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Proposcd Agcnda for SGS Sitc Rcvicw

W cdncsdav, .Iulv 13
Late afternoon, site review team arrives. CSU Van to Transport to Armstrong Hotel
8:00 PM Review team meets at Jay' s for dinner and preliminary mee ting with Henr y Gholz

Thursdav, Julv 14 - HZIS NESB and SGS licld sitcs

7:00 Vans depart from Armstrong Hotel for CSU campus. A continental breakfast at B2 15
NESB with site review team and some SGS-LTER PI' s

7:30 Welcome and comments:
Tony Frank, Provo st, Colorado State University
Larr y Chandler, Associat e Area Director. USDA ARS Northern Plains Area
Lee Sommers, Director, Colorado State Agricultural Experiment Station
Steve Currey, District Ranger, Pawnee National Grass land

8:00 Introduction and overview of SGS-LTER Program - Gene Kelly
8:30 Biogeochemistry Research Activities - Indy Burke
8:50 Plant-Grazing Dynamics Research Activities - Bill Lauenroth
9:I0 Faunal Eco logy Research Activities - Mike Antolin
9:30 Land Atmosphere Research Activit ies - Jack Morg an

9:50 Break
10:15 Vans depart from NESB for SGS-LTER Site

Field Tour (Planned stops for short talks and discussion)

I I: 15 Stop I - New Field Investigations & Experiments: Atmosphere-Ecos ystem Interactions

Goal s and Rationale - Jack Morgan
Ecosystem Water Dynamics - Bill Lauenroth
Determining Fluxes of Energy, Water & Ca r Jack Morgan
Land Atmosphere Simulations - Adriana Beltran-Pzckurat
Global Change Mod eling - Bill Parton
Paleoenvironment/Climate Studies - Alan Busacca

12:30 Stop 2 - Lunch in the cottonwoods (box lunches provided)

I :30 Stop 3 - New Field Experiment - lvlountain Plover/Grazing Sites (section 1W)

Goals and Rationale - Bill Lauenroth
Plant and Livestock Responses - Just in Derner
Sma ll Ma mmal and "Other Bird" Responses - Paul Stapp
Nitrogen Dynamics - Indy Burke
C02 and Energy Balance Responses - Jack Morgan



2:45 Stop 4 - Long Term Biogeochemistry Investigations & Experim ents - Humus
Plots/Cross Site Experiments

Goa ls and Rationale - Indy Burke
Physiography and Biogeochem istry - Gene Kelly
Si Biogeoch emistry of Grass land s - Steve Blecker
Nutrient and Water Availability and Ecosystem Structure - Daniel Mi lchunas
Synthesis, Simulation and Cross Site Analysis - Bill Parton
Long Term Experimentation - Indy Burke

4:00 Stop 5 - Long Term Faunal Ecology Experiments - Prairie Dog Town

Goals and Rationa le - Mike Anto lin
Swift Foxes - Safi Darden
Prairie Dogs - Dan Tripp
Small Mammal Studi es - Pau l Stapp
Plan tlFaunal Interactions - Jim Detling
Belowground Community Responses - Megan Quirk

5:15 Poster sess ion/cocktail hour and meeting with grad uate and undergradu ate students at
SGS LTER HQ. Followed by barbecue with all the investigators and stude nts working
on the SGS.

7:00 Transport Site Review team back to Armstrong Hotel

Fridav, .Iulv 15 - NR 100

8:10
8:30
8:40
9:00
9:45
10:00
10:30
II :30
12: 00

1:00
4:30

Hotel pick up
Introductions and daily schedule - Gene Kelly
Information Management - Nicole Kaplan and Bob Flynn
Education and Ou treac h Activities - John Moore and Laurel Hartley
Project Ma nageme nt - Gene Kelly
Break
Meet with graduate students
Summa ry and Future Plans - Gene Kelly
Box lunches - Staff with site review team
Rev iew tea m in executivelreport writing sess ion
Report from team to SGS LTER PI' s

•
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Section I :

Ma ps of the Shor tgrass Steppe Long Term Ecologica l Research Site and
Env irons



CPER I Pawnee National Grassland - General Vicinity Map
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Central Plains Experimental Rang e (CPER) Detail Map
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SGS-LTER Field Tour - July 14, 2005
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Slop 1: Atmos ph ere..cc osystem Intera ctions , Open Top Chamb er Site
Stop 2: Lunch at Slayton's under the cottonwoods
Stop 3: Mounta in Plover/Grazing Sites , Sec tion 1W
Stop 4: Long Term Biogeoch emistry Investigations and Experim ent s, Humus

Plots/Cross Sit e Exper iment, Section 21 and 5GS HQI
Stc 5: Pra irie Do Town, Secti on 27/28



Section 2:

Introduction and overview of thc SGS-LTER Program, Gcnc Kelly



Our Agenda for today

8:00 Introduction and Overview of SGS·LTER - Gene Kelly
8:30 Biogeochemistry Research Activities - Indy Burke
8:50 Plaru-Grazing Dynamics Research Activities - Bill Lauenroth
9:10 Faunal Ecology Research Activities - Mike Antolin
9:30 Land Atmosphere Research Act ivi ties • Jack Mor gan

10:20 Break
10:30 Vans depart from LSC to r SGS·LTER Site
II :15 Stop I - Land-Atmosphere Research
12:30 SlOP 2 - Lunch ill the cottonwoods (box lunches provided)
I :30 Stop 3 - Pima Ecosys tem Dy namics Research
2:45 Stop 4 - Biog eochemistry Research

4:00 Stop 5 · Faunal Ecology Research
5:15 Poster ses s ion/cockta il hour, fo llow ed by barbecue
7:30 Transport Site Review Team back to Armstrong Hotel

Our goals fo r the site review are to :

Provide introduction and background to the Shortgrass Steppe
LTER Program

Highlight current research activities and accomplishments
I

Tour SGS facilities and field research sites

Provide updates on information management

Overview and updates on educational and outreach activities

Overview project management

Present the central focus for the next three years, new
initiatives and plans for the future
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Physiography
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The evolution of this grassland system was driven by grazing,
periods ofdrought and landscape instability.

High inter-annual variability
in precipitation:

'"
These essential and interactive factors were responsible for the
structure and function of this ecosystem

Fig. 2.22. Annual precipitation tor the CPER
tram 1939 to 1990 (LTER unpubl data).

High seasonal variability
in precipitation:
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Fig. 2.23. Monthly precipitation and
temperature lor the CPER trom 1939 to
1990 (Lauemoth and Milchunas 1991)

Vertical lines indicate EI Nir)o years,
( S la ), Antolin andBall. 200-1



What is unique about the shortgrass steppe?

-c, .
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Boiueloua gracilis represents
60-80% of plant cover
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"The nature of the vegetat ion and
the distribution of reso urces

belowground promotes resistance of
this system to disturbance and is

unmatched elsewhere ".
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S GS- LTE R t : 1982.86
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LTE R III (1990-96): Nested hierarchy of spatial!
tem pora l patte rns & scales

LTE R I (1982-86): Landscape structure and catena
co nce pt

LTE R IV ( 1997-02) : Determ inan ts o f eco syste m
structure & func tion

SGS-LTER conceptua l framework :

• LTER II (1987-90) : Origi n and persistence o f
spatial pattern s.
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LTER V How we do our science :

Test ing agai nst data

Hypothesis generationI.,
\ and synthesis ~,,"-, '.../ D ~

,,..,...- -- Development of mOde ls~

D
'., Application of models to long-time scales
" And large spatial extents

Long tenn field observations~

Short lenn field experimentalions~ \

Cross - site/regional experiments and observationss~

Testing aga inst da ta

How do the factors that regulate the ecological structure and
function and the coupling of biotic and abiotic components
vary spatially and temporally within the SGS?

What are the biotic and abiotic thrcsholds that determine thc
vulnerability of the SGS to changes in the factors influencing
ecological structure and function?

What factors regulate the ecological structure and function of
the SGS over space and time ?

SGS-LTER Project Structure:

· M. Antolin
o P. Stapp
.J. Dell ing

• JA Morgan
• R. Peilke
, W Parton
· I.C. Burke
o E F. Kelly

Land /Atmosphere Faunal Ecology Biogeochemis try

- rc . Burke
o E.F. Kelly
· W. Parton
• W .K. Lauenroth

~ ~ 8 ;;?Jer
Projec t Administration

E.F. Kelly. I C. Burke
S. Sprague. J. Morgan

• W.K. Lauenroth
• D. Mllchuna s
• J. Detling
• J. Derne r
• D. Blumenthal

Plants /Graz ing
SGS-LTER Leadershi p:

• LTER I : Lauenroth/Wocdmansee
• LTER II: Lauenroth

LTER 11/111 : Lauenroth/Burke
LTER Ill: Burke/Lauenroth

• LTER IV: Burke/Lauenroth/Kelly
• LTER V: Kelly/Burke/Antolin

Informat ion Management
-Nico te Kaplan
·Bob Flynn

Research Staff
·Judy Hendrix
·Mark Lindquist
' Caro line Yonk er

Educa tion/outreach
.J. Moore
oE.F. Kelly
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SGS I'uhlic a ti on s

LTER Fund in g Cy c le
( .1. . ~ . ll . 6 and 2.3 ~C: ;H S . rc: s pc:cti"d n
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Ke y aspects of SGS-LTER
program man agem ent:

Di stribute d leadershi p (d ay-t o- day )

Working groups (LI A. BGC. PIG. FE. Ii'-t E/O)
Workshop every other ycar
Brown Bag Seminars and Pl mcctings (2x month)
E-mail. listscrv and web page communications with
all collaborators
Subcontracts to support non-CSU collaborators
Administrat ive and Sc ientific support for Grant
Writing/Submission

LTER K- 12 Initiatives

Data- Usage Summary bv Year from 2002 -. ...... .. ,;

April 20 05

"l:l 140 -'1
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~ 60 - - - - -··---- ···--------t
o

LTER Undcrt.! raduatc Initiativcs
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S 3.2M
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SIOK yr l

S I5K yr·1

S 68K
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s 1.2M
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LTER Graduate Initiativcs

Year of Reque st

2002 20 03 2004 July 2005 NSF GK-12

NSF CLT-W

CDE MSP

2001-20 I0

2001-2006

2003-2006

S 2.9M

S 10i..-l

S 750K

7



Issues of critical importance to our research

DiseaseDroughtLand Use Biological
Invasions

• Conservation . Rainfall timing • l ivestock • Spades
• Cultivatlon and amount • Plague Introductions
• Grazing • Temperature • Nlte vmrs

: ~:~~~;~~~~n ' D~ t1' ~
~ Shortgrass Steppe

Ecosystem
Structure
Function

Reg;o",~om~it~Ch,"9" ;0
Climate/Hydrology Land Cover Change Biogeochemistry
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Section 3:

Field Tour Information

Stop 1: Atmosphere-Ecosystem Interactions
(Open Top Cha mber Site, ARS Headquarters, C PE R)

• Overview, Goals and Rationale: .Jack Morgan
• Ecosystem Water Dynamics: Bill Lauenroth
• Determining fluxes of Energy, Water and CO 2 : Jack Morgan
• Land-Atmosphere Simulations: Ad r iana Beltran-Pzckurat
• G lobal Change Modeling: Bill Parton
• Paleoenvironment/Climutc Studies: Alan Busacca



Land Atmosphere Connections
Goal, Rationale & Integration

Long-term monitoring
weather, water, npp

Lauenroth

Long Time Scales
paleoclimate
Kelly , Busacca

Goal: determine how land use
& management affect &

interact with fluxes of energy,
water and trace gases

Biogeochemistry Model ing
CENTURY,DAYCENT

Parton

Biosphere/Atmosphere Modeling
GEMRAMS

Pielke , Beltran-Przekurat

Rationale: combined modeling:
experimentation & observation

are required to integrate &
expla in past events as well as to
assess sensitivity of the system

to future events

Manipulations
warming , CO2 , wetting , N

Burke , Hanan , Morgan, Milchunas

Short-term monitoring
gas fluxes/nutrient cycling
Burke , Hanan , Morgan , Mos ier



Ecosystem Water Dynamics
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On average transpiration accounts for slightly more than
50% of total water loss annually .
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very tightly coupled to
precipitation.
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Dete rmining Fluxes of Energy, Water and CO 2

Morgan" .lA, JG Alficri'', PO Blunkcn", DP Smith' , WJ Parton), Ie Burke), .10 Derne r", and
WK Lauenro tll USDA-ARS Fort Collins, COl; University or Colorado, Boulder, C0 2;

Co lorado Sta te University, Fort Collins, CO); USDA-ARS Cheyenne, WY4.
j aek.morgan@ars.usda .gov

• Grasslands co nstitute approximately 24% of Earth's terrestr ial surface (Franzluebber et
aI., 2002), and although rates ofC fluxes are not the highest, their large land mass arg ues
toward s an imp ortant role in Earth' s C cycle.

• Two popular micrometeorology methods use tower-installed instrumentation to either
directly (edd y covariance, or EC) or indirectly (Bowe n ratio energy balance, or BREB )
determi ne fluxes or C0 2, water or ener gy.

•
CPER BREB 1993-2001

500."
~
< "'"
~
<.
=300u

' 900 "'" ....'" """ zocr

o

Morgan

Tahl e 1. Ecosyste m produ ctivity (Ca rbo n uptake) at (he CPER Bowell Rat io sit e.

Year Precipitation NEE' ANPpt NPP'
Annual/season (g e m" ) (g C m"2) (g C mol)

1998 379/3 19 145 44 .2 1"7J .

1999 500 /466 226 49 .5 148

2000 254/18 I 5 20.7 62

200 1 259/239 102 43.7 131

' NEE ~ NEE from BRE13; !ANPI' from destructive; +NI'I' derived from ANI'I'
Morgan et a l., unpublished data
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Since rates o r C gain fro m our BREB flux tower seemed higher than ex pected for a semi-arid
grassland in whic h NPP averaged 97 g m,2 (Laucnroth and Sala, 1992), and ranged from 77 to
379 g m,2over a 52-year period, we decidcd a more care ful exam ination of the BREB fluxes was
in order,

•

•

•

An EC tower was installed in 2004 next to a
BREB in a moderatel y grazed pasture at the
Central Plain s Experimental Range.
The two methods have different theoretical
and practical con siderations that can affect
their estimates o r the components or thc
surface energy budget (Allicri ct al., in
review).
Measureme nts confirmed this possib ility; in
that sensible heat flux was 28% greater,
latent hcat 25% greater, and CO2 fluxes
95% greater when measured with BREB
com pared 10 EC (Figure below shows
seasonal comparisons o r latent and sensible
hcat 1'01' the two methods). The discrepancy
between BREB and EC flux measures was due, in large part, 10 different requirement s in
cncrgy balance closure between thc two methods, and the similarity theory in the BRE13
method which assumes the eddy diffusivitics 1'01' sensible and latent heat, and CO2 arc all
thc same) (Alfieri et al., in review) . These results suggest th at whilc trends in flux es of
ene rgy and gascs may hc th c sa me hctw ccn HREB a nd EC methods, ahsolutc values
ca n vary subs tant ia lly.
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Land-atmosphere interactions in semiarid areas : Jornada Experimental Range and
Shortgrass Steppe LTER cases.

Roger A. Pielke, Sr., and A drian a B. Beltran-Przekurat, Department of A tmospheric Science, Colo rado
State Universi ty, Fort Collins, CO 80523

Land use-land cover changes like desertification, cultivation, irrigation are landscape
modifications that often lead to changes in near surface latent and sensible heat fluxes that may
affect weather and climate with feedbacks to the vegetation (Pielke, 200I). Land use practices
have affected regional climate in the Shortgrass Steppe (SGS) region through their influence on
surface energy partitioning and balance (Chase et al. 1999). Fully coupled atmospheric
biospheric models constitute a powerful tool for addressing the highly complex interactions
between plants, soils and atmosphere. With these models, plants and atmosphere are nonlinearly
interacting with each other.

An example oflandscape change, associated with structural changes of the land surface,
involves woody plant invasion into perennial grasslands has occurred in arid and semiarid
regions globally over the past several centuries. In the Chihuahuan Desert of North America,
shrub cover has increased dramatically in areas that were predominantly grasslands in the mid
1800s (Buffi ngton and Herbel, 1965; Gibbens et al. 2005). Since the early 1900s, C3 shrubs,
mesquite (Prosopis glandulosa) and creosotebush (Larrea tridentata j, have increased in cover at
expense of C, grasses, mainly black grarna (Bouteloua eriopoda) (Figure I).

Figure 1. Vegetation distribution in 1858 and 1998 in the
GEMRAMS Jornada Experimental Range model domain.
Each grid cell is 1x1 km.

11J6.6W

Ve g e t a t ion 19 9 8

106 .6W 11J69W

Vegeta ti o n 1858

.Gra s s

As part ofa cross-site LTER exercise,
model simulations were conducted for
the Jornada Experimental Range LTER
located in the northern Chihuahuan
Desert. Our goal was to evaluate the
effects on weather and climate of a
broad scale change in vegetation from
grasslands in the mid-1800s to
shrublands in the late 1900's on
landscapescale patterns with potential

Poor 9,o55 feedbacks to the vegetation. Detailed
landcover maps for 1858 and 1998 as
well as soils maps and observed data on
vegetation and surface parameters, like
albedo, were readily available and they

were used to run a fully coupled atmospheric-biospheric model (GEMRAMS) for two times
during the growing season, mid-spring and late-summer. Overall, the shift from a grass
dominated vegetation cover in 1858 to shrub-dominated cover in 1998 led to changes in sensible
and latent heat fl uxes (Figure 2).

11J6.9W
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Figure 2. Differences in sensible (SH) and
latent (LH) heat fluxes between 1998 and
1858 at 1300LST for August runs . Values
are in W m-' .



The changes in vege tation cove r from 1858 to 1998 resulted in spatially heterogeneous
changes in near-surface sensible and latent heat fluxes and tem peratu re: conversion from grass to
mesquite coo ls the near surface atmosphere and from grass to creoso tebush warms it (Figure 3).
Albedo was the dominant parameter controlling the energy budget.

Figure 3. Differences between
and 1998 at 1300LST for 2 m
temperature (OC). The area
averaged differences for the
daytime average (left) and at
1300LST (right) are shown in
figure.
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The shift from grasslands to shrublands observed in this area has led to complex
interactions between biophysical and physiological characteristics of the land and surface fluxes.
These results clearly demonstrate that vegetation itself is a weather and climate variab le as it
significantly influ ences temperature and humidity, which then feedbacks to and affects the
vegetation. This view supports the broader view of climate that is reported in the National
Academy of Sciences report (NRC, 2005).

The same modeling approach carr ied out in Jomada will be used in the SGS LTE R site,
which includes a detailed vege tation and soils maps and parameters assoc iated to each vegetation
type, like albedo, and soil cha racte ristics (Figure 4). Some of that data will be measuring in the '
fields while other will be put together from different sources and earlier measurements of CO2

and water and energy fluxes carri ed out at the SGS.

Figure 4. Vegetation
types for a 50x50km grid
centered at SGS, from a
30x30 m grid space
National Land Cover
Data (NLCD) (courtesy of
Chris Hiemstra).
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practices, changes in C)/C4 dominance, increase of cultivated areas and irrigation, invasive
weeds, and CO2 enrichme nt on near surface weather and climate. Measurements of CO2 and
water and energy fluxes carried out at the SGS will be used to validate the performance of the
coupled modeling system GEMRAMS.
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Land Atmosphere: Glo bal Change Modeling Report

WJ Parton, NREL, Co lorado State Univers ity, Fort Collins, CO.

The Daycent version of the Century model was used to evaluate the impact of altered
environmenta l cond itions on Great Plains grasslands. Our work focu sed on the impact of
changing precipitation patterns, increasing air temperature, enhanced N depos ition and increases
in atmospheric CO2 levels. We used the ex tensive data base from the Shortgrass Steppe LTER
site to test and validate the Daycent Model. The data sets includ e infor mation about ele vated
atmospheric CO2 on plant production, soil warming expe riments, N fertil izer experimen ts ,
irrigat ion ex periments, and UV light manipulation experiments. Data from these experime nts
have eva luated the lon g term ecosystem impac ts of chan ging atmospheric CO2 levels, water
ava ilability, N add itions, and so il warmin g.

The Daycent model was used to simulate the impact of gradua l increases in atmos pheric
CO2 (2x during the next 100 yea rs ), air temperature (3 degrees CO) and N depos ition for SGS
and Konza LTER sites (Pepper et aI., 2005). The results showed that increasing CO2 and N
dep osition cau sed plant produ ction, and nitrogen minera lization to increase at both sites. Soi l
carbon levels increased at both sites with increasing N deposition, however soil carbon level
decrea sed at the SGS Shortgrass steppe site and increased at the Konza site with increas ing C02
levels. Ca rbon inputs to the soil increased at both sites, however the wette r so ils associated with
higher CO2 levels cau sed decomposition rates to increase more rapid ly at the SGS site. Warming
caused so il ca rbon levels to dec rease, N mineralizatio n rates to increase, and plant prod uction to
increase slightly at both sites. The impact of combining the CO2, N deposition and warming
treatments was generally add itive ,

Another important modeling effort at the SGS site is an evaluation of thc impa ct of
species shiIt and changes in the nitrogen content of aboveground vege tation. Results from our
five yea r field CO2 enhancement experiments showed that the C to N ratio increased with
increas ing C02 levels. We are currentl y working on a paper that compares the Daycent model
results with our live yea r field ex perimental CO2data sets and ex trapolates the long term impact
of potential species shift and increasing aboveground plant C:N ratios on eco system dynamics
and ca ttle weight ga ins.

We are working on a regional modeling effort to eva luate the impact of increasing
atmospheric CO2 levels on grass lands in the Southern Great Plains. The Daycent model has been
tested using the observed data sets from field enhanced CO2experiments at SGS , Konza , and the
Texas Tunnel C02 experiments and is in the process of being used to extrapolate the reg iona l
impac t of elevat ed CO2 leve ls on grasslands in the Southern Great Plains. One of the surprising
resu lts from this effort is that elevated CO2 levels are increasing the N uptake by plants due to
wetter so ils with little evidence of long term nitrogen down regulation of plant production under
elevated CO2 leve ls. A series of papers are being written to describe the results from this
modeling effort.

Another important regional modeli ng effort is the use of the Daycent model to simulate
the impact of historical agricultural land use change on ecosystem dynamics in Northeastern
Colorado (Baron et ai, 2005) . This study focused on the impact of agricultural land use practices
on nitrogen cycling and N trace gas fluxes for the whole South Platt River Basin. NOx emiss ion
from agricultural practices is significant but most of the enhanced regional N deposition comes
from industrial sources and automobiles.
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Paleoenvironmental and Paleoclimatic Investigations

A.J. Busacca ' , M.B link inov' , C. M. Yo nke r" M . Pagani ' an d E.F . Ke lly'

Introduction: Unde rsta nd ing the te rrest ria l
re sp on ses of p lan t ecosyste ms, sed imento logic
systems, and pedologic (so il deve lopmen t)
systems to g lobal cl imate c hange is fundame ntal
to predi cting system responses to futu re cl ima te

c ha nge . It is increasi ngly recogni zed that we

m ust understan d the f eedbacks and interactions
between p lant, sed iment, and so il systems
(M c Dona ld and Busaeea, 1990; Sweeney et a l.
in pre ss) . Fo rtunately, loes s-paleoso l sequences
suc h as on the Grea t Plains , o ffer un parall el ed
opportunities to app ly in no vat ive approaches to
reco nstruct deta iled terrestrial records (Busacca

et a l. 2003) , a ltho ug h suitable loess exp osure s
arc uncommon. W e arc intensively study ing the

composition of loess sediments, ancient soils,
isotopic signatures and trace fossils of plant
communitie s to determi ne cli matic conditions

and drive rs o f c hange th at prevai led in the
ce ntra l Great Plain s ove r the last 10,000 ye ars .
Our prev ious research suggests that signi ficant

variat ions in H olocene cl imate have arrested soil

format ion and caused soil buria l at least twice

( Ke lly et 'II., 1998, Ke lly et a l., 1993, Ke lly and
Wohl, 1994), a lthough more rece nt wo rk
suggests that the record is richer and more
comp lex .

Background: Data fro m the C PER (B lecker et
a I., 1996; Ke lly et 'II., 1998) indi cat e that ea rly
Hol ocen e pa leo so ls (t ho se dating be tween
10,000 a nd 8,000 y bp) ge ne ra lly conta in mo re
organic e than conte mporary, surface soils. In
contras t, mid Ho locene paleosol s dated betwee n
5,000 a nd 3,500 ybp a ll conta in le ss o rganic C
th an contem porary. surface so ils. It is difficu lt to
re late organic C content alone to changes in

prod ucti v ity, as it is unl ike ly that a ll m icrobial
decomposit ion was arrested upon burial of the

so il. O ur phyt ol ith data indi cate p lant produ ction
was higher in both the early and mi d Holocene

tha n currently, as the buried soils co ntain more
tha n a two-fold increase in phyto liths over the ir
contemporary counterparts . In addition , the
sta ble C isotope compos it ion of SOC (so iI
orga nic carbon) , pedogen ic carbo nates and
phyto liths indi cates a va riab le plant co mm unity

com pos it ion th rough the Hol ocene . Whe n
comparisons are m ade between contemporary

an d buried so ils, the (iJJC va lues of organic C
durin g the ea rly Ho locene are consis te nt ly more
negat ive (a decrease in J1C va lues ) than both the
contem porary sur face and mid Ho locene so iIs,
indicating that greater amo unts of C, vegetation

pe rs isted duri ng this period o f t ime rel at ive to
the mid Hol ocen e an d conte mpo ra ry so ils . T he
dominance ofC , vegetation during that time
period sugges ts a cool er climate th an pre sent,
a ltho ugh new evidence from the m id- gra ss
ste ppe suggests alternatively that the early
H olocene cl imate wa s wanner than present,
based on (iDC va lues o f orga n ic C (Feg gestad et
a l. 20(4 ). C learly, mul ti -p roxy ind ica tors of
changes in the plan t-sed imen t-soil system are

needed. A t the same time, refined dating
tech niqu es such as O SL (opt ica lly st im ulated
luminescence) are prov idi ng mu ch tighte r

chronologies in loess sequences.

Compelting questions: What wa s tile

composition of tile vegetat ion in short -,
m id-, and ta llg ra ss ste ppe the ea rly Hol ocene
and at ot he r ti me s up to the presen t? Are there
critical feedbacks between vegetative

community and dust accumulati on? What are the

cl imatic conditions driving regional change in

landscapes and vegeta tio n?

Additional isotop ic and pa leobotan ica l data,

derived from a broader geographic co ntext, is

required to confide ntly a ssess Ho locen e c lima te
chanl!.c and plant cOlllmuni! v composition in the

shortgrass steppe. We arc coupling stable

isotopic analyses w ith radi ometr ic dat ing and

strat igra phic, paleobotan ical an d
micromorphological, analyses lo provi de both

chronologie contro l and a broader and mo re

robust realm of inference.

A uthor Af f iliutions:
I Crop and Soil Sci., Wasil. St. Univ, Pullman
1: St. Cloud State, Minnesota
] Soil and Crop Sci., Colo State Univ.. Fort Collins
., Nat. Res. Eco, Lob, Colo State Univ., FOil Collins
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Objectives: The overriding objective is the
reconstruction ofdust, vegetation. soil
development and cl imatic record" in the western
Great Plains during the Holocene. Specifi c
o bject ives include: I) Esta blish isot opic records
of SOC, CaC03 a nd phyto liths from paleosols
in SGS, 2) Ex a m ine loess/paleosol stratigra phc
sequences for ep isodic pu lses o f dust associatcd
w ith large cha nges in vegeta t io n cover. 3)
Iden ti fy key fa una l a nd botan ica l re mn an ts to
create a model of plant community composition
throughout Hol ocen e, 4) Com pa re results
against modeled vegetation changes associated
wit h c limate a lone .

T he pa rent mat erial o f the eo lia n aggra dationa l
pa rt of the SGS a rca is loess w ith lar ge a rea s of
sta bilized sand dun es. O ur reconn aissance an d
sa m pling in 2003 -2004 focu sed o n a w idc a rray
o f loess locali ties th rou gh out eas te rn Colorado,
wes tern Kan sas , a nd Nebraska ( fig 1.)

KANSAS

Figure 1. Location 'if the loess/pal eosol transect
sit es front SW to NE: Beecherlslond, CO, Old
Wauneta. NB, Mora n Canyon, NlJ. Arro w
denotes dir ection ofincreasing MAP,

Wc laid out a tra nsect o f loess s ites that tre nd
S W-NE from ea ste rn Co lo rado to S W Nebraska
that are a s im ilar d istan ce from presu med loess
sources and along a trend of increasing mean
a nnua l prec ipi ta t io n (MA P). We samp led a
scq ucncc o f Ho locen e-age Bigne ll Loess and thc
subj ace nt Bra dy so il, I(1I'I11cd in the top o f Late
Ple istocen e Pcoria Loess, at the 'O ld Wauneta '
site (Jacobs and Mason, 2004) ncar Enders, NE.

Wc chose to start thi s work by desc ribin g a nd
sam pling the O ld Wau neta s ite becau se, at 6
meters, it arg ua bly is the thickest a nd most
co mplete Holocene loess sect ion o n the we ste rn
a nd ce ntra l Great Plains (Jacobs a nd Mason,
2005), co mpared to thick nesses o f ge ne ra lly less
tha n 2 meters in easte rn Co lorado . Holocene
Bignell loess at O ld Wa uneta co nta ins as ma ny
as 5 bur ied A hor izons (fig. 2) . Pa rt icle size
analysis and ped ogeni c carbonate analysis is
complete for the s ite ( fig. 2). Oversized th ins
sections from undi sturbed sam ples of loess a nd
so il hori zon s have been prepared for the e nt ire
sequence and analysis is underway. Samples for
phyto lith mor photype ana lys is to reconstr uct
plant communities is underway, as is analysis of
O" C and 0"0 o f phyto liths .

From stud ies o f Peoria Loess , the Brad y So il,
a nd Bigne ll Loess at man y localities, it is know n
that thc Brady So il formed in the up pc r part of
the Peoria Loess between abo ut 13,500 and
10,000 ca l yr 13 .1'. and that it was bu ried by
re newed loess de posi tion by abo ut 10,000 ca l yr
B.P.

Key Findings to Date:

1. Sa nd content o f the loess app ca rs to be a
proxy for loess dep os ition rate (g rea te r sand
content equaling greater loess deposition rate) .
Sa nd co ntent o f the loess wa s a bou t 35-40 'X, at
the end o ft he latest-Pl e istocen e Pcori a Loess
de posit ion (fig. 2) and it incr eased grad ua lly to
about 55% sa nd by the m id Hol ocene. T his
likcly indi cates s low loess de pos ition rat es at the
end of Peoria Loe ss de pos ition lead ing to the
format ion of the Brady So il o n a lan dscap e
s tabilized by vegeta t ion, fo llowed by grad ua l
buria l o f thc Brad y So il as loess dep os ition rates
increased in the ca rly Hol ocen e . Sa ndier loess
and an a bse nce o f so il de ve lopmen t ma rk the
period from ab out 9 to 6 ka BY . and may be thc
result of deep and persistent drought conditions.
f-luctuating deposition rates alternating wi th
periods of weak so il deve lopm ent the n
dominated fro m the mid Ho loce ne to the prese nt
( lig.2) .
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Figure 2. The seqlielice ofpaleosols ut Old
Waun eta, Nebraska, sampled ill 2003-2004jiJr
paleoclimatic st udies. Ages ill IOOOs yr IJI',
co urtesy ofJoe Milson (Miao et al., 2( 05).

2. Rates of dust deposition at old Wauneta from
9. 1 to 6.6 ka 13 .1'. average d 0.07em/yr and from
6.6 ka to the present averaged 0.05 ern/yr . In
contrast, Holocene de pos ition rates at Juniper
C anyon in the Palouse region of the Pacifi c
No rthwes t (Sweeney et al., 2005) averaged 0.02
ern/yr. or less than one-third of the rate at old
Wauneta. And fu ll glacial Peoria Loess
deposition rates at Bignell Hill, NE (Roberts et

a l., 2003) averaged more than I cm/yr from 18.9
to 16.6 ka 13 .1'., or about 14 limes the early
Holocene rate at Old Wauneta.

3. The degree o f so il profi le deve lopment and
the fea tures di ffer among the soils in the Old
Wau neta sec t ion (Jig. 2). This has important
pa leoc limat ic and loess depos ition rate
implications Espec ially contrasting arc the
modern surfa ce soil. a minor soil w ith an A-C
profi le (lacking a II hori zon) and the I3rady So il,
which has an A horizon that is da rker than thc
surface soil and weak argill ic and strongcalcic
13 hor izon features .

Although we thin k of cli mate shi fts, mainly
amo unt o r rainfall, as the key dri ver of chemical
weather ing anti biom ass product ion. dust
deposit ion rate is an underapprcciated competing
factor in soil development in loess-aggradational

sys tems (McD ona ld and Busacca, 1990; .J acobs
and Mason, 2005 ) because it di lutes wea thering
processes duri ng periods of rap id aggradati on

and concentrates them during periods o f s low
aggradation. Th us to deconvo lutc the cl imate
change signal 1'1'0 111 the deposition rate signal is
the primary challenge in loess-paleosol systems.

4. C arbon isotopic signatures have been used to
infer shilis between C, and C, vege tation types
though time (e .g. Ke lly et al., 1998; Feggestad et
a l., 2004). Our ex traction of plant opal
phytoliths fro m loess and paleosols at O ld
Wauneta, in process now, w ill provide a much
more subt le leve l or reconstruct ion through
morphotypc co unts (Blinnikov, et a l., 2002) to
quant ify shifts in abundance ofmajor plant
genera and species at the site.

5. Beyond shi ft s in abundance ofC , and C" a
key question lo r the weste rn Grea t Pla ins is the
occ urrence and distribution of woody plant
species in the SGS gra ss land ecosystem and the
controls on their distribution. \Ve recognized in
the Brady So il at O ld Wauneta widespread I ern
diameter inli lled burrows that result fro m the
activity of ll om opt era .C icadidae, that is,
cicadas. Based on our work in the Palouse Loess
(O'Gcen et a l. 200 I ) that we have determined
thal cicadas live only in/he presence ofa woody
shrub component as host . In the Pa louse of the
Pacific Northwest, the host is Artemisia and the
burrows, when pervasive in pa leosols there ,
indicate a fu ll glacial tundra steppe env iro nment
(O 'Geen ct a l. 200 I ).

The Brady Soil formed at the clim at ic transition
of late Pleistocene to H olocene climate at a time
of low loess deposition rate and transition from a
coo l C3 to warm C4 plant communities
(Fcggestad ct al ., 2004), yet the signifi cance of
cicada burrows and the ecological role oftheir
shrub host is not known. Is shrub ex pans ion
possibly tied to suppression or lightnin g-str ike
fire regimes?

More significantly. Jacobs and Maso n (2004)
reported from the ir pioneer ing work at O ld
Wauneta and other sites that cicada burrows
were unknown ill paleosols in Holocene Bignell
Loess. In our field studies, however, we
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obse rved cicada burrows in the lower part of the
pa leoso ls at I m and 3m dep th, which we are
investigating using thin section
micromorphology and arc us ing phytoliths to
search for the ident ity of the woody plant host.
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Section 3:

Field Tour Information

Stop 3: Mountain Plover/Grazing Sites (Section IW, CPER)

• Overview, Goals and Rationale: Bill Laucnroth
• Plant and Livestock Responses: Justin Derner
• Small Mammal and "Other Bird" Responses: Paul Stapp
• Nitrogen Dynamics: Indy Burke
• C02 and Encrgy Balance Responses: Jack Morgan



Li vestock graz ing st rateg ies to man ag e short g rass steppe
to inc reas e lan dscape scale het erog en ei ty.
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Direct and indirect effects of grazing
on Mountain Plovers Cattle fecal pats
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Density of cattle fecal
pats increased by 22%
in heavy-s pring grazed
plots , primar ily near
feeding areas.
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Grassland bird nests
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Livestock G razing Ma nagement on th e Sho rtg rass Step pe a nd CO2 Excha nge

Morgan" JA, DR LeCain' , DP Smith', JD Reede r' , JD Derner ' , WK Lauenrot h' , WJ
Parton' and IC Burkel. USDA-ARS Fort Collins, CO l; USDA-ARS Cheyenne, WY2;
Colorado State University, Fort Collins, COJ jack.morgan@ars.usda.gov

I. Background; soil C research and chamber experiments

• Long-term grazin g exper iments suggest that with recommended stocking rates ,
soil C either remains unchanged , or in some cases, can increase in the semi-arid
grass lands (Derner et a\. , 1997 ; Reeder et a\., 2004; Schuman et a\. , 1999).

• Littl e information is available on short-term impacts of grazi ng on C Cycl ing.

C ha mbe r method s can be a useful and
relatively inexpensive tool for determining
C02 flu xes of so il/pla nt systems and their
components, and they are best suited for small
plots where micrometeorology techniques are
not appropriate due to inad equate fetch . Our
past use of such chambers (Fig. 1, left) at the
Shortgrass Steppe site (LeCai n et a\. , 2002)
and also in near-by pastures of northern mixed
pra irie (LeCain et a \., 2000) have shown that
net ecosyste m CO2exchange is significa ntly
affected by stocking rate such that;

(i) ea r ly spring ph otosynthesis is occasion all y enh an ced in grazed vs. non
grazed pastures (Fig. 2, below),

...- Con tinu ou s ht' a vy gr az i...o
U Contin u ou s lig ht gu zino

"

-0- Ungraz ed exete s ur•

' 0 0 120 ' . 0 160 ,ao 100 n o 24 0 260 28 0 300

DAY OF THE YEAR 1997

(ii)

M o r-os n

changes in plan t commun ity due to species shifts under mode ra te ly a nd
heavily-g ra zed pastures (C. grasses increase un der g razing) can alter the
seasona l dyn amics of CO2 flu x and its response to tempera ture, althou gh



(iii) recommended grazing practices do not notabl y a lter the seasona l C
exchange when compared to ungrazed pastures (Table 1, below).

CO, exchange rate
Treatment 1995 1996 1997

(umol m-' 5 ')
Cont inuous heavy grazing 6.1 3.9 5.2
Continuous light grazing 7.2 4.0 4.8
Ungrazed exclosure 6.9 4.0 4.3

ns ns ns

Table 1. COl exchange rates und er different grazing intensities.

II. Micrometeorology CO2 Flux Experiments

• Bowen Ratio Energy Balance (BREB) CO2 nux systems installed in late 1990's to
begin a CO2 n ux monitoring program to better understand seasona l dynamics.

• Exper iment 1 (2001-2003). Grazing treatments: Continuous heavi ly grazed
(75% removal), Recomme nded moderately grazed (40% removal), Ungrazed

• Year/P recipitation Responses: 2001 (precip. 80% oflong-term average) no
grazing treatment effect on NEE; 2002 (precip. 50% of long-term average) NEE
lowest in the heavily grazed pasture, highest in the ungrazed pasture, intermediate
in moderately grazed pasture.

• CONCLUSION: Wh ile the SGS may be resilient in the long-term to grazing,
in the short-term, livestoc k removal or reductions in stocking rate may be
impo rtan t for maintaining a positive C balance in the face of drought.
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2004 Moderate Continuous Ex per iment 2 (2004-•
25 25 2006). Graz ing. C0 2
15 . PCPN 20 management for Plover
5 15 Habitat

-5 10 Mod. Continuous
-15 5 Heavy Continuous
-25 0 Heavy Spring

2004 Heavy Con t inuous • Results from year one of
25 25 this experiment do not

"C • CO2 "tl
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CO 2 fluxes, although~ -5 10 o'
:>

N

precipitation seems to be8-15 5 3
3 an imp ortant dr iver.-25 - 0

Significant precipitation
2004 Heavy Spring events are often followed
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15 20
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5 15
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Section 3:

Field Tour Information

Stop 4: Long Term Biogeochemistry Investigations and Expe r iments
(H umus Plots/Cross Site)

• Overview, Goals and Rationale: Indy Burke
• Physiography and Biogeochemistry: Gene Kelly
• Si Biogeochemistry of G rassla nds : Steve Blecker
• Nutr ient and Water Availability and Ecosystem Str ucture:

Daniel Milchunas
• Synthes is, Simulation and C ross Site Analysis: Bill Parton
• Long Term Experimentation: Indy Burke
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Highlight I : Interactions hetween physiography and hiogeochemistry

H. P hysiograph ic Influe nces Oil Nut r ient a nd Ecohyd rologicul Cond itions in the S hortgrass Steppe
. e.M . Yo nke r, l.C . Burk e, W.H. Parton , W.K. La uenroth and E.F . Ke lly '

JII troduction :
The physiographic contro ls on so il va riability in
the SGS regio n arc ge o logic substrate, local
topography and landscape ag e. More
speci fica lly, the sand, s ilt and cla y distri hu tion
w ithin so il pro fi les, steepness and e levation o f
hi llslope grad ients and the degree of so il
deve lopment affect nu tri ent and so il wa ter
dynami cs, ofte n at relati ve ly short tempora l and
spatia l sca les .

Bu ckgro mul:
We cond ucted new fie ld ex perime nts to sepa rate
th e effec ts of so il texture and topograph y on net
primary product ivity and biogeochemica l
dyn amics . O ur key qu esti on s a rc: 1) How do
texture, top ography, and land fo rm age influen ce
water dynam ics and biogeoc hcm ica l cyc les, and
2) how im portant a rc latera l vs. ve rtica l flows o f
wa te r in the shortgrass ste ppe ecosyste m?

Soil-Landscape Systems ofthe SGS:
We esta blished a series o f three top osequ ences
o n textu rall y d ifferent ge o log ic subs trates
(sandy, s ilty and clayey) w here biogeoch emi ca l
var iations in soils as a funct ion of landscape
position (Fig. Ia) and landscap e age (F ig. Ib)
are ev a lua ted . By incorpora ting so il texture,
to pography and age into our project design, we
cover the range and va r iability in physiograph ic
contro ls that influence SGS ecosyste m structure
and function.

n'E~ I .nl'E

1lI/.f. .u tln: I'fIX ll'I",\'X

Fig Ia. Landscape positions within a hills/ope.

~ ~ ~~: ~_,.~ [;J
'.. _. .

Fig Ih. South Platte terrace sequence, east PNG.

Compelling Questions:
I) Wh at is the lon g-term distri but ion of wa te r
across landscape units?
2) What is the range in key so il chem ica l
propert ies that refl ect the biogeoch emistry and
water status of the unsatu rated zo ne?
3) What a rc the ecohydro log ica l, and
ped ological contro ls o n wa ter distribut ion within
land scap es?
4) How docs the redi str ibution ofwate r a long
lan dscap es infl ue nce the AN PP, spec ies
composit ion and vu lne rab ility oft he system?

Key Results to Date:
I) Variability in SOC within hillslopes is as
large as regional variability .
2) Differences in soil properties resulting fro m
weathering are highly variable among
landscapes ofdifferent age.
3) Soil hydrological variations are driv en bv
local textural and topographic variations. .

l(ey Papers:

Hu ffman , S.A., Co le , c.v; Yo nker, C .M . and
E.F. Kclly (ln Prep ) The Degree o f So il
Development as Indi ca ted by a Phosph oru s
Index.
Yon ker, C.M., Rossi , R., and E.F. Ke lly ( In
Prep). Pedo log ic co ntrols on loca l vers us
regiona l variability in so il ca rbon storage in the
centra l Great Pla ins grasslands.
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Highlight I : Interactions hetween physiography and biogeochemist ry

h. Moh ilizatinn of terrestrial s ilica in :: rass la nd sys te ms: A cross-si te s t u dy to

evaluat e the p otentia l importance of ::r asses o n G lo h a l Si lica Biugeochcmist ry.
S . W . Blecker', R.L. McCullcy", L.A. Derry', a.A. Chadwick', and E. F. Kclli

lntroduction: The globa l car boo and silica
cycles arc known to be closely linked in the
oceans. Marine diat oms account for over
50% of the particulate export nux of organic
carbon from the surface to the deep oceans.
and thu s play a critica l role in the regu lation
of atm ospheric CO, . The productivity of
important diatom-dominated regions is
silica- limited (Dugdale et al., 1995), and so
fluxes of s ilica fro m the terrest ria l
environment to the oceans may play a central
role in the globa l ca rbo n cyc le over geolog ic
time scales.

Backg routul: W eathering orsilicate
minerals in soils is generally believed to be
the dr iv ing fo rce behind the de livery of s ilica
to riverine systems and ultimately to oceans
(Froelich et al., 1992). Most assessments o f
the co ntro ls on s ilica ex port from the
te rrestri al env ironment have largely ignored
the role of bioge nic silica stored in soils and
vegetatio n. assum ing that mineral
weathering react ions alone cont rol this flux
(e.g. Berner, 1995). However, as noted
above, growing evidence exists lor a major
role for biogenic silica in controlling silica
storage in and export from the terrestr ia l
environment. We and others (c.g. Conley,
2002) hyp oth esize that there is a cri tical link
in global biogeochem istry between the
biogeochemical si l ica in terrestrial systems
and its export to the better documented
mar ine biogeochemical cycle o f Si. Because

available evidence suggests that grassland

systems arc a partic ularly large and active

reservoir of hiogcnic silica (Derry et (I I .,

2002:2005) , we arg ue that g lobal expa nsion
of grasslands dur ing the late Neogene could
have had important conseque nces for both
marine and te rrest rial S i cyc les, and thus the
globa l carbon cyc le. Despite its po tential
significance lo r the g loba l s ilica (an d ca rbon)
cycle, the biogeochemical behav ior and

resid ence time of bioge nic Si in terrestrial
grassland ecosystems is largely unkn own.

Objectives:
I) Determi ne the amo unts o f biogeni c

Si stored above and below gro und in
grassland ecosystems.

2) Quantify the influence of biogenic Si
on weath ering rates in so ils.

3) Characterize the isotope (Ge/S i or
i\JOSi va lue) of bioge nic Si in so ils.

4) Determin e is the re lative importance
of grasslands to the entire Si budget
and flux to aqu atic sys tems .

Key Results:
I) In shortg rass sys tems, higher plant

Si contents; lower annual biogenic
input s and larger so il biogenic Si
pools are the rule (F igure 2) .

2) So il biogenic Si turnover increases
from short to tal lgrass systems

(F igure 3) .
3) In all gra sslands, b ioge nic Si cycling

tends to have a positive imp act on
minera l weat her ing (Figure 4).

4) Though weatheri ng trends are
apparent , these hydro logica lly
complex systems require more
inten sive characterizat ion to tul ly
exploit the utility o f Ge/S i rat ios in
discerning stream Si provenance
(Figure 5) .

5) O ur results po int out the importance
of gra ssland s in the mobilizat ion o f
Si from terrestrial ecosystems .

A //II/IIr Affiliations:
1 Dept. of Soi l and Crop Sc iences, Co loStale
Univ., Fort Co llins, CO
, Dept. o f Biology, Duke Univ., Durham, NC
J Dept. o fGeo i., Corne ll, Univ., Ithaca, NY
., Dept o f Geog., UCSB , Santa Barbara, CA



Glohal lmplicntions: Sca ling up our
grassland S i data. we 've estimated that 7 Tg
Si are stored annua lly in the biomass of
grassland sys tems across No rth America and
3,800 Tg S i are stored as soi l phyto liths.
Our ca lcula tio ns for non -woody grassland
ecosystems wo rldw ide, increase these
num bers to approx ima te ly 60 Tg Si for
aboveground biomass and 33,000 Tg Si for
so il phyto liths. Compared to the globa l
estimat e of2 -7 Tg Si annua l stora ge in
global bioma ss (Conley 2002), our ligures
show that bioge nic Si pools arc potentially
much larger.

A num ber o f pa leocea nographic indicators
show interes ting behavior aro und the time of
the apparent Mio-Pl iocene grassland
expa nsion. A noted shift in GelSi at that time
correlates with increased weathering
inten sity in the Hima layan fo rela nd, an event
c lose ly co rre lated with the ex pansion of
grasslands worldw ide (Quade et al., 1989:
Fran ce-Lanord and Den )'. 1994). The pool
sizes and turnovers reported from our cross

site wo rk suggest that the Mio-Pliocenc
expansion of grasslands might have
influence d chemica l fluxes of Si to the
oceans; however, the interpretation of these
s ignals has been a matter of debate for some
time.
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Results

Figure 2. Above- belowground contributions of biogenic Si across the grassland
climoscqucnce

80

100 -.---~-~- ----.--- I
i + IitterfaII Si I
i0 soi~io~:n ic_Si l

60 I

40

20

o

t

o

t
o 0

80

~

III

6 0 S
en
Cl

"'"M
o
z;

40 en
.!'!
c
Ql
Cl

20 .2
.0

o
en

4000300020001000

f------.-- - --,-----.---.- --II. 0

5000o
o

ANPP (kg/hal

Figu re 3. Estimated lurnover time for soil biogenic Si across the grass land
climoscquence
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Figure 4. Estimated impact of plant Si cycling on minera l weathering
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Figure 5. Gc/Si ratios for major grassland Si pools
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Highlight 2: Intcractions between nutricnt and wat er availability and ecosystem st r ucture:
Huw do N and IhO influence plant community dynamics '!

a. Lon g tcrm cure data collcction and synthesis of long term data (Da nicl, Mil chunas ct al
Ecologica l Applica t ions)

FiCo . I . (1\) Density of lioutelouu gracilis
tille rs i ll cont ro l and wa rer-. nn rogcn-. an d
waler-plus-nilro£eu-c nric hmc llt treatmen I!'
d u ring the /if!>1 t .....0 aud the last ye a r of th e
) -yr stres s-rreaun cm perio d . I and 2 and 7
thro ugh 16 yf utter ces suricn o f trcauucnts.
Con fiden ce inter vt rls fTukt:y ' s H5 D. / ' ~

0 .0 5) w ith Jetter " T " arc fur co mparing n car
ments withi n years. and " 1' " fur yean. within
u emnenrs. ( B) Densi ty o f exotic (invader
"weed" ] spec ies for treatme nts and years de 
scri bed "how. T he re were a lOW I o f 10 dif·
fcre nt exo tic speci es reco rded . with Kochia
scopariu, Salsnta iberica. Si.l'ymhr i ll lll al tis 
., i ' /IIIIIl, and Cirs ium i l/V I ' II .W' the mo st ubuu 
duet . Popu lat io ns of nat ive op portuni s tic
"weed ' species we re di stributed am un g
rrcatmcms and years in a fa shi o n s imilar I II

that shown for the introd uced and nat urali zed
exotic spec ie!'. (C) Spec ies dissilll ila rir)' of
contro l rep lica te no . I vs. co ntro l rcp ticut c
IlU. 2, and cad i lIulricnl-en richmclll lrc almcnl
replic ate \'S . its respecti ve co ntro l wi thin a
particular year . A value of " 1" indic ates no
spec ies in cu nuu o n be tween thc I WO r-om 
munuie s tbut arc contrast ed . and u value of
"0" indica tes all spe cks ill common a nd
eac h in the same pro port ion in the two con 
trust ed co mmu nu ics . Valu e-, wen' ca lculmed
us i n~ den sit y da ta a nd W hi ttake r' s ( IY52 ) in
dex of community associ ation . Boot strap c t's
arc bootstrap co nfiden ce in te rvals.
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h. Assessment of our current kn owledge and projecting th e future: Synthesis, Simulation,
and Cross Site Ana lysis

Synthesis and Simulation (Peppe r et al. 2(05)
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Cross Site Ana lysis: LID ET (Parton et al.)

L1DET is a long-term litter de cay experiment where common Jitter types (12 different root and leaf litter
types) were distributed to 28 s ites aro und the world . Litter bags we re sampled ann ua lly for 10 years at the
tem perat e sites and more freq uently at the tropica l s ites up to a four year pe riod . Indy l3urke and l3ill
Part on arc part o r a team o f sc ientists wh o have been worki ng on data gene rated by the L1DET
experiment. The common litter types include lea f and fine roots from grass land and forest sys tems which
had a range of differen t ini tial lignin and nitrogen co nte nts. We arc worki ng o n a se ries or papers that
describe mass loss and n itrogen re lea se from the root and surface litte r hags .

We had c limate data from all of the sites and we re able to corre late litter mass loss rates to the different
cl imatic factors. Va riab les such as the century abiotic decompos ition index (D EFA C) , ann ua l
eva potranspirat ion (AET), mean annua l temperature, and annua l rainf all were corre lated to the ma ss loss
rates. AET and DEFA C were the best var iab les and DEFA C was shown to be a better index o r
dec omposition us ing the A IC model comparison statistics. Figure I shows the corre lation or DEI'AC to
the average first phase decay rates (ave rage K va lues for the first 50% o f ma ss loss (or all the sur race litter
material).

Results show that decay ra tes arc positive ly co rrelated to DEF AC fo r tropi cal and temperate fore st
systems and that the re is littlc change in K for dry vs wet grasslands ( low vs high va lues o r DEFAC) . The
tall grass pra ir ie s ites (KONZA, and Cedar Creek ) have virtua lly the same ma ss loss ra tes as the
sho rtgrass and de sert grass land sites (dry grasslands have 20 to 30 % o ft he precipitati on at KO NZA and
C DR). We currently be lieve that the apparentl y high surface litter de cay rates at the dry grass lands s ites
where litter is ex posed to di rect so lar radiati on is caused by photodegradation. Current exper iments at the
SGS s ite show that surfa ce litt er deca y is enhanced by phoiodcgrad at ion .

Th e othe r major pan o r o ur L1DET data ana lysi s was to eva luate the patte rns 01' nitrogen re lease from
de composing litte r as a functi on o ft he init ial N content 01' the litter and litter biom ass remain ing. Figure 2
shows the patte rns o fN release as a fun ction o r litter biomass rcma in ing and initial N conte nt o r the litter
lo r the tropical and tcmperate forest s ites. The results lo r the low N litter (0 .4% initial N) show that
fraction o r the ini tia l N increases as the litter biomass remaining dec reases unt il 50% 01' the initial
biomass (50 to SO % increase) and then decreases with further decreases in litter biom ass remain ing. The
same pattern occurs for the medium and higher initial N content litter with the amount of N
immobilizat ion in to the litter decreasing wi th increasing N content . T his pattern ofN release as a
function of bio mass remaining and initial N co ntent of the litter is amazingly similar for temperate and
tro pical forest s ites .

T he 1110st surprising result from our study show that N release from decomposing surface litter in dry
grass land sites ( figure 3a) re lea ses N at the same ra te as the biomass is re leased (no net N imm obil izati on
during deco mposi tion) and tha t initial N co nte nt has 11 0 impact on N re lease fro m the surface litter.
Th ese resu lts we re not expect ed and sugges t that photd cgrndat ion might be the maj or co ntrol on surface
litter decay an d N release from deco mpos ing litter. Biologica l de cay 01' litte r with 10IV N co ntents
requires that N is immobilized into microbes during decomposition and results in the increased N content

o r low N litte r sho wn in figu re 2 . Th e other surprising pattern is the N release from roo t litt er bags ( figure
3b) wh ich shows a s im ilar pat tern o f N be ing re leased and the litter biomass is be ing release d. We do not
" ave an y exp lanatio n for th is patter of N release fo r the roo t litter s ince we wo uld have ex pected at least
minimal N immobi lizat ion into the root litter since the initial N contents were around 0.8 %. T he results
from surface and root Iiller decay in dry grassland suggest that there is not net N im mobiliza tion during
decompositio n o fl itte r. T h is pattern o f N release lor sur lac e or root N rele ase wo uld not be rep rese nted
correct ly in any or the curren t ecosystem mode ls.



Litter Decay (k) vs. Defac . .
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e. Long term experimentation (Indy, Lowe et nl in prep and Burke et al in prep )
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Section 3:

Field Tour Information

Stop 5: Long Term Faunal Ecology Experiments
(Prairie Dog Towns, Section 27/28, CPER)

• Overview, Goals and Rationale: Mike Antolin
• Swift Foxes: Sufi Darden
• Prairie Dogs: Dan Tripp
• Small Mammal Studies: Paul Stapp
• Plant/Faunal Interactions: Jim Detling
• Below Ground Community Responses: Meghan Quirk



Mike Antol in, Department of Biology, Colorado State University, Fort Co llins, CO 8052 3
1878. Telephone : 970-49 1- 1911. Email: MichaeI.Antolin@ColoS tate.ed u

My invo lvement with SGS-LTER began in the late 1990' s with population genetic ana lyses of
Black-tailed prairie dogs (co-advisor to MS student Jen Roach, graduated in 19(9), and through
mentoring severa l REU summer students in 2000-2002. In 1992 I became a co-PI and leader of
the group studying Faunal Dynamics. My research group co ntinues to foc us on the pop ulation
biology and genetics of Black-tailed prairie dogs (C)'IlOl11ys lndovicianusy; especially in regards
to the high mortalit y of prairi e dogs during outbreaks of sy lvatic plague. Wor ldwide, plague is
primari ly a disease of rodents (although humans arc also infected. with often dramatic results),
and is caused by the bacterial pathogen, Yersinia pestis . Plague was introduced into the US
around 1900, and spread to its curre nt distribution west of the 100110 meridian by the 1950 ' s. Our
plague studies rece ive additional fund ing from the NSF Eco logy of Infe ctious Diseases program .
Recent and ongoing projects include the follow ing:

I. Long-term monitoring of prairie dog colonies on thc Pawnee Nationa l GI'assland (I'NG)
and the Cent ra l Plai ns Ex pe rimenta l Ra nge, The PNG is admin istered by the United States
Forest Service (US FS) and represents approximately 80,000 ha of pubIiely owned land
embedded within a checke rboard of lands under federa l. state, and private ownership. It is
divided into eastern and western units (Paw nee and Crow Valley, respective ly) separated by a
16-km wide str ip o f private land. A greate r proportion of the western Crow Valley Unit is
contiguous fe deral grass land than is the eastern Pawnee Unit. The Central Plains Experime ntal
Range (Cl 'ER), located on the northwester n corne r of the PNG, is a research area established in
1939 and adm inistered by thc US Department of Agriculture 1Agricultural Research Service to
study the effec ts of grazing on sustainability of the shor t grass prairie.

Survey 1981 -21111./ -- Since 1981, USFS personnel have monitored the location, activity (i.e.
extinct or active), and size 01' 60 of the prairie dog towns on the PNG. Since 1995, when prairie
dogs recolonized the CPER, an additional ten towns have been monit ored by the SGS -LT ER.
Another 16 prairie dog towns moni tored by the USFS on the PNG were active in the years j ust
before 198 1 but wen t extinct before the long survey began . Two of these have been reco lonized
recently. Recent surveys (spring 20(5 ) suggest that relatively lew large tow ns exist on the
private land interspe rsed within the patchwo rk of the publicly owned land . Thus, the data are
representative of the overall black-tailed prairie dog population within the administrative
boundaries of the PNG.

Prairi e dog town size was measured as the per imeter of the outermost active burrows of a town,
with the arca of a town determined by the minimum polygon within the peri meter. From 1995 to
the present, colonies were mapped using global positioning satellite techn ology (G PS) and
incorporated into a Geographic Info rmation Sys tem (GIS) using ArclINFO 9.0 and Arc View 3.2
(Enviro nmenta l Systems Resea rch Institute, Redlands, CAl . From 1981 to 1994, town
perimeters we re mapped using surveying equipment. with distances to nearby landmark s
measured . These maps were incorporated into the GIS in 1999 by Iinding G PS coord inates of
landmarks used as ground co ntro ls, digitizing paper maps for the GIS. and scaling the towns to
size based on the ground control points.
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The Pawne e National Grass land 111 north-central Colorado. Ihe eastern (Pawnee) and western
(Crow Creek) administrative houndaries arc shown in black. with the patchwork of public (gray
shapes) and private ownership. Dark black shapes show the largest extent of the 86 prairie dog
towns between 1981 and 2004.

Prairie dogs ha ve been severely impacted by the introduct ion into No rth America of Y. pes/is, the
bacterium that ca uses plague. Plague has converted pra ir ie dogs into mctap opulati ons, by
causin g loca l ex tinc tion of prairie dog towns during outbrea ks, with subsequent recoloniza tion 2
4 years a fte r the disease wanes. Anal yses of these data revealed tha t plague outbreaks are more
common during wette r and coo ler periods (Stapp et al. 2004), but are unco mmo n dur ing hot dry
years of d rou gh t, like those fro m 2000 to 2003 (see be low) . Overall, pra irie dogs ha ve increased
on the PNG and CPER, and currently occupy 1,880 ha (abo ut 1.5 % o f the total area). However,
as can bee seen c lea rly below, ind ividual town s experience large fluctuati ons in size .
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Total area (ha) occupied by prairie dogs on the Pawnee National Grassland (solid
thick line), based on the survey conducted between 1981 and 2004. Areas of six
representa tive towns from the western PNG demonstrate the fluctuation in size of
towns after they arc colonized but be fore they arc decimated by plague.
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2. Est ima tion of prairic do~ abundancc - Dan Tripp and Mike Antolin

In 200 2. we initiated visua l counting of pra irie dog co lonies , This work is being Icd by MS
student and technician Dan Tripp, in collaboration with a Ph.D. student in the Department of
Fisheries and wildl ife Biology at CSU. Brett McClintock . In 2004 this was expanded to include
all towns on the western PNG, as part of the regular population monitoring. Visual co unts
indicate that while average colony size has increased on the CPE R and PNG, that prairie dog
density has also increased as the drought of2002 ended .
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Visual counts on all towns on the CPER and the western PNG arc now a perm anent feature of
the monitoring on the LTER. We are working, to calibrate the inde x counts from these methods
with robu st den sity estimates via mark-resight procedures. Six town s will be more intensive ly
enumerated in 2005 and 2006, at the same time that visual cou nts continue.

3. Mapping of suila hlc hahitat on the Pawncc Nationa l G rassland and Ce nt ra l Plains
Expcr ime ntul Rangc.

Thi s work was carried out in co llaboration with Post-doctoral Researcher Becky Eisen and
grad uate student Lisa Savage, with addit iona l funding from the Colorado Division of Wildlife
and thc Pawnee National Grassland. Understanding the habitat requ irements of Black-tailed
prairie dogs withinthc short-grass prairie will be useful in identifying areas most suitable for
prairie dog persistence. The objectives of this study were to I) identi fy land scape features

predictive of suitable prairie dog habitat within the short-grass prairie o f the Pawnee National
Grassla nd (PNG) in north cen tra l Colorado, USA. and 2) crea te a spatially explicit model. from a
Geographic Information System that predict s how much of the PNG is suitable prairie dog
habit at. Long term surveys of prairie dog towns on the PNG betwee n 19H I and 2004 show that
1.5% of the PNG is presently occupied by prairie dogs, with 3%. occupied at some point in time
since 198 1. Co mparison between pra irie dog town s and nearby unoccup ied areas revea led that
prairie dog towns were on drier. flatter areas in close proximit y to low lying drainages with
relatively dcep soils and east-lac ing exposures. Eva luation ofa logisiti c regression model ' s
ability to predict suitable prairi e dog habitat yielded accuracy of 68.6%, indicating the proportion
of pixel s (30 m2

) classified as suitable that were occup ied. The model predicts that 23% of
pub licly-owned land on the PNG is suitable prairie dog hab itat.

Anto lin and Tripp Stop 5 3



Map of suitable pra irie dog habit at on the PNG (publicly-ow ned land is shaded gray),
based on a probabil ity cut-off of 0.556. Suitable habitat for black-ta iled pra irie dogs on
the I'NG is characterized by dry, flat, cast-fac ing areas where de nsity of low-ly ing
dra inages is high and so ils arc deep.

4, C limatic a nd landscapc co rrelates of exti nction and coloniza tion of Blac k-tai led pra iri e
do~s

To foll ow up on the discovery that plague outbreaks are clustered dur ing yea rs with EI Nino
climatic patterns (coo ler, wetter) during thc last 24 years of survey on thc PNG, Ph.D. student
Lisa savage has created a statistical model of plague occurrence. The data set now extends to
2004, with 5 new outbreak s after the end of thc drought of 200 1-2003. Climate data
(tempe rature. rainfa ll) from fou r widely spaced weat her stations on the PNG were imputed to
determine conditi ons at each prairie dog town, spatial data and so ils data were derived from the
GIS we have created. Log istic regression analysis (with AIC) shows that three factors regu larly
pred ict plague outbreaks: con nectivity (mo re isolated towns). cooler summers (ratio of days >
26° to > 32°), and soils with thc capaci ty to retain moisture (water potential, - IS bar, at 30 ern
dept h). Other factors, like total rain fall, were poor pred ictors of plague outbreaks,
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3. Population ge net ic a na lys es of pra iri e dogs (sec po st e r )

Ph .D. student Lisa sa va ge has a lso extende d population ge ne tic ana lys is of prairie dogs on the
C PE R colon ies to incl ude three years o f sam pling ( 1997.2000,200 I ). T his study continues an
earl ie r popula tio n s tudy co nd ucted on the we stern I'NG (Roach et al. 200 I ). Ana lyse s are based
on varia tion o f seven rnicrosutellite markers and the co ntro l region o f the mi toch ondrial DN A
(mt DNA). At this sca le, evide nce for sex-biased gene Ilo w amon g pra irie dog to wns : physica l
dis tances be tween co lonies a re re lated to ge ne tic distances of matern all y inh erited mtDNA
markers, but not of b i-parentall y inh erited micro sate llites.

Exclude a ll Exclude some Exclude Exclude a ll
p-va lue used :

pops hul pops hut not source hut not pops
I/snm ple size

source so urce other pops sampled

1997 16 51 4 to p-I /82- 0.0 12
19.75% 62.96% 4.94% 12.35%

ZIlIlIl 13 11 7 6 5 1'= I/ 14 1=0.007
9.22% 82.98% 4.26% 3.55%

ZIl01 16 98 5 5 p= I/l24=0.008
12.90% 79.03% 4.03% 4.03%

. .
A SSignment tests indicate that - 10% of individuals cap tured on prairi e dogs town s

have genotypes consistent with them being immigrants or the offspring of
i III 111 igra11Is.

Ma rke r - d istance mea sure r' (1997) r' (ZIlOO) r' (2001)
Microsatcll ite FSl - drainage -0.32 0.03 -0.51
Microsatcllite F" -Euc lidean -0.2S 0.07 -0.60
mtDN/\ F~ r - drainage 0.6S * n.G3 * n.73 *
mtDNA F" - Euc lidcan 0.54 * 0.52 * 0.5S *

Population genetic analysis of indicate that genetic distances between towns (1',,)
wa s corre lated with both d irect ( Eucl idian) di stances between towns and distances

along drainages.

4. Effe cts of d iet on facu lt at ive to rpor in Black-tai led pra irie d ogs.

Th is projec t co mprises the thes is and di ssertation work of Erin Lehmer, who grad uated w ith a
Ph.D . in spring 2004 . S ix peer-reviewed pub licat ions have resu lted thus 1[1r. Prair ie dogs present a
mod el sys tem lo r the s tudy of to rpo r because of their broa d geogra ph ic d is tribution, and because
the ability of anima ls to enter to rpor depends upon nu merous physiological and env iro nmenta l
factors. Bla ck -tailed pra irie dogs practice facultative torpor. ra ther than ob ligate hibernat ion . The
obj ec tive o f th is research was to ex amine how diet qu a lity and habitat cond itions influence
facultative torpor in Black-tailed prairie dogs a long clevational g rad ients in northern Colo rado .
Dietar y ana lyses showed that prai rie do gs prefe r plan ts with high in lipid and n itrogen content,
re lative to othe r avai lable p lant species. Pra irie dogs at lo wer e lev ation ente red mo re shallow and
infreq uent to rpor than pra irie dogs at higher eleva tions. During the deepes t drought in 2002 , a
single co lon y (town 22 o n the C PER) at lo w elevat ion exhib ited torpor patterns tha t resembled true
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hibernation, while an adjacent colony (CI' ER 5) did not. No genetic differences between the
co lonies could be found, but subtle differences in moisture and diet may have been responsible for
the difference. Co llectively, the study underscores that torpor can result in s ignificant energy
savings, and is an essentia l component of thc life -h istory of prairi e dogs, allowing them to persist
in habitats where lo ad resources fluctuate seasonally and where environmental co nditions are often
unfa vorable.

5. Population dy na mics of hu rmwing owls in rela tion to fluctuations in pra irie dog
popula t i () ns.

Ph.D. student Reesa Co nrey has initiated a population study of burrow ing owls in summer 2005 .
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Sufi K. Darden, A nimal Behav iour Gro up, Depa rtme nt of Popu lation Ecol og y, Institute of
Biology, Univers ity o f Copenhagen, DK-2200 Copenhagen, Denm ark . Te lephone: +45 3532
1325. E-ma il: s-kdarden@ bi.ku.dk

I am co nducting my doctoral research on swift fox (Vulpes velox'; behavior and ecolog y on
the Ccntral Plain s Experime ntal Range (CP ER site) and on a study site 10 miles cast o f the
C PER on the Pawnee National Grass land (PNG site). Thi s three year project (s tart: December
2003) is inve stigating a number of factors contributing to our understanding o f intra -spe cifi c
communication and of the spatia l and soc ial organization o f this species, My adv isor is Dr.
Torben Dabelsteen at the University ofCo pcnhagen. Funding for this project is provided by
the Univers ity o f Co penhagen. Logistical support is prov ided by the SG S-LTER. I hav e
outlined the project and some prel iminary results below.

I. S pace use
At the start of study, lour trapp ing grids (each grid: 20 traps spaced 1.6 km apart) we re laid
out to capture and mark swift foxes on the CPER and on the PNG (2 grids each s itc) with
VIIF tra nsmi tters. Only ad ult fa xes were collared, and a subsequent targe ted trapping effo rt
was conducted to cap ture the mates of these previous ly co llared fa xes. In tota l, 20 adult and
f6 j uvenile fa xes we re captured in 190 trap nights. Efforts have been made to keep the
num ber o f co llared fa xes at 20 individuals s ince these initial captures in December 200 3 and
Januar y 2004 . Using te lemetry data co llected from fa xes across the 24-hour period dur ing
win ter and summer seasons. I have been able to ca lculate their home-ran ge and other space
usc charac te ristics . f have found that sw iIi lo x home-ranges on the two study s ites range in
s ize from 5 to f I kn,2 ( fix ed kernel estimation), with males using s lightly larger a reas than
females. Ne ighbor ing foxes tend to have some degree of overlap in their space usc, while
mem bers o f the mated pair ove rlap in space usc by as much as 100% . Movement data
ga thered at ha lfhour inte rva ls duri ng the active period between sunset and six hou rs a lter
sunset. show that faxe s can traverse their entire home-range in half an hour and usc areas of
thc home-range d ifferentia lly in terms o f the amount of time spent in each area .

2. Socia l organ izati on
The swift fox has been descr ibed as a soc ially monogamous spec ies, but extra-pa ir paternity
and additiona l adults at the de n duri ng pup rear ing have been recorded. In add ition to the
info rmat ion acquired from telemetry data, I am collecting ha ir samples from each captured
lox for genetic analysis to directly investigate swift fox social organization and interaction.

DNA ex trac ted from each sample is being analyzed using 8 microsatellite loci that will give
insight into relatedness and gene Ilow wit hin the study popul ation . I will also look at
paternity and determine the degree to which the soc ial father in a family gro up is also the
genetic father.

3. Phys;o!o!:y
I am looking at phys iologica l parameters in the sw ift fox in re lat ion to observed behavi ora l
eve nts (sec poin ts 4, 5, and 6 below) us ing non-invasive field endocrinolo gy. In order to
docume nt the tim ing of reprodu ctive events in ind ividua ls. feces co llected every third day
from scent stations at active den sites arc analyzed for fecal androgens. estrogens and
progestins in collabora tio n with the SI. Louis Zoo Endocrine Laboratory. SI. Louis, M issour i.
Feca l co rticoid concentrat ions arc a lso being qua nti fied to establish the overa ll phys io log ica l
state of ind ivid uals within the study population and possible d iff erences between males and
fema les.

Darden Stop 5



4. Long-range communication
I have found that both male and female swift foxes produce at least two long-ranging
vocalizations associated with the mating season: the barking sequence and the 'meow' call. In
a previous study, I demonstrated that the barking sequence exhibits a high degree of
individuality and may have sex specific characteristics. A transmission experiment carried
out in January 2004 on the PNG site has provided evidence that the barking sequence ranges
a minimum of 500 rn, Results tro rn the fi rst trials of a playback experiment started in
February 2005 show that male foxes have a strong vocal response (producing both barking
sequences and ' meow' calls) to a simulated intrusion of a strange male fox. The response
seems to be graded, with the strongest responses occurring when the simulated intrusion
occurs close to a mated pair' s core area. This may be an indication of territoriality in this
species, which to date, has not been shown directly.

5. Scent marking
Secnt marking has not been studied in the swill fox and I am particularly interested in the usc
of fecal material in intra-specific communication, as new teehniqucs arc being developed for
surveying swift fox populations using scat. Over 200 krn of scat searehcs along transects,
trails, two-tracks, and fence-lines havc revealed that the foxes use fecal material fix marking
in a number of ways. For example, thcy tend to mark the burrows of their prey species, places
where new holes have been dug, on top of coyote feces, and at conspicuous places in the
landscape. They also usc a system of latrines, which are eollcctions of scats of various ages
that probably are visited by more than one individual. The largest latrines are concentrated in
home-range overlap areas and may act as ' information centrals' for neighboring individuals.

6, Parental invcstmcnt
Using a combination of natal den observations and telemetry, I am quantifying aspects of
parental care with thc aim of investigating individual quality and possible differences in male
and female investment. Prel iminary results show that overall, males and females most likely
contribute equally to raising the young post weaning, although individuals do show variat ion
in the ir degree of parental investment.
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Paul Stapp, Department of Biological Science, California State University, Fullerton, CA 92834
6850. Telephone: 714 278 2849. Email: pstapp@fullerton.edu

My involvement with SGS-LTER began in 1992. Since that time , I have directed and
participated in seve ral research projects. My current research can be divided into three areas :
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1. Long-term studies of small mammal communities and their resources
Since 1994, Mark Lindquist and I have conducted long-term field studies of small mammal
populations on grassland and shrub-dominated sites (studies of diurnal ground squirrels began
in 1999). In 1998 and 1999, I began sampling arthropod populations and vegetation,
respec tively, on the trapping webs to monitor changes in habitat and food resources. Also in
1994, I initiated spotlight counts of rabbits for one night each season along a 32-km route to
track changes in the abundance of rabbits. Parallel surveys
of relative abundance of coyotes and foxes (via scat counts)
are conducted each season to estimate predator abundance.
In addition, annual BBS and CBC data on raptor populations
are available for the SGS-LTER site. I am assembling a
long-term data set on trends in small mammal populations,
their resources and predators, with the aim of deciphering
the relative importance of climate, bottom-up (food
resources) and top-down (predators) factors as determinant
of varia tion in small mammal abundance.

Some highlights: Cricke t abundance [number trap -day"!

Density of grasshopper mice, the most common species captured, were strongly related to
abundance of insect prey (crickets. tenebrionid beetles), but only on grassland sites (Fig. 1).
Prey avai lability may be an important deterrninant of population density on grass land sites,
which provide less cove r and may be lower-quality habitat for rodents than shrub sites.

Shrub areas seem to be sources for deer mice,
which spillover into grasslands only during spring
when mouse densi ties in shrub areas are high.
Small mamma ls like deer mice were severe ly
affected by the recent drought and had only begun
to recover in early 2005 (Fig. 2).

Dale

"

Rabbits have increased over the past four years of
drought, largely as a result of increases in
numbers of black-tailed jackrabbits, which are
associated with arid conditions (Fig. 3). Our scat

indices suggest little consistent variation in coyote abundance over this period, although spring
coyote numbers are positive ly related to rabbit numbers the previous autumn.

Cross-site activities: In July 2005, I will submit a proposal
to NCEAS to support deve lopment of a Working Group to
analyze and synthesize results of long-term studies of
small mammals across the latitudinal gradient of semiarid
and arid grass lands represented by the SGS, Sevilleta
and Jornada LTER sites. Invited participants include the
LTER Pis responsible for designing and maintaining these
projects, as we ll as at least one LTER graduate student.
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2. Ecology of prairie dog colon ies
In SGS-LTER IV, I qua ntified the biodiversi ty associated with prairie dog colonies in five, pa ired
colony and grassland sites . These studies demonstrated strong differences among species in
their respon ses to prairie dog disturban ce: species such as horned larks, grasshopper mice and
earless lizards were more common in colonies, whereas lark buntings, skinks and ground
squirrels were more abunda nt in areas without prairie dogs (Stapp and Van Horne in press) .
Overall , these results suggested that the eco logical effec ts of prairie dogs in shortg rass steppe
we re less striking than in more productive grassland ecosystems, where the contrast between
colonies and adjacent vege tation is greater.

c t e

The ecology and dynami cs of prairie dog colonies are .~ "
a major focus of my current resea rch. In 2002, I ~

analyzed 21-years of records of plague extinction and 1 " ~

recolonization of colonies on the Pawnee Grasslands ~

(Stapp et al. 2004) . These analyses revealed three [{ "~

important results. First, plagu e epizootics tend to
follow with changes in weather associated with El O ~) <O.8A 118~ 3 ().l J ". · / .5l ~_ I0- '~ _ 2!l 16 ~· ;N ,' 9 2'J,n !l2,7!l

Nino Southern Oscillation climatic events. Second, Co"" y""a!ha)

large colonies were as likely to go extinct as small ones, presumably because of the higher risk
of plague in large, dense pop ulations (Fig . 4). Third, probability of extinction was more related
to the fate and size of the nea rest colony, rather than distance per se, suggesting that dispersal
of prairie dogs to the next nearest colony, regardless of distance, may spread plague among
colonies. Taken with recent population genetic studies , these results suggest that the
introduction of plag ue has significantly altered the metapopulation dynamics of prairie dogs.

A recent (2003) award from NSF has allowed us to
study the ecology of plague more closely. My role in
this collaborative project (Mike Antolin , Colleen
Webb , CSU; Ken Gage, CDC) has focused on the

~. role of small mammals as reservoir or amplify ing
." hosts, as wel l as the eco logy of their fleas. Sampling
~. in 35 colony and grassland sites in 2004 , including four

plague (4 ) aclive (18) inilcINc (6) oonlrot(7) sites that were hit by plague, revealed that thirteen-
Habitattype lined ground squirrels were less num erous in colo nies,

but that grasshopper mice, a species known to be resistant to plague, were equally com mon in
colonies and grassland sites (controls; Fig. 5). Surprisingly , there were no appare nt effec ts of
plague on any small mamma l populations through the remainder of the yea r (see pos ter). Dan
Salkeld , the postdoc on the project, is leading the field efforts and is also study ing the eco logy
of the fleas. Abby Benson, a MS student, is studying the population ecology and dispersal of
gro und squirre ls in and out of colonies (see poster).

3. Effects of livestock grazing on grassland ani ma ls
In collabora tion with CSU (Bil l Lauenroth ) and ARS (Just in Derner ) scientists , in 2003 I bega n
an experimental study of the effects of intensive spring and summer grazing on shortgrass
steppe, with the aim of determining whe ther grazing could be used to create habi tat for the
threatened Mountain Plover (proposa l submitted to USDA-NRI). My role has been to study
responses of small mammals, nesting birds and arthropods in these grazing treatments,
moderately grazed pastures, long-term grazing exclosures, and prairie dog colonies . This
project served as the thesis project for my MS student, Kati e Levensailor (see poster) .
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Analyses are ongoi ng, but we have seen very few
differences in abundance of most consumer populations
in response to changes in timing and intensity of grazing,
at least during the first year post-treatment. Most
terrestrial consumers in SGS are adapted to low
vegetation structure and may take longer to respond to
changes in grazing than plants and soils. Grasshoppers
and nesti ng birds may be excep tions (Fig. 6, 7).
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Plant/Faunal In teraction s
.la mcs Detling, Department of Biology , Colorado State University, Fort Co llins, CO 80523
1878. Telephone: 970 -49 1-5393. Email: jimd@nrel.colostate.edu

My involvement with LTER involves primarily studies of the effec ts of black-tailed prairie dogs
on vegetation, other herbivores, and soil and plant nitrogen. Recent and ongoing projects include
the following:
I. Long-te r m effects of prairie dogs on plant biomass, cover and species composition
Since 1997 we have been monitoring five prairie dog colonies for aboveground plant biomass.
nitrogen concentration, cove r, and spec ies composition. As expected from studies at other sites
in the mixed-grass pra irie, grass biomass is lower (by an average of 30%) and forb biomass is
higher (by a factor of2, on average) on prairie dog colonies than in off colony sites. However,
these differences are not near ly as great as the differences on more productive mixed-grass
prairies. Moreover, species composition is similar on and off prair ie dog colonies, and prairie
dog distur bances to not appear to be facilitating invasion by exot ic species.
2. Use of prairie do g towns by cattle
Based on earlier studies in northern mixed-grass prairie in which bison preferentially used prairie
dog colonies as sites to graze, we conducted a study of cattle use on 12 prairie dog colonies on
our SGS site. Results indicated that cattle on the SGS neither preferred nor avo ided prairie dog
colonies as sites to graze. Rather, they used them in proportio n to their availability in the
landscape. While on pra irie dog colonies, prairie dogs foraged at the same rate (7 1 bites/mi n) as
when they were off the co lonies (70 bites/min).
3. Effects of prairie dog colony age on vegetation
A study nearin g completion by graduate student Laurel Hartley is investigating the effect of
colony age ( - 4 years vs. >20 years since colonization) on biomass, cover, species composition,
and plant/so il N relationships. As with our long-term study, grass biomass is lower and forb
biomass higher on prairie dog colonies, but the differences increase very little with time since
colonization. Th is contrasts with studies on the mixed-grass prairie in which grasses are nearl y
eliminated from prairie dog colonies in as little as 10 years following colonization. In colonies
that recentl y died of plague, the differences in biomass on and off colonies began to narrow
within a year.
4. Effects of prairie do gs on floral abundance and insect pollinator's
A study in the lina l year of dala collection by graduate student Kelly Hardwicke is testing the
hypothesis that the greater forb abundance on prairie dog colonies provides a more abundant
supply of floral resources, and that there is a larger insect pollinator community on prairie dog
colo nies than on uncoloni zed grass land. Data to date indieate that both the dominant poll inator
orders, Hymenoptera and Lepid optera, were observed foraging 2-3 times more frequently on
prairie dog colonie s than on similar uncolonized sites.
5. Density and distribution of harvester ants on and off prairie dog colonies
This year, graduate student Christina Alba is beginning a study to determ ine whether grazing and
soil disturbance by prairie dogs influences the density of ant mounds or thei r distribution on the
landscape. In addition, she will measure the effects of harvester ants, singly and in combination
with prairi e dogs, on the vege tation at varying distances from their soil mound s.
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Detritus, C hanges in Below- ground Alloca tion and Food Weh Sta bility

John C. Moore, Meghan H. Quirk, the NCEA S Detritus Dynamics Working Group

Human activities alter the availability of labile SOM and shift the plant community
towards weedy species or accelerates root growth and turn-over (narrows C:N ratios ofSOM and
plant materials). We predict that areas liberated from cattle grazing and the extinction of prairie
dogs will induce a shi ft in nutrient cycling and community structure towards the fungal "slow"
pathway, while areas that arc newly grazed and or recently co lonized by prairie dogs will shift
toward the bacteria l " fast" pathway. We expect that an analysis ofthc models deve loped for
each site will revea l that sites that retain nitrogen will be more likely to be dynamica lly stable
than sites that retain less nitrogen (Figure 2). A predict ion form the hypothesis is that native sites
will possess so il food webs that arc dynamically more stable than occupied sites, and that after
plague ep izootics remove prairie dogs, those sites will quickly converge in community
composit ion to the native sites. The ideas are presented in Moore et a l. 2003, Moore et al. 2004,
and de Ruiter et al. 2005 .

Figure 1
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Figure I . The so il food webs arc
compartmentalized into three interactive
pathways - thc root, bacterial and fungal
energy channels. Empirical studies at the
Too lik Lake and elsewhere have demonstrated
that disturbance can induce changes in the
relative flow of nutrients through these
pathways and nutrient retention (Doles 2000 ,
Moore et al 2003).
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Figure 2. Simulations where the rela tive
proport ions of nutrients through the fungal
and bacterial channe ls were altered . Stability
is indexed by the most nega tive eigenvalue,
J,. The more stable region occurs when
neither thc bacterial or fungal energy channel
is dominant (Moore et al. 2004)
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Effects of black-tailed prairie dog activity on belowground community structure in the
shortgrass steppe

John C. Moore Ph.D. Advisor, and Meghan I-I. Quirk Ph.D . Candidate, Department of Biological
Sciences, University of Northern Co lorado, Greeley, CO

There arc two main components of this research in prairie dog eco logy. I) in yea r one, an initial
exa mination on prairie dog co lonies was conducted in order to identi fy types of landscape effects
with respect to prairie dog activity on belowground food web interactions. 2) in years two and
three, the goa l is to differenti ate changes inbelowground food web interact ions by target
sampling on extant and active prairie dog mounds. Spec ifica lly we are examining variations on
productivity and belowground community trophic structure among different type of mounds
(crater, dome and other) within inactive and active areas of two black-tailed prair ie dog towns
located on the Pawnee National Grass lands (PNG).

Question:
I) What is the structure of the soil food web across prairie dog co lonies?
2) How do so il food webs respond to changes in prairie dog co lony status (e.g., colonized, or
ex tant)?
3) What are the relationships between the structu re of the soil foodweb, the plant community and
nutrient dynamics in response to changes in prairie dog colony status?

Objectives :
I. Determine how prairie dog activity (disturbance) affects belowground food webs within
ex tant and active prairie dog colonies.
II . Determine the trophi c structure of the soil communities based upon biom ass es timates to
identify C:N ratios and community structure.
III. Characterize aboveground plant spec ies richness in relation to prairie dog co lony status.
IV. Deve lop a map utilizing GPS and ArcMa p® in order to characterize belowground
community structure.

Hypo theses :
HI : Prairie dogs affect the shortgrass steppe (SGS) ecosystem by influencing troph ic structure,
by the habitat provided by burrowing, and by selective grazing of plants.

H2: The bacterial pathway has a higher rate of turnover (narrow C:N ratios) than the fungal
pathway on ac tive prairi e dog co lonies compared to both ex tant co lonies and to adjacent short
grass steppe.

H3: Act ive do me mounds will have greate r densities of fungi than inactive dome, cra ter and
other mounds due to the increased burrowing by prairie dogs and that dome mound s arc
conside red primary entrances into the burrowing systems.

Hypothesis one focuses on data acquired in year one. Hypotheses one-three lo cus on data
acquired in all yea rs.
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Preliminary Data for fu nga l-arthropod d ensiti es and interactions:
• Prairie dog ac tivity does have an affec t on belowground arthropod populations. The increased
abunda nce of Cryp tostigmata and Astigmata mite orde r in Active sites may be attr ibuted to the
influ x of de tri tal material (i.e . feca l matter, fur, plant mate rial ) into the belowground ecosystem
due to pra irie dog acti vity. Lack of prairie dog activity in the Extant and Off-town si tes shows a
decrease in these arthropod populations.
• The slight decrease of fungal hyph ae in our Active treatment in 2004 may be ex plained by the
increased proliferation of Astigm ata and Cryptostigmata populati ons.
• Collembo la populations incre ased as total fungal lengths dec reased over the cou rse of 2003 fo r
both CPER and PNG . Increased consumption o f hyphae or persistent drought condit ions may
ex plain prevalent seasonal diffe rence s.
• Arthropod and fungal communities may be significantly infl uenced by both the physical

disturban ce of soil from burrowing and from prairie dog activity.

Fu tu re Directions:
• We will be gathering spatial and temporal data from future target samples and extrapolating
these data in hope s to elucid ate the effects o f prairie dog activity distu rbances on structures of
belowground fo od webs within the shortgrass steppc ecosys tem.
• Utilizing G PS techno logy we will be developi ng a map to illust rate changes in bclowground
IClOd web stability dynamics.
• Investigate the effec ts of prairie dog moun d structure on belowground food web s.
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Impacts of Alte red UV radiation on hclow gro und food weh communit ies in th e Sho r tg russ
Steppe
Quirk, Meg han H.I , Jennifer King-, Daniel Milchunas-", Arv in Mosier '?', Jack Morgan", and
John C. Moo re I

I Department of Biolog ical Sciences, University of Northern Colorado, Gree ley, CO 80639; 2Department of
Eco logy, Evolution and Behav ior, and Department of Soil, Water and Climate, University of Minnesota. St Paul,
MN 55 108; 3Forest, Range, and Watershed Stewardship Department, Colorado State University, Fort Co llins, CO
"Natural Resource Ecology Laboratory, Colorado State University, F0I1 Collins, CO 80523; 5 U SDA ~Agric u lt u ra l

Resea rch Service, Soil-Plant-Nutrient Research Unit, Fori Collins, CO 80522 ; (, USDA-Agricultural Research
Station, Range land Resources Research Unit, Fort Collins, CO 80526

A three-year study was initi ated in spring of 200 1 in the Co lorado shortgrass steppe to identify
the effects of two di fferent components of climate change; UV radia tion and C02 on below

ground and litter food webs. Interactions between UV radiation and elevated C02 have very

seldom been studied. In the lield, open-air structures were constructed of so lid plastic sheet
material that either passed all wavelengths of solar radiation or passed all wave lengths except for
UV (280-3 15 nm). Litterbags co ntaining plant tissue grown unde r differe nt C0 2 conditions were

placed under some of the structures to moni tor decomposition and soil fauna. Precipitation under
all structures was applied by manual watering, and two levels were maintained to simulate high
precipitati on or drought conditions. Litter grow n under elevated C02 yielded more recalcitrant

vegetative ma terial. UV rad iation had a significant effect on overa ll densities of arthro pods. The
exc lusion of UV significan tly favored higher numbers o r ar thropo ds over all three years. In dry
co nditions, den sities of bac teria ce lls were significantly effected by the interaction between litter
grown under ambient C02 and exposed to ambient UV radiation and litter grown under elevated

C0 2 and exposed to excluded UV radiati on. Litter grown under ambient C02 condi tions and

ex posed to ambient UV radiation in wet conditions, however, favore d higher densities of fungal
hyphae. These data suggest that UV-B radiation alters belowground and litter food web structure.
Su111ma ry
• Precipitation (wet and dry treatments) did not appear to be as strong of an influential facto r on

overall densities of bacterial cells (f-igure 3).
• There was a signilieant interaction betwe en C02 and UV with respect to density of bacteria

cells.
• Signilieant interactions were observed in dry treatment s only (f- igure 3).
• Densities or fungal hyphae were higher under ambient UV in ambient C0 2 litter (Figure 3).

• UV radia tio n had a significantly adverse effect on densities of arthropod s.
• Exclusion of UV fa vored higher numbers of arthropods over all three years.
• Litter grown under ambient and elevated C02 yielded more recalcitrant vegetative material.

• Densities of bacteria and fungi were lower in comparison to total arthropods.
• Lower densities of fungal hyphae may be attributed to increased densities of arthropo ds as

well as consecutive years of drought conditi ons.
• UV-B radiation alters the structure of belowground and litter food webs.
• In order to more accurately infer microbial activ ity under ambient and excluded

UV radiat ion future exa minations may include the excl usion of arthropods.
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Prairie dogs a nd ha rvester ants as distu rbance agcnts on the shortgrass
stc ppc: Implications for ha bita t hctcrogcncity

Chrissy Alba and Jim Detl ing

Department of Biology , Colorado State University, Fort Collins, CO 80523 - 1878

Much of the shortgrass steppe ecosystem of northeast Colorado has been converted for grazing
or agricultural use since post-European settlement. Historically, the deep, nutrient-rich soils of
the steppe supported the growth of plentiful forage for large, native herbivores such as bison,
pronghorn, and elk . Grassland ecosystems generally are attractive to people becau se they support
crops and domesticated livestock . As a result , more than 98% of the North American grasslands
have been exploited and altered from their native state. Such a paltry remnant of native habitat
doc s not bode well for the native flora and fauna that depend on it. Therefore, researchers are
charged with studying this ecosystem to provide conservationists and managers with the tools
necessary to safeguard its currently tenuous future.
A key characterist ic of grasslan ds is that they undergo cyclic disturbance from dro ught and fire.
These large-scale disturbances are integral to maintaini ng landscape-level heterogeneit y. In
addition to large-scale heterogeneity, there are patches, or mosaics, within the matrix of the
grass land. a lle n. anima ls create localized disturban ces that contribute to this patc hiness. The
term "ecosystem engineer" describes anima ls that drastically modify their habitat in order to live.
Their act ions in turn alter the resources available to other organ isms; this can precipit ate an
inllu x or efflux of plant and animal species from the area, which results in altered spec ies
composition and distri bution. I will conduct research to elucidate the disturba nce effects of two
grassland ecosystem engineers: the black-tailed prairie dog (Cyl1omys ludovicianus i and the
western harvester ant (Pogonomyrmex occidentulisi .
The engineering activities of these two species havc important impl ications lor native 110ra. First,
they direc tly affect vegetation ncar their mounds (prairie dogs) and nests (ants) by clipping and
eating vegetat ion. Seco nd, they indirectl y affect vegetation by excava ting large amounts of soil,
which alters soil chem istry, soil-water levels, and soil physica l characteristics (e.g., cha nges in
bulk density or dehor izon ation from mixing). Third , they alter seed bank characteri st ics. Prairie
dogs may ingest seeds while forag ing vegetation, or thcy may graze vegetation prior to seed set.
The western harvester ant , as impl ied by its name, forages lor seeds and returns them to the nest
for consumption and storage. These behaviors result in modified seed distributions and
abundances, wh ich in turn can inl1ucncc plant community structure. Because prairie dogs and
harvester ants arc such influential and widespread components of the shortgrass steppe
ecosystem, I am interested in understandin g how their disturbance effects interact where they co
occur. Currently, there is scant literature that addresses this issue . To elucidate how these
important ecosystem engineers alter habitat, 1will measure the follow ing: nest and burrow
densities and distributions; total area of denuded soil on prairie dog and ant co lonies; and
aboveground vegetation dynamics.
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A comparison of the Bowen ratio energy balance and Eddy covariance
methods for determining surface fluxes over shortgrass steppe

'Universit y of Co lorado, Department of Geography, Boulder, Co lorado 80309, 2USDA
Agricu ltura l Resea rch Serv ice, Fort Collins, Colorado 80526, 3Colorado Researc h Assoc iates,
Bo ulder, Co lora do 8030 I

Due to bot h practica l and theoretical differences inhere nt to the Bowen Ratio Energy Balanc e
(I3REB) and Eddy Covariance (EC) methods lo r determ ining surface fluxes, each of these
me thods can yield substantially different measures oft hc same flux. This research sought to
quanti fy the magnitude and scope of thesc differences by analyzing da ta co llected at the CPER
durin g the summer 01'2004. By elucidating relat ionshi ps betwe en the various energy and mass
fluxes as measured by the two meth ods, this research was able to gene rate techni ques tha t co uld
be uscd to reconcile data co llec ted by eac h o f these methods. However , emphas is was placed on
the laten t heat (J,E) and car bon diox ide (Fe) flux since they demo nstrated the greatest differences.

When measured via the BR EB meth od AE was observed to be as much as 40% greater than when
measured by thc EC method . Similarly, Fe, when measured using the I3RE13 met hod, could by as
mu ch as 2.5 rimes greater than when measured by the EC meth od. However, when the BR EB
data was furt her processed using a family of polynomial relationships developed as a pa rt of this
research those differences could be redu ced to less than 10%. Thi s, in turn, allows lo r the
development of a single long-term da ta set that could be used as the foundation for further
resea rch investigating the linkages betwee n the land surface and the atmo sphe re.

Poster A bstracts 2



Land-atmosphere interactions ill semiarid areas: Examples frnm Shortgrass
Steppe and .Jornada LTER sites

Adriana Beltran-l'rzekurat l
• Roger A. l'i elke l Sr., Jack A. Morgan", Daniel R. LeCain2 and

David Smith2

I Department of Atmospheric Science, Colorado State University. Fort Collins, CO 80523 . 2

USDA-ARS Range land Resources Researc h Unit, 170 I Centre Ave . Fort Collins, CO 80526.

Observations and model ing results have shown that land use practices have affec ted reg ional
climate in the Shortgrass Steppe (SGS ) region through their influence on surfa ce energy
partitioning and balance. A coupled atmospheric-vegetation model constitutes an approp riate
tool to study the interactions and feedbacks between the vegetat ion, soil and the atmosphere. The
Regional Atmospheric Model ing System coupled with a plant-sca le model GEMRAMS is used
to quantify the potentia l impact of these land use practices on mesosca le clim atic patte rns at the
SGS LTER site. At the Jornada LTER, New Mexico, the conversion from the natural landscape
of grasses to the current landscape of shrubs has been shown with the high resolution model
version of GEM RAMS to result in significant changes in surface heat and moisture fluxes. The
same modeling app roach will be used in the SGS LTER sitc. Measurements of CO2 and energy
and water fluxes will be used to validate the performance of the coupled modeling system
GEMRAMS .
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Dispersal and demography of thirteen-lined ground squirrels on and off
prairie dog colonies

A. L. Benso n and P. Stapp

Dep artm ent of Biological Scie nce, Cal iforn ia State Universi ty. Fullerton . CA 92834 USA

Thirteen-lined ground squirrels iSpermophilus trideccmlineatusi and black -tai led prairie dogs
tCynomys ludovicianusi are diurnal, scmi-foss orial squirrels that co-occur in many areas o f
shortgrass steppe in northern Colorado. Grazing and burrowing by prai rie dogs causes significant
changes in the landscape that may negative ly affect ground squirrels. Additionally, alth ough both
species live in the same areas, interactions between the two species have not been studied. We
prop ose to study the populat ion ecology and dispersal behavior of thirteen-lined gro und squirrels
in and out of prairie do g co lonies. We hypothesize that colonies represent poorer quality habitat
for ground squirrels , resulting in lower population densities, smaller litters, larger home range
sizes, higher mor tal ity, lower body weights, and longer dispersal distances co mpared to areas
without prairi e dogs. To test these hypotheses, we will measure popu lation density and
demographic character istics of squirrels in and out o f co lonies by live-trappi ng on a 19-ha grid,
with half of the grid on and half the grid off a large prairie dog co lony. In Summer 2005, we will
radio-col lar eight j uvenile females from colony and grassland areas to compare dispersa l
dista nces between habitats . Dispersa l behavior is also influenced by the level of soc iality, wit h
asocial anima ls pred icted to display less sex-biased dispersal. Thirteen-lined gro und squirre ls are
among the least soc ia l of ground squirrels, but dispe rsa l behavior has not bee n studied in detail in
their natural habit at. We hypothesize that both frequency and distance of dispe rsa l will bc Icss
male-bi ased than in other, more social, ground squirrel species . To test this hypothesis. in
Summe r 200 6 we will radio-track 16 individuals of eac h sex to estimate dispersal distances. This
study will prov ide a bette r understanding of species interact ions in mamma lian communit ies in
shortgrass steppe and will help determine the role of sociality as a de terminant of dispersa l
behavior,
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Silica biogcoch emi stJ·y across a gntssland c1imoscqucn cc

S.W. Blecker, S. E. Melze r-Drinne n, C. M. Yonker and E.F. Ke lly

Soil and Crop Sc iences , Co lorado State Unive rsity, For t Co llins , CO 80523-1 170

The imp ortance of primary mi neral dissolut ion and tormation of seconda ry minera ls has been
rec ogn ized as a primary contro l on si lica conccntrations and fl uxe s in so il so lutions and stream
waters. Such reaction s are imp ort ant in understand ing such ea rth surface processes as so il
develop ment, so il buffering aga inst acid deposition and regulation o f atmospheri c carbon
diox ide . Links between te rrestr ial and marine sys tems arc also important in te rms of S i, whe re
Si-based diato ms playa lar ge role in mar ine primary productivi ty. As ses sments ofthe co ntrol s
on silica export from the terrest rial environment tend to ignore the ro le of plant silica cycl ing and
biogenic silica storage in so ils and vegetation, assum ing that mineral weather ing reaction s alone
con tro ls this llu x. Mo st stud ies also tend to occ ur in forested ecosyste ms; though weathering in
grass lands is typ ically less intense, they cover up to 40% o f the earth ' s lan d surface.
To this end. we employed a mass balance study of Si pools and fluxes alon g a grassland
clirnoscquc ncc in the Ce ntra l G reat Plains. Though bio log ically med iated Si acco unts for only a
few percent o f the total Si in these systems. we bel ieve that thi s Si is 1;11' more labile than mineral
Si. In general, shortgrass sys tems tcnd to have greater pools o f so il biogenic Si than ta llgrass
ones thou gh thc plants add Icss Si to thc soil annually. Although these grass land systems arc Icss
we athere d than temperat e and trop ica l forests. bio logical S i cycl ing appears to impact m inera l
weathe ring on thc same orde r o f magn itud e as that seen in the forested systems.
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Proposed Improvements to the Shortgrass Steppe Field Station

Ingrid Burke l, William Lauenroth I , Ed Redcnte' . Jack A. Morgan/, Justin Derner' . Alan Knapp:',
Jim Dctling' , Michael A ntolin3, Gene Kell/ , Nicole Kaplan", Rich Co nant", John Moore" and
J.C. Culwe ll7

I Depa rtment o f Forest, Range land, and Watershed Stewardship, Colorado State Univers ity
(CSU), 2Agricultura l Research Service , US Department of Agriculture, JDepartment of
Biolog ica l Sc iences, CSU, "Department of Soil and Cro p Sciences, CSU, 5Natural Reso urces
Eco logy Lab , CSU, "University of Northern Colorado, and 7Facilitics Design, CSU.

The Colorado State University Shortgrass Steppe Field Station is located on the Central Plains
Experimental Range (CPER) in northeastern Colorado. The field station represent s a formal
co llabora tion amo ng CSU, the Agricultural Research Service, and the University of No rthern
Co lorado. Experiments have been conducted on the CPER since 1938, and the Field Sta tion has
been in ex istence since the 1960' s. The research conducted at the SGS Field Station is
rec ognized wo rldw ide as one of the most important sources of new ideas and imp ortant results in
grassland eco logy. Our research has also had major impli cations for land management in the
reg ion. The field station hosts classes, undergraduate research intern s, graduate research , and a
large number o f outreach activities Jar groups including K-12 education, local ranchers, and
co nservation orga niza tions. We propose to significantly entrance the Shortgruss Steppe Field
Station so tlutt it CIlII continue 10 represent a multi-institutional center IIf ex cellence for
research, education, (Jilt! natural resource interpretation for shortgruss steppe ecosystems.
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Va ria bility of nitrogen dry deposition across microclimates

Martin Danglema yr, Rebecca Riggle and Ingrid C. l3urkc

Deparuncnt of Forest, Rangeland and Watershed Stewardship . Co lorado State Unive rs ity, Fort
Collins. CO 80523- J472

Anthro pogenic sources of aeroso l nitrogen (N) could lead to vegetation shifts and eutrophicat ion ,
Our objectives were to assess deposition variability and the influence of anthro pogenic N sources
on deposit ion rates, and to ob tain an estimate ofN dry deposition rates fo r thc shortgrass steppe.
Our results showed that there was no significant var iabil ity in deposition rates and that dry
deposit ion rates remai ned relat ive ly constant acro ss the shortgrass steppe.
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Mediation of spatial organization in the switf fox: Preliminary observations

Darden, S. K., and T. Dabelsteen

Insti tute of Biology, University of Copenhagen

Anima ls use signals to mediate soc ial interactions. Signalling env ironme nts o ften incl ude several
individuals that have access to the transmitted information, i.e. a communication networ k.
Aco ustic, chemica l, and visual signals operate in this network to convey information about a
signaller's ident ity, behaviour, and location and their transmissio n prop erties determi ne signal
value at diffe rent distances from the signaller (spatia l and tem poral ). This project investigates
aspects of sw ift lo x behaviou r, eco logy, and physiology that function in shaping swi ft fo x
communication networ ks and how we may use this inform ation in the management and
conserva tion o f this species . The study is be ing carried out with radio-collared fo xes on the
Centra l Plains Experimental Ran ge and the Pawnee National Grass land and will run for a to tal of
three years .
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Historical and current trapping records for heteromyid rodents in northern
Colorado

Dye, J.L., and M.R. Banta

Department nf Biologica l Sciences, University of Northern Co lorado, Greeley, CO

As part ofa larger project examining aspects of torpor and winter metabolism in the silky pock et
mo use (Perognuthusflavusi. we attempted to trap severa l ind ividuals of P. .fIlIVUS at var ious sites
on thc Centra l Plains Experimental range (C PER) during summe r 2004. Historical trapping
records for this area inclu de this species as well as other heterorn yid rodents iPerognathus
hisp idus and Dipodomys ordii). For the same project we also trapped a short-grass region 15 krn
cas t of Greeley, CO. This area is on State of Colorado Public Land that is leased to a local
rancher and grazed periodi ca lly by cattle and horse.

On the LTER we accumulated a total o f 1580 trap nights between Jun e-August 2004 spanning
se ven different sections . This resulted in thc capture of eight individuals: 3 Ord's kanga roo rats
(D. ordii), 3 deer mice (Peromyscus maniculatusv. I northern grasshopper mouse tOnychomys
leucoguster) and one juvenil e co ttontail rabbit (Sylvilagus spp.). This represents an overa ll
trapping success rate o f 0.5%, with no ca ptures o f the target species.

On the east Gree ley site we accumulated 1591 trap nights between September-November 2004
all within a single section (Sec6 T5N R63W). This resulted in the capture 01'228 ind ividuals: 9 1
Ord' s kangaroo rats (D. on /ii), 33 deer mice (I ' . maniculatus v. 33 northern grasshop per mice (0.
leucogaste ri . 19 plains pocke t mice (l'erognathusitavescenst. and 53 s ilky pocket mice (I'.
flavus) which was the targc t species . This capture represents an overall trapping success rate of
14.3 %, with a 3.3 % ca pture of the target species .

The cast Gree ley s ite appears to have a grea ter abundance of vegetation for an increase of ground
cover and food availab ility. Th e sandy soil at the cas t Greeley s ite may also prove to be more
favorab le fo r burrowing by many individuals. Lastly, with the strain imposed by severa l years o f
dro ught, individuals at the cast Gree ley sitc may havc been affected less by the dro ught than
individuals on the CPE R.
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GIS data and tools available at the SGS LTER

Flynn, RL, and NE Kaplan

Shortgrass Steppe Long Term Ecological Research, Department of Soil and Crop Sciences,
Colorado State University, Fort Collins, CO 80523-1170

Tools for gathering and viewing GIS data in the Held. Handheld PC's now provide a means
for gathering spatial data for LTER experiments. With these devices. fi eld workers can navigate
to and record research site information.

Tools on the SG S website for viewing and ohtaining G IS data. The SGS Map Viewing Tool
is available on the SGS Website for viewing, printing and capturing images of GIS data. The
basic version only requ ires an internet browser. while the advanced version uses a freely
downloada ble tool for customized maps.

Tools for analysis of SGS spatial data GIS data. Analysis and modeling of data using GIS
software are being perfo rmed extensively at the SGS LTER. Examples includ e generation of
random sample points, proximity analysis. interpolation of sample data. spatial change over time.
spatial correlation of physica l factors (soil. water, vegetation, etc). species population and
interaction modeling, and clim ate modeling.

GIS data layers. Various GIS data layers are available to researchers at the SGS LTER. These
include static physical data (boundar ies, elevation, water, pastures, roads, soils, etc.), dynamic
data (prairie dog towns, burn areas, exclosures), experiment site data, and multi spectral imagery.
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Species interactions ac ross three trop hic levels: Cy nomys ludovicianus
co lonies increase flo ral visitation by insects.

llardwicke, KB, and JK Detling

Department o f Biolo gy, Co lorado State University, Fort Co llins, CO 80523 - 1878

Black-tailed prairi e dogs (CYI10 /llYs ludoviciunusi change vegetation structure and co mposition
on the mixed grass prairie and shortgrass steppe, with active co lonies showing higher herbaceous
dicot co verage, reduce d ca nop y height , and an increase in bare ground, allowi ng fo r higher
germination of !lowering annua ls. Extensive (> 40 hal C ludovicianus co lonies create large
landscape patches within the prairi e matrix, which pollinating insects should react to favorabl y if
indeed flo ral resource s arc increased , and may perceive or utilize as a differing habi tat type. In
ea rly summer 2003, and aga in throughout the entire grow ing season in 2004, floral resources
we re measured on a total of 6 colon y sites on the SGS-LTER. Diurna l insect floral visitation
was also me asured at these same sites . To tal abunda nce of inflo rescences from all zoophilic
species increased on co lony sites in both yea rs. Total frequ ency of insect visitation a lso
increased on colony sites. The gro ss diversit y of the community of diurnal insec ts by see ms also
to track the species di versit y o f the floral resources present in a given yea r. T hese findings show
a clea r link between th ree troph ic levels, with conse rva tion and possible managem ent
implications for optimizing suitable habitat for a thriving nat ive pollina tor community and the
host plants they serv ice on the shortgrass steppe.
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Prairie dogs, plants, and pla guc: A stndy of plant communi ty and nutrient
cyclin g on prairie dog colonies

Laure l M. Hartley and James K. Delling

Department of Biology, Colorado State University, Fort Collins, CO 80526- 1878

l3lack-tai led prairie dogs (CyIlOlllyS ludovicianusy physically influe nce the ir environm ent by
graz ing, burrowing, and actively removing taller vegetation. These activities can have profound
impacts on plant communities and nutr ient cycling. Effects of prairie dogs on plant community
and nutrient cycling have been extensive ly studied in the mixed-grass prairie where graz ing by
prairie dogs results in decreases in standing biomass, canopy height, litter . and cove r of
graminoids relative to forbs. Also on the mixed-grass prair ie, prairie dog grazing tends to resu lt
in increases in crude protei n eo nccntration of individual plants and increases in net nitrogen
mineraliza tion rates. Studies from the mixed-grass prairie are being used to make managem ent
decis ions for prairie dog s in other ecosystems. However, the shortgrass steppe (SGS) is drier
and is dom inated by drought resistant spec ies such as blue grama (Bou teloua gracilis) that are
also resistant to graz ing. Further, prairie dog colonies on the SGS arc often subject to period ic
ex tinction and rccolonizati on events due to plague. Extinction eve nts may serve to temporarily
alleviate grazi ng pressure from prair ie dogs. This poster presents results from a comprehensive
study of the effects of prairie dogs on plant community compos ition and nutrient cycling on the
SGS of Northeastern Co lorado. Plant community compos ition. species richness. abo ve and
bclowground biomass, shoot nitrogen, and nitrogen mineralization were measured on 3 rece ntly
co lonized co lonies, 3 recently abandoned co lonies, and 3 co lonies that have been occupied
consistent ly fo r over 15 years and compared to off-co lony con trol sites in similar habitats. The
trends for the SGS are the same as those found on the mixed-grass prairie (i.c, an overa ll
reduction in biomass, a dec rease in canopy height, an increase in biomass and cover of forbs
relative to grasses, an increase in plant shoot nitroge n, and an increase in nitrogen
mineralizat ion), but the magnitude of the changes on the SGS arc much less and in some cases
are not statistically signilicant.
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The Colorado Front Range GK-12 Project : Connecting kids and ccology 
teachers and researchers

Laurel M. Hart ley], Meghan H. Quirk2
, John C. Moore2

]Department o r Biology, Co lorado State University, Fort Co llins, CO 80526-1878
2Department o r Biological Sciences, University or Northern Colorado, Gree ley, CO 80639

Th e Co lorado Front Range GK- 12 Project is a joint e ffort of The University o f Nor the rn
Co lorado, Colorado State Unive rsity, Weld County Schoo l District, Poudre School Distr ict and
other collaborators. Th e theme or the project is "huma n impacts on ecosystems along the Front
Range." The project provides funding for graduate students (the GK- 12 Fellows) at the two
universities to involve themselves in curriculum developm ent and deliver y within the local
public school sys tems. It also funds summer research opportunities for public schoo l teachers to
enhance their und erstanding of the scientific process. GK- 12 Fellows are involved in diverse
scienee classes at all levels within the schoo l systems. GK- 12 Projects range from studies or
ae id deposit ion at Northridge HS to studies or prair ie dogs at Rock y Mo untain HS. One of the
GK- 12 Project' s strengths is that it fosters lasting links between schools and com munity partners.
Emphasis is on ensur ing that pub lic schoo l students (and thei r teachers) are expose d to
ex periences in the field , making learnin g a hands-on , interactive, que st ions-driven ex perience .
Thi s brings the exc iteme nt of uni versity research into pub lic schoo l classro oms and forms links
between the un iversiti es and the schoo l systems.
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Ecosystem response to clim ate change: Sensitiv ity of grass land ecosystems
across the Great Plains to variability in preci pitation.

Heisler, Jl. , and AK Knap p

Department of Biology, Colorado State University, Fort Collins, CO 80526- 1878

Proj ected changes in climate inc lude warming of the atmosphere and increasingly variable
precipitation reg imes , both of which may affect soil, plant , and ecosystem properti es. Water
availability is an important determinant of aboveground net prim ary produ ctivity (ANPP) and
increasing evide nce sugg ests that many aspec ts of ecosystem structure and functi on are quite
sensitive to intra-annual variability in precipitation. ANPP is an integrat ed assessment of
ecosystem structure and function and thus a valuable means of identi fying change in response to
resource ava ilab ility (wa ter). However, responses in ANPP arc subject to physiological,
vegetation co mpos ition, and biogeochemica l constraints that are altered on different time sca les.
For this reason, this invest igation will additionally seck to identi fy alterat ions in plant
physiology/ph enology, community-level processes, and soil processes - as these system
attributes may act independently or interactively to drive variations in AN PP.

The overa ll objective of this research is to develop a mechanistic understandi ng betwee n
va riation in AN PP and variation in precipitation acro ss sites that spa n a broad precipitation, soil
nutrient and species co mpos ition (short to mixed to tallgrass) gradient. This research is a mu lti
site study that includes the Shortgrass Steppe LTER, the Konza Prairie LTER, and the KSU
Ag ricultura l Research Center in Hays, Kansas.
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Shortgrass Steppe Long Term Ecological Research

Kelly, EF1
• IC Burke2

• MF Antolirr' , WK Luucnroth, JC Moo re", JA Morgan", JK Detling], DG
Milchunas''. AR Mosier', WJ Parton", KI-j Paustian!', RA Pielke7 and PA Stapp"

1So il and Cro p Sciences, Co lorado State University, 2Forest, Rangeland and Waters hed
Stewardship. Co lorado State University, JBiology, Colorado State University, "Biolog ical
Sc iences. University of Northern Co lorado, sUSDA-ARS. 6NREL, Co lorado State University,
7Atmospheric Sc ience, Co lorado State University, SBiological Sc ience . California State
University-Fullcrton

The shortgrass steppe (SGS) Long Term Ecological Research (LT ER) site is part o r a network of
long-term research sites suppor ted by the National Science Found ation . The network consists of
26 sites repre senting di verse ecosystems and research emphases, yet maint ainin g a common
mission and sharing ex pertise and data.
The SGS site, located on the Pawnee nationa l Grassland, uniquel y represents the shortgrass
steppe ecosystem within the network. We assert that the eco logical struc ture and function of the
shortgrass steppe is gove rned by clim ate. human usc, natu ral disturbance, biota and
physiograph y. The representation or our conceptual framework depicts the relationship s
between these la ctors and our core research areas: population dynamics. biogeochemica l
dynamics and lund-atm osph ere interactions. A summary or key research findings and current
endeavors is presented lor eac h core research area. Brier discussions or synthes is act ivities,
cro ss-site projects and educational outreach activities arc also presented.
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LTER: Long Term Ecological Research Network

Kelly, EF, NE Kaplan, and CM Yonker

Department of Soil and Crop Sc iences, Colorado State University

With an initial six sites selected in 1980, the National Science Foundation estab lished the Lon g
Term Ecologica l Research Netwo rk to study broad spatial and temporal scale environmental
phenomena. Currently, 26 sites (including shortgrass steppe, SGS) represent the Network - a
co llabora tive effort of more than 1800 scientists, students, and educators. Each site has in
common a research program developed around five core resea rch areas:

• Pallern and control of primary producti on
• Spatial and temporal distribution of populations selected to represent trophic structures
• Pattern and control of' organic mailer accumul ation and decomp osition in surface layers

and sediments
• Pattern s of inorgan ic inputs and movements of nutrients through soils, groundwater and

surfa ce waters
• Pattern s and frequency of disturbances.
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Effects of intensive livestock grazing on small mammal and rnacroarthropod
communities in Colorado shortgrass steppe.

K.E. Levensa ilor and P. Stapp

Department of Biolog ical Science, California State University, Fullerton , CA 92834 USA

Ag ricultural practices such as livestock grazing have been impl icated as a major cause of habitat
loss for nat ive species. For some species, however, grazing may be benefi cial . The Mountain
Plover, Churadrius III IJI1/aI1I1S , is a species of conservation co ncern in the Great Plain s that
prefers the short vegetation and disturbed soi ls that are often assoc iated with livestock graz ing.
Biologists have recently advocated using grazing to create habitat for thc Mountain Plover in
northern Colorado, where numbers have declined, in part, becau se of two decades of unusua lly
high primary product ion . Howe ver. intensive grazing may change interactions between plovers
and other species, which may affect the suitability of the habi tat indirectly. via changes in
predation risk and availability of arthropod prey. We investigated the conseq uences of di fferent
grazing prac tices on terrestrial grass land consumers, specifically, potent ial nest pred ators such as
small mammals. and aboveground macroarthropods, the major prey of plovers, In 2004, we
es timated rela tive abu ndance of small mammals and macroa rthropods and measured vegetation
and habitat characteri st ics on 25. 1.1O-ha plots. represent ing live treatments (intens ive spring
graz ing, intensive summer grazing. moderat e summer grazing, moderately grazed prairie dog
co lonies, and long-term grazi ng exc losures) . Consumer abundance and diversity were compared
to similar data co llected in 2003 , prior to the implementation of grazing treatments. There was
no significance difference amo ng treatment groups in the abundance of any small mammal
species or in species richness. a lthoug h exc losurcs tendcd to have the highest number of rodent
species. In both years, grasshoppers were more abundant in exc losures and moderately grazed
pastures than in intensively grazed treatments or prairie dog colonies. Analyses of arthropod
captures in pitfall traps are ongoing.
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G rca t Plains grassland biogcochcmistry: A cross-s ite a na lysis

R.L. Mcf'ull ey" , l.C, Burkel, W.K. Lauenroth l
, A.K. Knapp / , & E.F. Kell i

I Department of Forest, Rangeland and Watershed Stewardship, 2Department of Biology, and
JDepartment of Soil & Cro p Sciences, Co lorado State University; *Deptartrncnt of Biology,
Duke Univers ity

Regional analyses and biogeochemical model s suggest that ecosystem fluxes of carbon (C) and
nitrogen (N) increase as precipi tation increases trorn the semi-arid shortgrass steppe to the
tallgrass prairie of the Central Great Plains; however, few field data exist to evaluate these
prediction s. In addition, lillie is known abou t the regional variability in the soil microbial
co mmunities co ntro lling these biogcoc hcmiea l fluxes. Wc measured above- and belowground
net prim ary production, litter decomposition, soil respiration, in s ill/ nct N minerali zation, and
so il microbial community compos ition at 5 sites across a precipitation gradient in the central
Great Plains. Aboveground net primary production, soil respirat ion, and litter decomposition
rates all increased with increasing precipitation across the region. In contrast, in sill/ net N
minera lizat ion was not signilicantly different across sites, despite measurable differences in the
amount of plant ava ilable N . Distinct so il microbial communities were assoc iated with the
grass land community types suggesting that alterations in microbia l communities may contribute
to the observed biogeochemica l diffcrences across sites. While majority of C flu xes appear
tightly coupled to water ava ilability in these grassland sites, belowgrou nd root C inputs and
intcrnal N cyc ling via minera lizat ion did not, These arc important ecosystem processes in Great
Plain s grasslands that require further study.
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Proposal to investigate the role of biogenic s iliea on mineral wcathering: A
quantification of silica mobilization in diverse terrestrial ecosystems of the
LTER Netwo r k

Suellen Melzer-D rinnen and E.F. Kelly

Department o f So il and Crop Sciences, Colorado State University, Fort Co llins, CO 80523- 1170

Silicon (Si) is the second most abundant element of the Earth' s surface. In terrestrial systems,
silicon is found e ither tied up in primary minerals, as weathering rate indicators in rivers and
soils, or in form s available to plan ts by chemical and biological processes. A lthough Si sources
are varied, most global silicon mass balance calculatio ns fo und in the literatur e assume that all
inp uts of silicon into the oceans come from mineral weathering react ions. The role of biogenic
silica stored in soils and plants has been d isrega rded. A growing body of ev ide nce suggests that
plants tran sform silicon into labile forms act ing as potential sources or s inks of Si that contro l
delivery to ter restrial aquatic and mar ine sys tems . Plants abso rb silicon in the fo rm of silicic
acid (which forms primarily from the weathering of alumino-silicate minerals like fe ldspar) and
prec ipitate it in cellular plant tissues in or between epidermal cells. Higher plants in ter restrial
sys tems, specifically, have developed behaviors to where they passively and actively take up
silicic acid and store (as prec ipitate) large reservoirs o f biogenic silica. The precip itati on of
silica duri ng evapotranspiration occ urs as micron- sized phytol iths. am orphous hydrogenated
form s of s ilica, which accumulate in the soil or are recycled as plants die . In esse nce. co llect ing
the necessary data to evaluate the influence of terrestrial biogenic silica on weat hering rates and
the global silicon cycle is the fo cus of this study.

Th e most signifi cant questions heading off this research arc: What are the quan tities ofbiogenic
silica mobilized and stored in grassland and forest systems that span climatic and geologic
gradients"! What are the effects ofvegetation typ e and varying bioclimatic and geologic selling
(parent material and tectonic selling) on weathering rates and the geochemical behavior 0/
biogenic silicon"! Are there differentfonns 0/ biogenic silica that are more labile than others
and is this afunction ofplant spec ies"! Does the biogenic S! among systems can)' a unique Si
isotop icfingerprint? This study will not on ly characte rize the geochemical behavior of biogen ic
silica and defi ne reservoir s in end-member sys tems, but it will serve as a modern analog aimed to
enhance our understanding concerning c limate change and weat her ing rates in a variety of
ecosystems .
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Long-term response of shortgrass steppe vegetation to removal of Bouteloua
gracilis

Mun son, S.M ., and W.K. Lauenro th

Departm ent of Forest, Rangeland , and Watershed Stewardship, Colorado State University, Fort
Collins, CO 80523 - 1472

The aim of this project is to assess the long-tcrm respo nse of shortgrass steppe vegetation to the
removal of the dominant perennial grass species, Bouteloua gracilis. Since comp lete
abo veground remova l of B. grac ilis from I m2 plots in 1997, plant density and cover by species
have been monitored annually. Treatment and contro l plots arc located inside and outside
graz ing exclos ure sites to address grazing impact. Removal of IJ. gracilis affected vegetation
dynami cs. Perennial forb and subshrub density peaked 2-4 years after rem oval and then
declined. Density of annuals was initially higher in treatment plots, but over time showed no
di fference from contro l plots. Certain subdominant grass and sedge species initially increased in
relative abundance in treatment plots, while cacti density was higher in treatmen t plots seven
years alte r B. gracilis remova l, Domin ant shortgrass removal did not change species density or
d iversi ty and there were no significant grazing interactions.
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Prospectus for elementary edncationa l hook: Mv Home, Your Homc: The
Shortgrass Steppe

Meg han H. Quirk' :", Lynne Fox-Parrish ':", Rebecca Ramirez'', Marilyn l lilll cr2
, and John C.

Moo re l

I Department o f Biologi cal Sc iences. and Mathematics and Science Institut c (MAST) University
o f Northern Colorado, Greele y 80639: 2S. Christa Mc/vul iffe Elementary Schoo l, Greeley. CO
806 34

The Nationa l Science Foundat ion (NSF) has provided the opportunity to inco rpo rate sc ience
content into elemen tary curriculum throu gh the grant program Graduate Teaching Fellows in K
12 Educa tion (G K- 12). Th e Colorado Front Range GK- 12 grant brings graduate fel lows into the
classroom and K- 12 teachers into the field. The GK- 12 research of human impacts on
ecosystems provides students with hand s-on science learning. Science literacy can bc used as a
vehic le to teach reading, writing and mathematics, The partnership with University of Northern
Co lorado fellows and S. Christa McAuliff e Elemen tary teachers has provided an opportunity to
create a book about thc prairie eco system over thc next year (200 5-2006). The goal of this book ,
Mv Home. Your Homc: The Sho rtgra ss Steppc (working title), is to help stude nts understand
their surroundings from a scientific standpoint. The book is bcing wri tten for Weld County
District Six in connection with the Colorado Modcl Content Standa rds, in part icular Standa rd 5.
where students are ex pec ted to know and understand interrelationsh ips W I/lIIl}!, science,
techno logy, and human activity and how they can affect the world The book will present a story
about the shortgrass steppe and the roles o f various keystone species of the pra irie. and contai n
science and math components (teaching units) tha t second-fourth grade tea chers will be able to
usc in their classrooms. Studen ts from two fourth gradc classes at S. Christa McAuliffe will
participate with thc de velopm ent o f the story. science activities. and illustrations. The students
will visit the SGS-LT ER site in Nunn. Colorado. dur ing 1[111 2005 to explore various pra irie dog
towns. participate in on-s ite science activities, and become familiar with the prairie eco system.
The purpose of this book is to educate elementary students about the prairie ecosys tem and
provide teache rs with an educational tool to engage students in science literacy where reading,
writing and mathematics are integ rated into a single unit.
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Impacts of altered UV radiation on below ground food web commun ities in
the shortgrass steppe

~~~~kC~~~~~~1H.
I
, Jennifer King

2
, Daniel Milchunas':", Arvin Mosier' :", Jack Morgan", and

I Department of Biological Sciences, University of Northern Co lorado, Greeley , CO 80639;
2Department of Ecology, Evolution and Behavior, and Department of Soi l, Water and Climate,
University of Minnesota, St Paul, MN 55108; 3Forest, Range, and Watershed Steward ship
Department, Colorado State University, Fort CollinsCt) 4Na tural Reso urce Ecology Laboratory,
Co lorado State University, Fort Collins, CO 80523 ; ' USDA-Agricultural Research Service,
Soil-Plant-Nutrient Researc h Uni t, Fort Collins, CO 80522; USDA-Ag ricultural Researc h
Station, Rangelan d Resources Research Unit, Fort Collins, CO 80526

A three-year study was initiated in spring 01'200 1 in the Colorado shortgrass steppe to identi fy
the effects of two differe nt compo nents of climate change; UV radiation and C02 on below
ground and litter food web s, Interact ions between UV radiation and elevated C02 have very
seldom heen studied. In the field, open-air structures were constructed of so lid plastic sheet
mater ial that either passed all wavelengths of solar radiation or passed all wavelengths except for
UV (280-315 nm). Litterbags con taining plant tissue grown under different C02 conditions were
placed under some of the structures to monitor decomp osition and soil fauna. Precipitation under
all structures was app lied by ma nual watering, and two levels were maintained to simulate high
precipitat ion or dro ught cond itions. Litter grown under elevated C0 2 yielded more recalcitrant
vegetative material. UV radiation had a significant effect on overall densities of arthropods, The
exclusion of UV significantly favored higher num bers of arthropods over all three years. In dry
condition s, densities of bacteria cells were significantly effected by the interact ion between litter
grown und er ambient C0 2 and exposed to ambient UV radiation and litter grown under elevated
C0 2 and exposed to excluded UV radiation. Litter grown under ambie nt C02 condit ions and
exposed to ambient UV radiation in wet conditions, however, favored higher de nsities of funga l
hyphae. These data suggest that UV-B radiation alters belowground and litter food web structure.
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Arthropod diversity and abundance on a suburba n remnant of the shortgrass
steppe

Rock y Mo unta in High Schoo l Biology Students (classes 2002-2005)
To m Creegan, Ta mara Driskill, Carol Secm ucller
Rocky Mo untain High Schoo l, Fort Collins, Co lorado 80525

A rthropod censuses arc con ducted on the SGS-LTER site as a part of lon g-term cco log ica l
monitorin g. As the Colorado Front Range becomes more developed, rem nants of the shortgrass
steppe beco me surrounded by human habitat ion. Arthropods arc affected by the subsequent
increase in pest icide usc, change in water availa bilit y, and change in food sources . Long-term
monitoring of arthropod com munit ies on a remnant shortgrass steppe enclosed by development
may provide base line da ta useful lor local age ncies creating management p lans lor natur al areas
along the Front Range. Each spring and fall since 2002. Biology students from Rocky Mo unta in
High Schoo l have mon itored art hropods at the Cathy Fromme Prairi e in Fort Collins. Students
install pitfal l traps in a riparian area, on a prairie dog colony, ncar the road , and on a rocky ridge
top. Arthro pod s caught are identi lied to orde r, genus. or species.
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Plant community changes associated with prairie dog grazing on a suburban
remnan t of the sho rtg rass steppe

Rocky Mountain High School Biology Students (classes 2002-2005)
Tom Creegan, Tamara Driski ll, Carol Sccmuellcr
Rock y Mo unta in High School, Fort Collins, Colorado 80525

Dr. Detl ing and others have documented changes in plant communitics in the mixed grass prairie
caused by the herbivo ry of the Black-tailed prairie dog, CYIlO/llY.I' ludovicianus. Ca nopy height,
litter cover , and graminoid cover relative to forbs decrease, while spec ies diversity, nitrogen
mineralization, and crude protein increase. The shortgrass steppe is significantly differen t from
the mixed grass prairie: precipitation is lower, the grasses are dominated by the drought resistant
(he nce graz ing resista nt) grass Blue Grama, and prairie dog co lonies are killed off periodic a lly
by plaguc. Add itiona lly, in the suburban setting, large herbivores are excluded , hab itat is
fragmented, human interaction increases, and there is an increased presence of non-native
spec ies. Currently, researchers are study ing changes in plant communities in response to pra irie
dog herbivory on the short gras s steppe at the SGS-LTER site and Pawnee National Grass lands
in order to compare to the results from the mixed grass prairie. Students from Rocky Mountain
High Schoo l are trac king changes in the plant community in response to prairie dog herbivory on
a suburban short grass steppe remnant which we hope to compare to the results from the SGS
LT ER/PNG and the mixed grass prairie. We hope to provide useful da ta fo r local agencies
creating management plans for natural areas along the Colorado Front Range.
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Ge ne flow in meta pop ulations of black-ta iled prairie dogs

Lisa Savage and Mike Anto lin

Department of Biolo gy, Co lorado State University, Fort Co llins, CO 80523- 1878

Black-t ailed pra irie dog popularion s have decl ined dramatically over the past century not only
from habitat destru ct ion and eradication efforts but also Irom the introdu ction o f the sylvatic
plague, Yersinia pes/is , which causes almost 100'}'llmorta lity in black-tai led prai rie dog colonies .
Because o f these factors , popu lations have become frngmcnt cd , involving both a decre ase in
population size and an increase in popul ati on isolation. In areas with plague, populations also
ex perience metapopulution dynamics by undergoing regular local ex tinction and recoloni zati on
The objective of this study is to del ineate the relat ionship between genetic variability and both
fragmentation and metapopul ati on dynami cs in black-tailed prairie dogs. Black-tailed prair ie
dogs we re sampled in fragmented arcus with the plague (Fort Co llins, CO and Pawnee National
Grass land. CO), in a naturally fragmented area without the plague (W ind Cave nat ional Park,
SO), and in a wel l-co nnec ted, unfru gmcnted area without the plague (Buffalo Ga p nat iona l
Grass land, SO).
Analys is showed that there is a signifi cant level of dispersal between co lonies o f black-tai led
prai rie dogs at all study s ites which helps to moderate, although not completely, the e ffects o f
fragment at ion and plague on gene tic structure.
Pra irie dog populat ions in Co lorado (PNG and FC) are functioning as mctapopulntions, with
gene Ilow between co lonies high enough to decrease genetic d ifferentiation between plague
epizoo tics to levels similar to that of a fragmented population not sub ject to cpizoot ics from
plague.
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Colorado GK12 human impacts along the Front Ran ge: Integ rating the
Poudre Lca rning Cente r with local school dist rict c urricula

Rodne y T. Simpsoni, William Hoyt2
, Catherine Hoyt", Raymond Tschi llard" , David Swift5

, and
John C. Moo re l

.)

1Dept. of Biological Sciences, 2Dcpt. of Earth Sciences, 3Math and Science Teac hing Institute
(MAST) , University ofNorthern Colorado, Greeley, CO 80639; "Greeley-Eva ns Schoo l District
6, Greeley, CO 80631; ' Natural Resource Ecology Laboratory,
Co lorado State Unive rsity, Ft. Collins, CO 80523

The mission of the Colorado GK-12 grant projec t is to bring university-based researc h into the
classroom. Withi n this mission fellows and teachers work closely together to introduce students
to scientific concep ts that wou ld not typicall y be introduced into K-12 classrooms. The next
phase of this project will be to integrate a newly developed natural systems learning center into
loca l school distr ict curr icu la. Educa tion programs offered at the Poudre Learni ng Center will
reinfo rce concepts presented in the classroo m. The Center will be a local point for sustainable
study of the Poudre River through usc of laboratory and field act ivities, as well as fie ld trips.
Field resea rch activities carried out at the Poudre Learning Center will serve as a model for
research projects that can be carried out in Schoolyard Ecology plots. An interdisciplinary M.A.
of Natural Sc iences degree lor practicing teachers is being offered at UNC and is being
developed at CSU. Persons pursuing this degree will have the opportunity to earry out projects
at the Center in order to gain research experience.
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Effects of plaguc on small mammal communities in prairie dog colonies in
shortgrass steppe

P. Stapp

Department o f Bio logica l Sc ience, California State University. Fullerton. CA 928 34

Prairie dogs iCynomys ludovicianusi arc extremely vulnerable to plague, a bact erial disea se that
infects other rodents, including other ground squirrels iSpcnn ophilus tride cemlineatusi. Spec ies
such as grasshopper mice (Onychumys leucogas ler) may be resistant to plague. and act as key
reservoirs and dispersa l age nts lo r the disease or infected fleas. In 2004, small mammals we re
sampled at 35 sites on the Pawnee National Grass lands, Colorado. incl udin g 18 active co lonies,
four colonies that ex perienced plague in 2004, six colonies had been unoccupied for >6 years
(inactive). and seve n grass land sites without prairie dogs (controls). Rodents were live-trapped
on 1.35 or 2.25-ha plots for four consec utive nights and mornings to estimate abundance and to
co llect blood and fleas fo r plague surveys. Each s ite was trapped at least once from May to
September. Vegetation characteristics and burrow densities were measured to determine if
grazing and burrowing by prairi e dogs affects small mammal communities. Grasshopper mice
and ground squ irrels were captured on 9 1% of the sites and comprised 39% and 3 1% of
individuals captured, respectivel y. Species richness ranged from 1-6 species, but most sites on ly
had these two spec ies. Gro und squirrels were least abundant on active and plague colonies, and
most abundant on inactive co lonies and controls. However, there were no significant site-related
differences in abundance of any other species, includ ing grass hopper mic e. Rodent spec ies
richness was highest on contro l sites, where taller vegctation provided habitat Ja r rarer species .
Multivariate ana lyses, however , revealed no signific ant di fferences amo ng sites in either their
rodent or plant communities, underscoring the relatively small di fTcrences in the effects of prai rie
dogs in shortgrass steppe compared to other grass lands. There were no s ignificant changes in
abundance of any rode nts dur ing and after the 2004 epizootic. Grasshopper mice were
consistently com mon , and ground squirrels remained abunda nt on plague sites, despite thei r
reported susce ptibility to the disease.
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Effect of g razing on so il tempera ture and moisture and subse q uent
implica tions

Jen Wolchansky', Peter Blanken ", Jaek Morgan", David Smith", Joseph Alfieri I, Robert
G rossman'

I Department of Geography, University of Co lorado , Boulder , CO 803009-0260. 2USDA-ARS
Ran ge land Resources Resea rch Unit. Fort Co llins. CO 80526

Call ie graz ing, a common form of land usc on grass lands. may affect transpiration and
evaporati on from so il by defoliation and . in turn . could alter the climate at the surfa ce. Thi s
study focused on whether physical landscape chan ges ass oc iated wit h grazing cou ld hav e a
significant impact on soil temperature and moisture, and thereby affe ct the microclimate.
Objectives we re to analyze how soil temperature and moi stu re vary with s imulated graz ing
treatments. Climatological data were co llected at a USDA shortgrass steppe in northeastern
Co lorado . Eight (I x J meter) plots were selected to represent var iat ions in the frac tion of bare
ground, while two ( I x I meter) plots were used to measure the impact of thc arran geme nt of
bare gro und. So il temperature and soil moisture measurem en ts were recorded under a vegetated
and bare area in eac h plot. Add itionally, the eddy covariance method was used in the
recom mended practice of moderate grazing (40% reduction in above-grou nd biomass).
Rcsulls from the plots were used to discuss imp lications lor the e ffec t o f different grazing
densities on the microcl imate and water budgets of moderate grazing managem ent and the
accuracy o f remo te se nsing images (using large pixels).
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Effects of black-tailed pairie dog act ivity on fungal-arthropod densities and
interactions

K. A. Wyant' cJ. M. Carnenisch' . M. 1-1 . Quirk', and J. C. Moo re' r'

I Department of Biolog ica l Sc iences, University of Northern Colorado and 2Math and Science
Teaching Inst itute (MAST), University of Northern Colorado; Greeley , CO 80639

Th is study exa mines the effects of burrowing activity of the black -tai led prairi e dog (C)1J10Il1y.l'
ludovicianusi and resulting funga l-arthropod densities as part of a larger effort study ing
relationships betwee n soil food web structure and nutrien t flow with respect to prai rie dog
activi ty. In 2003, we studied how populated and repopulated colonies affec ted belowground
biotic system s. We found significant differences in fungal dens ities amo ng s ites in the spring and
fall sugge sting a possib le land scape effec t (p<O. I) . Differences were observed lor arthro pod
densit ies among the sites, which were attributed to a land scape effect . In 2004, a more locali zed
study was initiated in orde r to examine belowground community structure on a finer sca le.
Analyses of on and off mounds (crater and dome) within acti ve and extant prairie dog co lon ies
were sampled in spring and I ~Ii I. Counts of total arthropods densities and in particular, densities
of Cryptostigmata and Astigma ta mites were higher in active co lonies versus extant colonies.
These results indica te a relationshi p between the structure of the soil food web system and
disturbance from prairi e dog co lonizat ion.
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Information Management System of the
Shortgrass Steppe Long Term Ecologica l Research Project

Nicole Ka plan, 1M Team Leader and Bob Flynn, IT/GIS Managcr

Goa ls
The goals o f the info rmation management system (lMS) of the Sho rtgrass Steppe (SGS)

Long Term Eco logica l Research Project (LTE R) arc to support s ite, networ k, and community
sc ience . A functional information management system must be well orga nized, yet nimble
enough to support eco log ical research efforts that change with adva nces in technolo gy (Sta fford
et al. 1986a, b).

Thc IM team reaches these goa ls by design ing and manag ing a system to:

• Facilitate access to data and mctadata by LTER scientists, the scientifi c and
educational communitics, and the public

• Create a robu st Informat ion Technology (IT) infrastructure that supports
computing need s

• Manage and dissem inate data with standardized mctadata to support local ,
network, and co mm unity research efforts

• Ensure usability of data in the future
• Employ tools that faci litate mana gement, discovery, and intcgration of

information to support co llaboration, outreach and synthes is
• Co ntribute to Network initiatives, such as Ecolog ica l Metadata Lan gua ge (EM L)

impl em entation , and the LTER Ne twork Databases

Dcsign a nd Implcmenta tion of thc SGS In form ation Ma nagcmcnt Syste m

The scope of the data and mctadata in thc SGS IMS enco mpasses non-spatial dat a sets
and metada ta from as ea rly as 1943, spatial data contained in a Geographic Information System
(GIS) , and specime n in formation lor the reference co llection at the SGS field station. Legacy
data sets were produ ced by the Unit ed States Forest Service wor king at the Ce ntral Plain s
Experime ntal Range in the late 1930s and grass land research ers funded by the Internationa l
Biological Pro gram in the late 1960s. Most of these data and metadata have been migrated to
our databa se from hard-cop ies of field data form s, Fortran card decks, an extensive series of
technical report s, and over two dozen 7-trac k tapes (Staffo rd ct al. 2002) .

The SGS database is ex tens ive, with over two-hun dred data tab les and do zens of GIS
layers. A data dictionary contains important fields, such as unique data table identifiers, to locate
dat a and metadata tabl es. GIS data arc ca tegorized first by geographic locati on , and second as
static land feature da ta or research study data. Data tables lor ongo ing long term datasets are
updated annually. All metadata and most da ta arc acce ssible on-line in accorda nce with the SGS
Data Acquisiti on Po licy (http ://sl!s.cnr.colostatc .cdu/Data/Acq uisitionPlcv.htm ).

Pub licati ons, includ ing technical reports, theses, dissertations, journal aritclcs, book
chapters and abstract s are updatcly quarterly and searchable on-line by querying on dat e,
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author(s), keyword(s) and/or publi cation type
(http://sgs.cnr.co lostate.edu/Publicalions/sea rchpblctns .hlm) . G IS data are accessible on -line
th rough a download page or through a map viewing tool (ArcIMS) on the SGS web site. The
basic version of the ma p viewing too l requires an internet browser , while the adva nced versio n
oile rs a freely downloadable java tool for customized maps
(http://sgs .cnr .co lostate.edu/websitc/l . Larger GIS data files and a fe w of our on-go ing, current
datasets, which contain informa tion regarding species of conce rn are stored off-line. These data
are accessed and distibuted by request with permission from the Prin cip al Investigator (1'1) . Th e
large amount of storage necessary for SGS data increases dram at ically each yea r and prese nts a
challenge to the 1M team and the ex isting IT infrastructure.

Des ign
For the past dec ade , SGS researchers and students worked on a net work of over 20

separate Unix servers, attac hed to many di fferent physical computers and networked into a
cohere nt yet cumb ersome Netwo rk File Sys tem model. In addition , there was no consistent rule
for crea ting project directories with adequate metadata . Thi s situation, although wo rkab le,
begged for a more stream lined and e ffic ient design. The new IMS includes a windows-based
server (Ascalon) with RAID technology (Redunda nt Array of Inexpensive Disks) that centrali zes
the ma nageme nt o f da ta, metadata and other information , while public access ible informat ion is
available off a we b server (L imber pine) (Figure I). This set-up allows the 1M team the
!1cxibili ty to mi grate the system to other locations within the Universi ty as the project leadership
and adm inistra tion change over time. l3ack-up media were enhanced by doi ng away with 8mm
tape and imp leme nting more accessible and eco nomica l ex ternal hard-drives off-site.
Increm ental back-ups are performed night ly and full back -ups semi-monthly. Everyone
assoc iated with the project is instructed to store their LTER data and other files on thc
ce ntra lized server so as to takc adva ntage of the backup system and facilita te real-ti me capture o f
their LT ER prod ucts. Researchers and stude nts working off campus can still access the LTER IT
infra st ructure by launching the Co lorado State Univers ity (CSU) Virtua l Privat e Netwo rk, used
to authenticate their access to the system. Personn el data and other sensitive da ta arc pro tected
agai nst misappropriation and misuse by contro lling permissions base d on user login accounts.

Web Page
The we bsite currently serves metadata, data, and citations for publicati ons dynamically

fr om a Relational Da tabase Ma nage me nt System (R DI3MS) in Microsoft Access usin g Ac tive
Server Page tec hnology. Project levclmetadata is organized by catego ry o f research, which
provides an access point to down loadable metadata and data in AS CII format
(http: //sgs .cnr.co lostate.edu/Data/DataLi brarv. htm) .

The 1M team has plans to improve on-line searching capab ilities for data and metadata
by deve loping new webs ite tools. We have recognized the need for bet ter integrat ion of related
data sets. spatial and non- spatial data, pub lica tions and other research information .
Recommendati ons from the LTER Netwo rk Webs ite Design Working Gro up w ill be eo ns ide rcd
when implem entatin g the second genera tion SGS web site (Kaplan 2(05).

Doc umen tati0 n
The architec tu re, procedures, and protocols for usage and back-up of the IMS has bee n

clearl y doc ume nted in a series of guide lines that are distributed to our users. 1M team roles and
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responsi bilities arc updated reg ularly to plan and delegate how our system is ma inta ined and
projects are completed (Ta ble I). Methodo logies for research projects are ava ilab le on-line and
document ed in the annual Field Crew Manua l
(http://sgs.cm.co lostatc.edu/Rcscarch/Resc arch·ror ics. htm).

Review of 1M Tcam Roles
SGS formed an 1M tea m and Nicole Kapla n moved into a full time leadership pos ition in

response to reviews of the 2002 renewal proposal. Nicole has an advanced degree in Ran ge land
Ecosystem Sc ience from CSU and has conduc ted and supervi sed fie ld sampling in the shortgrass
steppe s ince 1996 . Nico le works clo sely with Bob Flynn , GIS and IT ma nagcr. She consults
with lead Pis to establish 1M priori tics and strategies ann ually. We are mak ing progress toward
intcgrating our non-spatial and spatial da ta sets, as recommended by past rev iewe rs . It is
important to balance our com mitme nt to site support, Network initiatives and outside
cco informa tics projects. Nicole is also involved with the Network 1M and broade r
ecoinformatics com munity as a mem ber of LTER IMcxec and Leader of the Website Des ign
Work ing Group.

SGS Infonnation Managc mc nt Sys tc m Sup por ts S ite, Ne two rk, and C om mn nity Science

Sitc Sc icnce
Th c 1M team's support o fSGS science begins with project initiation. Thc 1M team stays

involved du ring data collec tion, verific ation, entry, QA/QC, archiving, and publicat ion ( I3 runt
2(00) (F igure 2), The 1M team meets with researchers annually to disc uss and upd ate mctadata
and data. Graduatc students arc instructed by their adv isors to submit research mctadata and data
to the 1M team before publicati on oft heir theses or dissertati ons. The guide lines fo r usc o f thc
SGS server facilitate the organiza tion of raw and revised data files that arc easily retrieved lor
migration to the wcb server.

Pol icies
SGS IMS users have access to most data and metadata as they arc co llecte d and entered

following each fie ld season. Researchers and students arc made aware of polic ies that address
publ ic access to and use of SGS da ta and mctadata. The few data and mctadata that have
restricted access con tain information regarding the location of species o f concern or infectious
diseases. The newly adopted LTER Netwo rk data acce ss and usc policies arc being inte rp reted
and appl ied by thc SGS 1M team and Pis.

Mct adata
Mctadata in the SGS IMS vary in richness. since fif teen percent of our data sets arc

legacy data sets from the USF S and IBI' . Because of this. info rma tion required to meet the new
LTER standard mc tada ta content of EML may not bc available. Metadata for more recent and
current SGS data sets can be submitted direct ly to the RDBMS by students and Pis via web
based torrn s, We recognize the impo rtance of maintaining robust rnctadata to ensu re thc
usabilit y of da ta in the future and arc making efforts to con form our mct adata tables in the
RDB MS to EM L according to thc EML Best Pract ices docum ent. We have a strategy to br ing
metadata inthc RDI3MS to Level 2 EML by exporting metadata content in XM L (Extensible
Mark-up Language) and conve rting the XM L to EML with XSLT (Extens ible Style shcc t
Lan guage Transformation) conversion scripts. Exper ts at the LTER Ne two rk O ff ice have
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contributed to our efforts by prov iding licenses for software tools, exa mple code, and tools for
harvesting SGS metadata to a Metacat, a remote eco logicu l metadata catalog. The SGS has also
co ntributed to a com munity model mctadata management system in RDBMS that is being
develop ed and impl emen ted at various LTER sites. Lastly, a GIS EML tool developed at the
CA P (Cen tra l Arizona Phoe nix) LTER site was tested on SGS GIS metadata to generate EML.

We are developing a suite of programs, called the Matrix, whose code or iginate s from
older Fortran QAQ C prog rams. The Ma trix currently checks and formats meteorological data
for submission to CLlMdb (http: //www.ls l.orst.ed u/climdb/) and is being expanded to support
data tab les produce d by floral dynamics research, which includ es ove r sixty percen t of our
studies. The 1M team will continue to work with resea rchers to develop too ls to more efficiently
process, quality check and publish their data with high integrity. Since Feb ruary 2002, data
usage has bee n tracked in the database with required fields on a web -based form (Figures 3, 4,
and 5).

Co ntr ibutions to LTER Network and communitv act ivities
Nico le and/or Bob have attended and contributed to the annual 1M meetings, since 200 1.

Current SGS data have bee n uploaded to LTER Network databases inc luding: Data Table of
Co ntents, SiteDB, ClimDB, All Site Bibliography, and Personnel Crab le 2). SGS participate s in
cro ss site and other com munity driven 1M act ivities. Such activities include contributi ng to the
deve lopment of temp lates for data entry, integration, analysis, and visualization of aboveground
net primary prod uction da ta collec ted at distinct grassland sites fo r the Canopy Databank Project
(http://canopv.ever!.!reen.edu/bcd/home.aspl at The Evergreen State Co llege. In addit ion, SGS
has contributed to a US Geological Survey, National Biological Info rmation Infrastru cture "data
cooperative" to accele rate the sharing, standardization, completeness, and accessibility of da ta on
the distribution and abunda nce of non- native plants, an imals, and diseases across the United
States (Kaplan 2003) . Syn thes is of nutrient enrichment data is being demonstrated by the
Science Enviro nme nt for Eco logical Knowledge ( htt\l :l/seek . eeoi n fo rmat ic s.or~/) project and
incl udes SGS data and input lor constructing ontologi es of aboveground grass land vegetation
measureme nts. SGS rema ins closely connected to the LTER 1M community as Nico le Kap lan is
a member of the 1M Exec utive Committee. She presented a talk at the 61h Wor ld Conference on
Systemics, Cy bernetics, and Informatics. She also part icipated in a Web Services workshop, at
the San Diego Super Computer Center (http ://www. sdsc.edu/), where IMs created pro totypes to
synthes ize distributed datasets using web-based too ls. She also co-authored six art icles in the
LTER Network Newsletter, the LTER 1M Newsletter Data Bits. and Digita l Government.

SUlllnlarv
SGS has a rich legacy of data sets that serve as a resource for future generations. There is

a strong flow of data and metadata from the field to the IMS and com municat ion with Pis and
students a long the wa y. The 1M team and Pis need to work together to supplement the quality of
mctadata for legacy data sets and continue to record robust mctadata lo r new studies to
participate in sy nthes is research, and address broader scale eco logical questions in the future.
The SGS RDBMS serves as a good foundat ion to build 1M tools that create greater access to
info rmat ion, support local science, and contribute to community driven efforts based on EML.
The 1M team has dev eloped a prototype based on the existing RDBMS to harvest EML to a
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metacat, design more efficie nt web tools, and better integrate project and data table level
information. The 1M team and IT infrastructure arc challenged by increas ing quantities of data,
samples, and specimens. Software and hardware upgrades are necessary to maintain a strong IT
infrastructure that supports SGS computing needs,
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List nf Infnrmatinn Ma na gement Acro nv ms for SGS-LTER

A rclMS - Internet Mapp ing Service

pro duct by ES RI

ARS , USDA - Ag ric ultura l Research

Service, United Sta tes Department of

Agricu lture

C PER - Central Plains Experimental Range

EML - Eco log ical Met adata Language

G IS - Geographic Info rmation Sys tem

G PS - G lobal Positioning Sys tem

1M - Info rmation Management

IMS - Information Ma nagement Sys tem

IT - Information Technology

LTER - Lon g Term Ecolog ica l Research

PNG - Pawnee National Grass land

RDBMS - Relationa l Database

Management Syste m

SEEK - Sc ience Enviro nment for

Ecologica l Knowledge

SGS - Shortgrass Ste ppe

USFS - United States Fore st Service

XM L - Extens ible Markup Lan guage

XSLT - Extens ible Sty lesheet Language

Transformat ions

M ore Information About SG S-LTER Infonnation Ma nage ment Projec ts

Ecoinformatics.org - Ecoinforrnatics.org is an open, voluntary co llaboration of developers and
researchers that aim s to prod uce so ftware, sys tems, publications, and services that are benefic ial
to the ecolog ical and environmental sciences. Source: http://w ww .ecoinfofm atics.oft!/

EM L - Eco log ica l Metadata Lan guage (EML) is a metadata spec ification deve loped by the
eco logy discipline and lor the eco logy disc ipline. It is based on prior work done by the Eco logica l
Society of America and associated efforts (Mi chene r et aI., 1997, Eco log ical Applicat ions) . EM L
is implement ed as a se ries ofXML docume nt types that can by used in a modular and exte ns ible
mann er to document eco logical da ta. Each EML module is designed to desc ribe one logical part
of the tota l metada ta that should bc included with any eco log ica l datase t.

LTER has generated a vas t number ofdata sets, which have the potential to greatly
enha nce undc rsta nding of the co mplexity of the biosphere . However , broa d-sca le or sy nthetic
research is stymied because data arc largely unorganized and inaccessible as a consequence of
their tremendous heterogeneity, co mplex ity , and spatial dispersion in many separate repositories .
EML has been adopted as the first metada ta contcnt standard for the LT ER Netwo rk and was
designed spec ifi cally to faci litate integration of eco logical da ta. Wide ado pt ion and use ofE ML
wi ll crea te excit ing new opportunities for data d iscovery, access, integration and synthesis, New
1M Rev iew Criteria state that metadata sha ll be EML-compliant at level 2 (d iscovery) .
Source: htt1'://knb.eco in10 n11atics.org/so Itwarc/eml/

.fAVA - A high-level pro gramm ing language deve loped by Sun Microsystems, which is we ll
suited for deve lop ing applications lor thc wor ld widc web, So urce :
http://www.webopedia.comr r ER M/.i/Java.html
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RDIl M S - A type of data ma nagement system that stores data in the form o f related ta bles.
In formation includ ing data, metadata, per sonne l, and ci ta tion s for differen t pub lica tion s are
spread across d ifferen t tab les , and as a resu lt, the in formation ca n be j oi ned together to be viewe d
in man y di fferent ways. So urce : htt p://www.webopedia .comrrERM/ R/ RDBMS.html

Xl\IL - Ex tens ib le Markup Language is a text format that is s im ple and flexible en ou gh to allow
designers to create their own tags, whi c h enab le the de fi nit ion, t ran smi ss io n, validat io n and
intepretation o f data between appl icat io ns and organiza tions . Sources:
http://www.webopedia.comfr ERM /X/XML.html, http://www.w3 .0f!!JXM LI

XSLT - Ex te ns ible Stylesh eet Language T ransformations allow us to tra nsform our structured
info rmat ion into an order that meet s a purp ose othe r then how it is created a nd stored , T he
transfor ma tion is expressed in an XM L mode l o f e lemen ts and attributes, in o ur case, from the
SGS-LT ER RDBMS. T he transformation occurs by creating "a n exam p le" o f how dat a fro m the
SGS -LTER XM L mod e l ma ps to the EM L mode l. So urce:
http://www.xm l.com/pu b/a/2000/08/ho lman / index .hImI? page=3#xsltdesc

Information a hoot F:coinfor ma lics Pmjccts al SGS-LTER

Cano py Databank - DataBank is a resource for presenting, sharing. archiving, and searching for
ecolog ica l stud ies. T he project has foc used on fores try and ca nopy stud ies. Currently,
Rescachcrs at three LT ER grass land s ites (.IRN, SE V. an d SGS) inde pendently co llec t s im ilar, but
not direc tly compara ble N I'I' data . Th ese data were chose n fo r an intcgrati on expe rime nt. Wc
de vised genera lized conceptua l model s for NI' I' field da ta a nd site-plot represe ntat ions a nd
impl e men ted co rres pond ing da ta base co mponents. We ge nerated and later populated MS Access
dat abases, a nd au toma t ica lly c rea ted mctada ta spec ific to the three grass land s ites, in the newly
de ve lo ped Eco log ica l Metada ta Lang uage (EML) .
So urce : ht tp://scid b.evergree n.ed u/datahan k

SEF: K - The goa ls o f the Sc ience Enviro nment lor Eco logi ca l Knowled ge (SEEK ) arc to make
fundamental improvements in how researchers can I ) gain global access to ecological data and
information, 2) rapidly locate and utilize distributed computational services. and 3) exercise
powerfu l new method s for ca pturing, rep rodu c ing, a nd ex tend ing the ana lysis process itse lf.
So urces: http ://www.eco informa tics.org/p ro jecls.html , http://seek.eco infor ma tics.or gl

\Vell Desig n \Vorking Gro tlp - Since our first generation LTER web sites were launched. our
users' expectations. informat ion technologies, and design techniqu es have evolved. O ur
challenges today arc serving gigabytes of mctadata and data for hundreds of data sets from a
federat ed syste m of LTER web serve rs, updat ing bac kcnd dat abase s with dynam ic co nte nt, and
keeping up w ith drifting standards and med ia in which to publ ish data in va rio us formats . A
wo rking group wa s formed w ithin the LT ER 1M co mm un ity to address the se challenges. The
group plans to create recomm en dation s for developing new or second gcneration web sites that
wi ll allow sites to maintain their own web tools that lit in w ith their local orga niza tiona l structure
a nd meet the need s of their loca l s ite user s.
So uree: htt,, :// inlraneLIterne t.cdu/arehives/doeuments/Ne wsletters/ Data Bits/O5spr jng/#21"
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Table 1. Roles and delegation of critical tasks for SGS 1M team personnel.

Roles Leadership 1M GIS IT Database/
(as FTE): Web

Nicole Kaplan .10 .75 .05 .10
(1M)

Bob Flynn .05 .10 .25 .10
(IT/GIS)

Programmer* .25

Data-Entry .40 .10
Students*

Total .10 1.2 .20 .30 .45

* Planned to beg in 2005 Fall Semester

Table 2. SGS data are updated on the Network Information System
databases quarterly .

Database Last Updated

DTOC Spring 2005

SiteDB Spring 2005

ClimDB Spring 2005

Alls ite Bibliography Spring 2005

Personnel Spring 2005



Figure 1. SGS-LTER Information Techn olo gy Infrastructure
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Figure 2. Time line of collecting, verifying, archiving, and publi shin g data
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Figure 3. Numb er of Data Requests per Year (February 2002 - July 2005)
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Figure 4. Mean Monthly Data Usage (February 2002 - July 2005)
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Figure 5. Data usage summary by user type (February 2002 - July 2005)
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Educational, O utreach, and T ra ining Activities

John C. Moo re and Laure l Hartley

I. Research Exp erience for Undergrtuluutes

We have sponsored five REU students in LTER V.

Year
2003
2004
2004
2004
2004

Student
Karl Wyant
Julia West
Chri s Warren
Josh Metten
Martin Dangelma yr

Insti tution
University o f Northern Colorado
Midd lebury College
Earlham College
Co lorado State University
Co lorado State University

Adv isor
Jo hn Moore
Ind y Burke
Bill Lauenro th
Bill Lauenro th
Ind y Burke

2. Schoo lyard Ecology

Participant s rep resent a wide range o f schools (one K-6, one 6- 12, one middle school and 5 High
Schoo ls) (rom districts in the north ern Front Range, eastern plains of Co lorado and the Navajo
Reserva tion in Arizona.

Schoo l
Akron High Sc hoo l, Akron , CO
Frontier Acade my, Gree ley, CO
Greeley West High Schoo l, Gree ley, CO
Jo hn Evans Midd le Schoo l, Gree ley, CO
Rocky Mo untain High Schoo l, Ft. Collins, CO
Rough Rock High Sc hoo l, Navajo Nation, AZ
S. Christa McAulifTe Elementary Schoo l, Gree ley, CO
Union Colony Prep School, Greeley CO

Science Teacher
Ms. Deanna Schrock
Dr. Scan Madden
Mr. Ga ry Prewitt
Mr. Jason Mcla ughlin
Mr. Dave Swartz
Mr. Will iam Rosenberg
Ms. Rebecca Ram irez
Ms. Cathy Hoyt

3. Research Assistancefor Minority lIigh School Students (RA MHSS)

The fo llowing students were supported with LTE R RAM HSS funds in 2003 . The students were
participant s in the UNC Upward Bou nd Math and Science program known as COSMOS . The
students were supported with roo m and board, tuiti on and stipends lor the six-week summer
prog ram, and prov ided stipends during the acade mic yea r.

Student
SaDune Quarles
Jaime Sa lazar
Lucio Smith

Moore and Hartl ey

Gender
M
M
M

Ethnicitv
African-American
Hispanic
A lricun-American

Education, Outreach

Hiuh Schoo l
Gree ley West
Gree ley West
Gre eley Centra l
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4. GJ(-12: Hnnum Lmpact along the Front Range ofColorado

The project is an N SF-funded collaborative between the University of No rthern Colorado and
Co lorado State University. Graduate students in STEM disciplines are placed in K-12
classrooms during the academi c year to ass ist K-12 teachers with the transference ofresea rch.
K- 12 teachers work with the graduate students dur ing the summer on research. The proj ect
promoted the schoolyard ecolog y program, and provided teachers with graduate cred it hours,
travel to National Meetings (e.g., the ESA in Savanna, GA in 2003) . The following Graduate
students have been supported:

Students
Ms. Lau rel Hartley
Mrs. Meghan It Quirk
Mr. Rod ney Simpson

Institution
Department of Biology, Co lorado State Univers ity
Department of Biologica l Sciences, Univ. of No rthern Co lorado
Department of Biological Sc iences, Univ. of Northern Co lorado

5. CLT-W: Centerfor Teaching III1lI Learning in the /Vest

The CLT-W is an NS F-funded collaborati ve between Montana State Univers ity, the Un iversity
of Montana, Colorado State University, Por tland State University, and the University of
Northern Colorado with the obje ctive ofresearching the achievement gap between students of
color and whites, providing K-12 professional devel opment for teac hers in STEM, and providing
graduate programs in sc ience education. The project supported research in the nature of the
student-mentor relatio nship, and initiated an outreach program with Na tive American Tribes in
Arizona, Mo ntana and South Dakota (2004 Environmental Education supplement).

6. Teachers on the Prairie

The project is an NSF-ll ll1ded co llaborative between Port land State Univers ity, Orego n State
University and the University of Northern Co lorado, designed to provide K-12 teachers with
focu sed professional development in prairie ecology. The fo llowing workshops were offered
during .Iune - August 2003 :

Topic
Bagging Big Bugs
GIS Workshop
Invasive Species
Peaks to Prairie
So il Eco logy
Soil Form ation

lnstructorts)
Dr. Boris Kondraticf
Dr. Melinda Laituri
Mr. Greg Newman
Ms. Laurel Hartley and Ms. Angie Moline
Dr. .I ohn Moore
Dr. Gene Kelley

7. Native A merican Outreach

The project is an NSI'-ll ll1dcd program throu gh the Education and thc Environment venture fund.
Piloted in the summcr of 2004 with funds from the UNC MAST Institute , the Native American
Outreach prog ram brou ght K- 12 students, teachers , and elders from the Rough Rock High
School in Ari zona to thc SGS-LTE R site for intensive on site trainin g in ecolog ical prin cip les
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and methodology. The team returned to Rough Rock and established a lon g term research
mon itorin g program on the effects 01" graz ing on soil erosion. The summe r 0 1" 2005 will expand
the program to include the Crow Reserva tion in Mo ntana, and the Lakota Rese rvation from
North Dakota.
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Publications 2002 - 2005

• Journal Articles
• Books and Book Chapters
• Abstracts
• Dissertations and Theses



SGS-LTE R ,Jo llrnal Ar ticles (211112 - 21l1lS)

Aber, J.D., E.S. Bernhardt, F.A. Dijkstra, R.H.Gardoer, K.H. Macnea le, W.J. Parton, S.T.A. Pickett, D.L
Urban, and K.e. Weathers. 2003. Standards of practice tor review and publication of models:
Summary of discussion. Models in Ecosystem Science, No. I I.

Adegoke, J.O.. R.A. Pielke Sr., J. Eastman, R.Mahmood, and K.G. Hubbard. 2003 . Impact of irrigation on
midsummer surface fl uxes and temperature under dry synoptic conditions: A regional atmospheric
model study of the U.S. II igh Plains, Plains Monitoring Weather Review . 13I: 556-564.

Adler, 1'.13 . and .1 .13 . Bradford. 2002. Compensation: an alternative method for ana lyzing diversity
product ivity experiments. Oikos. 96: 4 11-420.'

Adler, 1'.13 . and W.K. Lauenroth. 2003. The power of time: spatintamporal scaling of spec ies diversity.
Ecology Letters. 6: 1-8.

Adler, 1'.13 .. D.G. Milchunas, W.K. Lauenroth, O.E. Sala, and l.C, Burke. 2004. Functional traits of
graminoids in semi-arid steppes: a test of grazing histories. .I ournal of Applied Ecology. 4 1: 653
663.

Adler, 1'.13 .. D.G. Milchunas, O.E. Sala, l.C, Burke, and W.K. Lauenroth. 2005. Plant trait s and ecosystem
grazing effects: comparison of U .S. sagebrush steppe and Patagonian steppe. Ecolological
Applications. 15: 774-792.

Adler. 1'.13 .. O.E. Sala, W.K. Laucnroth, D.G. Milchunas. and l.C, Burke. 2004. Plant traits predict
differences in grazing effec ts on sagebrush steppe. USA. and Patago nian steppe. Argent ina .
Ecologica l Monographs. (accepted)

Adler, 1'.13 .. E.P. White, W.K. Lauenroth, D.M. Kaufman, A. Rasswc iler, and .I .A. Rusak. 2005. Evidence for
a general species-time-area relationship. Ecology. (if/p ress)

Alfieri. .I ., r . Blanken, J.A. Morgan, and D.I'. Smith. 2005. A comparison of the Bowen ratio energy balance
and eddy covariance measurement techniques lor determi ning surface energy and carbon diox ide
fl uxes over a shortgrass steppe rangeland. Agric ultural and Forest M eteorology. (submiued)

Al pert. P.. D. Niyog i. R.A . Piclke Sr., and J.L. Eastman. 2003. First evidence for carbon diox ide and moisture
sy nerg ies from the lea fce ll to global scale - Implications to human-caused climate change.
Geo physica l Research Letters. (submi tted}

Antolin, M.F., P. Gober. B. l.uce, D.E. Biggins. W.E. Van Pelt, D.B. Seery, M. Lockhart, and M. Ball. 2002.
The influence ofsylvatic plague on North American wildlife at the landscape level, with special
emphasis on black- footed ferret and prairie dog conservation. T ransactions of the North A merican
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