium that mantle the valley bottom will be taken at locations where the cross-

sections are surveyed (see below), as well as in other areas, and sediments in stream-cut exposures will be

described. Coring will provide data on thickness and lateral changes in grain size and composition of deposits

stored in the basin, and will also provide an opportunity to collect organic material for radiocarbon dating. By

mapping positions of deposits of different age in the valley and by comparing these data with independent

paleoclimate records and data on alluvial cycles from other areas, it may be possible to determine whether the

Konza alluvial cycles are related to climate changes or to internal geomorphic controls (Womack and Schumm

1977, Patton and Schumm 1981, Hereford 1984). In addition, results from the dendrochronological study (see
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organic N and patterns suggested by Aber et al.'s models.



"Graduate Projects in Progress") on lowland tree species can potentially be used to estimate a date when alluvial

fills stabilized and began to support vegetation (see Sigafoos 1964, Everrltt 1968). Sampling trees in sensitive

sites on the upland or the margins of valley floors can be used to gauge recent climatic fluctuations. Also,

original federal land survey records and historical photographs will be searched to compare pre-European

settlement channel and vegetation conditions to present conditions.

Modern geomorphic processes will be measured by: 1) surveying channel cross-sections at various

locations along the stream representing a variety of channel configurations (Emmett and Hadley 1968, Emmett

1974, Leopold 1976); 2) studying transport of gravel in stream channels by the use of marked boulders, and

scour chains buried vertically in gravel bars (Leopold et al. 1966); 3) placing erosion/deposition pins along

hillslope transects to document short-term rates of erosion and deposition (Clayton and Tinker 1971); 4) setting

out dust traps to collect samples of wind-blown sediment entering the basin (Smith et al. 1970); 5) studying

hillslope hydrology (i.e., infiltration, overland and subsurface flow) and sediment yield using Cerlach troughs

(Leopold and Emmett 1967) at sites having different slope, geology, aspect and vegetation; and 6) measuring

suspended sediment and dissolved load in runoff samples taken at the flume to show relationships between

processes of sediment generation, storage within the basin and output from the basin (Caine and Swanson

1989).

Croundwater-Surface Water Interactions (Tate, Macphenon)

Understanding groundwater-surface water interactions is of critical importance for several reasons: 1)

our long-term record of hydrology (Figure 33) and nutrient dynamics; 2) Konza represents the only benchmark

for studies of groundwater-surface water contamination by agricultural practices in this region; and 3) we have

the opportunity to advance stream ecology by studying the importance of longitudinal (upstream), lateral

(riparian, floodplain), vertical (groundwater) and in-stream controls plus storm events on supply and availability

of essential elements for biotic productivity (Meyer et al. 1988). Both nitrogen and phosphorus are important

controlling factors of algal biomass in Kings Creek and nitrogen varies both spatially and temporally within a

watershed with groundwater inputs Into the stream channel influencing the spatial variation of nutrients (Figure

34; Tate in press).
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The geology of Konza can be described as a series of thin limestones interbedded with thick shales.

Fracture flow probably dominates in both permeable limestone and less permeable shale units (Figures 7,32).

Because the units are nearly horizontal in space, the streams dissecting the N04D watershed cut through

progressively older strata, and are fed by (during wet periods) or lose water to (during dry periods) several

limestone units. The nature of the relationship between groundwater and surface water is important to

understanding the overall hydraulic and chemical regime at Konza. The dynamics of groundwater-surface water

interaction may be difficult to determine over a short period, but should be discernable (and, eventually,

predictable) over a long period of time. To this end, we will continue to monitor surface water flow and

chemistry (Tate and Koelliker), and the well casings of the 18+ observation wells installed on N04D will be

surveyed to calculate heads and map probable groundwater flow paths (Pomes, USGS).

Our goals in studying the inorganic and organic groundwater chemistry of Konza Prairie are three-fold:

1) to identify variations in the water chemistry within the N04D watershed; 2) to use these variations to evaluate

factors controlling the groundwater chemistry and identify probable flow paths; and 3) to attempt to evaluate

the extent of groundwater-surface water interactions.

The chemistry of groundwater and surface water depends upon abiotic andbiotic processes occurring

from precipitation to throughfall to the unsaturated (soil) zone as well as in the saturated zone of an aquifer

system. Preliminary analyses confirm that significant variations in specific conductivity, nitrate and dissolved

organic carbon (DOC) exist, even in a single stratigraphic horizon. Understanding the causes for these variations

will improve our understanding of chemical and biological processes operating at Konza. The sampling program

will be designed to characterize groundwater from different stratigraphic horizons by its chemical signature.

Water samples will be collected from several stratigraphic horizons in the unsaturated zone (lysimeters), the

saturated zone (observation wells), springs, as well as above and below seeps (groundwater discharge points into

streams). Current precipitation, throughfall and stream water sampling will be continued. Samples will be

analyzed for major elements and dissolved organic carbon; representjve samples will be analyzed for isotopic

character and trace elements. In addition, with the continuation of our KSU/USGS cooperative agreement,

Thurman and Pomes will identifiy the types and amounts of natural organic compounds present in DOC (i.e.,

fulvic and hurrtlc acids, carbohydrates, soluble fatty adds and alcohols) which can be used as natural tracers for
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Figure 30 A Acidity (pH) of individual wetfall events, as measured by our laboratory prior to shipping samples
to Illinois for analysis as part of the NADP effort An analysis of monthly average volume-weighted results
indicates that late winter precipitation is more acidic than at other times of the year. The second figure (B)
compares ammonium values obtained by our lab compared with samples sent to Illinois for analysis. Our results,
which have been verified by an independent laboratory, indicate that a strong seasonal bias exists in NADP
estimates of ammonium concentrations (Ramundo and Seastedt, submitted; data sets NTFOl. NADPl). While the
bias is generally known among researchers, the extent of site biases and the seasonality of these biases have not
been documented. These correction factors need to be established if NADP data are to be used in multisite

analyses.



water movement and indicate compounds available to the mlcrobial community. Also, if enough inorganic

geochemical data are collected and additional funds are found, Macpherson and Sabina Bock (Kansas

Geological Survey) will attempt to determine the geochemical reactions affecting the groundwater chemistry,

which can then be used to suggest probable groundwater flow paths. The controlling geochemical reactions are

best discovered using reaction-path modeling programs such as PHREEQE (Parkhurst et al. 1985). This

computer model increases our ability to predict changes in water chemistry along groundwater flow paths, and

adds the capability to form and test a hypothesis about the hydrochemical system. The progress of chemical

reactions (or the extent of reaction) will help us suggest specific pathways along which groundwater moves at

the Konza. These pathways should confirm pathways predicted by hydrologic analysis, but may also reveal

complexities, such as mixing of water from different aquifers, which are not obvious from simple analyses of

head distribution. After identifying potential groundwater pathways at Konza and confirming that groundwater

flow is relatively fast, we will test our hypotheses by using conventional water-tracing techniques (dye or

conservative tracer) to determine the time of travel and identify the extent of hydrodynamic dispersion along the

flow path.

Landscape-CIS Studies (Nellis, Briggs, Henefcxy)

The entire research site has served as an experimental unit for a number of landscape-related questions

(Nellis and Briggs 1988) and is currently being used in both NASA and NSF-sponsored projects on interfacing

biological phenomena with climatological variables. Our ARC/INFO and ERDAS systems allow us to aggregate

data from the smallest unit of a CIS (determined by the specific data set) up to a single value for the entire site.

While this system has been totally operational only since 1989, Nellis and Briggs (1987,1988,1989), Briggs and

Gibson (submitted) and Seastedt and Briggs (1990) have begun to explore the potential of this technology

(Figures 2,35).

The NASA-FIFE project provided us with all TM and SPOT images for the 1987-1989 interval (Table 2).

We are currently attempting to obtain additional pre-1987 images. We propose to continue collection of all

relatively cloud-free Landsat TM images of the site, and supplement these data, when possible, with SPOT

images and aerial photography. These data allow us to select sample area and sample numbers appropriate for
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Table 2. Satellite Image and CIS Inventory

Current Holdings

1) Over 50 AVHRR images of Konza from 1987 and 1988 are available. These images are 256 X 256 subset of

the original images.

2) Multispectal Scanner Images

22 April 1986

3) Thematic Mapper Images

12 August 1983

11 May 1987

31 August 1987

06 June 1988

4) SPOT

Multispectral Images

20 March 1987

31 May 1987

26 June 1987

28 July 1987

13 September 1987

04 October 1987

09 November 1987

20 June 1988

31 August 1988

23 October 1988

Panchromatic Images

06 June 1987

Current CIS Coverages

11 May 1986

15 May 1984

12 June 1987

18 October 1987

01 August 1988

15 August 86

22 Jume 1985

14 July 1987

27 April 1988

25 August 1988

09 April 1987

15 August 1987

13 May 1988

26 September 1988

05 April 1987

01 June 1987

27 June 1987

02 August 1987

23 September 1987

24 October 1987

13 April 1988

05 July 1988

06 September 1988

26 June 1987

10 April 1987

06 June 1987

18 July 1987

07 August 1987

24 September 1987

30 October 1987

09 May 1988

21 July 1988

16 September

08 August 1987

01 May 1987

11 June 1987

23 July 1987

17 August 1987

03 October 1987

04 November 1987

25 May 1988

05 August 1988

18 October 1988

1) Digital Elevation Map (DEM). It has a horizontal resolution of 25 meters and a vertical scale in tenths of

feet

2) Slope derived from the DEM.

3) Aspect derived from the DEM.

4) Roads, Trails, Piplines and Powerlines

5) Boundary Lines

6) Fence Lines

7) Konza Geology

8) Research Treatment Areas

9) Soils (only Riley County)

10) Woody trees and shrubs of selected watersheds. These coverage have locations as well as species and

height of all individuals.

Note: The rest of 1988 and all of 1989 Spot and TM images will be provided by NASA-FIFE project All

historical TM and MSS images with low cloud cover of Konza during the growing season are scheduled to be

purchased. In 1990 and thereafter at least one low cloud cover SPOT MSS and/or TM image of Konza during

the growing season will be purchased.
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specific questions as well as test the importance of spatial scales In measurements of various ecological

phenomena (Seastedt and Briggs 1990). We have expanded our CIS capability beyond the LTER minimum

standard installation with the addition of PC ARC/INFO University Lab Wt that we are sharing with the

Department of Geography.

Modeling (Henebry, Tracy)

We propose to build upon the extensive grassland systems modeling efforts developed over the last two

decades. Our goal is an integrated soil-water-vegetation model that explicitly addresses the topoedaphic

gradients found at Konza and translates these landscape features into constraints on biotic processes.

Soil moisture is a dominant physical constraint on NPP and soil fertility In most years. As we discussed

in "Landform Effects on Hydrology and Surface/Ground Water Chemistry", the initial configuration of the Link-

Node network will be motivated by extant data on surface water movement Model development will focus on

the most intensively studied watershed on Konza, N04D.

Concomitant to the development of the model's physico-chemical subsystems by members of the Wet

Group, especially J. Tracy, are the development of the vegetation and soil organic matter subsystems by G.

Henebry. Soil organic matter dynamics will be simulated using a version of CENTURY (Parton et al. 1987) that

has been modified to take advantage of the Link-Node network of physico-chemical subsystems. CENTURY

simulates decomposition rates in the multiple soil organic matter compartments as a function of soil temperature

and precipitation and includes both carbon and nitrogen flows. The plant growth section of CENTURY will be

replaced by links to a version of the high-resolution GRASS model (Coughenour 1984) that has been revamped

to reflect Konza conditions.

GRASS operates through a nested temporal hierarchy reflecting a range of environmental influences on

graminoid growth. Tillers are divided into three functional classes, each of which has distinct age classes and

nitrogen content The coarse time scale of one day governs growth, translocation, nitrogen uptake and root

respiration. Each day is divided into light and dark periods. During the light period, an hourly increment

governs canopy light, temperature and cloud cover. The finest time scale of several minutes is reserved for soil

heat and water fluxes, stomatal flux, plant water potential and leaf energy balance.
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A version of CRASS is currently being used in our NASA-supported study of grazing-climate

interactions. While it does provide the fine temporal resolution required by CCMs, the problem of scale-up

currently limits Its utility. Our Integrated model will initially focus on resolving the fire-grazing-landscape

dynamics within the catena. One of our objectives in the latter stages of the funding period is to address the

scale-up issue; specifically, how can we best integrate over the landscape (N04D watershed to KPRNA to Flint

Hills) to achieve adequate resolution without computational burden. At this stage of model development, the

direction to pursue is not dear. Indeed, Neilson et al. (1989) dte it as a "key hurdle" in the simulation of

climate-biosphere interactions. However, as our integrated model takes shape, we will be able to identify

critical parameters and fordng functions through sensitivity and uncertainty analyses. Moreover, the Link-Node

network provides a natural mechanism for exploring the model's spatial scaling effects. With these data in

hand, we will be better able to modify and scale-up the integrated model using remote sensing/CIS images of

Konza and the Flint Hills. Our proposed model does address other "key hurdles" indicated by Neilson et al.

(1989), namely, the nesting of ecological process models and the linkage to physical process models.

Critical to the development of these models, indeed all spatially-explicit models, is an understanding of

the covariance structure of observed variables (e.g., soil moisture, biomass) within and across relevant spatio-

temporal scales. Such data are necessary for model calibration and validation. For instance, analysis of

multivariate transect data can reveal the statistical structure of the field which, in turn, can be used to compute

optimal estimates of ensemble mean values of a variable field for a given time and location as well as to estimate

missing values. Such techniques are being used in synoptic meteorology (Thiebaux and Pedder 1987) and

quantitative geography (Griffith 1988). We do not, however, envision the need for a sampling program beyond

those outlined in other sections of this proposal due to the already extensive data sets gathered through LTER

and FIFE.

Finally, the integrated model we propose requires substantial computational power. While initial

development can occur on local workstations, uncertainty analyses and production runs will demand

supercomputer resources. KSU has recently acquired a minisupercomputer (SCS-40) that can accommodate

some of this demand. However, we will turn to the National Center for Supercomputing Applications (NCSA)

for most of our need for processor power. NCSA is equipped with both serial (CRAY-XMP/48, CRAY-2) and
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parallel {Connection Machine CM-2) machines. Development of the integrated model for N04D will use the

serial machines. Extension of the integrated model to the multiple-watershed and regional scales will require a

degree of concurrent processing that is available only on a massively-parallel computer as will be discussed in

section 10 (New Projects and Technologies).

Section 2: LTER Spedfic Topics

1. The Core Areas

Research at our site is question driven, and categorizing these topics into the five core areas is a simple

task. Individual hypotheses were listed under core area headings. Elsewhere {Evans et al. 1989) we have

reported our objections to the use of generic "disturbance questions" to tallgrass phenomena. Our system is fire

(and potentially, grazer) maintained. The question becomes: what, if any, is the effect of disturbance at a

specified focal level (Pickett et al. 1989)? Because a disturbance is an event (Rykiel 1935), the system response

can potentially be measured at any scale. At some scales the response is negligible and thus the disturbance is

absorbed by the system perhaps at higher focal levels (Collins 1990). That is, a grasshopper grazing on a tiller of

a big bluestem has little impact on watershed productivity but may have dramatic consequences for its seed

production. We are fortunate to have an experimental system at Konza in which pre-disturbance conditions

and their variance are known, allowing us to measure system jesponse to predictable disturbances such as fire

and grazing at any functional level. At the same time, we recognize that high-intensity, infrequent events such

as tornados, hail storms and floods can have long-term effects on the system. The measurements proposed for

the other core areas are sufficient to detect these impacts.

2. Long-term Experiments

Fire and grazing records are carefully maintained for all management units on Konza Prairie. Ongoing

data sets listed below represent output from our specific LTER long-term experiments. In addition to the

replicated watershed-level fire and grazing study, the late Dr. L. C. Hulbert established a series of plots for

species composition studies (Figure 36). These plots have already proved valuable beyond their original

purpose; Hetrick and Gibson (1908) studied fire-topographic effects on mycorrhizal spore abundance. These

plots, along with several other plot experiments initiated by Hulbert, will be continued. The Belowground Plots



Figure 35. Digital elevation model of Konza (using the TIN module of ARC/INTO) with the watershed boundaries

overlaid.



(Figure 26), were added in 1986, and additional, long-term fire frequency/fertilization plot experiments were

initiated in 1988 (Seastedt et al. submitted).

3. Long-term Data Sets

The first land acquisitions that led to the organization of Konza Prairie occurred in 1970. Prior to that

date, the site was a private cattle ranch. Aerial photographs of the site are available, and these data have been

used to study riparian forest dynamics (Abrams 1985). Hulbert obtained both species composition data (Cibson

1989), and plant production data (Abrams et al. 1986) during the 70's prior to the initiation of the LTER in

1980. Other historical data sets that are available on the data network to the LTER investigators include: 1)

weather data from Manhattan KS from 1891 to present, 2) mapping of woody trees and shrubs, 3) bird species

lists, including dates of observation and nesting records, and 4) NPP and plant species composition data from

long term (50 years) fire and cattle grazing experiments conducted on plots within 10 km of Konza (Towne and

Owensby 1984). The LTER data sets, showing the length of time of collection and current status, are listed in

Appendix C.

4. Data Management

If Konza Prairie is the most intensively studied grassland on earth, it follows that our data management

group has an immense responsibility and plays a key role in Konza's continued development While the State of

Kansas provides considerable site management support, we have yet to obtain state support for Konza Prairie

data management This means that the LTER data management personnel function in a larger role and manage

non-LTER data as well. For example, we plan to procure a large portion of the NASA-FIFE database.

The overall objectives of the Konza Prairie LTER Data Management (KPLDM) plan are to assure data

integrity (correctness, at all times, of all items in the database), improve security (protection against loss of data),

and facilitate use of data by the original investigator(s) as well as by future researchers. Our goal is the

development of a research database to address scientific questions ranging from local to global scales.

Data management at Konza Prairie LTER has been an important component of the project since 1981

(Curtz 1986). J. M. Briggs, the current data manager, has been with the project since 1984. He has been

involved with the data managers at other LTER sites and is currently working on a manuscript with S. Stafford

(Andrews), B. Michenier (North Inlet), and B. Benson (Northern Temperate Lakes) entitled "Computer
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Revolution in Ecology". Briggs has a working relationship with all the scientists at Konza and has

published/submitted articles with Collins, Evans, Finck, Gibson, Kaufman, Knapp, Nellis and Seastedt This

emphasi2es both the importance of data management at the project synthesis level, and the value (at our site at

least) of having a trained biologist in this position as data management coordinator.

C. Wnderknecht, network manager and computer programmer, joined KPLDM full time in January

1988. Before that time he worked as a programmer and has written the data entering, data checking, data

reformatting, network utilities and the data documentation programs. In addition, he has written many

specialized programs for many of the LTER investigators ranging from vegetation species summary, specialized

spatial statistics, image processing, and jackknifing programs. His expertise in computer programming has

allowed Briggs to assume a more generalist role as an active researcher/synthesizer.

Hardware and Software

KPLDM has acquired various computer hardware and software to accomplish the objectives listed

above and to maintain the data base. These are discussed below.

Figure 37 and Table 3 summarize the present extent of hardware and software facilities available to the

Konza Prairie LTER research staff. At present, we have linked the personal microcomputers of most LTER

researchers directly to each other and the Konza Prairie data bank through the Novell Network (Figure 38). This

allows data, reports and manuscripts to be transferred among researchers. Our Konza Prairie data bank includes

archived LTER data with an electronic data catalog that allows any connected investigator to browse necessary

documentation such as data format, site location, etc. Our administration on campus has supported our need

for electronic mail and data transfer on campus and across the network, and is in the process of installing fiber

optic cable in our building to allow us to be connected to campus-wide ethernet connection. Such a

connection is vital for our campus and off-campus communication in addition to our network activities.

The new image processing and CIS equipment recently purchased will allow us to expand our efforts in

both spatial variability and ecosystem modeling. Briggs has received training in the use of both the ERDAS and

ARC/INFO software at both company facilities and at the LTER sponsored CIS/Remote Sensing Workshop.

Nellis also has been trained on this software. This equipment and training, coupled with the array of remote-

sensing data available from the NASA-FIFE experiment on Konza from 1987 to 1989 have allowed us to build
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Table 3. Computer Software and Hardware Equipment List

Image Processing and GIS Laboratory:

1-Sun 4/110 color workstation with 8Mb RAM, 900Mb disk, and 1/4" tape
cartridge with ARC/INFO 5.0

1-8 mm Exabyte Cartridge Tape subsystem

-Calcomp 8-pen plotter

-Compaq 386/25 with 5 Mb RAM, 320 Mb disk with ERDAS 7.3
-Cipher 6250 BPI1/2" tape drive

-Cipher 1600 BPI 1/2" tape drive
-Tektronix 4696 Color jet printer

-Video Digitizer

-Altek 32" X 24" digitizer

PC Computers in Konza Prairie LTER Microcomputer Lab;

1-Zenith 386/33 with 2 Mb Ram, 150 Mb disk and VGA video
2-IBM AT's with 2046 RAM, 20 Mb disk and EGA video
1-Ultra Comp 80286 with 1Mb RAM, 50 Mb disk and VGA video
1-Ultra Comp 80286 with 640k, 50Mb disk and EGA video
1-Jameco 80286 with 640k, 80Mb disk and monochrome video
1-Zenith 158-3 with 512k, 20Mb disk and monochrome video
Computer Languages-Basic, Pascal, C and Assembler

Statistical Packages--SAS, RS/1
Graphics-SAS/GRAPH, 123, Slide Write, Quattro, Surfer
GIS/Image Processing-ERDAS, ARC/INFO, P-Map, Idrisi, MAP
Word Processing-Word Perfect, Wordstar, PC-Write
Database Management-DBASE IV

Network Hardware and Gateways:

1-Equinox Data Switch (allows gateway to campus IBM mainframe, Computer

Science VAX 11/780 and Telenet)
1-Zenith 386/25 with 4 Mb RAM and 320 Mb disk (serves as Novell file

server) with Novell's Advanced Netware/286
1-Summus GigaTape 8mm tape subsystem used for backups

1-UPS

Peripherals:

1-HP LaserJet D primer

1-HP 7475 Plotter

1-Data Products Postscript laser printer
1-Oki 393 24 pin dot matrix printer

1-IBM Quietwriter printer

Other Konza Prairie LTER hardware computer equipment
Most investigators associated with Konza Prairie LTER have an IBM-PC type machine in their
office. By the end of this year, all will be connected to local area network in the microcomputer

lab and to the campus-wide ethemet 39
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an extensive CIS database that we are just now beginning to exploit (Nellis and Briggs 1989). The CIS database

linked to the Konza Prairie LTER database will Increase our ability to address landscape-level questions and

conduct complex, interactive modeling.

Konza Prairie Database

The list of 70 LTER data sets which are being maintained by the LTER staff are shown in Appendix C.

Those data sets without an end date are presently on-going. In addition to the online data set catalog and data

documentation, the Konza Prairie LTER staff has maintained a methods manual since 1981. This important

manual (currently a 147 page document) details how each LTER data set is collected. It includes items such as

precise maps of the vegetation survey, sample data sheets, and very detailed procedures on instrument

installation and use. This manual provides the necessary details to interpret the more extensive data

documentation files maintained for each data set This document is updated yearly and a complete revision

manual is produced every 5 years.

The Konza Prairie LTER data base requires a large investment in time and money to maintain. A large

amount of time is spent constantly updating existing data sets and documenting new data sets. This is

particularly true with the turnover of investigators at our site coupled with the new projects started on Konza

and with the increase of investigators not affiliated with Kansas State University.

We have developed an user-interface to our LTER database to facilitate proper and prompt data

documentation by the current LTER researchers to aid us in this job. Currently, we are using DBASE IV to store

and retrieve documentation forms. A menu-driven format allows us to update, add or browse data

documentation. We have developed data entry programs and data checking programs to aid us in our effort to

maintain data integrity. We store all archived files (files that have been entered and thoroughly checked) on

1/2" magnetic tapes on the mainframe. In addition, we have multiple back-ups of the magnetic tapes. We are

assuming that the 1/2" magnetic tapes will last 4-5 years and are rotating them under that assumption.

Furthermore, we have weekly backups of our PC Network and Sun 4/110 using 8mm tape. Thus, we have at

least three electronic backups of our LTER database at all times. Once a universal hardware standard for optical

disks is established, we will replace the 1/2" magnetic tapes with optical disks. We are also storing the original

data/field sheets. All data is stored in ASCII form for maximum portability to statistical and graphical systems of
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the investigator's choice or to outside investigators. The storage of data in ASCII form worked very well with the

FIFE experiment on Korea, when during that time frame (1987-1986), we handled over 30 requests for Konza

LTER data from scientists all over the world.

With the addition of remote sensing, CIS and modeling to the KPLDM, procedures are underway to

determine the proper protocol necessary to store such items. Some of the procedures have been discussed with

data managers from other LTER sites, but no firm decisions have been made. Presently, all satellite derived

images of Konza are stored on 1/2" magnetic tape using band sequential format Each image has an ASCII file

with it, indicating information such as date, platform (i.e. SPOT, TM, etc), ground control points and the method

of geometric correction. Future plans also include sharing bibliographic database (starting with the Konza Prairie

Publications list) across the local area network with the goal of expanding this to all the LTER sites. We are

presently exploring the software options available and again we have been in contact with data managers at the

other LTER sites.

The number of requests (45) involving the access of archived data in 1989 has increased 50% over

previous years. We have developed a protocol which was implemented in 1983 that has alleviated concerns

expressed by investigators. We have three levels of access restrictions: unrestricted, limited restriction, and full

restriction. Briefly, unrestricted-archived data sets with access to all current Korea Prairie researchers upon

notification of the data manager. This is read-only access: it is understood that any errors discovered (or

suspected) in an unrestricted data file must be brought to the immediate attention of the data manager, who will

confer with the investigator. Limited restriction-archived data sets with read-only access available to current

Konza LTER researchers or to outside researchers upon written permission of the current LTER Pl(s) and the data

set investigator for the time period of data requested. The Pl(s) may deem that the investigator's approval is not

necessary if he/she has waived that privilege, is deceased, or cannot be reached within a reasonable amount of

time. Restricted-these data are accessible only to the investigator or persons designated by the investigator.

These may be raw data files or other data files which are considered incomplete, unverified or otherwise

uncertain as to their correctness. Our goal is to have all LTER data archived and in the unrestricted category

within one year after the last datum is collected. These restrictions apply to data sets only after they are

archived, before that, the data are entirely the responsibility of the investigator(s). Regardless of access
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restriction, no researcher outside of Konza Prairie LTER will be given access to LTER data without written

approval of the LTER principal investigator. In addition we have adopted the following guideline for the release

and dtation of data collected as part of the Konza Prairie LTER project to individuals not directly associated with

the Konza Prairie LTER project

Data Requests at this time must Include:

1) Formal written request and a statement of intended use.

2) Approval of the investigator and/or the Konza Prairie LTER Principal Investigator.

3) Request must be filed with the Konza Prairie LTER data manager.

4) Release of data (following approval) should include a cover letter specifying that: The data are released for

your use only and for the purposes outlined in your request

5) Manuscripts using the data are to be provided to the Principal Investigator, LTER, Division of Biology, Ackert

Hall, Kansas State University, Manhattan, KS 66506 so that he/she may notify the appropriate investigators.

6) Publication of these data are allowed by the expressed permission of Konza Prairie LTER investigators named,

who have primary responsibility for the data sets.

7) Acknowledgment should be made to recognize the contribution of data by Konza Prairie LTER. In addition,

the format shown below is also to be included with the letter. Citation of a data set should use the following

format: "Data from the Konza Prairie Research Natural Area were collected as part of the Konza Prairie LTER

program (NSF grants DEB-8012166 and BSR-8514327), Division of Biology, Kansas State University,

Manhattan, KS. Data and supporting documentation are stored (Data Set Code(s)= ) in the Konza Prairie

Research Natural Area LTER Data Bank." Additionally, spedfic investigators might be dted for their

contributions to the paper.

With the initiation of our third round of funding, the following data management policy will be

implemented: "Accepting support from LTER indudes the acknowledgment that the investigator agrees to

archive all Konza LTER data in the Konza LTER database, and that this data will eventually be available to

others. The investigator will have exdusive rights to such data for a maximum of three years from the time of

data collection. Thereafter, the data manager shall have the right to provide these data to others. Permission
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Table 4. Tide, leaders, and status of major ongoing and proposed research projects involving 5
or more sites.

1. Decomposition
a. Fine litter exchange experiment

Melillo (HFR), Harmon (AND - coordinator), Parton (CPR). A 21-site litter decomposition
experiment in terrestrial systems is getting underway. A proposal for further work is in
preparation.

b. Coarse woody debris
Harmon (AND), Schowalter (AND). Preliminary study of log decomposition based on
periodic destructive sampling of a collection logs which were fresh when placed on the
ground in 1985. Supported by a NSF grant. Support for a 5-site network is pending.

c. Litter decomposition in aquatic systems
Meyer (CWT). Proposal based on approach used in terrestrial fine litter exchange experiment

to be developed ca, 1991.

2. Modeling Vegetation Dynamics in Forests and Grasslands
Shugart (VCR), Lauenroth (CPR), Parton (CPR). The approach is to utilize simulation
models to investigate behavior of ecosystems over a range of sites in North America.
Individual-based vegetation models and soil process models will be used to 1) account for
existing patterns in ecosystems under a spectrum of environmental regimes arrayed along
temperature and water gradients, and 2) to make predictions about the response of these
ecosystems to environmental change. Test applications began in earnest in 1989 under
several NSF grants. NSF proposal submitted 12/89 and some commitment made in
appropriate LTER site proposals.

3. Climate Change Effects on Site Hydrology at Plot to Landscape Scales Grant (AND), Caine
(NWT). A hydrology model (probably Precipitation-Runoff Modeling System (PRMS))
would be used in comparative analysis of hydrology, including effects of climate change.
This would be done in cooperation with George Leavesley (US Geological Survey) who
developed the model. Discussions of the project have been held with USGS. Use of PRMS is
underway at AND and NWT.

4. Space/Time Variability in Diverse Systems
Magnuson (NTL), Kratz (NTL), and others. Variance in data from at least 5-yr and 5-locauon
measurements of physical and biological variables are analyzed to characterize contrasting
systems in terms of temporal and spatial sources of variance. Originally funded by senior
investigator, Coordinating Committee, and site funds. Further work planned based on funding
from latter two sources.

5. Ecosystem Properties Across Environmental Gradients

Tilman (CDR), Zack (CDR)-coordinators. Ten-site-comparison of soil nutrient dynamics,

productivity, and plant life forms across environmental gradients in the US. Funded by
Coordinating Committee and individual site grants.

6. Plant Demography, Especially Mortality
Harmon (AND), Franklin (NET), and others. A specific work plan for intersite comparative
analysis of existing data will be developed at the tree mortality workshop at AND in April
1990.



from the original investigator will be requested, but after three years this request shall be considered a courtesy

and not a prerequisite to data transferal."

The data manager will inform the LTER Pl(s) regarding the annual status of data set entry and necessary

documentation forms. Investigators not submitting data and supporting documentation collected with LTER

funds shall be given reduced funding priority. LTER support to Konza Prairie researchers is based on their

commitment to document and archive data and not to support their specific research interests.

5. Synthesis and Modeling

To date, we claim a BioSdence article, several isolated book chapters and a large portion of one book

(Collins and Wallace 1990) as examples of our efforts to synthesize our research projects. A book on Konza

Prairie that made extensive use of LTER information was written by a colleague (Reichman 1987). The 11th

North American Prairie Conference (Bragg and Stubbendieck 1989), a volume dedicated to the memory of the

Director of Konza Prairie, L.C. Hulbert, contained substantial Konza Prairie information, including an important

synthetic effort (Evans et al. 1989). Additional chapters and review articles have been published, and interest

has been indicated in publishing several books during the proposed funding period. We acknowledge the need

for such syntheses, but also point out that Konza Prairie, unlike other LTER sites, is of relatively recent origin and

has not had an interdisciplinary focus until the current funding period.

Our site had essentially no mathematical modeling activities through 1985. Beginning in 1986,

however, Koelliker used a hydrologic model to focus his research (e.g., Bartlett 1988, Koelliker 1988). The

CENTURY model developed by W. Parton, CSU (e.g., Parton et al. 1987), was adapted to tallgrass prairie and

used to predict effects of fire and fire frequency (Ojima 1987, Ojima et al. 1990). LTER data were used to

parameterize the model and Ojima was hired as a consultant to develop a life-form version of CENTURY. The

model predictions provided the focus for the ecosystem research conducted on Konza for the last several years.

The success of CENTURY and its usefulness to the LTER effort convinced us of the need for a full-time modeler.

Consequently, Henebry joined our program in June of 1989.

W. Lauenroth (CSU) and H.H. Shugart (U.VA) have an ongoing modeling effort in which Henebry has

and will continue to participate. Among the objectives of this effort include many of our within-site questions:
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Table 5. Federally funded research projects on Konza Prairie (1986-present)1

Investigator Tide
(University) (Co-Principal Investigators, Agency)

Firestone, M.F.* Interaction of soil nitrogen and water cycles as control of N-gas production. (NSF)

(U.Cal. Berkeley)

Cray, l.J.

(Ottawa Univ.)

Biotic export of energy and nutrients from a prairie stream ecosystem. (NSF)

Croffman, P.J.* Denitrification, nitrous oxide, carbon dioxide and moisture dynamics at the landscape level

(U. Rhode Island) using remote sensing techniques. (NSF and NASA)

Hartnett, D.C.

(KSU)

Havlin,J.L

(KSU)

James, S.W.

(KSU)

Kanemasu, E.T.

(U.Ca)

Keeler, K.'

(U. Nebr.)

Knapp, A.K.

(KSU)

Effects of bison herbivory on two tallgrass prairie species: The Influence of fire,

competition and pattern of defoliation on plant responses. (NSF)

Synchrony and contribution of legume nitrogen for grain production under different tillage

systems. (C.W. Rice, USDA-LISA)

Impact of a changing earthworm fauna on decomposition and mineralization processes of

tallgrass prairie. (T. Seastedt, NSF)

Canopy photosynthesis and resistance measurements for FIFE.

(J.L. Norman, NASA)

Polyploid polymorphism in big bluestem. (NSF)

Non-steady state responses in net photosynthesis and stomatal conductance during periods

of variable sunlight (NSF)

Lauenroth, W.K* Plant community structure across resource gradients from grassland to forest (H.H.

(CSU) Shugart, NSF)

Norman, j.L. Measuring and modeling of near surface reflected and emitted radiation fluxes at the FIFE

(U.WI) site. (B.L. Blad, EA Walter-Shea, NASA)

Parton, W.J.* Interactions of fire and grazing on landscape patterns in tallgrass prairie

(CSU) (D. Schlmel, C. Owensby, NSF)

Schimel, D.S.- Biological control of land-atmosphere exchange: an ecosystem study.

(CSU) (A. Knapp, W. Parton, T.Seastedt, C. Wessman, NSF)

Schimel, D.S. Surface biophysical properties and trace gas exchange in the tallgrass prairie.

(CSU) (W.J. Parton, R.C. Woodmansee, NASA)

Seastedt, T.R. Effects of invertebrates and small mammals on the productivity and nitrogen dynamics of

(KSU) tallgrass prairie. (E. Evans, L. Hulbert, D. Kaufman, S. James, NSF).

Seastedt, T.R. The influence of grazing on land surface dimatoiogical variables. (M.I. Dyer and C.L.

(KSU) Turner, NASA)



"1. Investigate the two-way interactions between ecosystem processes (carbon balance, nitrogen cycling and

water relations) and vegetation structure (life form and spedes composition, physiognomy, size and age-class

distributions).

2. Determine the pattern of environmental constraint on ecosystems in terms of the relative importance of light,

water, nutrients and temperature in controlling ecosystem processes and vegetation structure.

3. Explore the importance of disturbances as system constraints that interact with ecosystem processes and

vegetation structure.

4. Assess the direction and magnitude of ecosystem response to climatic change, with explicit consideration of

the significance of short-term transient behavior" (W.K, Lauenroth, pers comm).

Given the large amount of overlap between these modeling questions and our empirical efforts, Konza

Prairie has much to offer this modeling project in terms of calibration and validation of data. The project

emphasizes integration of life-form vegetation models, STEPPE (Coffin and Lauenroth in press) and a new

generation of FORET models developed by Shugart's group (e.g., Urban et al. 1987), with abiotic process

models (e.g., CENTURY). We expect that their end product will complement the biophysical emphasis of our

own integrated modeling effort Together these models will provide Konza with a singularly robust framework

within which to generate and evaluate hypotheses.

6. Interslte and Network Activities

Researchers from our site were among the first to participate in multisite studies. Curtz (1986) helped

develop the data management system now used at a number of LTER sites. Tate spent two years on a NSF

Fellowship comparing the nitrogen and phosphorus sensitivity of streams in five different biomes. Seastedt et al.

(1989) expanded upon an intersite research project of Schowalter and compared densities and indices of

species diversity of fauna in decaying wood. The list of ongoing multisite projects and investigators involving

Konza Prairie and LTER investigators is rapidly increasing. Table 4 illustrates the proposed and ongoing projects

at five or more LTER sites. Eight of 19 federally supported projects on Konza Prairie during the current five year

period have involved at least one additional site (Table 5). In addition, we know of at least eight multisite

projects involving Konza Prairie that are pending at NSF (Table 6). We strongly concur with the statement of

commitment of intersite research prepared by Cohort I LTER sites (Table 7).
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Table S cent. •Federally supported research on Korea Prairie, 1986-present, cont-

Sharpe, P.J.H.* Spatial relation, resources and disturbance: A comparative ecosystem study. (NSF)

(Tex. ASM)

Tate, CM." Seasonal response of stream perlphyton to nutrient enrichment In five biomes. (NSF)

(U. Wl)

Thurman, E.M. Organic groundwater chemistry of various aquifers beneath tatlgrass prairie. (USCS)

(USCS, Lawrence)

1. Projects as of January 1990, exclusive of airborne or off-Konza NASA-FIFE studies.

* Multisite projects.

Table 6 .Current and pending multi-site research projects on Konza Prairie, (see also Table 4.)

Investigator Tide

(Institution) (initiation date of project)

-current projects*

Schowalter, T.D. Cross-site comparison of wood decomposition.

(Oregon State U.) (1987)

Harmon, MA Litter decomposition study

(Oregon State U.) (materials collected 1989)

Tiezsen L. Comparative analysis of soil organic matter with stable

(Augustana) C and N isotopes at several LTER sites. (1989)

•pending projects-

Bledsoe, L.J. Biogeochemical cycles across the LTER network.

(U. Wash.)

Dahm. C.N. Comparative analysis of methane flux in small order streams.

(U. New Mex.)

Crimm. N.B. Hydrotogic and biogeochemical linkages between the hyporheic and surface zones of

(Ariz. State U.) streams.

Huntly, N. Patterns, scales and mechanisms of influence of spatially explicit animal-generated

(U. Idaho) disturbances on plant community structure.

Myrold, D.D. 15N tracer studies of soil microbial dynamics in forest and prairie.
(Oregon State U.)

Lauenroth, W.J. Coupling ecosystem processes and vegetation structure across environmental gradients.

(Colo. State U.)

Fahey, T.J. Fine root dynamics, a cross-ecosystem study.

(Cornell U.)



We are currently working at three spatial scales above our individual site. We are developing a tallgrass

prairie regional network, which includes a network of tallgrass prairie sites (including at present: Fermilab (IL),

Tucker Prairie (MO), The Land Institute (KS), and the Nebraska sites, Allwine Preserve, Arapaho Prairie and the

Niobrara Preserve), as well as a group interested In comparing prairie and agroecosytem properties (e.g., Havlin

and Rice's LISA study, Seastedt and Brigg's proposal to MAB). An example of this regional interaction occurred

in 1986-87, when LTER data sets were used in a preliminary evaluation of the status of nearby tallgrass prairie

sites used for military training activities (Schaeffer et al. In press). The next spatial scale includes the North

American grassland and arid-lands study, a program currently lead by the CADRE effort of Colorado State

University. We provide an eastern link to their network.

The largest scale involves the participation of our personnel in the LTER and associated networks, and

our group is involved at this level. Tate was invited to the Third Cary Conference and was an author on The

Ten Commandments of Comparative Analyses" (Tate and Jones, in press). Active collaboration currently exists

for several initiatives, including modeling (Henebry), data management (Briggs), stable isotope and stream

studies (Tate), remote sensing/CIS (Nellis and Briggs), decomposition and organic matter dynamics (Rice), and

global climate change (Knapp and Seastedt).

7. Related Research Projects

Additional non-LTER studies are listed in Table 8 (also see Tables 4-6). The NASA FIFE project (1987-

present) represents a study of a size and scale previously unknown to ecologists; it dwarfs even the grasslands

IBP work in terms of number of scientists involved, funding, data acquisition and data management (Appendix

D). The significance of this effort to current LTER efforts cannot be overstated. If ecologists are to become

realistic and active participants in the global change arena, they must be able to interact with this group

(biophysicists and atmospheric scientists) and be capable of providing data appropriately scaled for vegetation-

atmosphere studies. Biological processes and ecological constraints have extremely large influences on regional

climate, both on the short and long-term (e.g., Figures 2,39). This fact has yet to be integrated into general

circulation models. Until such information is incorporated, these models cannot provide realistic long-term

predictions.
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Table 7.

Statement of Committment to LTER Intersite Research and Coordination, for the LTER III

Proposals of Cohort 1 Sites (Andrews, Central Plains, Coweeta, Konza, Niwot, North Inlet,
Temperate Lakes).

The seven Cohort 1 LTER Sites have prepared this statement to define our committment to
common intersite research and coordination activities. The magnitude of our past, present, and

proposed intersite activity reflects our belief that these activities produce important results in

ecological science. Further, the LTER Network makes possible collaborative research that

would otherwise be extremely difficult or impossible.

The similarities of broad themes among individual site proposals (e.g. global change effects,
ecosystem processes at multiple scales) lead naturally to identification of these intersite projects.

Perspectives gained from intersite comparative studies and from pooling talent from multiple
sites strengthens the research programs of individual sites. This interplay of site- and intersite-

research is particularly important and effective in long-term research.

Listed in Table 4 are intersite activities in various stages of development. Many of these
activities involve other (non-Cohort 1) LTER and non-LTER sites. In addition to the relatively

extensive intersite research projects listed here, our sites participate in approximately two dozen

research projects involving several sites each. Details of on-going and proposed

activities are contained in individual site proposals, the Coordinating Committee proposal, work

plans, and other documents. In some cases, the specifics have not been determined yet.
Approaches to organizing and funding these activities vary in relation to their magnitude and

stage of development. Approaches include funding from sites, the Coordinating
Comminee grant, and other NSF and non-NSF sources.

Given the rapid pace of change in ecological sciences, we expect that some of the most

important intersite research to be developed over the six-year grant period are impossible to

anticipate at this time.



Thus, our group has an Important responsibility to the scientific community. First, we must provide

proof-of-concept projects and studies using the FIFE data, and secondly, we must preserve the FIFE data base

(FIS; Strebel et al. 1989) to guarantee its availability to ecologists. Our current cooperative study with Schimel et

al. at CSU, and our own NASA projects should contribute towards the first goal. We are exploring avenues of

obtaining a functional archive of FIS with Strebel and other personnel at NASA.

A list of federally funded projects on Konza Prairie for the period 1986-1990 that heavily utilized LTER

data bases and/or experimental designs are shown in Table 5. Only those projects currently (1990) funded are

briefly described here.

An NSF funded Doctoral Dissertation Improvement Grant to S. Glenn and S. Collins focuses on factors

affecting small-scale patch dynamics in undisturbed tallgrass prairie. Removal of little bluestem from study plots

at Konza and El Reno, Oklahoma, was completed in February 1989. Data are being analyzed to determine the

effects of removing a dominant matrix-forming competitor on the patch dynamics of non-matrix spedes.

A NSF funded research project to D.C. Hartnett focuses on understanding plant growth, physiological

and demographic responses to bison herbivory in two dominant grasses, big bluestem and switchgrass. This

study is designed to determine how fire, plant competition and the spatio-temporal patterns of defoliation

influence the continuum of negative to positive plant responses to grazing. Tiller growth, seed production,

clonal spread and survivorship of the two grasses are being measured over several seasons in replicate grazed

and ungrazed, and frequently and infrequently burned watersheds. A series of 25 m2 exdosures is also being

used to experimentally manipulate the temporal pattern of defoliation and to provide additional ungrazed

control plants within grazed watersheds. Although forbs are generally avoided by bison in favor of the dominant

warm season grasses, their abiotic environment and competitive neighborhood is altered by the activities of

bison. Thus, the growth, reproductive and demographic responses of forbs to bison activity will also be studied.

These studies will test the hypothesis that the effects of fire and biotic neighborhood variation alter

plant responses to grazing and that the relative grazing tolerances of different species change under different fire

regimes. They will further our understanding of the potential long-term effects of bison herbivory on individuals

and populations, the proximal effects of grazing on important tallgrass prairie species, and the interaction of

grazing and fire effects at the plant population level. These studies will complement the proposed LTER studies
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Name ft Institution

Denedix, Jamos

Kansas State University

Benning, Tracy

Kansas State University

Brillhart, Dennis

Kansas State University

Brock, Brent

Kansas State University

Ceiling, Thure

Kansas State University

Christeosen, Martha

Univ. of Wyoming, Lanunie

Cink, Calvin

Baker Univ, Kansas

Davis, Lawrence

Kansas State University

DeLuda, Evan

Dept. Plant Biol., Urbana, IL

Engman, Edwin

USDA-ARS, BeltavUle. MD

Fay, Phil

Kansas State University

Table a Additional Non-LTER Ongoing

Project Title

An analysis of the social system of

plains pocket gopher.

Fire frequency and topoedaphic

control of productivity of

tallgrass prairie

Food habits of the coyote (Canis

latrans) in tallgrass prairie

Use of dropping boards as an

indicator of tree use by

Peromvscus leucopus

Phystouchumical factors

migration of fishes in an inter

mittent stream

Paleosols as indicatora of paleo-

dunatesr oxygen and carbon

isotopes in pedogenic carbonate

Fungi in rystems

Breeding ecology and behavior of

the Common Poor-will

Search for fast-growing rhizobia

that nodulate soybeans

Water and nitrogen-use efficiency

and species distribution in tall

grass prairie

Hydrologic application of microwave

measured soil moisture

Cynipid gall manipulations with

Silphium intearifolium

Gall insect population and plant-

insect interactions on tallgrass

prairie

Studies at Konza Prairie

Name ft Institution

Finch, Elmer

Emporia State University

Fisher, Diane

Univ. of Colorado, Boulder

Gosz, James ft Dahm, Cliff

Univ. of New Mexico

Gray, Lawr

Ottawa Univ.. KS

Karris, Marion

Kansas State University

Heahy, Richard

USGS, Lakewood, CO

Irons, James

NASA/Goddard Space Flight

Center, MD

James, Sam

Kansas State University

Jeffrey, Jay

Kansas State University

Jekanoski, Robert

Kansas State University

Jennings, Diaxme

Kansas State University

Project Title

Behavioral observations sod time

budget studies of bison

Census of greater prairie chicken

on tola

A comparison within and between

populations of tallgrass prairie

species from Konza Prairie and

Boulder

Trace gas measureme

on. tallgrass prairie

using FTHt

Btotic linkages between teiiesliial

lotic habitats

Factors initiating dispersion between

Artemisia ludoviciana patches in

the specialist grasshopper

variabuitv xn

rates as affected by root activity

Remote ilwtwmilihlion of surface

albedo using multiple direction

A long-term study of betow^round

earthworm response to bison dung

pats

Ecological studies of Konxw harps

Canopy use by small mammals in

tallgrass prairie

Nocturnal use of structure during

foraging, br Pmomvacus

maniculatus



on plant populations and communities by providing an understanding of the plant physiological, life history and

demographic responses causing observed long-term patterns In plant spedes relative abundances, productivity

and community structure.

A USDA-CSRS LISA (Low Input Sustainable Agriculture) funded project to J. L. Havlin and Rice Is

located on the cultivated land of the Konza Prairie. This research project focuses on the use of different

legumes for supplying the N to wheat and grain sorghum. The project examines the synchronization of legume

N mineralization and soil N cycling in relation to aop N uptake to maximize N use and minimize N losses. The

database from LTER being developed is useful in understanding the close coupling of soil cycling and plant N

needs that exists in the native tallgrass prairie ecosystem when compared to agroecosystems. The use of residue

management (tillage) can manipulate the soil N dynamics to better couple the soil N dynamics with the plant N

needs. The LTER climatic database will be used for eventual modeling efforts.

Collaborative research (funded by NSF) with D. Schimel (CSU) involving Knapp and Seastedt is

examining the influence of tallgrass prairie biota on CC*2 and H2O exchange with the atmosphere. This

examination is at a finer scale than the FIFE project and thus complements and builds upon that experiment

Measurements of foliage N content, leaf chlorophyll, plant water status, net photosynthesis, transpirational

water loss and aboveground biomass have been made on transects spanning topographic gradients. These data

are being correlated with canopy spectral reflectance measurements made by C. Wessman (Univ. of Colorado)

to provide the key links in the modeling efforts of Schimel and colleagues at CSU. The influence of fire on these

relationships is also being studied. Ultimately, these data will be combined with land-use patterns to develop a

regional model of biosphere-atmosphere interactions that can be nested within global climate models.

We have made arrangements for S. Hamburg (Univ. Kansas) to test his time-domain reflectometry

(TDR) system in conjunction with the Schimel et al. transect studies. TDR provides real-time measurements of

soil moisture along a topoedaphic gradient, and these data, in conjunction with photosynthesis, water stress,

production and nitrogen data should provide a robust perspective of plant-nitrogen-water relationships, as

mediated by the Flint Hills topography. Should the system provide useful data not obtainable with current

methods (neutron probes; Figure 40), we will attempt to install a system for the LTER transects.
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Table 8 cont.

Name ft Institution

Merrill. Gary

Kansas State University

Muhtastb, Hala

Kansas State Univeisity

Parrish, J.A.D.

Univ. of Illinois

Peck, Eugene

Hydflx Corporation, VA

Pournazai, Mohsen

Kansas State Univenrity

Reichman, Jin

Kansas State Univenity

Smith, Cbristopber

Kansas State University

Spratt, Jr., Homy

Soutbeast Missouri State, MO

StriegL Robeit

USGS, Denver, CO

Tieszen, Larry

Augustana College, SD

Turner, Clarence

Kansas State Univenity

Project Title

Effects of fire and competition on

establishment and long-term

survival of prairie moss species

Supplemental to LTER plant species

composition study: Bryophytes

The cost and benefit of silica to

glasses

Timing of pollination and seed set

in prairie fofbs

Alternative approach to ground

truth soil moisture

Spatial variability of nitrogen

mineralization on tallgrass

prairie

Pocket gopher ecology

behavior in woodrats

Reproductive strategies of wind-

pollinated trees in the temperate

deciduous forest biome

Sulfur biogeochemistry in stream

sediments on the Konza Prairie

Research Natural Area

Methane consumption in prairie soils:

Effects of biomass burning

Stable isotopes in vegetation and

soil to assess vegetation changes

in NJV prairies

Influence of grazing on surface

dimatological variables

Name ft Institution

Vinton, Mary Ann

Kansas State Univeisity

Wehmeueller, William

SCS, Manhattan, KS

WetzeL Peter

NASA/GSF Center, MD

Wickham. Susan

Univ. of Oklahoma

Wong, James

NASA/Goddaid Space Plight

Center, MD

Woostei. David

Kansas State Univeisity

Wright, Valerie

Kansas State Univenity

project Title

Bison grazing patterns and plant

responses on Konza Prairie

Geary County Sod Survey

Testing a regional evapotranspira-

tion model over heterogeneous

surfaces

Patch dynamics in North American

tallgrass prairie plant

A study of the variations of soil

moisture and other surface para

meters obtained from airborne and

satellite visible IV, and micro

wave sensor data

Influence of temperature on caching

behavior in wuudials, Neotoma

floiidami

of aimed^iain Insects:

Lesser grain borer popul



Research initiated in 1989 by Knapp (and funded by NSF in 1990) is examining ecophysiological

responses in tallgrass prairie plants to environmental variability. Results from other ecosystems suggest that, in

some species, intermittent sunlight (due to clouds or within canopy shading) may enhance plant water status

and total carbon gain compared to constant sunlight (Knapp and Smith in press). Preliminary data from prairie

grasses and forbs show similar trends. This positive response to environmental variability at the leaf level

parallels results from studies of production responses to infrequent burning (Figure 15).

Collins, S. Glenn and S. Pickett recently received support from NSF to conduct a study entitled, "Phase-

space ordination and the complexity of successional trajectories". The complexity of the successional trajectory

will be quantified using long-term data sets at Konza Prairie, Cedar Creek, MN, and elsewhere.

An effort is underway by USCS and State of Kansas Cooperative Studies to characterize soil water and

groundwater conditions in the N04D watershed. Four transects perpendicular to the stream channel were

instrumented with 58 lysimeters and 20 observation wells in late winter of 1988. Lysimeters were installed in

the A, B and C soil horizons to sample unsaturated zone, and observation wells were installed in the Morrill and

Eiss Limestone Members (Lower Permian). Water samples analyzed for dissolved organic carbon (DOC) and

nitrate found concentrations to be greater in the unsaturated zone than in groundwater, indicating a deaease in

these constituents during transport from soil to groundwater. Future work will focus on the reasons for the

DOC and nitrate deaease and the identification of DOC biomarkers that can be used as tracers in the transport

of water and natural compounds from the soil to groundwater.

8. Archives and Inventories

a. Data archives (described above).

b. Sample archives. The following data sets include soil or tissue sample archives in addition to data

archives: OCD01, OPD01, PAB01, PBB01, PBB02, PGL01, NPL01, NSC01

At present about 2,000 samples are stored in paper or plastic sacks in filing cabinets, in insect-free

rooms. Earliest samples are from 1981. Tree ring analysis is planned beginning in 1990 that will provide us with

another form of sample archive. Root window tracings have been archived so that retrospective analyses are

also possible. A photographic archive has also been established.
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Figure 39. Weekly min-max temperatures at 2 cm and 10 cm soil depths on annually burned and unburned plots.

These results (data set ASTOl) are significant for several reasons. These are microsite measurements that appear

directly related to watershed values, as shown by satellite images of canopy brightness (Figure 2). Also, these data

demonstrate that the effects on canopy temperatures caused by fire (Figure 2) are related to soil temperatures via

plant effects on soil moisture. In July and August, soil temperatures at 2 cm show similar patterns to those

observed in the canopy (e.g., the canopies of burned sites are, in normal years, cooler due to increased

evapotranspiration). However, at 10 cm, soil temperatures are relatively wanner on the burned sites. This is

caused by the reduction in soil moisture and the reduction in thermal capacities of the drier soils on the burned

watersheds.

The influence of plant vigor on both soil temperatures and soil moistures has important consequences to soil

biotic processes. We have expanded these measurements to include clipped plots as well.



9. Leadership, Managementand Organization

Konza Prairie was an Initial LTER site selected in 1980 because of the research potential offered by its

watershed-level experimental design. Konza Prairie and KSU had no history of previous interdisciplinary

research, and the LTER research evolved as KSU personnel changed. The original research had a strong

organismic emphasis. As knowledge of the system progressed, gaps in knowledge were addressed by adding

new researchers. Process-level phenomena (NPP, organic matter dynamics, nutrient cycling and hydrology)

were emphasized in the second funding cyde of the LTER. The development of a strong landscape, hydrologic

and modeling component to the LTER allows for a state-of-the-art synthesis of structure-function relationships.

Our LTER program has become a multi-dimensional, multi-investigator effort that exhibits considerable diversity

and balance (Figure 41). In addition to our LTER support, the Kansas Agricultural Experiment Station has played

a significant role in the development of Konza Prairie as a national and regional research site. This has come

through general support of Konza Prairie management and operations, and support of the research efforts of

many investigators associated with the LTER effort

Administrative leadership has been transferred with each LTER funding cyde, and we plan to continue

to rotate this position. Intellectual leadership is shared among the group. Our site has undergone a large

change in personnel; only one individual's name (Zimmerman) has been appeared in all LTER proposals.

Knapp, who participated as a researcher in the first LTER (1983-1985), returned as a faculty member in August,

1988; C. Rice also joined the faculty on that date. While a central theme of Konza research (fire) has remained

constant, many approaches, questions and levels of resolution have changed, in part due to changes in

personnel and emergence of new technologies, but also in response to objectives and criteria provided by the

intersite-LTER coordinating committee and research initiatives suggested by National Academy of Sdence and

other blue-ribbon committee reports.

The multiple-authored publication record of Konza Prairie researchers is perhaps the best indication of

the functional working groups and interactions within the project Croups are fairly easily identified from Figure

41. There exists the "wet group", those individuals involved in hydrologic studies. The "belowground group"

consists of those individuals involved in belowground plot experiment and related soils studies. The

"populations group" retains the traditional biology focus of the research, and the "modeling and landscape
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group" may incorporate data from any of the other groups to characterize the system. Many of us are active in

several research areas. Alt groups directly or indirectly use the data management and technical staff (Brown,

Wnderknecht, Ramundo and their student assistants), and the experimental design for the research is supported

by the Korea Prairie management team, a group funded by the State of Kansas.

The Vet group" is new; only two researchers (Koelliker, Tate) were involved in Korea Prairie studies

prior to the autumn of 1989. With a group size of six and with collaborative efforts with the USCS groundwater

study, this group is now the largest subgroup within the Korea Prairie LTER program. Moreover, their

landscape-level approach to the study of hydrologlc and geomorphologic processes epitomizes our objective of

providing a true interdisciplinary and synthetic perspective. Also, their intensive site, watershed N04D, has

been an intensive study site for all other LTER measurements. We will therefore be able to relate topographic

and geomorphic features with, for example, soil chemistry, NPP, plant spedes composition and other

"traditional" LTER measurements.

We have used several mechanisms to coordinate and inform LTER members about on-going research.

Our LTER program held a review by our External Review Committee [Paul Risser (Chair), James Cosz, Richard

Root and Richard Wiegert] in early 1987. Our site was reviewed by an NSF review team in late 1988. Written

reviews were provided from both meetings. The Korea Prairie research group, an organizational entity larger

than the LTER group, held weekly meetings in 1989. Informal research presentations were made by LTER

personnel and others at those meetings. We held our first (annual) LTER workshop, a two-day event, at Korea

Prairie headquarters in summer 1989 (Appendix E). A benefit of this group presentation in late summer is that

material for the annual report can be simultaneously obtained, and funding priorities established for subsequent

years. Moreover, this format (as opposed to single, monthly presentations) appears to be more productive in

terms of the stimulation of research ideas, synthetic efforts and group projects. We therefore propose to

continue both the informal meetings (albeit at a less-frequent interval) and the annual workshop.

With the increase in intersite activities and coordination committee meetings, the need for frequent

external review is lessened. Civen the increased complexity of the LTER effort, however, we recognize the need

to bring in specialists to evaluate specific portions of the project We can do this in part on an informal basis

using our departmental seminar program, as well as make direct use of consultants for advice on specific topics.
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D. Schimel (CSU) has been here every summer since 1985, and his advice regarding biogeochemical studies is

always solicited and welcomed. This year we had B. Milne (UNM) evaluate the landscape aspects of the

project, while W. Abrahamson (Bucknell U.) reviewed some of the plant population studies. We propose to

have our external review team meet with us at our annual workshop during year three (1993) for an evaluation

of our project We assume that this meeting will occur two years prior to a formal NSF review In 1995.

10. New Projects and Technologies

The availability of CIS and remote sensing techniques now allows us to make full use of Konza's robust

experimental design, and several projects are already underway. A Konza Prairie geomorphology map (Figure

42) will be digitized onto the CIS in 1990. Maps indicating soils, elevation, slope and aspect, and watershed

boundaries are already on the CIS. Our current holdings of satellite images (Table 2) will be augmented with

additional SPOT and TM scenes for 1989. We will continue to acquire as much satellite data as possible.

We are very interested in obtaining a functional archive of the FIFE data set (FIS; Strebel et al. 1989),

which contains over 30 gigabytes of data on Konza and adjacent areas. We recognize that we will have to

acquire additional funding for this effort (Figure 43). In conjunction with this project, we wish to re-establish

some of the high temporal resolution biophysical measurements of mass, energy, momentum and CC*2 flux

originally obtained by the FIFE project The cost of equipment and permanent staff to operate this equipment is

too large to be supported with existing funds. We will, however, continue to attempt outside support As

evidence of this effort, members of our LTER group submitted proposals or preproposals in autumn 1989, to five

different programs in NSF (Ecology, Dissertation Improvement, BBS Training Grant, Conservation Biology, REU)

and to MAB. A preproposal to form the equivalent of an "earth science center" has also been sent to State

funding agencies. The BBS training grant, submitted as a joint proposal through U. Nebr., was one of 60

programs selected for further consideration.

Our experiences with FIFE have convinced us that biotic processes are under-emphasized in current

climate interaction studies. We are attempting to educate NASA biophysidsts involved in atmosphere-climate

interactions that "ecological constraints" (specific biotic communities or ecological treatments) are responsible for

imposing potentially large constraints on the instantaneous measurements of energy and trace gas flux using

remote sensing methods (Shugart 1986, Seastedt and Briggs 1990; Figures 2,6). Just as biologists are often guilty
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Figure 42. Preliminary geomorphology map of Konza (Smilli 1990). A final version will be digitized into our GIS

daLaba.se in 1990.



of "black-boxing1 abiotic system components, Investigators Involved in climate change scenarios appear guilty of

■black-boxing" the biota. Consideration for biologically-Induced hysteresis is a serious deficiency in most current

climate models.

An analysis of gallery forest wood growth dynamics will begin in 1990. This dendrochronological study

will allow us to compare forest wood production with our prairie foliage NPP record, and test several

predictions regarding controls on the respective systems (Brlggs et al. 1989). The dendrochronological analysis

will also complement LTER studies on the dynamics and spatial patterns of woody plants by providing

information on wood, plant population structure and past recruitment patterns. These data will also be

integrated with climate/hydrological pattern issues studied by the "Wet Croup".

As was mentioned in the synthesis/modeling section, spatial modeling at the landscape or regional scale

demands a high degree of concurrent (parallel) processing in order to simulate efficiently (and naturally) the

nested spatiotemporal hierarchies intrinsic to ecological processes. Accordingly, we intend to implement our

integrated soil-water-vegetation model on a fine resolution parallel processor. Through the National Center for

Supercomputing Applications (NCSA), we have access to a Connection Machine (Hillis 1985), a single-

instruction multiple-data (SIMD) computer with 32,768 processors and distributed memory (8K per processor),

1024 32-bit floating-point accelerators (one for every 32 processors), and a 10-gigabyte disk array for additional

workspace. We shall be able to map the Konza landscape into the CM-2 by specifically programming the

topology of the processors to mimic our link-node representation of Konza watersheds. Climatic variables,

disturbances and other forcings are introduced into the CM-2 "landscape" through a host computer. The

Connection Machine represents a cutting-edge technology that holds great promise for ecological modeling.

Another significant new approach that will be developed during LTER III is the use of cellular automata

in ecological modeling. Cellular automata (Toffoli and Margolus 1987, Farmer et al. 1984) are discrete

dynamical systems in which behavior is determined by local topology. They are the discrete analogue to the

class of continuous dynamical systems defined by partial differential equations. According to Toffoli and

Margolus (1987), a cellular automaton can be thought of as a stylized universe in which space is a uniform grid

with each grid site or cell containing a few bits of data. As time progresses in discrete steps, the system evolves

according to a set of simple relationships that computes the new state of a particular cell from that of its close
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Figure 43. Example of the equipment required for energy, trace gas and momentum studies such as those

conducted by NASA-FIFE on Konza Prairie during 1987-1989. We estimate (hat three or four of these stauons

opcraung condnuously over ihc growing season would require about 300k per year for equipment and personnel.



neighbors. The laws of the universe are thus local and uniform but are sufficient to generate rich hierarchies of

structure and phenomena.

To facilitate experimentation with cellular automata, we have on order (delivery expected 2nd-quarter

1990) a high-performance cellular automata machine, the CAM-6. The principal data structure in the CAM-6 is

an array of 256 x 256 cells, each holding four bits of information. All 256K bits of cell-state memory are

updated 60 times per second with output piped directly to the color monitor. The update of each bit is the

result of a table-lookup operation based on up to 13 neighborhood inputs. The high-speed display of the

CAM-6 permits the user to observe system dynamics interactively. External data sets can be loaded into the

CAM-6 for initial conditions or perturbations.

The use of cellular automata and the CAM-6 in the modeling efforts at Konza will have, at least, two

major applications, 1) generation of dynamic neutral spatial models, and 2) development of large-scale coarse

grained spatial simulation models that can readily use remotely-sensed data (e.g., TM images) and CIS maps

(raster-based) for initial conditions, calibration and validation. This linkage of remote-sensing, CIS and

simulation modeling offers some exciting possibilities.

11. Dissemination of Information

Konza Prairie is well known. The site was written up in Science (Kolata 1984), and television programs

about Konza Prairie have appeared in the US, Japan and England. The FIFE project resulted in CNN and CBC

news stories. A natural history/ecology text on Konza Prairie has been written by O. J. Reichman (1987). We

hope that we are reaching the scientific community with our publications and presentations at national

meetings. We have a variety of reference material available such as the standard site brochures (Appendix F).

Konza Prairie supports an educational coordinator, who solicits other faculty and staff to direct tours and

provide talks. During 1989, for example, talks were given to 48 groups while tours were provided for 25

individuals, 27 small groups, and 37 classes. Every other year we provide a "Konza Prairie Visitors Day", which

draws ca. 1200 people to the one-day event There is also a self-guided nature trail that is frequently hiked,

especially on weekends, but we have no data on vistors' use.
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