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Summary

0 We analysed a data set containing the locations and sizes of individual plants from
_ve 0!m1 permanent quadrats that had been mapped annually from 0823 to 0861[ We
digitized each map and used geographical information software to evaluate annual
recruitment and mortality\ age structure\ survivorship and longevity of genets and
individuals of Bouteloua `racilis[
1 Ninety!one per cent of the years between 0827 and 0861 had at least one seedling
recruited[ An average of 09[2 genets died annually\ although the variability among
years was high "CV�69)#[ The number of seedlings recruited each year was sig!
ni_cantly correlated with the number of genets dying[ Most genets died before age 09
and the average life span was 2[6 years\ although some genets were much longer lived
"× 27 years#[
2 The average number of individuals per genet was 0[2[ Excluding seedlings\ 45) of
the genets were represented by a single individual[ The annual number of individuals
in the 4m1 ranged from 18 to 167[ Average mortality of individuals was 14[7 per year
and the variability among years was high "CV�80)#[
3 The plant community appeared to be relatively stable and openings created by
mortality were recolonized by recruitment[ Climatic variability did not have a large
in~uence on demography[
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Introduction

Studies that document the recruitment\ growth and
death of plant genets through time and space require
long!term monitoring of individual plants[ Because
collection and analyses of such data are time!consum!
ing\ detailed demographic data sets are rare and pub!
lished analyses are even rarer "Harper 0866^ White
0874#[ This is especially true for herbaceous perennial
plants where individuals may either be genets started
from seed or genetically identical ramets that resulted
from fragmentation "Harper 0866^ White 0874#[ The
di}erentiation of genets from ramets is di.cult if not
impossible to do in the _eld\ yet is critical to under!
standing population dynamics and the ability of a
species to respond to change in the environment[
Demographic studies that consider the dynamics of
both genets and ramets are extremely valuable to our
understanding of plant population dynamics\ and can
help de_ne the underlying evolutionary mechanisms

Correspondence] W[K[ Lauenroth "fax 869!380!1045^ e!mail
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that determine the structure and succession of plant
communities "Harper 0866\ 0871^ Hartnett + Bazazz
0874#[

Demographic studies on plant populations are rel!
evant to evolution because they reveal patterns in
population size\ genetic variability and vulnerability
to selection pressures "Harper 0866^ Hartnett + Baz!
azz 0874#[ Information about genet survivorship and
age structure can distinguish between even!aged and
multiple!aged populations\ with important conse!
quences for our understanding of natural selection
"Harper 0866#[ For instance\ a population consisting
of genets of various ages that have survived slightly
di}erent selective processes may be more tolerant of
environmental variation or disturbance than a popu!
lation consisting of clones that are all of a similar age
"Demetrius 0864^ Harper 0866#[

In _eld studies of herbaceous plants\ the type of
individual plants most often sampled are autonomous
individuals that are fragments from genets "Co.n
+ Lauenroth 0877#[ The number and size of these
fragments\ as well as their mortality rates\ determine
the size and _tness of particular genets "Harper 0866^
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Harper + Bell 0868^ Hartnett + Bazazz 0874#[ Com!
paring the dynamics of genets and individual plants
can be useful in characterizing the genetic variability
in a population as well as evaluating how well _eld
studies represent the gene pool[

Demographic studies of plant populations also
have relevance to gapÐphase dynamics[ In this case\
the spatial and temporal dynamics of a plant com!
munity can be assessed by correlating the demography
of genets and individual plants of the dominant spec!
ies with the corresponding successional phases of the
associated microsites "Watt 0836#[ The demography
of mature genets and their associated individual
plants can thus be related with the gap\ building\
mature and degenerate phases of microsites within
the community[ Quantifying these phases can allow
the prediction of important community dynamics\
such as in the use of annual mortality rates to predict
the frequency of creation of gap openings[

Bouteloua `racilis ðH[B[K[Ł Lag ex[ Gri.ths "blue
grama# is a C3 perennial bunchgrass that is widely
distributed throughout the central grassland region
of North America "nomenclature follows Great Plains
Flora Association 0875#[ It dominates shortgrass
communities and is a codominant in the southern
mixed grass prairie "Weaver + Albertson 0845^
Albertson + Tomanek 0854^ Lauenroth + Milchunas
0881#[ Its relative importance increases with grazing
by cattle and decreases as annual precipitation
increases "Weaver + Albertson 0845^ Milchunas et al[
0878^ Epstein et al[ 0885#[ Although B[ `racilis is
recognized as a key species in these grasslands\ its
ability to maintain dominance in the presence of dis!
turbance is a controversial issue[

The shortgrass steppe and southern mixed grass
prairie are subject to a number of types of disturb!
ances\ each with its characteristic size and frequency
of occurrence "Co.n + Lauenroth 0877^ Umban!
howar 0881#[ Because B[ `racilis tillers slowly "Samuel
0874# and reproduces by seed infrequently "Lauenroth
et al[ 0883#\ the ability of this species to recover after
disturbance has been questioned "Costello 0833^
Hyder + Everson 0857^ Hyder et al[ 0860#[ Recent
experimental studies and simulation analyses of
di}erent disturbance types and sizes have indicated
the importance of knowledge about life!history traits
of B[ `racilis in understanding recovery rates and
patterns "Co.n et al[ 0882\ 0885^ Co.n + Lauenroth
0883#[

Despite the value of demographic studies that focus
on genets and individual plants\ they are very
infrequently encountered in the literature "van der
Maarel 0885^ Bakker et al[ 0885#[ Our overall objec!
tive was to evaluate the demography of genets and
individual plants of B[ `racilis in a southern mixed
prairie[ Our speci_c objectives were to] "i# quantify the
demography of B[ `racilis genets in terms of annual
recruitment and mortality\ age structure and sur!
vivorship\ and longevity^ "ii# determine temporal

trends in the relative importance of sexual repro!
duction vs[ fragmentation by comparing number of
genets to number of individuals for each year\ and by
calculating the number of individuals per genet^ and
"iii# determine annual mortality of individual plants
to assess the potential for gap dynamics in this com!
munity[

Site description

This study took place in a southern mixed prairie
near Hays\ Kansas\ USA "27>41?N latitude\ 87>12?W
longitude#\ in pastures owned by Fort Hays State
University[ Long!term mean annual precipitation is
477 mm "Sims et al[ 0867#\ with 66) occurring
between April and September as irregularly spaced
thunderstorms "Albertson + Tomanek 0854#[ Mean
annual air temperature is 01[0 >C\ mean growing sea!
son air temperature is 07[3 >C\ and the thermal poten!
tial growing season is 115 days "Sims et al[ 0867#[ The
region has a history of being grazed by bison and
antelope over the past 7999Ð09 999 years "Stebbins
0870# and the pastures have been grazed by domestic
cattle for the past 099 years "R[A[ Nicholson\ personal
communication#[

Three plant communities are common in the area]
a shortgrass community dominated by B[ `racilis and
Buchloe� dactyloides "Nutt[# Engelm[ "bu}alo grass#^ a
little bluestem community dominated by Sch!
izachyrium scoparium "Michx[# Nash with small
amounts of Andropo`on `erardii Vitman^ and a little
bluestemÐbig bluestem community that supports
varying amounts of S[ scoparium\ A[ `erardii\ Bou!
teloua curtipendula "Michx[# Torr[\ and B[ `racilis
"Albertson + Tomanek 0854#[ The focus of our study
was the shortgrass communities in which B[ `racilis
is the dominant species[ Shortgrass communities are
most often located in uplands on silty clay to silty clay
loam soils "Albertson + Tomanek 0854^ Heitschmidt
et al[ 0869#[

Methods

DATA DESCRIPTION AND DIGITIZATION

Over 69 chart quadrats "0 m1# were established in 0821
by F[W[ Albertson and mapped annually from 0821
to 0861[ Cattle exclosures were built around a portion
of the quadrats\ to protect them from grazing[ Within
each quadrat\ the perimeter of each plant was traced
onto paper using a pantograph\ and labelled by spec!
ies "Hill 0819#[ Charts were planimetered to document
changes in total basal cover of species through time
"Albertson + Tomanek 0854#\ but these data have not
been used previously to document demography of
individual plants or genets[ Because the quadrats were
mapped by di}erent individuals over the 39 years of
data collection\ a portion of the variability among
years is certainly due to di}erences in recorders[
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Five 0!m1 quadrats\ all located within the same
exclosure and in a shortgrass community\ were selec!
ted for this study[ Either or both of B[ `racilis and its
codominant\ B[ dactyloides\ had been recorded in each
year in each selected quadrat[ All individual plants in
each chart quadrat in each year were manually digi!
tized using ARC:INFO software "ESRI\ Redlands\
CA#[ We did not digitize quadrats from 0821 and
0822 because no distinction was made between B[
`racilis and B[ dactyloides plants in these years[ Analy!
sis for one quadrat therefore started in 0823\ two in
0824\ and two in 0827^ maps were available for all
_ve quadrats for all years between their start and
0861[ Annual recruitment and mortality of genets\
total numbers of genets and individuals per year\ and
annual mortality of individuals were estimated star!
ting in 0827\ the _rst year that contained data from
every quadrat[ Genet survivorship and longevity were
estimated using all of the digitized quadrats\ including
those before 0827\ because the objective was to dis!
cover the longest living genets and not to compare
data between speci_c years[

ANALYSIS PROCEDURE

We used a geographical information system
"ARC:INFO# to analyse the temporal dynamics of
each B[ `racilis genet and its associated individuals[
Seedlings were followed through growth stages\
including fragmentation and merging of plants\ until
all plants from a particular genet either died or the
data ended[ A genet was de_ned as all of the indi!
viduals that derived from a single seedling[ An indi!
vidual B[ `racilis plant was de_ned as all tillers con!
nected by a single crown\ regardless of genetic origin
"Co.n + Lauenroth 0877#[

Individuals were identi_ed and aged by overlaying
digitized chart quadrats from consecutive years[ Any
individual that completely overlapped or was within
4 cm of a conspeci_c individual from the previous
year was recorded as the same plant\ and its life span
was incremented 0 year[ The 4!cm bu}er between
concurrent years accounted for inconsistencies in
mapping of quadrats and in the overlaying process
"Wright + Van Dyne 0865^ West et al[ 0868#[ When
individuals merged\ all were incremented in age every
year\ regardless of genetic identity\ until the space
occupied when they merged was free of B[ `racilis
individuals[

Recruitment of B[ `racilis by seedlings occurs
infrequently in the shortgrass steppe "Hyder et al[
0860^ Lauenroth et al[ 0883# and a similar situation
has been suggested for the southern mixed prairie
"Savage 0826^ Weaver + Mueller 0831#[ Therefore\
throughout our analysis we assumed that clonal
spread of B[ `racilis plants prevailed over seedling
recruitment\ and the most conservative approach to
adding seedlings was employed "Albertson et al[
0855#[ A seedling was assigned a genet identi_cation

number if it did not overlap with and was at least 4
cm away from individuals present in the previous 1
years[ The 4!cm bu}er minimized the possibility that
vegetative spread would be confused with seedling
recruitment[ The establishment of B[ `racilis seedlings
within 4 cm of a conspeci_c adult plant is unlikely
"Aguilera + Lauenroth 0882#\ especially since at least
64) of the roots of an adult B[ `racilis plant are
found within 4 cm of the crown "Co.n + Lauenroth
0880^ Hook et al[ 0883#[ Thus new plants found at
distances equal to or greater than 4 cm from estab!
lished plants were likely to be seedlings[ The 1!year
leeway required between old individuals and new
seedlings provided a conservative estimate of seedling
recruitment[ The number of new genets recruited
annually was estimated by summing the number of
new genets recorded for each year[

Data from 0823 to 0826 were used to identify seed!
ling origin\ and thus genet identi_cation of individuals
present in 0827[ Fragmentation of genets recruited
before 0827 was followed to determine genet identity[
More individuals than genets existed in 0827 because
some genets had fragmented prior to 0827[ Some indi!
viduals present when data collection started were not
included in this study because their genet identity
could not be determined[ Individuals located within
4 cm of the edge of a quadrat were also excluded as
their origin and destiny were uncertain[

Mortality of a genet occurred when all fragments
"individuals# belonging to that genet died[ Mortality
of a individual occurred when it was no longer found
in the quadrat[ Because data collection ended in 0861\
we could not follow the fate of genets or individuals
after 0860\ and therefore mortality estimates ended in
0869[

A survivorship curve for B[ `racilis genets was
obtained by subtracting the number of genets that
died in each age class in 0 year from the number of
surviving plants of the next age class in the following
year "Deevey 0836#[ Age of death for each genet was
determined by subtracting the year each seedling was
recruited from the year that the last individual of that
genet died[ Age class was estimated by the number of
years that a genet was mapped[

Since 00) of the original population of genets was
still alive when data collection ended\ the survivorship
curve was calculated using the 263 genets that died
during the study[ Mean genet longevity was estimated
by averaging life spans of the genets that died[
Maximum longevity was estimated using the
maximum age of the 35 genets alive in 0861[

Growth patterns of individual B[ `racilis plants
were examined by comparing the number of genets to
total number of individuals in the same year\ and by
calculating number of individuals per genet[ These
comparisons show how genets occupy space in a plant
community and address whether the population of
individual plants is made up largely of clonal frag!
ments or di}erent genotypes[ The total number of
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genets from the _ve quadrats was calculated by sum!
ming the number of genets each year[ The total num!
ber of individuals was calculated from the number of
individual plants each year[

Results

CLIMATE

Annual precipitation was variable during the study\
with the wettest year occurring in 0840 "0090 mm#
and the driest in 0841 "239 mm# "Fig[ 0a#[ Two major
droughts occurred "0822Ð28\ 0841Ð45# during which
annual precipitation remained below average[
Another\ less severe drought occurred between 0853
and 0861\ in which annual precipitation was below
average in 3 out of 8 years and near average for the
remaining 4 years[ Mean annual maximum\ mean\
and minimum temperatures were average to above!
average from 0820 to 0844\ and average to below!
average from 0845 to 0861 "Fig[ 0b#[

GENET DEMOGRAPHY

Recruitment of B[ `racilis seedlings occurred fre!
quently between 0827 and 0861^ 80) of the years had

Fig[ 0 Climatic variables from data collected at Hays\ Kansas "0820Ð61#[ "a# Annual precipitation ðdashed line is the long!term
"82 years# average of 477 "mm#Ł^ "b# annual maximum\ mean and minimum temperatures "dashed lines are long!term averages
of 08[4 >C\ 01[0 >C\ and 3[5 >C for maximum\ mean and minimum annual temperatures\ respectively#[

at least one seedling recruited in at least one of the
_ve quadrats "Fig[ 1#[ A total of 319 seedlings was
recruited during the 24 years\ and the average annual
number recruited was 09[1 "SD � 6[0#[ Recruitment
was variable in that peak recruitment was 29 seedlings
in 0850 and years of minimal recruitment "0852\ 0853
and 0858Ð61# had ³ 2 seedlings each year[ Mean per
capita recruitment rate was 9[047 per year\ with a
standard deviation of 9[096 per year[ Annual recruit!
ment was not related to current year|s annual pre!
cipitation or 0 and 1 year|s previous precipitation but
it was signi_cantly correlated "r � 9[465^ P ³ 9[990#
to mean temperature in that year[

Mortality of B[ `racilis genets also occurred fre!
quently\ as at least one genet died in each year some!
where in the 4!m1 area "Fig[ 2#[ From 0827 to 0869
"22 years#\ a total of 263 genets died\ with an average
of 09[2 per year "SD � 6[1#[ High variability in the
number of genet deaths was observed through time\
with a maximum of 20 in 0827 and a minimum of 1
in 0831\ 0841\ 0842 and 0869[ The average per capita
mortality rate was 9[044 "SD � 9[095#[ No relation!
ship was found between mortality of genets and cli!
matic variables\ including current year|s annual pre!
cipitation\ 0 and 1 year|s previous precipitation\ or
maximum\ mean or minimum annual temperature[



126

J[ Fair\
W[K[ Lauenroth +
D[P[ Cof_n

Þ 0888 British
Ecological Society\
Journal of Ecology\
76\ 122Ð132

Fig[ 1 Number of Bouteloua `racilis genets recruited annually in _ve 0!m1 quadrats from 0827 to 0861[ Individuals were new
recruits if they occurred in a space free of B[ `racilis for 1 years prior to their establishment[

Fig[ 2 Number of B[ `racilis genets that died annually in _ve 0!m1 quadrats from 0827 to 0869[ Genets were considered dead
in the year that the last remaining individual from a particular genet died[

The number of seedlings recruited each year was sig!
ni_cantly correlated to the number of genets dying
"r � 9[42^ P ³ 9[90#[

GENET SURVIVORSHIP AND LONGEVITY

Fewer than 49) of all genets reached an age of 1
years and more than 89) died before they reached
09 years "Table 0#[ Mortality was highest for the _rst
two age classes "Table 0\ Fig[ 3a#[ The average life
span of a genet was 2[6 years[ Life expectancy
increased substantially for those genets surviving the
_rst 1 years "Table 0#[ Because these averages do not
include the genets alive in 0861\ when data collection
ended\ they are both underestimates[ The maximum
life span was estimated using the 35 genets that were
alive in 0861 when data collection ended[ Of these\
more than half had lived at least 19 years "Fig[ 3b#[
From the total population of 319 genets observed
during the sample period\ only 08 "3[4)# lived longer
than 29 years[ Maximum longevity of genets is at least

27 years since three genets present at the start of the
study were still present when recording ended[

GROWTH AND FRAGMENTATION OF GENETS

The mean numbers of genets and individuals per year
in the 4!m1 area was 55 "SD � 10# and 84 "SD � 52#\
respectively[ The number of genets was less variable
ðcoe.cient of variation "CV# � 21Ł than that of indi!
viduals "CV � 55# and ranged from 23 in 0831 to 009
in 0850\ while the number of individuals ranged from
18 in 0831 to 167 in 0850 "Fig[ 4a#[ For both genets
and individuals\ numbers were average or below!aver!
age for the _rst 03 years\ then above!average from
0841 to 0851\ followed by average and below!average
numbers until 0861[ Minimum "0831# and maximum
"0850# years for both numbers of genets and indi!
viduals were the same[

The number of individuals was similar to the num!
ber of genets from 0827 to 0841\ and from 0854 to
0861 "Fig[ 4a#[ The average number of individuals per
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Table 0 Partial life table for genets of Bouteloua gracilis over 27 years in a southern mixed prairie

Age Number Survival Mortality Mortality rate Survival rate Life expectancy
x Nx lx dx qx px ex

0 263 0[999 9[492 9[492 9[386 2[087
1 075 9[386 9[033 9[189 9[609 3[814
2 021 9[242 9[956 9[078 9[700 4[624
3 096 9[175 9[948 9[195 9[683 4[847
4 74 9[116 9[932 9[077 9[701 5[260
5 58 9[073 9[908 9[090 9[788 5[621
6 51 9[055 9[913 9[034 9[744 5[324
7 42 9[031 9[913 9[069 9[729 5[332
8 33 9[007 9[908 9[048 9[730 5[548

09 26 9[988 9[900 9[097 9[781 5[713
00 22 9[977 9[902 9[041 9[737 5[480
01 17 9[964 9[994 9[960 9[818 5[568
02 15 9[969 9[905 9[120 9[658 5[043
03 19 9[942 9[992 9[949 9[849 5[749
04 08 9[940 9[992 9[942 9[836 5[073
05 07 9[937 9[992 9[945 9[833 4[499
06 06 9[934 9[900 9[124 9[654 3[683
07 02 9[924 9[992 9[966 9[812 4[004
08 01 9[921 9[997 9[149 9[649 3[499
19 8 9[913 9[997 9[222 9[556 3[722
10 5 9[905 9[999 9[999 0[999 5[999
11 5 9[905 9[992 9[056 9[722 4[999
12 4 9[902 9[992 9[199 9[799 3[899
13 3 9[900 9[992 9[149 9[649 4[999
14 2 9[997 9[999 9[999 0[999 4[499
15 2 9[997 9[999 9[999 0[999 3[499
16 2 9[997 9[999 9[999 0[999 2[499
17 2 9[997 9[999 9[999 0[999 1[499
18 2 9[997 9[992 9[222 9[556 0[499
29 1 9[994 9[992 9[499 9[499 0[999
20 0 9[992 9[992 0[999 9[999 9[499
21 9 9[999 Ð Ð Ð

genet was 0[22 "SD � 9[34# for the entire period\ with
number of individuals per genet ranging from
approximately 0 in 4 di}erent years to 1[42 in 0850[
There were more genets than individuals in some years
because genets had merged and were subsequently
traced as one individual[ The population does not
therefore appear to be composed of plants that are
clonal fragments of the same genet[ There were\ how!
ever\ two periods during which the number of indi!
viduals increased more than twofold "79Ð107 from
0841 to 3\ 029Ð179 from 0859 to 0# without a similar
increase in genet number[

Seventy!_ve per cent of the genets in this population
were represented by only one individual "Fig[ 4b#\ and
48) of these were seedlings that lived only 0 year[
After excluding seedlings\ frequency of genets with
only one individual was still high "45) of the popu!
lation#[ Fifty!nine genets had between four and 18
associated individuals\ and four genets contained
× 14 individuals each[

MORTALITY OF INDIVIDUALS

The average number of individuals dying was 14[7 per
year "SD � 12[3#\ with high variability through time

"Fig[ 5#[ Mortality of individuals was below average
from 0827 to 0843 and from 0853 to 0869\ with a
range in deaths from 1 to 17 per year[ Two periods of
high individual mortality occurred from 0844 to 0846
and 0850 to 0851 immediately following periods of
high rates of genet fragmentation "Fig[ 4#[ Annual
mortality of individuals was not related to climatic
variables\ including annual precipitation\ 0 and 1
year|s previous precipitation\ or maximum\ mean or
minimum annual temperature[

Discussion

GENET RECRUITMENT AND MORTALITY

Seedling recruitment of B[ `racilis was high and\
although genet mortality was frequent\ genets were
replaced at approximately the same rate as they were
lost "Figs 1 and 2#[ At the start of the study there
were 42 genets and at the end there were 30[ As the
coe.cient of variation of the number of genets was
high "CV � 21)^ Fig[ 4a# there is no indication that
the number was declining[ This implies that genet
diversity was maintained during the 27 years of
sampling\ and vulnerability of the population to
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Fig[ 3 "a# Survivorship curve of B[ `racilis genets recruited in _ve 0!m1 quadrats in the years 0823Ð61[ Survivorship shows
number of genets that survived in each age class after subtracting the number of genets that died during the previous year[ "b#
The number and age of B[ `racilis genets that were still alive in 0861 when data collection ended[

di}erent selective pressures was low "Demetrius 0864^
Harper 0866#[ Because it was not possible to dis!
tinguish whether seedlings were from genets in the
same vicinity or from genotypes that migrated into
the population via wind or faunal transport\ we could
not quantify trends in genetic diversity[ Because seed!
lings with di}erent genotypes replaced dead genets\
some genetic variability was maintained through time
"Harper 0866#[

The high seedling recruitment observed in this
study hints at a di}erence between the southern mixed
grass prairie and the shortgrass steppe[ Lauenroth
et al[ "0883# estimated maximum annual probability
of recruitment of 9[9233 for a site in the shortgrass
steppe[ By contrast\ seedling recruitment was
observed in 29 out of the 22 years of this study and
ranged from one to 29 seedlings[

GENET SURVIVORSHIP AND LONGEVITY

This population of B[ `racilis was composed of a wide
distribution of ages[ Populations made up of di}erent!

aged genets may be more evolutionarily advanced
than those of even!aged genets "Harper 0866^ Hart!
nett + Bazazz 0874#[ Genets recruited in di}erent
years were most probably exposed to di}erent selec!
tive pressures[ Therefore they may have developed
adaptations to a variety of factors\ resulting in the
ability of the population to withstand large ~uc!
tuations in numbers that may have been caused by
environmental variability "Demetrius 0864^ Harper
0866#[

Risk of mortality for B[ `racilis genets was high in
age classes 0 and 1\ but became low and relatively
constant after age class 2[ A constant rate of
mortality\ or a Deevey II curve "Deevey 0836#\ has
been reported previously for herbaceous perennials
"Antonovics 0861^ Sarukhan + Harper 0862# and is
hypothesized to be the general trend "Harper 0866^
but see West et al[ 0868#[ High risk of mortality early
in life\ as shown by this population\ is typical of a
Deevey III curve "Deevey 0836# and is uncommon
in plant populations "Harper 0866^ but see Williams
0869#[ It is possible that many populations might tend
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Fig[ 4 "a# A comparison of number of B[ `racilis genets to number of individual plants in _ve 0!m1 quadrats from 0827 to
0861[ "b# Relative frequency of number of B[ `racilis individuals associated with each genet[

Fig[ 5 Number of B[ `racilis individuals in _ve 0!m1 quadrats that died annually between 0827 and 0869[

toward Deevey III curves\ but this trend would not
be captured in annually mapped studies if seedlings
died before being mapped and were not therefore
counted in the recruitment estimate[

The majority of B[ `racilis genets were not long!
lived "2[6 years# but the mean life span was extended

substantially if a genet survived to at least age class
2[ Even though the mean life span was low\ the poten!
tial to live a long time "× 27 years# existed in this
population[ Typically\ the oldest genets were most
successful at fragmenting into many individuals and
becoming widespread[
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COMPARISON OF NUMBER OF GENETS TO

THAT OF INDIVIDUALS

The number of di}erent genets that existed in the
population averaged 55 per year\ and variability in
genets was maintained through time[ Variability of
individuals with di}erent genet identities was also
maintained through time[ The number of individuals
was similar to the number of genets for most of the
study\ indicating that the majority of individuals in
any given year came from di}erent seedlings[ The
exception to this trend was between 0842 and 0852
when individuals outnumbered genets consistently
due to high fragmentation rates\ although there were
never more than 1[4 times more individuals than
genets[ These results imply that\ on average\ _eld stud!
ies that sample individual B[ `racilis plants from
populations under similar environmental conditions
are likely to represent a variable gene pool rather than
clonal fragments[

Most genets consisted of only one individual\
although a few genets consisted of over 14 individuals[
Even though the frequency of genets with one indi!
vidual was very high "65)#\ vegetative spread by frag!
mentation cannot be dismissed as unimportant[ Fifty!
one out of 319 "01)# genets had more than _ve indi!
viduals per genet and six out of 319 "0[3)# had 19Ð
29 individuals[ These few\ large genets are likely to
have exerted strong competitive e}ects on smaller or
younger individuals[ The presence of such neighbours
may have limited vegetative spread of young genets
and contributed to mortality "Mack + Harper 0866^
Harper + Bell 0868^ Aguilera + Lauenroth 0882#[
Although average fragmentation rates were low\ frag!
mentation may be an important strategy in the life
history of B[ `racilis genets[ Genets grow and occupy
di}erent microenvironments via their fragments\
which may live for long periods of time[ Genet _tness
depends on fragmentation and vegetative spread
because the size and number of fragments determine
the size of the genet and in~uence a genet|s ability to
produce descendants "Harper + Bell 0868^ Hartnett
+ Bazazz 0874#[

INDIVIDUAL MORTALITY

Death of mature individual plants of the dominant
species theoretically results in gaps in resource space
of plant communities[ Gaps may initiate succession
by facilitating recruitment of new individuals into the
community "Watt 0836^ Co.n + Lauenroth 0889#[
In the shortgrass steppe\ where B[ `racilis is the domi!
nant species\ resource gaps occur below!ground
"Co.n + Lauenroth 0889# because soil water is the
most frequent factor controlling plant growth and
community structure "Noy!Meir 0862^ Lauenroth
et al[ 0867#[ In southern mixed grass communities\
where mean annual precipitation is higher than in
shortgrass communities\ water may not be the only

limiting factor[ Competition with midgrasses for light
may also be important "Lane 0884#\ and the gap
opened by the death of a B[ `racilis plant may be in
terms of both above! and below!ground resources[

Death of individual B[ `racilis plants was frequent
at approximately 15 plants year−0 over the 4 m1

sampled[ Death of mature plants was somewhat lower
as 47) of the genets "seedlings that were also counted
as single individuals# died before age class 2[ Even so\
the opportunity for gap dynamics\ including estab!
lishment of other plants\ to occur due to the death of
mature plants in this population was high "approxi!
mately 09 individuals year−0 over the 4 m1 sampled#^
recruitment of B[ `racilis genets may have been related
to the high mortality rate of mature individuals and
genets[

LONGEVITY OF INDIVIDUAL PLANTS

Estimates of the longevity of individuals provides
insight into the population dynamics of individual
plants such as those commonly sampled in _eld stud!
ies[ Bouteloua `racilis genets\ and therefore individual
plants\ showed the potential to be long!lived in this
community "× 27 years#[ Estimates of B[ `racilis plant
longevity were also high for the shortgrass steppe
"approximately 399 years# "Co.n + Lauenroth 0877\
0889^ Lauenroth et al[ 0886#[ The ability to produce
long!lived genets and individual plants may allow B[
`racilis to maintain its population size in the com!
munity because occupation of resource space for long
periods prevents recruitment of other species[ A long
life span may also increase _tness of genets in terms
of increasing their potential to produce descendants
"Harper 0866#[

COMPARISONS OF DEMOGRAPHICS WITH

CLIMATE

The lack of many relationships between climatic vari!
ables and recruitment and mortality patterns of B[
`racilis genets and plants suggests that other factors
are more important[ Interactions with other species\
in particular B[ dactyloides\ may a}ect the dynamics
of B[ `racilis[ Basal cover of both B[ `racilis and B[
dactyloides changed between years in these quadrats
and was inversely related at times\ especially between
0830 and 0841 "Albertson + Tomanek 0854#[ Another
important factor may be grazing by cattle[ Both B[
`racilis and B[ dactyloides are well adapted to grazing
and may increase in basal cover with grazing intensity
"Weaver + Albertson 0845^ Milchunas et al[ 0878#[
Because grazing had been excluded from these quad!
rats since 0821\ it is very likely that the dynamics of
genets and individual plants in this study were a}ected
by lack of grazing\ especially when competition with
species less tolerant of grazing\ such as S[ scoparium
and A[ `erardii\ is considered "Albertson + Tomanek
0854^ G[ Tomanek\ personal communication#[
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Although annual climatic variables were not impor!
tant to the demography of B[ `racilis\ periods of
extreme climatic conditions "i[e[ prolonged drought#
may have had important e}ects[ Recruitment of B[
`racilis was above average in the last 2 years of the
two major drought periods "0827Ð39\ 0843Ð45#\ below
average in the wetter 1Ð2 years following each of
the drought periods\ and below average during the
variable drought period from 0853 to 0861[ Because
B[ `racilis seedlings can survive drought conditions
better than any other major species in the southern
mixed prairie "Weaver + Mueller 0831#\ B[ `racilis
may have colonized areas opened by the death of
other species during the drought periods[ Low recruit!
ment of B[ `racilis after drought periods may indicate
that vegetative growth of established plants\ especially
B[ dactyloides\ occupied resource gaps during wetter
years as basal cover of B[ dactyloides responds faster
to changes in precipitation than B[ `racilis "Weaver
+ Albertson 0845^ Albertson + Tomanek 0854#[

Above!average mortality of both genets and indi!
viduals following drought also indicates the import!
ance of extreme climatic conditions to population
dynamics of B[ `racilis[ Mortality was above average
during and following the three drought periods for
both genets and individuals[ However\ periods of
peak mortality in 0850 and 0851 for both genets and
individuals were not associated with drought periods[
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