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LOCAL POLYPLOID VARIATION IN THE NATIVE
PRAIRIE GRASS ANDROPOGON GERARDII!

KATHLEEN H. KEELER?
School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588-0343

The microscale distribution of polyploid variants of the dominant grass big bluestem (4Andropogon gerardii) in virgin
tallgrass prairie was mapped using flow cytometry. The correlation between DNA content and polyploidy allows the use of
flow cytometry for nondestructive determination of polyploidy in intact plants. At Konza Prairie, local plots contained from
0 to 100% hexaploid cytotypes but most showed fine-scale mixing of the polyploid variants. The relationship of cytotype
frequency to moisture availability or burning history was nonsignificant.

Genetic variation is basic to evolutionary change. In-
traspecific variation in polyploidy is a widespread, al-
though not widely studied, form of genetic variation in
natural plant populations (e.g., Lewis, 1980; Keeler and
Kwankin, 1989). Investigating polyploid variation within
populations has been time-consuming and may require
disturbing the site. However, the advent of flow cytometry
has made nondestructive study of the level of nuclear
DNA, and therefore, chromosome numbers, possible for
large populations (Keeler et al.,, 1987; Fahleson et al.,
1988; Sgorbati et al., 1989; Michaelson et al., 1991). It is
now possible to determine rapidly the local distribution
of intraspecific polyploidy for intact plants in the vege-
tative state. This paper reports the results of using flow
cytometry to map the distribution of cytotypes in a natural
population of a dominant prairie grass, providing a de-
tailed look at the cytogenetic structure of natural popu-
lations.

Big bluestem, Andropogon gerardii Vitman, is the dom-
inant grass of the tallgrass prairie (Weaver and Fitzpatrick,
1934). This species contains chromosomal variation: in
addition to the commonly reported hexaploids (2n = 6x
= 60; Gould, 1967) populations include individuals that
are 7x, 8x, and 9x (Kwankin, 1985; Keeler et al., 1987,
Keeler, 1990). Of these, 2n = 60 and 80 are by far the
most common cytotypes (Keeleretal., 1987; Keeler, 1990).

In a geographic study across the northern tallgrass prai-
rie (Ohio to Nebraska), octoploid and nonoploid plants
were found chiefly in the western part of the transect,
where they reached 82% of one Nebraska prairie remnant
(Keeler et al., 1987; Keeler, 1990, and unpublished data).
- Forces producing macrogeographic polyploid variation
should operate locally as well. Thus, the microgeographic
distribution of A. gerardii cytotypes was sought within a
site rich in edaphic variation. Patterns of microgeographic
variation in distribution of polyploids were sought in re-
sponse to available moisture, burn treatment, and grazing.
In this paper, I report the small-scale distribution of poly-
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ploid cytotypes of 4. gerardii within Konza Prairie, Man-
hattan, Kansas.

MATERIALS AND METHODS

Located south of Manhattan, Kansas, Konza Prairie is
a 3,487-ha tallgrass prairie reserve (owned by The Nature
Conservancy, managed by Kansas State University). An-
nual rainfall is 834 mm (National Oceanographic and
Atmospheric Commission, 1985). Upland soils are Flor-
ence cherty clay loam, and lowland soils are Tully silty
clay loams (Jantz et al., 1975). The new focus of research
at Konza is on the role of fire and grazing in the dynamics
of tallgrass prairie. Burning treatments were initiated in
1971.

The plots for this project were established to take ad-
vantage of relief and burning treatments. Three replicates
each on wet and dry edaphic sites were nested within the
extreme burning treatments: annually burned and un-
burned (20 years between fires) treatments. Hillside relief
(elevations range from 320 to 444 m) provided natural
wet and dry areas within the prairie. Specifically, the shal-
low soils on the hilltops are xeric; whereas seepage through
the stratified rocks produces moist areas at the base of
hills where water percolates out of the strata and flows
downward toward streams (E. Finck, Emporia State Uni-
versity, personal communication). Wet and dry plots were
also established in areas into which native grazers (Bison
bison) were reintroduced in 1987. The grazed plots were
established only on annually burned sites within the bison
area, which turned out to be the most intensely grazed
areas, because of the strong preference of the bison for
burned sites (Bock and Bock, 1989; Shaw and Carter,
1990; Vinton, 1990). The sites are located in UA, UB,
UD, 1A, 1B, 1D,and N1A in Konza nomenclature. Konza
is a National Science Foundation Long Term Ecological
Research Site.

Plants were permanently marked in May 1989, with an
aluminum tag held by a nail and a ring of plastic-wrapped
wire. Sampled plants were chosen ca. 1 m apart, to reduce
the frequency of sampling the same genetic individual.
Nearest-neighbor and mapping data were used to test this
assumption. Plants were sampled for flow cytometry dur-
ing the summers of 1989 and 1990.

Sample size was chosen to identify 20 individuals of
one cytotype at each site. Because more than ten plants
per site were collected for flow cytometry at the same
time, most plots ended up with approximately 30 cyto-
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Fig. 1. Distribution of cytotypes within treatment plots at Konza
Prairie. Each bar represents a replicate plot. Number is number of plants
sampled.

typed plants. The plants sampled were at least a meter
apart, in two to four rows; therefore the plots range from
4 X 10 m to 6 X 20 m in size.

In 1989, fresh leaf tissue was collected and sent over-
night mail to D. W. Galbraith, University of Arizona,
Tucson, for analysis. In 1990, plants were analyzed at the
University of Nebraska-Lincoln flow cytometry facility.

Flow cytometry preparation methods followed Keeler
et al. (1987). Fresh leaves were chopped in the cold with
a razor blade, 0.3 g tissue to 5 ml chopping buffer (45 ml
MgCl,, 30 mM Na citrate, 20 mm MOPS pH 7.0, con-
taining 1 mg/ml triton X-100) in a glass dish. After stand-
ing 2 min, cellular debris was filtered through nylon mesh
of pore size 60 um and 15 um. Nuclei in the filtrate were
then stained with x9 excess of 100 ug/ml mythramycin
in chopping buffer and let stand 5-60 min. DNA content
was analyzed by detection of stain from nuclei in a Coulter
Electronics EPICS V Flow Cytometer-Cell Sorter, laser
wavelength 457 nm, power output of 200 mW, using
barrier filters LP510 and BG38 for optimal detection of
the mythramycin-DNA complex.

DNA values were calculated by comparison to chicken
red blood cell internal standards, which have 2.33 + 0.22
pg DNA/nucleus (Galbraith et al., 1983). Mythramycin
binds to guanine-cytocine base pairs, so the numerical
values are more accurate as ratios than absolute DNA
values. Controls run with DAPI and Hoechst (which bind
adenine-thymine pairs) gave identical ratios between the
low and high DNA cytotypes studied here (Keeler, Gal-
braith, and Harkins, unpublished data).

Replicability of flow cytometric values is high: the be-
tween-run, between-day, and between-tissue errors are all
approximately the level of machine error and much less
than the DNA differences between most cytotypes (Keeler
et al., 1987).

As controls, chromosome numbers were counted under
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the microscope from root tips of 123 plants. A variety of
plants were used in these studies, only a few of them from
Konza Prairie. In wild collected plants no-chromosome
numbers other than multiples of the base number (x =
10) were seen, although visual counting uncertainties sug-
gest the error is = two chromosomes. These values were
compared to flow cytometric values for those same plants.

Hexaploids had a mean of 7.17 pg nuclear DNA (SD
= 0.75, N = 46). Heptoploid plants had 8.64 pg DNA
(SD = 0.32, N=4). Octoploids averaged 10.04 pg nuclear
DNA (SD = 0.84, N = 28). Nonoploids had a mean of
10.34 pg DNA (SD = 0.30, N = 15). All groups were
statistically significantly different from all others (Dun-
can’s test) except octoploids and nonoploids. Cytological
studies are in progress to distinguish octoploids and nono-
ploids by flow cytometry (Norrmann and Keeler, unpub-
lished data). The difficulty in distinguishing the octo- and
nonoploids appears to be specific to Andropogon gerardii
since other species investigated have no such problem
(e.g., Galbraith et al., 1983; Sgorbati et al., 1989; de Roch-
er et al., 1990; Keeler, unpublished data). Analysis of
variance for chromosome number by flow cytometric val-
ue also showed a highly significant relationship of the two
(F = 305, P < 0.0001, df = 92). This analysis is an
extension and refinement of previously reported com-
parisons and is consistent with previous results (Keeler
et al., 1987).

A finding of 6.5-7.5 pg DNA (“low DNA”) is absolutely
diagnostic of 60 chromosome plants. The low DNA plants
are clearly distinguishable from “high DN A” plants: those
have approximately 10 pg nuclear DNA, and always a
different chromosome number. The high DNA group in-
cludes both octoploids and nonoploid plants as noted
above. Intermediate DNA values (ca. 8 pg) indicate plants
with 2z = 70: only 12 of the 554 plants collected at Konza
Prairie in this study, 2%, had 8 pg DNA.

Nearest neighbor analysis was conducted by measuring
the distance to the nearest plant and the nearest A. gerardii
in four ordinal directions from the marked plant in four
plots, one each of wet/dry, burned/unburned combina-
tions.

Data were statistically analyzed using the analysis of
variance in the SAS general linear models (GLM) program
(SAS Institute, Inc., 1989) on arcsin-transformed percent
low DNA. Because the grazing treatment was only on
annually burned treatments, grazing was treated in the
statistical analysis as a third burn treatment, not as a third
independent variable.

RESULTS

Ofthe 18 sites at Konza Prairie, 14 contained both high
and low DNA A. gerardii plants and 12 are polymorphic
for polyploidy in the sense that the rarest cytotype forms
more than 5% of the population (sensu Dobzhansky et
al., 1977). Within sites, frequency of low DNA plants
ranged from 3% to 100% (Fig. 1). Sites within the same
treatment vary greatly (Fig. 1), thus it is not surprising
that analysis of variance showed no significant effects of
treatment on cytotype distribution (for burning treatment
F=1.01, P =0.39, df = 2; for moisture F = 0.14, P =
0.71, df =-2; for burning X moisture effects F = 3.71, P
= 0.06, df = 1).
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Fig. 2. Distribution of cytotypes within plots at Konza Prairie. Four representative plots are shown. Each square represents a permanently

marked plant.

The within-site mixing of cytotypes was striking. The
two cytotypes are interspersed on most sites (Fig. 2). Across
the study, the chance of finding the next cytotyped plant
(ca. 1 m away) to have a different cytotype ranged from
0.0 on the monomorphic plots to 0.44 on the most varied.
The theoretical maximum is 0.5 for a population of al-
ternating cytotypes.

Nearest neighbor analysis of four representative plots
found the nearest A. gerardii to each marked plant to be
61.4, 28.4, 23.6, and 30.7 cm away, while marked plants
averaged 1 m apart. Furthermore, the nearest neighbor
of each plant is generally not another plant of 4. gerardii:
the plant of any species nearest the marked plants in the
four plots above was 8.9, 8.6, 16.1, and 13.4 cm away,
respectively—much less than the distance to the nearest
A. gerardii. A long history of clonal spread is possible,
but at present A. gerardii populations are made of many
discontinuous clumps.

DISCUSSION

Plant species can include virtually indistinguishable in-
dividuals with different chromosome numbers (e.g., Niel-
sen, 1944; Zohary and Nur, 1959; Gould and Kapadia,
1964; Porter, 1966; Lewis, Suda, and MacBryde, 1967;
Stuessy, 1971; Brunken and Estes, 1975; Lewis, 1980;
Lumaret, 1988). Flow cytometry offers a nondestructive
method for getting substantial sample sizes of chromo-
somal variants, including polyploid series, in large pop-
ulations. Not only are several polyploid cytotypes of An-
dropogon gerardii present at Konza Prairie, they
intermingle at most locations, indicating genetic variation
in this character at a very fine scale.

None of the treatments at Konza showed a statistically
significant relationship to cytotype. Lack of response to
grazing was not surprising, since bison were reintroduced
in 1987. No relation to the older treatments, burning

regime (initiated 1971), and water availability was found
either. The suggestion of interaction of burn treatment
and moisture (P = 0.06) is considered nonsignificant and
notindicative of a trend because the data is in the opposite
direction of biogeographic patterns. Hexaploids are more
frequent on dry, burned sites at Konza, while hexaploids
totally dominated eastern tallgrass prairie remnants pre-
viously studied (Keeler, 1990), which are moister, if not
less often burned, than western prairies (Keeler, 1990).
Different cytotypes usually intermingle where they occur
elsewhere in the range of A. gerardii (Keeler, 1990 and
unpublished data). Big bluestem populations have a com-
plex cytogenetic structure, but no simple relation to en-
vironmental variables has been detected.

A random or historical explanation of the distribution
of cytotypes within and between sites at Konza seems the
most likely, based on current data. This would suggest
functional equivalence. Functional equivalence of hexa-
ploids and octoploids may be reasonable for the following
reasons: electrophoretic patterns of plants (six stain sys-
tems, 12-15 loci) reveal no bands or band patterns that
distinguish different chromosome numbers (Keeler et al.,
unpublished data); individual plants regularly produce
progeny that segregate for cytotype, e.g., hexaploid, oc-
toploid, and nonoploid plants in the progeny of hexaploid,
octoploid, or nonoploid parents (Norrmann and Keeler,
unpublished data); and, except for subtle but consistent
differences in size, the polyploids are not morphologically
distinguishable (Keeler, unpublished data).

Countering the interpretation that ploidy level is func-
tionally neutral is the observation that hexaploids are
virtually the only cytotype across central North America
(Keeler, 1990) even though octoploids and nonoploids
are present at the extremes of the range (eastern Nebraska
and northern Florida, Keeler, 1990 and unpublished data).
In addition, higher polyploids are consistently, if not al-
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ways statistically significantly, taller and of higher biomass
than hexaploids (Keeler, unpublished data).

The higher polyploids are not due to hybridization oc-
curring at the edge of the range. The only other hexaploid
Andropogon in North America, 4. hallii, possesses the
same variation in chromosomes: three populations were
fixed for 7 pg DNA (hexaploids), one for 10 pg DNA
(octoploids or nonoploids), N = 71 (Keeler, unpublished
data). That the variation represents the replacement of
one polyploid level by another seems unlikely, because
of two populations studied at the southeastern corner of
the range (Apalachicola National Forest, FL), one was
fixed for 7 pg DNA and one for 10 (N = 29) (Keeler,
unpublished data), so polyploid variation is found from
one end of the species range to the other (Keeler, 1990).

Despite its economic importance, A. gerardiiis virtually
unknown genetically, so breeding system and compati-
bility between the cytotypes are not understood. Studies
on those topics are in progress. Meiosis is regular in hexa-
ploid plants (Riley and Vogel, 1982; Norrmann, personal
communication), irregular in other cytotypes (Norrmann,
personal communication), and shows numerous lagging
chromosomes reminiscent of South American Andropo-
gon ternatus (Norrmann and Quarin, 1987). All cytotypes
produce some viable seed.

The chromosomal variation in A. gerardii is represen-
tative of chromosomal variation in other important prai-
rie grasses, e.g., Panicum virgatum (Nielsen, 1944; Porter,
1966; Brunken and Estes, 1975), Bouteloua curtipendula
(Gould and Kapadia, 1964), B. gracilis (Snyder and Har-
lan, 1953), Agropyron smithii (Dewey, 1975), and others
(Stebbins, 1971, 1975; Keeler and Kwankin, 1989) sug-
gesting acommon, perhaps evolutionary, response. What-
ever polyploid variation does, flow cytometric studies
show that it occurs on a very local scale in the prairie
dominant 4. gerardii.
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