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Summary

1.

 

Global habitat fragmentation and loss of undisturbed grasslands has led to the use
of non-local seed and cultivars in restoration. There is concern that these sources may
be genetically depauperate and their introduction may lead to loss of unique local gen-
otypes. Within this context we considered the issue with regard to the once widespread
but now highly fragmented North American tallgrass prairie.

 

2.

 

We characterized the genetic diversity and genetic relationships of the co-dominant
species in this system, big bluestem 

 

Andropogon gerardii

 

 and Indian grass 

 

Sorghastrum
nutans

 

, from seven remnant and six restored local tallgrass prairies, a non-local remnant
prairie, and five cultivated varieties.

 

3.

 

Randomly amplified polymorphic DNA (RAPD) analysis of these grasses showed
that genetic diversity was mostly retained within rather than among populations, and
did not differ among restored or remnant populations or cultivars.

 

4.

 

Genetic diversity estimates were not correlated with the area of the grassland, nor
was there a clear association between diversity and species abundance. All of the restored
grasslands in this study were established with seed from at least two local populations
and were as genetically diverse as remnant sites.

 

5.

 

Principal components analysis of RAPD band frequencies showed that the local
remnant and restored populations were genetically different from the non-local remnant
grasslands and were consistently different to the cultivars. The genetic relationships
among local remnant and restored populations reflected biogeography and human
activities.

 

6.

 

Synthesis and applications.

 

 Restoration practitioners have often assumed that small
populations are genetically depauperate and therefore the need for multiple seed sources
to increase genetic diversity outweighs concerns over potential genetic differences
among widespread species. Our research, however, indicates that genetic diversity is
much less of an issue in these perennial outcrossing autopolyploid grasses than genetic
differences among local and non-local or cultivar seed sources. Combining these results
with our previous research, indicating differences in plant performance as a function
of  the source population, suggests that genetic differences and ecological perform-
ance among local and non-local seed sources are more of  a concern than genetic
diversity. Translocating non-local seed in order to increase diversity, or using cultivars, is
likely to alter the genetic structure of  remnant populations and potentially influence
the associated community and affect ecosystem structure and function in unforeseen
ways.
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Introduction

 

Grasslands throughout the world are becoming
increasingly degraded or lost due to anthropogenic
influences (Handel, Robinson & Beattie 1994; Stevenson,
Bullock & Ward 1995; Kindscher & Tieszen 1998).
Maintenance of genetic diversity is a central theme in
conservation and restoration biology, with the belief
that genetic variation will increase the probability of
population persistence (Montalvo 

 

et al

 

. 1997; Palmer,
Ambrose & Poff 1997; Lesica & Allendorf 1999; Etterson
& Shaw 2001; Fleishman 

 

et al

 

. 2001; Noy-Meir & Briske
2002). However, empirical studies have been equivocal,
showing positive, negative and no relationships between
genetic diversity and population size (McClenaghan &
Beauchamp 1986; Sampson, Hopper & James 1988;
van Treuren 

 

et al

 

. 1991; Meffe & Carroll 1994; Prober
& Brown 1994; Raijmann 

 

et al

 

. 1994; Prober, Spindler
& Brown 1998; Gustafson, Gibson & Nickrent 1999,
2001; Young, Brown & Zich 1999; Buza, Young &
Thrall 2000; Fleishman 

 

et al

 

. 2001; Arafeh 

 

et al

 

. 2002),
which suggests that the genetic responses to vegetation
community reduction and fragmentation are species
specific and more complex than initially thought
(Young, Brown & Zich 1996).

It is important to characterize the component spe-
cies in ecological conservation and restoration (Pywell

 

et al

 

. 2003). Conservation genetic studies tend to focus
on rare and endangered species, which typically do not
contribute significantly to the productivity of the eco-
system (Grime 1999). Conversely, genetic variation in
populations of the dominant species may significantly
regulate ecosystem function (Seliskar 

 

et al

 

. 2002).
Moreover, the loss of genetic diversity associated with
increased inbreeding is generally assumed to present a
stronger threat to formerly dominant species that have
suffered recent reductions in distribution than to
naturally rare species (Barrett & Kohn 1991; Fischer,
van Kleunen & Schmidt 2000). Empirical and theoret-
ical studies indicate that long-term population viabil-
ity is positively related to levels of genetic variation
(Barrett & Kohn 1991; Ellstrand & Elam 1993; Dolan
1994; Linhart & Grant 1996; Young, Brown & Zich
1996; Newman & Pilson 1997; Knapp & Rice 1998;
Fischer, van Kleunen & Schmidt 2000; Etterson &
Shaw 2001). If  the conservation management unit is the
vegetation community, then characterizing and
managing genetic variability of dominant species may
be more important than actively managing the minor
components of that community.

This study focused on the tallgrass prairie in Illinois,
USA; however, loss of native grasslands to agriculture
and urbanization has occurred throughout the world.
Historically, Illinois contained 25% (8·9 million ha) of
the North American tallgrass prairie, yet today less
than 0·01% of the original high-quality prairie remains.
Approximately 210 of the 253 (83%) prairie remnants
in the state are less than 4 ha in size (Robertson &
Schwartz 1994; Robertson, Anderson & Schwartz

1997; Robertson 2001). Community dynamics in these
prairies have been severely altered because they lack
the full complement of natural processes, such as land-
scape fires and large migrating herbivores, and because
gene flow patterns have probably been disrupted because
of  fragmentation (Robertson & Schwartz 1994;
Robertson, Anderson & Schwartz 1997).

Big bluestem 

 

Andropogon gerardii

 

 Vitman and
Indian grass 

 

Sorghastrum nutans

 

 (L.) Nash. are both
dominant warm-season perennial grasses of the tallgrass
prairie (Weaver & Fitzpatrick 1935; McMillan 1959;
Risser 

 

et al

 

. 1981). Both are self-incompatible polyploid
species that have been used extensively in North American
prairie restorations, as cover crops to reduce soil erosion
and as a native forage crop for livestock (Keeler 1990;
Schramm 1990; Diboll 1997; Norrmann, Quarin &
Keeler 1997; Kindscher & Tieszen 1998; McKone, Lund
& O’Brien 1998). In the Grand Prairie region of Arkansas,
geographical proximity could not be used to predict
genetic relatedness of populations (Gustafson, Gibson
& Nickrent 1999). These remnant Arkansas popula-
tions were, however, genetically different from two cul-
tivated varieties (cultivars) and two remnant 

 

A. gerardii

 

populations from Illinois. Morphological and genetic
differences have also been observed between restored

 

A. gerardii

 

 populations in Illinois that were established
with seed from Illinois and Nebraska (Gustafson, Gibson
& Nickrent 2001). There was evidence of extensive mix-
ing of the Illinois and Nebraska populations, although
assessing hybrid fitness relative to non-hybrid crosses
was not determined in this study. Because genetic intro-
gression from distant provinces can reduce fitness of
local genotypes (Keller, Kollmann & Edwards 2000)
and alterations to population phenology can affect
organisms whose reproductive cycles are timed to plant
flowering (Jones, Hayes & Sackville Hamilton 2001), it
is clear that seed provenances are an important issue in
plant conservation and restoration ecology (Sackville
Hamilton 2001; Wilkinson 2001).

The goals of this study were to assess the genetic
diversity and genetic relationships among remnant and
restored tallgrass prairies and select cultivars, using the
co-dominant perennial grass species 

 

A. gerardii

 

 and 

 

S.
nutans

 

. Randomly amplified polymorphic DNA (RAPD)
analysis has been successfully used to assess genetic
relationships among populations of our target species
(Gustafson, Gibson & Nickrent 1999) and species of
conservation interest (Zawko 

 

et al

 

. 2001; Arafeh 

 

et al

 

.
2002), as well as to identify genetic differences between
individuals with otherwise identical isozyme fingerprints
(Gustafson 2000). Specifically, we wanted to know
(i) if genetic diversity correlated with the area of the site;
(ii) if remnant populations were less diverse than restored
populations that were established with multiple seed
sources; (iii) what the genetic relationships among rem-
nant populations, restored populations and cultivars for
each species were; and (iv) whether the overall patterns
of genetic diversity and genetic relatedness were similar
between these two co-dominant grass species.
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Materials and methods

 



 

Both grasses are dominant perennial autopolyploidy
grasses of the tallgrass prairie ecosystem, which affects
the choice of  molecular mark and data analyses.

 

Sorghastrum nutans

 

 (2

 

n

 

 = 4

 

x

 

 = 40) is a tetraploid out-
crossing autopolyploid, while the ploidy level of 

 

A. gerardii

 

is more complicated. 

 

Andropogon gerardii

 

 is a complex
polyploidy with two polyploidy cytotype races (hexaploid
2

 

n

 

 = 6

 

x

 

 = 60 and enneaploid 2

 

n

 

 = 9

 

x

 

 = 90), with an
increasing frequency of the enneaploids in the western
range of the species (Keeler 1990; Norrmann, Quarin
& Keeler 1997). Co-occurring hexaploid and enneaploid
cytotypes at Konza Prairie, Kansas, have been shown to
interbreed and produce fertile euploids and aneuploids,
although the aneuploids are rarely observed in nature
(Norrmann, Quarin & Keeler 1997; Keeler, Williams &
Vescio 2002). The high polyploidy levels and the poten-
tial for interpolyploid hybridization in 

 

A. gerardii

 

was another reason for selecting RAPD markers,
because RAPDs are not affected by variation in ploidy
levels as other DNA fingerprinting or protein methods
are (Weising 

 

et al

 

. 1995).

 

 

 

Seeds of both grasses were collected from 25 mesic black
soil tallgrass prairies in Illinois, which constitute more
than 80% of the sites and more than 90% of the tallgrass
prairie area remaining in Illinois (Robertson 2001).
Seeds of both species were collected from each site because
seeds are what restoration ecologists /conservation
biologists use to establish or augment populations
(Diboll 1997). Only sites from which we obtained ger-
minable seed from more than 10 individuals were used
in this study, which resulted in the inclusion of 13 

 

A.
gerardii

 

 and five 

 

S. nutans

 

 Illinois populations. We defined
a remnant population as one that had never been in cul-
tivation. A restored population was defined as a grass-
land that had been planted with native tallgrass flora
on a site that had historically been a tallgrass prairie.
The restored populations were established with multiple
seed collections from remnant populations within 20–
150 km of the site (site managers, personal communica-
tions), with the exception of Goose Lake Prairie Natural
Area, for which a Nebraska source was used (Gustafson,
Gibson & Nickrent 2001). Seeds of both species repres-
enting a non-local remnant population were collected
from watershed 004B at Konza Prairie Biological Station,
Kansas, a 3487-ha tallgrass remnant approximately
750 km west of the Illinois sites (Knapp 

 

et al

 

. 1998). This
site was chosen because it is one of the largest and best
remaining examples of a North American tallgrass prairie.
In both the Illinois and Konza Prairie communities, the
dominant native C

 

4

 

 grasses are 

 

A. gerardii

 

, 

 

S. nutans

 

,

 

Panicum virgatum

 

 L. and 

 

Schizachyrium scoparium

 

(Michx.) Nash. Three 

 

A. gerardii

 

 (Roundtree, Pawnee

and Kaw) and two 

 

S

 

. 

 

nutans

 

 (Rumsey and Cheyenne)
cultivars were purchased as bulk seed and included in
this study (Table 1). All five cultivars were developed as
forage crops with high yield, medium to late matura-
tion, some resistance to lodging and fungal infections
(http://Plant-Materials.NRCS.USDA.GOV) and have
been used in restoration, reclamation and soil conserva-
tion projects (Harrington 1989; Frank 1994).

In October of 1995, seeds were collected from 30–33
randomly selected individuals at each remnant and
restored site, with at least 10 m between sampled indi-
viduals. Seeds were removed from the maternal plant,
stored on ice, transported to Southern Illinois Univer-
sity at Carbondale and cold-dry stratified at 4 

 

°

 

C for 3
months. Chaff was removed and the seeds germinated
in Petri dishes on moistened filter paper. One randomly
selected seedling from each maternal plant was grown
under glasshouse conditions in a square pot (816 cm

 

3

 

)
containing a commercial soil-less medium. Plants were
watered as needed, fertilized with 350 mg m

 

−

 

2

 

 N20%–
P20%–K20% fertilizer every 3 weeks, and ambient
light supplemented with standard grow lamps from
07:00 to 19:00 h. Bulk seed collections provided by Mason
County State Nursery (Havanna, Illinois) and the
cultivar accessions were sown in glasshouse flats con-
taining the soil-less medium and grown under condi-
tions described above.

 

 

 

DNA extraction and RAPD methodologies followed
Gustafson, Gibson & Nickrent (1999). Thirty 10-base
oligonucleotide primers (Operon Technologies, Alameda,
California) were surveyed for each species, with four to
five primers selected based on consistent and readily
interpretable banding patterns. Restriction Fragment
Length Polymorphism (RFLP) analysis was used to
confirm the homology of a subset of RAPD bands for
both species. The following four primers (with sequence
and number of bands scored in parentheses) were used
in the 

 

A. gerardii

 

 analysis: B-01 (dGTTTCGCTCC,
11), B-07 (dGGTGACGCAG, 8), B-12 (dCCTT-
GACGCA, 9) and N-13 (dAGCGTCACTC, 9). RAPD
characterization of 

 

S. nutans

 

 populations was based on
following five primers: B-07 (dGGTGACGCAG, 8),
B-15 (dGG-AGGGTGTT, 6), B-18 (dCCACAG-
CAGT, 9), F-12 (dACGGTACCAG, 7) and L-19
(dGAGTGGTGAC, 9).

 

 

 

Hierarchical genetic structure of  both species was
assessed using analysis of molecular variance (

 



 

)
in 

 



 

 version 2.0 (Schneider, Roessli & Excoffier
2000). The variance components were used to compute
fixation indices. The significance of the fixation indices
(among and within populations) was tested using a
hierarchical, non-parametric permutation approach.
Genetic diversity was also estimated using the number

http://Plant-Materials.NRCS.USDA.GOV
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of polymorphic bands (PB) and genetic diversity (GD);
the latter is the probability that two randomly selected
bands are different averaged across all RAPD primers
(Schneider, Roessli & Excoffier 2000). Spearman rank
order correlations were used to test for an association
between area of the site and genetic diversity. One-way
analysis of variance on rank data was used to determine
if  our measures of genetic diversity differed between
remnant (including the Kansas remnant), restored and
cultivar accessions.

For each species, relationships among populations
were investigated using RAPD band frequency data in
a principal components analysis (PCA; PCOrd Version
4, MJM Software, Gleneden Beach, OR), with parallel
analysis (PA) to establish which PCA axes were
appropriate for interpretation (SAS Institute Inc.,
Carey, NC). PA, a technique that decomposes the
correlation matrix, was used to derive the 95th percen-
tile eigenvalues for each component based on Monte
Carlo analysis of the Longman 

 

et al

 

. (1989) regression
equations. Only axes with eigenvalues greater than
the PA eigenvalues were considered significant (

 

α

 

 

 

≤

 

0·05) and retained for interpretation (Franklin 

 

et al

 

.
1995).

 

Results

 

Most of the 

 

A. gerardii

 

 RAPD variation was retained
within populations (87·5%), although there were
significant differences among 

 

A. gerardii

 

 populations
(Table 2). PB decreased from cultivar to restored to
remnant populations but these differences were not
significant (Table 3). The smallest restored 

 

A. gerardii

 

population (Black Hawk) had the lowest GD (0·234)
and one of the largest restored populations (Fermi) had
the highest GD (0·319) (Table 3). The mean GD esti-
mates were not different among remnant, restored and
cultivar populations (Table 3). There was no correla-
tion between 

 

A. gerardii

 

 PB (

 

R

 

 = 0·1, 

 

P

 

 > 0·05) or GD
(

 

R

 

 = 0·4, 

 

P

 

 > 0·05) and the area of the site.

 

Sorghastrum nutans

 

 retained 87·8% of the genetic
variation within populations, with significant differences
among populations (Table 2). PB ranged from a low of
67·5% for Konza to a high of 87·1% for Wheelock, but

Table 1. Letter designation, name, location, area and percentage cover of Andropogon gerardii and Sorghastrum nutans of  13
Illinois prairies, Konza Prairie (KS) and five cultivars. Remnant (A–G), restored (H–M), Kansas (N) and Cultivar (O–S)
 

 

Letter Population name
Latitude 
(N)

Longitude 
(W)

Area 
(ha)

A. gerardii 
(%)

S. nutans 
(%)

A Sunbury Railroad Prairie 41°05′ 88°37′ 5 14 12
B Weston Cemetery Prairie 40°45′ 88°36′ 2 13 7
C DeSoto Railroad Prairie1 37°51′ 89°14′ 13·4 1 19
D Wheelock Railroad Prairie1 41°40′ 90°15′ 16·2 1 10
E Iroquois County Conservation Area (ICCA) 40°59′ 87°34′ 5062 20 35
F Tomlinson Pioneer Cemetery Prairie 40°21′ 87°56′ 0·4 40 16
G Grant Creek Prairie 41°21′ 88°11′ 31·6 7 6
H Goose Lake Prairie (NE source) 41°21′ 88°18′ 6222 16 46
I Fermi-Laboratory Tract No. 1 41°50′ 88°15′ 1563 43 6
J Mason County State Nursery (MCSN) 40°19′ 89°54′ 97·2 N/A N/A
K Meadowbrook Park1 40°05′ 88°14′ 12·2 20 24
L Weldon Springs State Park1 40°07′ 88°55′ 6·8 54 34
M Black Hawk State Historical Site (BHSHS) 41°28′ 90°35′ 0·4 3 39
N Konza Prairie Research Natural Area (KS)1 39°05′ 96°35′ 34872 57 19

Cultivar name Species Original source Year
O Roundtree A. gerardii Moorhead, IA 19834

P Pawnee A. gerardii Pawnee County, NE 19635

Q Kaw A. gerardii Riley County, KS 19505

R Rumsey S. nutans Jackson County, IL 19834

S Cheyenne S. nutans Supply, OK 19455

1, Both species. 2, Total area of the site. 3, Area of the inner loop. 4, Elsberry, MO. 5 Manhattan, KS.

Table 2.  analyses of RAPD data from 17 Andropogon gerardii (a) and eight Sorghastrum nutans (b) populations. *Estimates of
population fixation (FST) averaged over all loci indicated significant genetic differentiation among populations within a species
(P < 0·001 for both)
 

 

Source d.f. SS Variance components % variation FST

(a) Among 16 419·8 0·74 12·50 0·125*
Within 464 2418·3 5·21 87·50
Total 480 2838·2 5·95

(b) Among 7 136·5 0·79 12·20 0·121*
Within 133 761·7 5·72 87·80
Total 140 898·2 6·52
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there were no differences among the mean remnant,
restored or cultivar values (Table 3). GD estimates ranged
from 0·336 for Rumsey (cultivar) to 0·218 for Konza
(remnant) populations, with no difference in the mean
GD among remnant, restored and cultivar populations
(Table 3). There was no correlation between S. nutans
PB (R = −0·1, P > 0·05) and GD (R = −0·02, P > 0·05)
and the area of the site.

The first (eigenvalue = 5·82, percentage of variance =
20·1) and second (eigenvalue = 5·35, percentage of var-
iance = 18·4) axes explained 38·5% of the variance in
our PCA correlation matrix of relationships among A.
gerardii populations, and were statistically significant
and appropriate for interpretation.

In general there appeared to be several associations
that corresponded to cultivars, Kansas remnant (Konza)
and Illinois populations (Fig. 1a). Most of the remnant
and restored Illinois populations were separated by the
first axis, with negative axis one scores for five of the
seven remnant sites and positive axis one scores for all
the restored populations. The second axis separated the
cultivars and Kansas site from the Illinois populations.

As with the A. gerardii relationships, S. nutans cultivars
and the Kansas Konza (remnant) population were
genetically different from the Illinois populations (Fig. 1b).
Axis one (eigenvalue = 9·92, percentage of variance =
27·5) and axis two (eigenvalue = 6·75, percentage of
variance = 18·7) accounted for 46·2% of the variance
in the S. nutans PCA correlation matrix, were statistically
significant and were retained for interpretation.

Meadowbrook Park and Weldon Springs State Park
are both restored tallgrass prairies located in central
Illinois. These populations were close to each other on
the ordination, indicating that they were more geneti-
cally similar to each other than to any other S. nutans
population (Fig. 1b). Both sites were established by the
same restoration practitioner. The Fermi restored tall-
grass prairie is located in north-eastern Illinois and the
ordination showed that the population of S. nutans was
genetically different from the other two restored sites
from central Illinois.

Discussion

There was no association between genetic diversity
estimates of A. gerardii and S. nutans and the area of the
site, indicating that even an extremely small remnant
population can possess a substantial amount of genetic
variation. Maintenance of genetic diversity in both species
may reflect similarities in several life-history traits
(Dolan 1994; Godt & Hamrick 1998; Gordon & Rice
1998; Knapp & Rice 1998; Friar et al. 2001; Zawko et al.
2001). These co-dominant C4 grasses of  the tallgrass
prairie typically propagate through clonal vegetative
reproduction (rhizomatous growth) (Hartnett 1989);
however, spatial genetic studies suggest that most clonal
plants do not produce stands of  a single genotype
(Ellstrand & Roose 1987; Gustafson, Gibson & Nickrent
1999). Based on protein electrophoresis fingerprints
and polyploidy levels, Keeler, Williams & Vescio (2002)

Table 3. Summary of Andropogon gerardii and Sorghastrum nutans RAPD genetic diversity estimates. Sample size (n), percentage
polymorphic markers (PB), and average gene diversity (GD) over all RAPD primers. One-way  F-statistics testing for
difference in genetic diversity among remnant, restored and cultivar groups
 

 

Population

Andropogon gerardii Sorghastrum nutans 

n PB GD n PB GD

Sunbury 32 75·6 0·264 – – –
Weston 20 70·2 0·271 – – –
DeSoto 33 78·3 0·300 11 74·3 0·303
Wheelock 19 70·2 0·250 13 87·1 0·329
ICCA 29 75·6 0·300 – – –
Tomlinson 32 78·3 0·315 – – –
Grant Creek 32 75·6 0·289 – – –
Mean 28 74·8 0·284 12 80·7 0·316

Goose Lake 32 78·3 0·278 – – –
Fermi-Laboratory 31 78·3 0·319 14 79·4 0·320
MCSN 27 78·3 0·277 – – –
Meadowbrook 31 78·3 0·285 26 79·4 0·273
Weldon Springs 31 72·9 0·243 25 74·3 0·271
BHSHS 21 70·2 0·234 – – –
Mean 28·8 76·2 0·273 21 77·7 0·288

Konza Prairie 18 70·2 0·291 13 67·5 0·218

Roundtree 31 75·6 0·267 – – –
Pawnee 31 78·3 0·285 – – –
Kaw 31 78·4 0·283 – – –
Rumsey – – – 14 79·4 0·336
Cheyenne – – – 25 82·0 0·314
Mean 31 77·4 0·278 19·5 80·7 0·325

F2,13 1·72 0·34 F2,4 0·99 7·78
P 0·42 0·71 P 0·65 0·27
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found that A. gerardii clones averaged 2 m in diameter,
with an average of 31·8 genetic individuals 100 m−2. In
addition, both A. gerardii and S. nutans are autopoly-
ploids that we have shown here partition most of their
genetic variation within rather than among popula-
tions. Empirical and theoretical studies have suggested
that the rate of decline in genetic diversity is slower in
polyploidy species than diploid species (Bingham 1980;
Stebbins 1985; Glendinning 1989; Bever & Felber 1992).
Being rhizomatous, outcrossing and polyploid, peren-
nial grasses probably contribute to the maintenance
of  genetic diversity in these small isolated remnant
populations.

When establishing or restoring plant communities,
the genetic diversity of the new population is influenced
by the genetic composition of the source seed, species-
specific life-history traits, and gene flow among adjacent
conspecific populations. Restored tallgrass prairies in
Illinois are not typically located within 1 km of remnant
prairies, thus the genetic diversity in these restored
populations probably reflects the use of  multiple
seed sources to establish these prairies. In this study
of remnant and restored dominant grasses, the restored
populations were as genetically diverse as the remnant
populations. Without historical genetic data, however,
we do not know how the current levels of  genetic

diversity compare with the tallgrass prairie ecosystem
prior to habitat reduction and fragmentation.

As a group, the Illinois populations of both A. ger-
ardii and S. nutans were genetically more similar to one
another than they were to the remnant Kansas popu-
lation and the cultivars. Our results are consistent with
previous genetic studies of prairie plants (Gustafson,
Gibson & Nickrent 1999, 2001, 2002) and provide import-
ant genetic information for government and conser-
vation organizations to use for effective management
of  these native species. Relationships between the
remnant and restored populations within Illinois were
complex, possibly reflecting a combination of spatial
partitioning and effects of  human activity. Restored
A. gerardii populations tended to be more genetically
similar to one another than they were to remnant A.
gerardii populations that were located in close proxim-
ity. For example, Weldon Springs and Black Hawk
(200 km apart) were restored by the same restoration
practitioner and were genetically similar, despite the
fact that Wheelock Railroad Prairie is a remnant tall-
grass prairie located 40 km from Black Hawk and was
presumably a local seed source for the Black Hawk res-
toration project. Other population relationships, such
as between the Tomlinson Cemetery Prairie (remnant)
and Meadowbrook Park (restored) A. gerardii popula-
tions, probably reflect geographical proximity and the
restoration practitioners’ practice of using local popu-
lations as seed sources. Analysis of the Illinois S. nutans
restored populations gave similar results to those of the
A. gerardii populations. The central Illinois restored
populations (Meadowbrook Park and Weldon Springs)
were genetically more similar to each other than either
were to the restored tallgrass prairie in north-eastern
Illinois (Fermi).

Natural resource managers, government agencies
and the conservation communities recognize the import-
ance of  understanding the genetic consequences of
their management decisions; however, most have not
focused upon dominant members of such ecosystems.
Dominant species have a disproportionally large influ-
ence on subordinant species and greatly influence eco-
system properties in remnant and restored ecosystems.
This is the first conservation genetic study of two co-
dominant species from remnant and restored popula-
tions of  the endangered North American prairie
ecosystem. The interpretation is similar for both A.
gerardii and S. nutans. Genetic diversity estimates of
plants from small remnant populations were as diverse
as those from large populations, thus highlighting the
value of such remnant prairies as important sources of
genetic variation for the species. While this research
does not specifically quantify the geographical range
of a ‘local’ genotype, it is clear that A. gerardii and S.
nutans from Konza Prairie, Kansas, are genetically
different than the Illinois populations in this study.
Taking the genetic information of  this study in com-
bination with differences in mycorrhizae dependency
(Schultz et al. 2001) and population-specific differences

Fig. 1. PCA depicting the relationships among (a) seven remnant
and six restored Illinois populations, one remnant Kansas site and
three cultivars of Andropogon gerardii, and (b) two remnant and
three restored Illinois populations, one remnant Kansas site
and two cultivars of Sorghastrum nutans. Filled triangles,
Illinois remnant; open triangles, Illinois restored; square, Kansas
remnant; circles, cultivars. See Table 1 for site names.
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in competitive ability (Gustafson 2000), we support
earlier studies suggesting ecotypic variation occurs in
the dominant grasses of the tallgrass prairie (McMillan
1959). Cultivars of these grasses are not genetically less
diverse than remnant populations, but we have shown
that these cultivars are genetically different than rem-
nant populations (Gustafson, Gibson & Nickrent 1999,
2001). Indeed, the original source of the Kaw cultivar
of A. gerardii is from within 5 km of the Konza Prairie
remnant population. Commercially available cultivars
of native grasses are typically subjected to human selec-
tion and their relatively inexpensive seed is often pur-
chased in large quantities for large-scale restoration
projects (Baer et al. 2002). It is now necessary to deter-
mine how these cultivars compare over time to native
ecotypes in terms of various fitness components and their
effect on ecosystem structure and function (Sackville
Hamilton 2001; Wilkinson 2001).
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