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Abstract 
 

In 2010, the Kansas Biological Survey initiated a 2-year project to re-examine the vegetation of the 
Ft. Riley Military Reservation in northeast Kansas.  The focus of this work was to document changes 
on the installation since 2002/2003, when baseline vegetation studies were conducted.  Specific 
objectives of the project were to: 1) survey and assess the current condition of the vegetation in an 
800-acre tract (Training Areas 102 and 103) formerly in the Impact Area and consequently not 
surveyed in 2002/2003; 2) compare coverage of woody vegetation across the installation between 
2002 and the current period; 3) conduct follow-up assessments of floristic quality on prairies 
identified in 2002/2003 and examine trends in condition; 4) compare current coverage of Lespedeza 
cuneata (Dum. Cours) G. Don (sericea lespedeza) with prior surveys; 5) update, as needed, the 
general vegetation map prepared in 2002/2003; 6) document locations of protected and rare animal 
and plant species; and 7) compare current coverage of Robinia pseudoacacia L. (black locust) with prior 
surveys.   
 
Field surveys identified 120 Flint Hills Tallgrass Prairies ranging in size from 12ð2,172 acres.  
Training Areas 47S (an extension of TA 47), 102, and 103 were assessed using floristic quality 
assessment for the first time in 2011.  Using assessment criteria that considered landscape context, 
size, and condition, 78.7% of the prairies were found to be A-grade or B-grade in 2011/2012, a 
significant increase from 33.6% in 2002/2003.  These prairies are least impacted by humans 
compared to the remaining 21.3%, which are C-grade or D-grade.  As a consequence of receiving 
higher condition grades, 47 prairies (43.5%) received higher overall grades in 2011/2012 as 
compared to 2002/2003.   
 
An object-based image analysis approach was tested for mapping woody encroachment across the 
installation.  The object-based approach incorporates spectral and contextual data and groups pixels 
into meaningful image objects called segments.  Image segments were classified as non-vegetation, 
grassland, woody encroachment, or forest/woodland.  Multiple rule-sets were developed, tested, and 
compared to determine optimal variables and algorithms for separating vegetation classes.  The 
results show that regardless of the rule-set and/or algorithm used, separating woody encroachment 
and herbaceous vegetation in formerly cropped areas was problematic, where woody encroachment 
was consistently overestimated.  Woody encroachment was more accurately mapped in native 
grassland areas. 

Black locust was recorded in 39 training areas, with an estimated 142 acres infested.  This did not 
differ significantly from the cover in 2002/2003 and the species is not a serious threat to biodiversity 
on the installation.  Sericea lespedeza was recorded in 101 training areas, including the Multi-
Purpose Range Complex, with an estimated 21,604 acres infested.  The estimated infested acres 
increased 2.1 times since the completion of comparable surveys in 2002/2003.  While the most 
severely impacted areas are on lands that formerly had been cultivated, intrusion into native tallgrass 
prairies is increasing.  Sericea lespedeza occupied 19% of native prairie acres in 2011/2012, an 
increase from 11% in 2002/2003.  Attempts to compare data from other surveys with survey data 
from this study were limited.  The data do suggest that sericea lespedeza is increasing in distribution 
and abundance on FRMR in spite of efforts to control it.   
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Ammodramus henslowii (Audubon) [Henslowõs Sparrow] was the only state-rare animal species tracked 
by the Kansas Natural Heritage Inventory documented during this study.  No state-rare plant 
species were documented.  Based on data collected during the 2002/2003 study, Chenopodium 
pallescens Standl. [pale goosefoot] and Sporobolus heterolepis (A. Gray) A. Gray [prairie dropseed] were 
removed from the list of state-rare species. 
 
The most recent version of the vegetation map of Ft. Riley (Freeman and Delisle 2004) was updated 
based on field surveys in 2011/2012.  Revisions were minor and included adjustments due to 
changes in training unit boundaries, polygon boundaries within training units, and vegetation types 
resulting from polygon redeterminations or earlier coding errors.   
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Chapter 1:  Introduction 
 

1.1.   Project Background  
 
In 2010, the Kansas Biological Survey (KBS) initiated a 2-year project examining the vegetation of 
the roughly 101,600-acre Ft. Riley Military Reservation (FRMR), located in Geary and Riley counties, 
Kansas (Figure 1.1).  The purpose of this study was to update information gathered by KBS in 2002 
and 2003 (Freeman and Delisle 2004) and to examine general trends in vegetation patterns since 
2003.  The seven research goals of the project were to: 1) survey and assess the current condition of 
the vegetation in an 800-acre tract formerly in the Impact Area and consequently not surveyed in 
2002/2003; 2) compare coverage of woody vegetation across the installation between 2002 and the 
current period; 3) conduct follow-up assessments of floristic quality on prairies identified in 
2002/2003 and examine trends in condition; 4) compare current coverage of Lespedeza cuneata (Dum. 
Cours) G. Don (sericea lespedeza) with prior surveys; 5) update, as needed, the general vegetation 
map prepared in 2002/2003; 6) document locations of protected and rare animal and plant species; 
and 7) compare current coverage of Robinia pseudoacacia L. (black locust) with prior surveys.  This 
report summarizes the methods used to achieve each objective and highlights the results of each 
phase of the study.   
 
Five digital data layers were produced for this study and delivered to Fort Riley:  
Fort_Riley_vegetation_2012, Fort_Riley_weed_points_2012, Fort_Riley_weed_polygons_2012, 
Fort_Riley_Henslowõs_Sparrow_locations_2011, and RuleSet1_EntFt.  These files are available for 
public download from the Geospatial Data portal of the Kansas Biological Survey at 
http://kbs.ku.edu/geodata. 
 
1.2.   Study Objectives 
 
This report is organized into five objectives that address the seven research goals: 1) current 
vegetation condition (goals 1 and 5); 2) prairie assessments (goal 3); 3) weed surveys (goals 4 and 7); 
4) rare species (goal 6); and 5) woody vegetation encroachment (goal 2).  The section on woody 
vegetation is included as Appendix A.  
 
Objective 1. Determine the current condition of vegetation on the installation.  One of the 
products developed by KBS from the 2002/2003 surveys was a general vegetation map of the 
installation, excluding the Impact Area.  To create this map, a new vegetation classification was 
developed that corresponds to existing state, regional, or national vegetation classifications.  The 
classification includes natural vegetation as well as vegetation types resulting from major, recent, and 
ongoing anthropogenic disturbances (e.g., old fields, crop field, and developed land).  In the present 
project, this map was updated as information was gathered during the course of prairie evaluations 
and invasive species surveys.  The new map corresponds to 2011 training area boundaries and 
includes training units 102 and 103, which were not part of the earlier vegetation map.  
 
Objective 2. Locate tracts of native prairie and assess their current quality.  Prairies are 
critical reservoirs of native biological diversity, so resource managers and researchers at FRMR need 

http://kbs.ku.edu/geodata
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accurate information about the location and condition of individual prairie tracts.  In 2002/2003, 
KBS conducted field surveys to delimit boundaries of individual native prairie tracts and to 
determine the natural community type of each tract following Lauver et al. (1999).  The condition of 
each tract was estimated using Floristic Quality Assessment (FQA) protocols, tools for which were 
developed in 2002 by staff of the KBS and R. L. McGregor Herbarium, both at the University of 
Kansas.  After completion of the FQA evaluation, prairies were ranked or graded using standard 
methodology employed by the Kansas Natural Heritage Inventory (KSNHI).  In the present project, 
the condition of each native prairie tract was re-evaluated and an updated rank was assigned.  The 
condition of each tract was compared between the 2002/2003 and 2011/2012 survey periods.   
 
Objective 3. Determine locations and severity of infestations of two weed species of 
greatest concern to installation resource managers.  Several aggressive, non-native plant species 
present a danger to the militaryõs training mission and to the ecological integrity of natural 
communities on FRMR.  In 2002/2003 KBS used field surveys and standardized field methods to 
determine the locations and severity of infestations of populations of four weed species: musk-
thistle (Carduus nutans L.), Johnson grass (Sorghum halepense (L.) Pers.), sericea lespedeza (Lespedeza 
cuneata), and black locust (Robinia pseudoacacia).  In the present project, surveys were conducted for 
the latter two species.  These data were compared with the data collected in 2002/2003 and with 
data collected by Ft. Riley staff in 2007/2008 and Dynamac Corporation in 1999.   
 
Objective 4. Document locations of protected and rare animal and plant species.  
In 2002/2003, KBS used Natural Heritage Inventory methodology to document information about 
any rare species of plant or animal encountered during fieldwork.  In the present project, no directed 
surveys were conducted for rare species, but data were collected ancillary to vegetation surveys.   
 
Objective 5. Compare coverage of woody vegetation across the installation between 2002 
and the current period.  The encroachment of woody vegetation into grassland areas is a major 
management concern on FRMR.  For the vegetation map produced by KBS from 2002/2003 
surveys, analysts used on-screen digitizing and photo-interpretation techniques to delineate polygons 
of woodland and forest cover.  This technique is subjective, especially for transitional land cover 
types such the woodland class, and the detail of digitizing varies by image analyst.  In the present 
project, an object-oriented classification approach, which utilizes spectral characteristics in addition 
to spatial context or patterns to derive land cover classes, was used to increase the accuracy of 
discriminating between grassland, woodland, and forest land cover classes.  A second goal of this 
objective was to develop an objective repeatable mapping approach that allows ongoing monitoring 
of the vegetation at the installation.  
 
The location of FRMR and associated landscape and cultural features referenced in this report are 
shown in Figure 1.1.  Training area numbers are shown in Figure 1.2.   
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FIGURE 1.1  Location of the Ft. Riley Military Reservation (FRMR), and landscape and cultural 
features referenced in this report. 
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FIGURE 1.2  Training areas boundaries on FRMR in 2011/2012. 
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Chapter 2:  Current Vegetation 

Conditions 
2.1. Introduction  
 
The vegetation of FRMR has been mapped and described in three earlier studies (Agri-Service 
Associates, Inc. 1985, USACE 1985, Freeman and Delisle 2004).  The 1985 studies used aerial 
photographs and field surveys to identify the dominant vegetation types on the installation 
(cropland, grassland, woodland, farmstead, water, and miscellaneous), to assess vegetation 
conditions qualitatively, and to map field boundaries of each cover type in each of nearly 100 
training areas.  They provided baseline information about the locations and conditions of vegetation 
types on FRMR, but their usefulness was limited by their simple classification system and non-
quantitative methods.  Vegetation of the installation was later mapped and described (Freeman and 
Delisle 2004), addressing the inadequacies of the earlier work.  The vegetation classification of 
Lauver et al. (1999) was used to classify natural and near-natural vegetation, and a new classification 
system was developed for cultural vegetation types (vegetation significantly modified by human 
activities, such as grasslands dominated by naturalized species) and cultivated land cover (e.g., 
agricultural land or tree plantations) (see Table 2.1, modified from Freeman and Delisle 2004 ). 
 
As part of Objective 1 of this study, we utilized the vegetation classification and map of Freeman 
and Delisle (2004) as a framework to update information about the current condition of vegetation 
on the installation.  Primarily, the work involved adjusting and refining the earlier vegetation map 
when field observations showed that current vegetation conditions differed from those described in 
Freeman and Delisle (2004). 
    
2.2. Methods 
 
Field surveys were conducted from MayðSeptember in 2011 and in July in 2012 by one or two 2-
person crews.  General survey protocols described in Freeman and Delisle (2004) were followed, 
although weed surveys protocols were modified in part (see Chapter 4), and a new technique was 
attempted to improve the accuracy and consistency of mapping communities with woody and 
shrubby vegetation (see Appendix A).  In each training area, field crews 1) compared the 2004 
vegetation map with current conditions and recorded changes, 2) conducted prairie assessments as 
necessary (see Chapter 3), 3) recorded locations of weed species of concern (see Chapter 4), and 4) 
recorded the locations of rare species tracked by the Kansas Natural Heritage Inventory (see 
Chapter 5).   
 
In each training area, each prairie requiring floristic quality assessment usually was assigned to one 
member of a field crew, who surveyed that entire prairie.  Some large prairies were surveyed by two 
field crew members, who were responsible for different parts of the prairie.  Observations were 
combined upon completion of the surveys.  Crew members discussed general survey routes so those 
on foot could focus on prairie assessments while crew members in the ATV, which could cover 
more ground, could focus on weed mapping.  Regardless if on foot or in the ATV, crew members 
recorded the locations of all weed points or polygons that they encountered.  In addition, differences 
and suspected differences between vegetation types mapped in 2004 and during the current survey 
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were recorded on field maps and verified.  The typical 640-acre training area usually required 5ð8 
person-hours to complete.  All training areas except 101 and the MPRC were surveyed in 2011; 
remaining areas were surveyed in July 2012. 
 
A general comparison of 2002/2003 and 2011/2012 vegetation patterns was carried out within the 
limits of the data, but a host of problems prevented quantitative field-by-field and cover class-by-
cover class comparisons (see discussion).   
 
As part of Objective 5 of this study, the Kansas Applied Remote Sensing Program utilized an 
object-based image analysis approach to map encroaching woody vegetation.  The approach 
incorporates spectral and contextual data, and groups pixels into image segments.  Image segments 
were classified into four categories: non-vegetation, grassland, woody encroachment, 
forest/woodland.  A multi-level segmentation approach was used where vegetated and non-
vegetated segments were classified first, and then vegetated segments were further segmented into 
finer vegetation categories.  Multiple rule-sets were developed, tested, and compared to determine 
optimal variables and algorithms for separating vegetation classes.  A detailed summary of the 
procedure and results are presented in Appendix A. 
    
2.3. Results and Discussion 
 
Figure 2.1 shows the vegetation map updated from field surveys carried out in 2011/2012.  
Revisions were minor and included adjustments due to changes in training unit boundaries, slight 
modifications in polygon boundaries within training units, and changes in vegetation types due to 
redeterminations of polygons or the discovery of coding errors in the 2002/2003 map.  A rigorous 
comparison of the 2002/2003 and 2011/2012 vegetation maps was deemed unnecessary because the 
changes were so minor.          
 
Undoubtedly, the most dramatic change in vegetation on FRMR was the increase in distribution and 
abundance of sericea lespedeza, which is discussed in detail in Chapter 4.  As was noted during 
earlier surveys (Freeman and Delisle 2004), this aggressive, non-native species was a serious problem 
in many Semi-natural/Altered vegetation communities.  The concern then was that, if unchecked, 
sericea lespedeza eventually could jeopardize the ecological conditions of Natural/Near-natural 
herbaceous communities on and off the installation.  We have no detailed information about the 
status of the species on lands off of but immediately adjacent to the installation.  However, our 
perception is that the overall severity of the infestation of sericea lespedeza on FRMR has increased 
since 2003 in spite of determined efforts to control its spread, and its increased occurrence on high 
quality prairies on the installation may signal a trajectory that ultimately could lead to declines in the 
ecological condition and economic value of these prairies.   
 
2.4. Conclusions 
 
The most recent version of the vegetation map of FRMR (Freeman and Delisle 2004) was updated 
based on field surveys in 2011/2012. Revisions were minor and included adjustments due to 
changes in training unit boundaries, polygon boundaries within training units, and vegetation types 
resulting from polygon redeterminations or earlier coding errors.  The most significant vegetation 
change observed from 2002/2003 to the present is the increase in coverage of sericea lespedeza, 
which has increased in occurrence on high quality prairies on the installation.    
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TABLE 2.1  Classification of Natural/Semi-natural and Cultural vegetation types known to occur 
on FRMR.  Only common names are used in the classification.  Detailed information about each 
type is provided in Freeman and Delisle (2004) in the following appendices: B and C for 
Natural/Near-natural types; D for Semi-natural/Altered types; and E for Planted/Cultivated types.   

I. Natural/Semi-natural Vegetation 
 a. Natural/Near-natural Vegetation 
  i. Forest Communities 
   1. Ash-Elm-Hackberry Floodplain Forest 
   2. Cottonwood-Sycamore Floodplain Forest 
   3. Cottonwood-Black willow Floodplain Forest 
  ii. Woodland Communities 
   4. Mixed oak Ravine Woodland  
  iii. Herbaceous Communities 
   5. Flint Hills Tallgrass Prairie 
   6. Sand Prairie 
  iv. Sparse Vegetation Communities 
   7. Limestone Butte Sparse Vegetation 
   8. Riverine Sand Flats-Bars Sparse Vegetation 
 b. Semi-natural/Altered 
  i. Ruderal Vegetation 
   9. Cropland-Abandoned  
   10. Brome Field 
   11. Ruderal-Mixed 
  ii. Invasive Vegetation 

12.  Sericea lespedeza Herbaceous Vegetation 
13.  Smooth brome/Japanese brome Herbaceous Vegetation  

  iii. Modified/Managed Vegetation 
14.  Overgrazed Tallgrass Prairie 
15.  Woodland-Brushy 

II.  Planted/Cultivated Vegetation 
16. Fire Break 
17. Food Plot 
18.  Cultivated Field 
19.  Tree Plantation 
20.  Hedgerow/Windbreak 
21.  Lawn 
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FIGURE 2.1  Vegetation of FRMR based on surveys conducted in 2011/2012. 
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Chapter 3:  Prairie Assessments 
 

3.1. Introduction  
 
Prairies are critical reservoirs of biological diversity in Kansas and the Great Plains, providing habitat 
for a majority of the stateõs native organisms.  As land use and land management practices change, 
many prairie tracts are threatened due to fragmentation, isolation, and degradation.  Issues of 
particular concern to the maintenance of biodiversity of prairies are 1) exotic species, especially 
plants, that invade prairies and out-compete native species, 2) encroachment of woody vegetation, 
and 3) military training activities that result in direct or indirect damage.  Before these factors can be 
mitigated effectively, accurate baseline data about the location, quantity, and quality of prairie 
resources are needed. 
 
Freeman and Delisle (2004) located and estimated the ecological conditions of 116 Flint Hills 
Tallgrass Prairies on FRMR during the 2002/2003 field seasons.  None of the prairies met the 1000-
acre minimum size standard used for this community type in ecoregional planning (see discussion 
below).  However, assessment criteria that considered landscape context, size, and condition found 
that 34% of the prairies ranked as A-grade or B-grade, indicating they are least impacted by humans.  
The remaining 66% were C-grade or D-grade, most of which were small, isolated, and moderately to 
severely impacted by past or ongoing human activities.  The largest prairies, which also generally 
graded the highest, were concentrated in the south, east, and northwest parts of the installation.  
Prairies generally were most abundant in those parts of the installation with the greatest topographic 
relief.  Areas with comparatively lower relief, especially in the central part of the FRMR, generally 
had a much higher incidence of past cultivation.   
 
In fulfillment of Objective 2 of this study, KBS staff revisited and reassessed the conditions of 
prairies on FRMR during the 2011/2012 field seasons.  Generally speaking, we followed the same 
assessment protocols described in Freeman and Delisle (2004).  Though described in detail in 
Freeman and Delisle (2004), we summarize those protocols below to aid the reader.     
 
Ecoregional conservation planning is a tool that uses principles of conservation biology and ecology 
to identify priority areas for conservation (Groves et al. 2002).  Although normally employed at the 
ecoregional scale (106 acres), this approach also has utility at the local scale (<101ð104 acres). 
 
The conservation planning framework used in ecoregional conservation planning has seven primary 
steps (Groves et al. 2002).  First, conservation targets are identified ð the species and communities 
that are most significant in the area of interest.  Second, information about these targets is gathered, 
and data gaps are identified and filled though field surveys, rapid ecological assessment, or other 
approaches.  Third, conservation goals are established.  The quality and quantity of target species 
and community occurrences needed to protect biodiversity in the area of interest are determined.  
Fourth, existing conservation areas are identified.  Fifth, the viability of conservation targets is 
estimated.  Size, condition, and landscape context are the primary attributes considered.  Sixth, a 
portfolio of conservation sites is assembled.  Site selection criteria are developed and employed.  
Seventh, priority conservation areas are identified.  An explanation of each step follows. 
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1.  Identify conservation targets ð Conservation targets may include ecosystems and communities, 
imperiled, endangered, endemic, or keystone species, and abiotic factors that help maintain the 
structure and function of ecosystems and natural communities. 
 
2.  Collect information and identify gaps ð Information about conservation targets may be 
obtained from a variety of sources, including existing data sources or expert workshops.  Often, new 
data are acquired from rapid ecological assessments, site-specific surveys, or by remote-sensing 
methods. 
 
3.  Establish conservation goals ð Normally, conservation goals are established by considering the 
representation and quality of the conservation targets within the planning area.  This phase of the 
planning process involves asking two questions: How much or how many of each target should be 
conserved, and how should the targets be distributed across the planning region?  
 
4.  Assess existing conservation areas ð An important early step in conservation planning is to 
determine which biological targets already have adequate protection within existing conservation 
areas.  As employed in most planning efforts, existing management areas are identified, conservation 
targets within them are enumerated, and the level of protection afforded each target is assessed. 
 
5.  Evaluate viability of conservation targets ð Three key factors are evaluated in this process: 
landscape context, size, and condition (Figure 3.1).  Estimates of each factor for each conservation 
target are entered into a series of evaluation matrices to determine which occurrences have the 
highest viability.  Normally, landscape context and size are weighted more heavily than is condition.  
The rationale is that landscape context and size cannot increase, or can do so only slightly with time, 
whereas condition is a more variable attribute and can be increased fairly quickly with appropriate 
management inputs.  Also, the assessed condition of a prairie remnant may vary with season, 
observer, and management or environmental conditions.  After landscape context and size have 
been evaluated (Table 3.1), results from that matrix are entered into a landscape context/size × 
condition matrix (Table 3.2).  The results from that matrix then can be analyzed spatially in GIS to 
identify sites of highest conservation priority. 
 

 

FIGURE 3.1  Summary of evaluation process for estimating viability of conservation targets. 
 
A.  Landscape Context ð Landscape context refers to the general condition of the landscape in 
which a site occurs, considering such issues as disturbance regimes, fragmentation, topography, and 
biological diversity.  Landscape context is ranked AðD.  Generally speaking, A-grade landscapes 
have little if any impact from land conversion and are dominated by natural communities.  Natural 
processes, and species interactions and migrations can occur across all natural communities and 
experience no complete barriers.  Surrounding vegetation is >80% natural.  B-grade landscapes have 
experienced some land conversion, but natural communities remain well-connected.  Natural 
processes, and species interactions and migrations can occur across many natural communities and 
experience few barriers.  Surrounding vegetation is 50ð80% natural.  C-grade landscapes are 

Landscape ContextSize 

(acres) 

Condition 

Landscape Context 

× Size Matrix 

Landscape Context/ 

Size Matrix × 

Condition Matrix  

GIS Analysis 
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fragmented by cultural land, including cropland or developed areas.  Barriers severely affect many 
natural processes, species interactions, and migrations, and many species are unable to maintain 
viable populations.  Surrounding vegetation is 20ð50% natural.  At the low end of the spectrum, D-
grade landscapes are surrounded almost entirely by cultural land.  Natural processes and species 
migrations are severely compromised and cannot occur at natural scales.  Only a subset of the 
historic biological diversity is viable within natural communities. 
 

TABLE 3.1  Generalized evaluation matrix for landscape context rating × size grade.  The grade for 
a given site is determined by estimating the landscape context grade, the size grade, and noting the 
grade in the cell in which the column and row of those grades, respectively, intersect.  

 

 Landscape Context Grade 

A B C D 

Size Grade 

A A A B B 

B B B B C 

C B C C C 

D C C D D 

 

TABLE  3.2  Generalized evaluation matrix for landscape context/size rating × condition grade.  
The grade for a given site is determined by estimating the landscape context/size grade (from Table 
3.1), the condition grade, and noting the grade in the cell in which the column and row of those 
grades, respectively, intersect. 

 

 Landscape Context/Size Grade 

A B C D 

Condition 
Grade 

A A A B C 

B A B B C 

C B C C D 

D C D D D 

 

B.  Size ð Determining the size of a natural community may appear straight-forward, but several 
issues complicate this process:  patch size and minimum distance separating two occurrences. 
  
Patch size denotes the size and landscape position of a natural community (Lauver et al. 1999).  
Four patch types are recognized: matrix, large-patch, small-patch, and linear.  Matrix communities 
occur on the dominant landforms in an ecoregion and form extensive and often contiguous cover, 
usually >1,000 acres.  Large-patch communities generally occur on subdominant landform features 
and form large but interrupted cover, usually 20ð1,000 acres.  Small-patch communities occur on 
specialized landforms and microhabitats, and generally are <20 acres.  Linear communities are long, 
narrow communities usually associated with riverine features.   
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Size standards have been established for many natural communities to distinguish viable from non-
viable occurrences and, for viable occurrences, to rank them (AðD, with A being the best and D 
being the worst).  During ecoregional planning, each community occurrence must meet the 
minimum size set for its type to be considered for conservation purposes.  For example, for Flint 
Hills Tallgrass Prairie, a matrix community type, occurrences <1,000 acres usually are not considered 
viable (able to support ecosystem functions necessary to maintain high levels of native biodiversity 
for more than 100 years).  Unless there are mitigating factors, such as high restoration potential or 
other, nearby occurrences to which smaller occurrences might be connected, substandard 
occurrences usually are excluded from planning. 
 
A second factor complicating the size issue is how far apart two occurrences of the same community 
type can be before they are considered distinct occurrences.  Several evaluation guidelines are 
available to assist in making this determination for terrestrial natural communities.  Basically, two 
tracts are treated as distinct if they are separated by: 
1) a substantial barrier to natural processes and/or to native species, such as a busy highway, 

developed area, or large body of water; 
2) cultural vegetation that limits connection of patches; large areas of FRMR formerly were 

cultivated but have undergone more than 40 years of succession and, while usually classified 
as ruderal community types, these areas often are dominated by native species within a 
patchwork of natural/ruderal types, so a substantial amount of species migration is possible;  

3) a different community type coverage >0.5 mile wide if the communities frequently do not occur 
in a mosaic, or 1ð2 miles wide if frequently in a mosaic; 

4) a tract subjected to management that is significantly different from that employed on them; or  
5) a major break or change in ecological land unit. 
 
C.  Condition ð Condition refers to impact that human disturbance has had on a site.  Condition can 
be estimated by any of several available methods.  Most Natural Heritage programs use subjective 
field assessments, which are based on estimates of native species richness, abundance of exotic 
species, and ecological processes.  As with landscape context, condition may be ranked from AðD, 
with A being the best (least affected by human disturbance) and D being the worst (severely affected 
by human disturbance). 
 
Floristic Quality Assessment (FQA) is a standardized tool used to estimate the floristic quality of a 
natural area based on the vascular plants growing there (Freeman and Morse 2002).  By extension, it 
can be used to assess the overall ecological quality of a site.  Ecologists, botanists, environmental 
professionals, and land managers use FQA to establish baseline assessments, to conduct long-term 
monitoring, and to assess restoration progress in a variety of ecological settings (Herman et al. 1997, 
Taft et al. 1997).  Developed in the 1970s (Wilhelm 1977, Swink and Wilhelm 1979), the method has 
been refined from its original form (Wilhelm and Ladd 1988, Taft et al. 1997, Rooney and Rogers 
2002) and now is in use or development in numerous states and provinces in the U.S. and Canada 
(Taft et al. 1997).  
 
The method was developed to avoid subjective measures of natural community quality, such as 
òhighó or òlowó.  Some elements of FQA still are subjective, but the method has clear advantages 
over other evaluation tools, including repeatability and ease of application.  Ideally, FQA should be 
used with other content-based and context-based measures (sensu Rooney and Rogers 2002) to 
estimate the integrity of native plant communities (Taft et al. 1997). 
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The FQA method is based on calculating an average coefficient of conservatism (C) and a floristic 
quality index (FQI) for a site.  It may be used to compare several sites supporting the same 
community type (e.g., several Flint Hills Tallgrass Prairies) but should not be used to compare 
different community types (Rooney and Rogers 2002).  A coefficient of conservatism is an integer 
from 0ð10 that is assigned to each native plant species in a given geographic region ð often a state or 
province.  Naturally occurring hybrids and infraspecific taxa usually are not assigned coefficients. 
 
Coefficients of conservatism express two basic ecological tenets: plants differ in their tolerance of 
the type, frequency, and amplitude of anthropogenic disturbance, and plants vary in their fidelity to 
remnant natural plant communities (Taft et al. 1997).  As employed in FQA, these two principles 
exhibit an inverse relationship: the lower a speciesõ tolerance of human-mediated disturbance, the 
higher its likelihood of occurring only in a natural plant community.  Low coefficient values (0ð3) 
denote taxa often found in highly disturbed habitats and without a strong affinity for natural 
communities.  High coefficient values (7ð10) denote species that tolerate only limited disturbance 
and usually are found in natural communities.  With these principles as a guide, the C value applied 
to each species represents a relative rank based on observed behavior and patterns of occurrence in 
Kansas natural communities.  Non-native species are not assigned coefficients because they were 
not part of the pre-settlement landscape.  They do have an effect on FQA, however, and they may 
be incorporated in the assessment process. 
 
The FQA process begins with a thorough inventory of vascular plants at a site of interest.  The 
checklist then is used to calculate a floristic quality index (FQI) for the site.  Two approaches have 
been proposed for calculating the FQI.  In its original form (Wilhelm 1977, Taft et al. 1997), a mean 
C value (mean C) is calculated first.  The mean C value for a site is the arithmetic mean of the 
coefficients of all native vascular plants occurring on the entire site (mean C = ǑC/N), without 
regard to dominance or frequency.  Non-native taxa are excluded from the calculation of mean C.  
The FQI is the mean C multiplied by the square root of the total number of taxa (ãN) inventoried 
on the site (FQI = mean C ĭ ãN).  Separate calculations may be made using N = all taxa (native and 
non-native) and N = native taxa only (see analysis and discussion in Taft et al. 1997).  The basic 
formula for FQI combines the conservatism of the taxa with a measure of the taxon richness of the 
site.  By multiplying by ãN instead of N, the formula reduces the effect of the size of the site (larger 
sites tend to have a larger total number of species).  If the sampling method involves transects or 
quadrats a mean C and FQI can be calculated for each sample. 
 
Rooney and Rogers (2002) have shown that a modified FQI, which is simply the mean C value for 
the site (mean C = ǑC/N), has greater power in reflecting the degree of habitat degradation.  They 
argue that because the original FQI formula combines two independent measurements, species 
richness and the C values of species in the survey, identical FQI scores can be obtained for two 
natural communities that differ markedly in their quality.  For example, a high FQI score could be 
due to either a large number of common species present at the site, each with low C values, or 
relatively few rare species at the site, each with high C values.  Their approach is computationally 
simpler than the original FQI, and it is not strongly affected by sample size or species richness. 
 
6.  Assemble portfolio of conservation areas ð Following assessment, sites are assembled into a 
portfolio that best meets the conservation goals established for the targets.  The portfolio helps 
identify where those goals can be met, and where restoration activities may be necessary to meet 
conservation goals.    
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7.  Identify priority conservation areas ð The final step of the conservation planning process 
involves identifying conservation priorities based on issues that may influence long-term strategies, 
including existing levels of protection, conservation value, feasibility, and other factors.  
 
3.2. Methods 

 
Flint Hills Tallgrass Prairie tracts identified by Freeman and Delisle (2004) were the conservation 
targets for this phase of the study.  As in our earlier study, we did not assume that any particular 
number or distribution of Flint Hills Tallgrass Prairie occurrences would be best in meeting 
management or conservation goals on the installation, so explicit goals were not set.  All occurrences 
of Flint Hills Tallgrass Prairie were considered to have equal levels of protection on FRMR despite 
the fact that some are buffered more from potentially detrimental influences than are others.  None 
of the prairies on the installation is protected per se, and training activities and on-the-ground 
management decisions quickly can change conditions of individual sites. 
 
Evaluation of long-term viability of prairies was the primary emphasis of our study.  Landscape 
condition on FRMR varies from B (50ð80% natural vegetation; mostly in the west and south) to C 
(20ð50% natural vegetation; mostly in the central part) but was considered fairly uniform across the 
installation.  A landscape context grade of C was assumed for all prairies in our analysis, so we did 
not consider it in the landscape context grade × size grade matrix.  Size grades, unweighted by 
landscape context grades, were used directly in the landscape condition/size grade × condition grade 
matrix to prevent grade compression and to provide better spread and ranking of sites. 
 
Prairie size was determined from the digital vegetation coverage.  Following strict assessment 
guidelines, only occurrences of Flint Hills Tallgrass Prairie (a matrix community type) >1,000 acres 
should be included in ecoregional assessments (Freeman and Delisle 2004).  Smaller occurrences are 
assumed to have low, long-term viability or not to be viable.  Few tracts of Flint Hills Tallgrass 
Prairie on FRMR meet the minimum size requirements, but because resource managers must work 
with what is on the installation, the 1,000-acre cut-off was not used to filter occurrences.  All 
prairies, regardless of size, were included in our analysis, with size used to sort occurrences in the 
evaluation matrix.  To facilitate comparisons with earlier study (Freeman and Delisle 2004), the 
following size classes were used to assign grades:  D = 0ð200 acres; C = 201ð400 acres; B = 401ð
600 acres; and A = >601 acres. 
 
Again, to facilitate comparison of data, we used the same critera as described in Freeman and Delisle 
(2004) for determining whether prairies were distinct or not.  Application of those criteria meant 
that most training areas were treated functionally as their own management areas.  Most are 
surrounded by perimeter roads or trails that slow, but do not prevent, dispersal of plant propagules.  
Some roads are robust fire guards and greatly reduce the chance of fire spreading from one unit to 
another.  For these and other reasons, we considered prairies in different training areas to be 
separate even though two tracts might be separated by the width of a gravel road.  Within a training 
area, any two prairies sharing part of a boundary (point or line) were combined as a single 
occurrence.  Furthermore, any two prairies separated by 0.5 mi or less of any herbaceous 
community, natural or altered, were combined for purposes of evaluation.  Prairies separated by 
more than 0.25 miles by a non-herbaceous community type (e.g., forest or woodland) were 
considered distinct.  Some small, isolated prairies (mostly <10 acres) were excluded from our 
analysis. 
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For Floristic Quality Assessment, a list of all native and naturalized species observed in each prairie 
was compiled using a master field checklist designed specifically for FQA.  Presence data for each 
prairie were entered into a customized Excel application that calculated and summarized FQA 
metrics, including species richness (all taxa and native taxa only), percent of non-native taxa, mean 
conservatism (all taxa and native taxa only), floristic quality index (all taxa and native taxa only), and 
number of state-rare taxa (S1 and S2). 
 
Floristic data were gathered for all prairies from MayðSeptember 2011 except Training Areas 101 
and the MPRC; the latter units were surveyed in July 2012.  Floristic quality assessments were 
conducted at 120 sites in total.  Condition grades were assigned based on native species only and 
using the same index classes as in Freeman and Delisle (2004): D = 15.40ð23.80; C = 23.81ð32.20; B 
= 32.21ð40.60; and A = >40.61. 
 
After final assessment through the evaluation matrices, each prairie or prairie complex was assigned 
a final grade (AðD, with A being the best and D being the worst) that summarized all evaluation 
factors: landscape condition, size, and condition.  Finally, site grades were added to the GIS 
coverage as attributes so the data could be summarized spatially. 
 
3.3. Results and Discussion 
 
3.3.1. Prairie Assessment Results for 2011/2012 
 
Field survey data are not included in this report but are available upon request from the authors.  
Electronic copies of all files containing FQA species lists and metrics, which are based on field 
survey data, have been submitted to the FRMR Department of Public Works.  Floristic quality 
assessment metrics derived from field surveys are summarized in Table 3.3.  Grades assigned to each 
prairie estimating landscape context, size, landscape context × size, condition, and landscape 
context/size × condition are summarized in Table 3.4.  
 
Histograms of size data and floristic quality indices for all 120 Flint Hills Tallgrass Prairies assessed 
in this study are shown in Figures 3.2 and 3.3, respectively.  Size vs. floristic quality index data are 
summarized in Figure 3.4.  Prairie locations and grades are shown in Figure 3.6. 
 
Prairie size ranged from 12ð2,172 acres and mean size was 239.08 acres (Figure 3.2).  However, the 
distribution of sizes is positively skewed (skewness = 4.232); nearly 70% of all prairies assessed were 
smaller than the mean. 
 
Floristic quality index values ranged from 16.13ð45.62 and were roughly normally distributed (Figure 
3.3).  The scatterplot of size vs. floristic quality index for all Flint Hills Tallgrass Prairies (Figure 3.4) 
shows the relationship between these two variables.  Floristic quality index increased with size but 
approached an asymptote when the index reached the low 40s.  Size and the index showed a 
moderately positive relationship (r = 0.503, Spearmanõs rho test for nonparametric correlation p = 
0.01). 
 
Vertical lines on Figure 3.4 indicate breaks between size classes (D = 0ð200 acres, C = 201ð400 
acres, B = 401ð600 acres, and A = >601 acres).  Horizontal lines approximate breaks between index 
classes (D = 15.40ð23.80, C = 23.81ð32.20, B = 32.21ð40.60, and A = >40.61).  Grades for sites 
shown in Figure 3.4 were determined by applying the criteria from Table 3.2.  Floristic quality index 
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grades for all 120 prairies were as follows: D = 5, C = 30, B = 64, and A = 21.  Overall grades for all 
120 prairies were as follows: D = 29, C = 44, B = 34, and A = 13. 
 
In addition to floristic quality index, we examined the relationship between prairie size and percent 
of non-native species.  Non-native species richness often is an index of disturbance, and it might be 
assumed that the percent of non-native species will increase as prairie size increases, up to a point.  
However, the data do not support that hypothesis.  Figure 3.5 shows virtually no relationship 
between prairie size and percent of non-native species (Pearson correlation r = -0.056; p = 0.543).       
 
Figure 3.6 shows the locations and grades of prairies documented during this study.  On FRMR, as 
in many other parts of the state, level or nearly level ground is more likely to be cultivated or 
developed, while prairies occur most frequently in areas with comparatively greater relief.  This is 
evident from Figure 3.6.  Extensive tracts of native Flint Hills Tallgrass Prairie occur on uplands and 
on upper slopes of valleys along the south, east, and northeast sides of the installation (Training 
Blocks C, F, I, M, and training units south of Vinton School Road).  In these areas, tributaries to the 
Republican River, Kansas River, and Wildcat Creek have eroded short, steep-sided valleys.  The 
bottoms and lower slopes of these valleys usually are dominated by Ash-Elm-Hackberry Floodplain 
Forest or Mixed oak Ravine Woodland, but fire and haying have controlled the spread of woody 
vegetation onto the upper slopes and uplands in most places.  The second area of concentration of 
prairies on FRMR is in the northwest part (Training Blocks A, D, G, H, J, K, N, and the MPRC).  
Again, most large tracts are associated with the upper reaches of tributaries to the Republican River, 
namely Rush Creek, Farnum Creek, Madison Creek, Dry Creek, and several other unnamed 
tributaries. 
 
The divide between watersheds draining westward to the Republican River and eastward to Wildcat 
Creek or southeastward to the Kansas River is approximated by Old Highway 77, which extends 
from near the northwest corner of Custer Hill north to the town of Riley.  Along this divide is a 2ð
4-mile wide band of fairly level ground, along which much of the land formerly was cultivated, and 
where native prairies are relatively uncommon.  Not coincidentally, some of the worst infestations of 
Lespedeza cuneata on the installation are found here (see Chapter 4). 
 
In our analysis, we closely followed all criteria for determining when two prairies should be treated 
as one or two occurrences.  One exception was Training Area 65, where we conducted FQA on five 
separate prairies in the TA rather than a single assessment for all five tracts as criteria would dictate.  
This was done to obtain FQA data from several sites with similar management and topographic 
features but which differed in size.  The prairies in TA65 were suitable for this purpose.  However, 
had we followed our criteria, as was done in adjacent training areas, all five prairies in TA65 would 
have been part of a single, large, B-grade complex. 
  
A-grade and B-grade prairies are concentrated in the south, east, and northwest parts of the 
installation, where prairie is most plentiful.  Sites in Training Blocks H and K generally exhibit less 
relief than do prairies with similar grades in other parts of FRMR.  C-grade and D-grade prairies are 
concentrated along the divide through the central part of the installation.  They also occur 
sporadically in other parts of the installation. 
 
3.3.2. Comparison of 2011/2012 and 2002/2003 Prairie Assessments 
 
During the 2011/2012 field seasons, 120 prairies were surveyed on FRMR; 116 were surveyed in 
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2002/2003.  Several factors affected the number and sizes of prairies assessed during the two survey 
periods, including changes in training area boundaries and the addition of new survey areas.  In 
2011/2012, Training Areas 47S (an addition to TA 47), 102, and 103 were new units added to our 
survey.  Also, access to the entire MPRC (not all of which could be surveyed in 2002/2003) and 
application of prairie delimitation criteria caused us to treat all prairie in the MPRC as one large 
occurrence.  Areas of the MPRC surveyed in 2002/2003 were treated as five separate prairies.  
Adjustments in training area boundaries also affected the size of some prairies.  However, size 
changes due to within-unit changes in land use, adjustments to polygon boundaries, and corrections 
of earlier mapping errors were minor.  Excluding prairies unique to one survey period, the 
correlation between sizes for the two survey periods is significant (Spearmanõs rho = 0.921; p = 
0.01).        
 
The correlation between floristic quality indices obtained in 2011/2012 and 2002/2003 (Figure 3.7) 
is positive and significant (r2 = 0.541; p = 0.01).  While 41 prairies (34.2%) received the same 
condition grade in 2011/2012 as in 2002/2003, significantly more (54 prairies; 49.1%) received 
higher grades in 2011/2012 as compared to 2002/2003 (Figure 3.8).  Only 15 prairies (12.5%) 
received lower grades in 2011/2012 as compared to 2002/2003.   
 
Field protocols and analysis procedures are not believed to have contributed to the observed 
increase in floristic quality index grades among so many prairies in 2011/2012.  Field assessment 
protocols were basically identical for both survey periods.  The membership of the field crews 
conducting FQA differed between the two survey periods, but all crew members had extensive 
floristic experience in the Flint Hills, and field identifications routinely were checked by the junior 
author, who had the most botanical field experience on FRMR.  Consequently, we do not believe 
that observer bias was a significant factor.  Also, as described earlier, data analysis procedures 
(coefficients of conservatism, FQI calculations, grade criteria and assignment methods) were 
identical, so assessment methodology was not a factor.   
 
Environmental conditions during the two survey periods could account for some of the differences, 
but isolating climate influences would be difficult because 1) assessments during each survey period 
had to be carried out over a 2-year period, 2) there was considerable within-year and between-year 
variation in conditions in both survey periods, and 3) surveys were conducted when training areas 
were accessible, so timing of assessment could not be controlled across the population of prairies 
assessed.              
 
The observed increases may reflect actual improvement in prairie quality between the two survey 
periods.  Prairie condition can change quickly depending on management regimes.  Widespread and 
periodic use of prescribed burns, control of the timing and frequency of haying, efforts to control 
woody vegetation encroachment, and measures directed at minimizing the impacts from military 
training on prairies may be having a beneficial effect on many prairies on the installation.  Potentially 
countering this however, is the apparent spread and increase in abundance of sericea lespedeza 
across the installation (see Chapter 4).  Compared to earlier estimates (Freeman and Delisle 2004), 
this aggressive weed has become much more prevalent on native prairies across FRMR, and it is not 
clear what impact this spread, and efforts to control it, ultimately will have on vegetation conditions.               
 
Comparing prairies surveyed both in 2011/2012 and 2002/2003, 74 received the same overall grade 
(Figure 3.9).  However, 31 prairies (28.7%) received a higher grade in 2011/2012 as compared to 
2002/2003.  Only three prairies (2.8%) received a lower grade in 2011/2012 compared to 
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2002/2003.  The increase in overall grades is a function of the large number of prairies receiving 
higher condition grades ð not changes in landscape context or prairie sizes.  As a group, prairies with 
higher overall grades were represented roughly proportional to the number of prairies in the size 
classes on FRMR and were more-or-less uniformly distributed across the installation.      
 
As mentioned above, Training Areas 102 and 103, and a new addition to Training Area 47 that we 
have named 47S in this report, were assessed using FQA for the first time in 2011.  Training Area 
47S is a gently southeast-sloping, 12-acre tract located along the west-central part of the installation.  
It is designated for youth/handicapped hunting.  The area was in the process of being cleared of 
woody vegetation, which was particularly dense at the east and west ends, when it was surveyed in 
2011.  Consequently it was rather severely disturbed.  TA 47S supports small patches of native 
prairie vegetation but had among the lowest floristic quality indices of any of the areas surveyed in 
2011/2012.   
 
Training Areas 101 and 102, 109 acres and 458 acres respectively, are located in the southwest 
corner of the Impact Area.  The southern edge of the floodplain of Threemile Creek separates TA 
102 (to the south) from TA 103.  The training areas exhibit about 40 meters of relief, with 
floodplains and deep draws and ravines dominated by forest communities, and slopes and level 
uplands dominated by tallgrass prairie.  Flint Hills Tallgrass Prairie in TA 102 was graded as A (FQI 
= 40.77), but because of its small size received an overall grade of C.  TA 103 also was graded as A 
(FQI = 43.69) and received an overall grade of A.  The high quality of prairies in both training areas 
probably is due to the former inclusion of these training areas within the boundary of the Impact 
Area, which restricted training in them, their relief, and frequent fires that limited woody 
encroachment on slopes and uplands.      
 
3.4. Conclusions 
 
One hundred twenty Flint Hills Tallgrass Prairies on FRMR were assessed for floristic quality in 
2011/2012 following protocols used in a similar study in 2002/2003, when 116 prairies were 
assessed.  The two survey periods had 108 prairie sites in common.  Training Areas 47S, 102, and 
103 were assessed using FQA for the first time in 2011.  TA 47S received an overall grade of D, but 
TAs 102 and 103 each received an overall grade of A.  
 
Prairie condition grades, based on floristic quality indices, for prairies assessed in 2011/2012 were: D 
= 5, C = 30, B = 64, and A = 21.  Overall grades for all 120 prairies were: D = 29, C = 44, B = 34, 
and A = 13.  None of the prairies meets the 1000-acre minimum size standard used for this 
community type in ecoregional planning.   
 
Using assessment criteria that considered landscape context, size, and condition, we found that 
78.7% of the prairies were A-grade or B-grade in 2011/2012, a significant increase from 33.6% in 
2002/2003.  These prairies are least impacted by humans compared to the remaining 21.3%, which 
are C-grade or D-grade.  As a consequence of receiving higher condition grades, 47 prairies (43.5%) 
received higher overall grades in 2011/2012 as compared to 2002/2003.   
 
When individual prairie condition grades from 2011/2012 and 2002/2003 were compared, in 
2011/2012, 52 prairies (48.1%) received higher grades, 41 prairies (34.2%) received the same grade, 
and 15 prairies (12.5%) received lower grades.  When individual overall prairie grades in 2011/2012 
and 2002/2003 were compared, in 2011/2012, 31 prairies (28.7%) received a higher grade, 74 
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received the same grade, and three (2.8%) received a lower grade.  Grade changes in the prairies 
compared were a function of condition changes, not changes in landscape context or prairie sizes.  
Prairies with higher overall grades are more-or-less uniformly distributed across FRMR.      
 
The reason for the increase in number of prairies with higher condition grades is not clear, but it 
may reflect actual improvement in floristic quality across the installation resulting from management 
strategies.  Observer bias, field protocols, and data assessment procedures are not believed to have 
significantly affected the results.  The influence of climate on the results is potentially complicated 
and has not been explored.       
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TABLE 3.3  Floristic quality assessment data for all sites evaluated on FRMR in 2011/2012.  
Column codes are: Site = training area+field number; Ra = species richness, all taxa; Rn = species 
richness, native taxa only; %N = percent of all taxa at site that are non-native; Ca = mean 
conservatism, all taxa; FQIa = floristic quality index, all taxa; Cn = mean conservatism, native taxa 
only; FQIn = floristic quality index, native taxa only;   and Size = area of site (acres).  See text for 
definitions of metrics.  Assessments in sites marked with an asterisk cannot be compared against 
2002/2003 surveys due to significant changes in training area boundaries that affected how fields 
were partitioned.  
 

Site Ra Rn %N Ca Cn FQIa FQIn  Size 

TA3-1 102 93 8.82 3.67 4.02 37.03 38.78 220 

TA4-1 133 119 10.53 3.44 3.84 39.63 41.89 91 

TA5-1 137 125 8.76 3.66 4.02 42.89 44.90 98 

TA6-1 111 97 12.61 2.82 3.23 29.71 31.78 145 

TA7-1 132 117 11.36 3.23 3.64 37.08 39.38 254 

TA8-1 148 138 6.76 3.33 3.57 40.52 41.97 111 

TA9-1 80 73 8.75 3.75 4.11 33.54 35.11 36 

TA10-1 120 112 6.67 3.32 3.55 36.33 37.61 120 

TA11-1 118 110 6.78 3.53 3.79 38.39 39.76 48 

TA11-2 89 82 7.87 3.65 3.96 34.45 35.89 171 

TA12-1 163 145 11.04 3.01 3.39 38.46 40.78 457 

TA13-1 145 136 6.21 3.46 3.69 41.69 43.05 395 

TA14-1 157 148 5.73 3.34 3.54 41.82 43.07 603 

TA15-1 140 115 17.86 2.56 3.12 30.34 33.48 93 

TA16-1 129 104 19.38 2.15 2.66 24.39 27.16 118 

TA17-1 139 124 10.79 3.49 3.91 41.14 43.55 412 

TA20-1 160 140 12.5 2.99 3.42 37.87 40.48 249 

TA21-1 131 121 7.63 3.44 3.73 39.40 41.00 125 

TA22-1 162 148 8.64 3.43 3.75 43.60 45.62 292 

TA23-1 120 110 8.33 3.48 3.79 38.07 39.76 321 

TA24-1 107 95 11.21 2.98 3.36 30.84 32.73 488 

TA25-1 106 98 7.55 3.28 3.55 33.8 35.15 348 

TA26-1 75 72 4.00 3.79 3.94 32.79 33.47 54 

TA26-2 85 79 7.06 3.53 3.80 32.54 33.75 51 

TA27-1 154 140 9.09 3.32 3.65 41.18 43.19 367 

TA29-1 159 143 10.06 3.32 3.69 41.87 44.15 503 

TA30-1 133 123 7.52 3.61 3.90 41.62 43.28 523 

TA31-1 164 149 9.15 3.13 3.45 40.14 42.11 276 

TA32-1 120 112 6.67 3.72 3.98 40.71 42.14 465 

TA33-1 114 109 4.39 3.77 3.94 40.27 41.19 110 

TA34-1 74 61 17.57 2.50 3.03 21.51 23.69 29 

TA35-1 132 115 12.88 2.83 3.24 32.47 34.78 212 

TA35-2 94 88 6.38 3.49 3.73 33.83 34.96 28 

TA35-3 131 117 10.69 3.34 3.74 38.27 40.49 91 

TA36-1 117 102 12.82 2.38 2.73 25.70 27.53 366 

TA37-1 136 122 10.29 3.18 3.55 37.13 39.20 337 

TA38-1 103 92 10.68 2.45 2.74 24.83 26.27 108 

TA39-1 121 111 8.26 2.99 3.26 32.91 34.36 267 

TA40-1* 94 83 117.00 2.26 2.55 21.87 23.27 45 

TA41-1 87 79 9.20 2.60 2.86 24.23 25.43 150 

TA42-1* 80 70 12.50 2.53 2.89 22.58 24.14 118 

TA43-1 81 73 9.88 2.83 3.14 25.44 26.80 139 
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Site Ra Rn %N Ca Cn FQIa FQIn  Size 

TA44-1 117 104 11.11 2.99 3.37 32.36 34.32 76 

TA45-1 94 84 10.64 2.69 3.01 26.09 27.60 116 

TA46-1 87 80 8.05 2.72 2.96 25.41 26.5 292 

TA47-1 113 98 13.27 3.07 3.54 32.64 35.05 64 

TA47-2* 98 87 3.26 3.26 3.67 32.22 34.20 111 

TA47S 72 63 12.5 1.78 2.03 15.08 16.13 12 

TA48-1 134 116 13.43 3.09 3.57 35.76 38.44 463 

TA49-1 95 81 14.74 2.38 2.79 23.19 25.11 45 

TA50-1 146 132 9.59 3.16 3.5 38.24 40.21 286 

TA51-1 140 124 11.43 2.86 3.23 33.81 35.92 249 

TA52-1 101 91 9.90 2.76 3.07 27.76 29.25 65 

TA53-1 114 99 13.16 3.21 3.70 34.28 36.78 108 

TA53-2 102 88 13.73 2.77 3.22 28.02 30.17 32 

TA54-1 134 122 8.96 2.99 3.29 34.64 36.30 370 

TA55-1 98 88 10.20 2.68 2.99 26.57 28.04 206 

TA56-1 113 98 13.27 2.68 3.09 28.50 30.61 83 

TA57-1 131 121 7.63 3.02 3.26 34.51 35.91 329 

TA58-1 137 126 8.03 3.10 3.37 36.31 37.86 711 

TA59-1 120 111 7.50 3.30 3.57 36.15 37.59 505 

TA60-1 102 90 11.76 3.58 4.06 36.14 38.47 197 

TA60-2 96 85 11.46 3.36 3.80 32.97 35.03 250 

TA61-1 111 105 5.41 3.39 3.58 35.69 36.69 789 

TA63-1 121 111 8.26 3.48 3.79 38.27 39.96 611 

TA64-1 140 123 12.14 3.09 3.52 36.60 39.04 349 

TA65-1 80 69 13.75 2.59 3.00 23.14 24.92 79 

TA65-2 87 78 10.34 2.93 3.27 27.34 28.87 56 

TA65-3 112 101 9.82 2.84 3.15 30.05 31.64 155 

TA65-4 99 84 15.15 3.39 4.00 33.77 36.66 29 

TA65-5 109 99 9.17 3.13 3.44 32.66 34.27 81 

TA66-1 109 99 9.17 3.41 3.76 35.63 37.39 209 

TA66-2 115 106 7.83 3.45 3.75 37.02 38.56 123 

TA67-1 129 116 10.08 3.05 3.39 34.60 36.49 900 

TA68-1 126 107 15.08 2.67 3.15 30.02 32.58 214 

TA70-1 133 118 11.28 3.10 3.49 35.72 37.93 341 

TA71-1 93 85 8.60 3.33 3.65 32.15 33.62 377 

TA71-2 99 90 9.09 3.04 3.34 30.25 31.73 105 

TA72-1 114 101 11.4 3.19 3.60 34.09 36.22 528 

TA73-1 102 92 9.80 2.73 3.02 27.53 28.98 167 

TA73-2 72 62 13.89 2.78 3.23 23.57 25.40 56 

TA74-1 105 95 9.52 2.74 3.03 28.11 29.55 212 

TA75-1 203 181 10.84 2.91 3.26 41.41 43.85 526 

TA76-1 84 74 11.90 2.75 3.12 25.20 26.85 19 

TA76-2 94 85 9.57 3.23 3.58 31.36 32.97 44 

TA77-1 130 117 10.00 2.98 3.31 33.94 35.78 527 

TA78-1 86 79 8.14 2.85 3.10 26.42 27.56 165 

TA79-1 140 127 9.29 2.91 3.21 34.48 36.20 392 

TA80-1 119 108 9.24 3.24 3.56 35.29 37.05 104 

TA81-1 106 98 7.55 2.92 3.15 30.01 31.21 288 

TA82-1 118 105 11.02 2.94 3.30 31.94 33.86 141 

TA83-1 70 66 5.71 2.50 2.65 20.92 21.54 31 

TA83-2* 78 74 5.13 3.15 3.32 27.85 28.60 147 

TA84-1* 59 56 5.08 3.1 3.27 23.82 24.45 104 

TA85-1 101 86 14.85 2.56 3.01 25.77 27.93 159 
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Site Ra Rn %N Ca Cn FQIa FQIn  Size 

TA85-2 131 116 11.45 3.09 3.49 35.39 37.60 213 

TA86-1 122 108 11.48 2.89 3.26 31.87 33.87 147 

TA87-1 123 107 13.01 2.79 3.21 30.93 33.16 17 

TA87-2 97 82 15.46 2.61 3.09 25.69 27.94 159 

TA87-3* 53 49 7.55 3.77 4.08 27.47 28.57 19 

TA88-1 117 103 11.97 2.85 3.23 30.79 32.81 246 

TA89-1 120 108 10.00 3.00 3.33 32.86 34.64 197 

TA90-1 129 113 12.40 3.22 3.68 36.63 39.13 137 

TA90-2 114 105 7.89 3.32 3.61 35.50 36.99 282 

TA91-1 162 147 9.26 3.20 3.53 40.78 42.81 645 

TA92-1 147 132 10.20 3.14 3.5 38.11 40.21 202 

TA93-1 82 73 10.98 2.38 2.67 21.53 22.82 134 

TA94-1 95 89 6.32 2.88 3.08 28.11 29.04 67 

TA95-1 110 103 6.36 2.97 3.17 31.18 32.22 160 

TA96-1 116 102 12.07 2.81 3.20 30.27 32.28 81 

TA96-2 145 130 10.34 3.03 3.38 36.54 38.59 197 

TA97-1 136 119 12.50 3.24 3.71 37.82 40.43 273 

TA97-2 112 105 6.25 3.36 3.58 35.53 36.69 72 

TA98-1 161 139 13.66 2.96 3.43 37.59 40.46 149 

TA99-1 136 119 12.50 2.96 3.38 34.47 36.85 179 

TA100-1* 103 90 12.62 3.17 3.63 32.22 34.47 124 

TA101-1* 122 104 14.75 2.97 3.48 32.77 35.50 213 

TA102-1* 121 117 3.31 3.64 3.77 40.09 40.77 117 

TA103-1* 135 131 2.96 3.70 3.82 43.03 43.69 458 

MPRC-1* 177 153 13.56 2.82 3.26 37.51 40.34 2172 
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TABLE 3.4  Grades for landscape context, size, and condition of Flint Hills Tallgrass Prairies 
evaluated on FRMR in 2011/2012.  Column codes are: Site = training area+field number; LCgrade 
= landscape context score (AðD); S = size (acres); Sgrade = size grade (AðD); LCgrade × Sgrade = 
landscape context grade × size grade (from Table 3.1); FQIn = floristic quality index, native taxa 
only; FQIngrade = floristic quality index grade; and LC/Sgrade × FQIngrade = landscape context 
grade/size grade × floristic quality index grade (from Table 3.2).  See text for explanation of grades. 

 

Site LCgrade S Sgrade 
LCgrade × 

Sgrade 
FQIn  FQIngrade 

LC/Sgrade × 
FQIngrade 

TA3-1 C 230 C C 38.78 B B 

TA4-1 C 91 D D 41.89 A C 

TA5-1 C 98 D D 44.90 A C 

TA6-1 C  145 D D 31.78 C D 

TA7-1 C 254 C C 39.38 B B 

TA8-1 C 111 D D 41.97 A C 

TA9-1 C 36 D D 35.11 B C 

TA10-1 C 120 D D 37.61 B C 

TA11-1 C 48 D D 39.76 B C 

TA11-2 C 171 D D 35.89 B C 

TA12-1 C 457 B B 40.78 A A 

TA13-1 C 395 C C 43.05 A B 

TA14-1 C 603 B B 43.07 A A 

TA15-1 C 93 D D 33.48 B C 

TA16-1 C 118 D D 27.16 C D 

TA17-1 C 412 B B 43.55 A A 

TA20-1 C 249 C C 40.48 A B 

TA21-1 C 125 D   D 41.00 A C 

TA22-1 C 290 C C 45.62 A B 

TA23-1 C 321 C C 39.76 B B 

TA24-1 C 488 B B 32.73 B B 

TA25-1 C 348 C C 35.15 B B 

TA26-1 C 54 D D 33.47 B C 

TA26-2 C 51 D D 33.75 B C 

TA27-1 C 367 C C 43.19 A B 

TA29-1 C 503 B B 44.15 A A 

TA30-1 C 523 B B 43.28 A A 

TA31-1 C 276 C C 42.11 A B 

TA32-1 C 465 B B 42.14 A A 

TA33-1 C 110 D D 41.19 A C 

TA34-1 C 29 D D 23.69 D D 

TA35-1 C 212 C C 34.78 B B 

TA35-2 C 28 D D 34.96 B C 

TA35-3 C 91 D D 40.49 A C 

TA36-1 C 366 C C 27.53 C C 

TA37-1 C 337 C C 39.20 B B 

TA38-1 C 108 D D 26.27 C D 

TA39-1 C 267 C C 34.36 B B 

TA40-1* C 45 D D 23.27 D D 

TA41-1 C 150 D D 25.43 C D 

TA42-1* C 118 D D 24.14 C D 

TA43-1 C 139 D D 26.80 C D 

TA44-1 C 76 D D 34.32 B C 
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Site LCgrade S Sgrade 
LCgrade × 

Sgrade 
FQIn  FQIngrade 

LC/Sgrade × 
FQIngrade 

TA45-1 C 116 D D 27.60 C D 

TA46-1 C 292 C C 26.50 C C 

TA47-1 C 64 D D 35.05 B C 

TA47-2* C 111 D D 34.20 B C 

TA47S* C 12 D D 16.13 D D 

TA48-1 C 463 B B 38.44 B B 

TA49-1 C 45 D D 25.11 C D 

TA50-1 C 286 C C 40.21 B B 

TA51-1 C 249 C C 35.92 B B 

TA52-1 C 65 D D 29.25 C D 

TA53-1 C 108 D D 36.78 B C 

TA53-2 C 32 D D 30.17 C D 

TA54-1 C 370 C C 36.30 B B 

TA55-1 C 206 C C 28.04 C C 

TA56-1 C 83 D D 30.61 C D 

TA57-1 C 329 C C 35.91 B B 

TA58-1 C 711 A A 37.86 B A 

TA59-1 C 505 B B 37.59 B B 

TA60-1 C 197 D D 38.47 B C 

TA60-2 C 254 C C 35.03 B B 

TA61-1 C 789 A A 36.69 B A 

TA63-1 C 614 B B 39.96 B B 

TA64-1 C 351 C C 39.04 B B 

TA65-1 C 79 D D 24.92 C D 

TA65-2 C 56 D D 28.87 C D 

TA65-3 C 155 D D 31.64 C D 

TA65-4 C 31 D D 36.66 B C 

TA65-5 C 83 D D 34.27 B C 

TA66-1 C 209 C C 37.39 B B 

TA66-2 C 123 D D 38.56 B C 

TA67-1 C 900 A A 36.49 B A 

TA68-1 C 214 C C 32.58 B B 

TA70-1 C 342 C C 37.93 B B 

TA71-1 C 377 C C 33.62 B B 

TA71-2 C 105 D D 31.73 C D 

TA72-1 C 526 B B 36.22 B B 

TA73-1 C 167 D D 28.98 C D 

TA73-2 C 56 D D 25.40 C D 

TA74-1 C 210 C C 29.55 C C 

TA75-1 C 526 B B 43.85 A A 

TA76-1 C 20 D D 26.85 C D 

TA76-2 C 44 D D 32.97 B C 

TA77-1 C 527 B B 35.78 B B 

TA78-1 C 165 D D 27.56 C D 

TA79-1 C 392 C C 36.20 B B 

TA80-1 C 105 D D 37.05 B C 

TA81-1 C 288 C C 31.21 C C 

TA82-1 C 143 D D 33.86 B C 

TA83-1 C 31 D D 21.54 D D 

TA83-2* C 147 D D 28.60 C D 

TA84-1* C 104 D D 24.45 C D 

TA85-1 C 159 D D 27.93 C D 

TA85-2 C 214 C C 37.60 B B 
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Site LCgrade S Sgrade 
LCgrade × 

Sgrade 
FQIn  FQIngrade 

LC/Sgrade × 
FQIngrade 

TA86-1 C 148 D D 33.87 B C 

TA87-1 C 17 D D 33.16 B C 

TA87-2 C 159 C C 27.94 C C 

TA87-3* C 19 D D 28.57 C D 

TA88-1 C 246 C C 32.81 B B 

TA89-1 C 196 D D 34.64 B C 

TA90-1 C 137 D D 39.13 B C 

TA90-2 C 282 C C 36.99 B B 

TA91-1 C 645 A A 42.81 A A 

TA92-1 C 202 C C 40.21 B B 

TA93-1 C 134 D D 22.82 D D 

TA94-1 C 67 D D 29.04 C D 

TA95-1* C 149 D D 32.22 B C 

TA96-1 C 81 D D   32.28  B C 

TA96-2 C 197 D D  38.59 B C 

TA97-1 C 273 C C 40.43 B B 

TA97-2 C 72 D D 36.69 B C 

TA98-1 C 149 D D 40.46 B C 

TA99-1 C 179 D D 36.85 B C 

TA100-1* C 124 D D 34.47 B C 

TA101-1* C 214 C D 35.50 B C 

TA102-1* C 109 D D 40.77 A C 

TA103-1* C 458 B B 43.69 A A 

MPRC-1* C 2172 A A 40.34 B A 
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FIGURE 3.2  Histogram of size for 120 Flint Hills Tallgrass Prairies assessed on FRMR in 
2011/2012. 
 

 

FIGURE 3.3  Histogram of floristic quality index values for 120 Flint Hills Tallgrass Prairies 
assessed on FRMR in 2011/2012.   
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FIGURE 3.4  Scatterplot of prairie size vs. floristic quality index for 119 Flint Hills Tallgrass 
Prairies assessed on FRMR in 2011/2012.  The MPRC, which was assessed as a single 2,172-acre 
prairie, had an index of 40.34.  

 
 

 
FIGURE 3.5  Scatterplot of prairie size vs. percent non-native species for 120 Flint Hills Tallgrass 
Prairies assessed on FRMR.  The dashed line is linear fit line.     
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FIGURE 3.6  Locations and grades of Flint Hills Tallgrass Prairies on FRMR in 2011/2012. 




































































































