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Composition of prairie plant communities
on productive versus unproductive sites
in wet and dry years

Jon K. Plper

Abstract: A natural productivity gradicnt was used to test questions about plant species composition,
diversity, and sensitivity to environmental change of prairie vegetation within the tallgrass region. From
1986 10 1992 1 monitored seasonal net aboveground production and species composition at four sites
with soils that differed in texture and percent organic matter, pH, and conccntrations of NH,, total N,
K, Ca, Mg, and SO,. Four years of the survey featurcd above normal precipitation and 3 were drought
years. August standing crop averaged 566 + 307, 419 + 143, 268 + 158, and 232 + 148 g-m2 at
the four sites. Production generally increased with soil fertility (i.e., percent organic matter, total N,
and K) and precipitation. The two more productive sites featurcd higher percentages of grass hiomass,
but legumes were rarc. The site with the lowest soil N supported the consistently highest legume
biomass and lowest grass biomass among sites. The least productive site displayed the highest
percentage of composites. Speeics evenness, but not richness, was inversely related to August biomass
for all sites. There were significant differences in preduction across years, as well as in percentages of
grass, legume, and composite biomass. Total plot richness ranged from 24 to 40 species sampled per
year at site 2 to 51 —353 specics at site 4, and tended to decline in the dry year 1989, Poor soils,
although less productive overall, appear to prevent dominance by tall grasses and thereby maintain
relatively more diverse spring and summer floras. Tncreased light availability near the soil surface
probably enables the persistence of low-growing plants. Evenness, but not richness, varicd among sites.
The patterns of plant community composition have implications for restoration ecology as well as the
design of prairielike perennial grain mixtures.

Key words: diversity, evenncss, plant community, prairie, soil type, variahility.

Résumé : Les auteurs ont utilisé un gradient de productivité naturelle afin d’évaluer les qucstions
pertinentes sur la composition, la diversité et la sensibilité aux changements environncmentaux des
espices venant cn prairies dans la région des herbes hautes, De 1986 4 1992, auteur a suivi la
production saisonniére épigée et la compaosition en espéces, sur quatre sites dont les sols différent par la
texture et le pourcentage de matigre organique, le pH et les tencurs cn NH,, en azote total, en K, Ca,
Mg ¢t 504. Au cours des sept années d’observation, guatre ont montré des précipitations supérieures i
la normale et dans trois cas la sécheresse a prévalu. En aoft, la biomasse sur pied est en moyenne de
566 + 307, 419 1 143, 268 + 158 ¢t 232 + 148 g - m~2 pour les quatre sites. La production
augmente généralement avee la fertilité du sol p.ex., pourcentage de matigre organique, N total et K) et
la précipitation. Les deux sites les plus productifs sont caractérisés par des pourcentages plus élevés de
biomasse herbacée, mais les légumineuses sont rarcs. Le site montrant la teneur la plus faible en azote
dans le sol possede toujours une plus forte biomasse de Iégumincuses et une plus faible biomasse
d’herbacées, pour Pensemnble des sites. Le site le moins productif porte le plus forte pourcentage de
composées. L’uniformité des espéces est inversement reliée avec la biomasse d’aoit sur tous les sites,
ce qui n'est pas le cas avec leur richesse. On observe des différences significatives dans la production
au cours des anadées, ainsi que de la biomasse relative des herbacées, des légumineuses et des
composées. La richesse totale des parcelles va de 24 4 40 espéces échantillonnées par année au site 2 &
51—353 especes au sitc 4, et a tendu a décliner au cours de 'année séche de 1989, Les sols pauvres,
bicn qu’ils soient généralement moins productifs, scmblent cmpécher la dominance par les herbacées
hautes et maintiennent conséquemment des flores printanitres ct estivales relativement plus diversifiées,
Une augmentation de la lumigre disponible prés de la surface du sol permet probablement aux espéces
basses de persister. L uniformité, mais non la richesse, varie entre les sites. Les patrons de composition

I Received November 2, 1994,
J.K. Piper. The Land Institute, 2440 East Water Well Road, Salina, KS 67401, U.5.A.

Can. I. Bot. 73: 1635—1644 (1995). Printed in Canada / Imprimé au Canada



1636

Can. J. Bot. Vol. 73, 1995

de la communauié végétale ont des implications pour la retanration écologique ainsi que pour la
définition de mélanges de semences de grains pérennes ressemblant & ceux de la prainie,

Mots clés : diversité, naiformité, communauté, végétale, prairie, type de sol, variabilité.

[Traduit par la rédaction]

Introduction

Remnant plant communities of the North American Great
Plaing exist as prime examples of inherently sustainable bio-
tic communities in which complex webs of interdependent
plants, animals, and microbes garner, retain, and efficiently
recycle critical nutrients, thus providing excellent models of
structural patterns that can achieve tight nutrient cycling, and
solar-driven energy flow, that are crucial to sustainability. In
addition to being highly productive, North American prairies
consist of diverse species assemblages, whose composition
varies across soil types, Prairie communities tend to resist
species loss and invasion by exotics and are resilient during
short-term climatic variation (Weaver 1968). Because prairie
communitics have both spatial and temporal aspects, this
descriptive study of prairie plant communities had three
general considerations.

First, how does the composition of prairie plant communi-
ties differ between rclatively productive and relatively
unproductive sites? Numerous descriptive and experimental
studies show that several aspects of the growing environ-
ment, especially soil quality, can influcnce plant species
composition (Williams 1978: Tilman 1987, 1990; Gibson
and Hulbert 1987; Inouye and Tilman 1988; Aerts et al.
1990; Wedin and Tilman 1990; Tilman and OIff 1991). For
example, greater proportions of C,4 prass species should
occur in habitats characterized by lower levels of shade and
drier soils than C; grasses, which should favor cooler, wet-
ter, and deeper soils (Barnes and Harrison 1982; Christic and
Detling 1982; Monson et al. 1986). In addition, Cy and C,
grasses should be arrayed according to differences in rate of
soil N depletion, with many C, species likely to talerate
lower concentrations of available soil N than C; species
(Bjorkman et al. 1976; Brown 1978). As a final pattern,
there should be a preponderance of N-tixing species on low-
N versus high-N soils as N-fixing species would have an
advantage where soil N is limiting (Scarisbrick and Ivins
1970). Here, I focused on four major functional or taxo-
nomic groups that together represent the majority of vegeta-
tion on the prairie: C, grasses, C; graminoids (grasses and
sedges), N-fixing species (legumes and Ceanothus herbaceus
(Bond 1976)), and composites.

Second, because prairie communities tend to be diverse as
well as stable, I examined how such community attributes as
species richness (which I use interchangeably with diversity)
and evenness differ between rclatively productive versus
relatively unproductive sites. Productive sites may feature
higher dominance by one or few species, through dispro-
portionate suppression or mortality of smaller or shade-
intolerant species, leading potentially to lower diversity and
evenness than less-productive sitcs (Wilson and Tilman
1991, 1993), Experimental studies that amended herbaceous
plant communities with N fertilizer showed an increase in
productivity, an increase in the dominance of a few specics,
and a sometimes dramatic reduction in richness (Reed 1977;
Bakelaar and Odum 1978; Tilman 1987).

Third, because prairie plant communities consist almost
entirely of perennials, it is important to examine the charac-
teristics of plant communities over several growing seasons
in order to sample year to year variability. In particular, both
tall- and short-grass prairies are characterized by precipita-
tion extremes (Weaver 1968; Lauenroth and Sala 1993}, with
proncunced effects en growth and relative abundance of spe-
cies in different years. To best generalize about prairie com-
munities, it is necessary to examine year to year changes in
aboveground biomass, species composition and representa-
tion by major taxonomic or functional groups, species rich-
ncss and evenness, and relative change among sites. Species
composition could change if precipitation differences influ-
ence colonization, extinction, or relative growth of different
species. Year to year changes in species composition or rela-
tive abundance could in turn influence evenness or diversity
if species are lost or gained, or become more or less evenly
represented. Lastly, because interactions between soil qual-
ity and weather can affect different prairie plant communities
in different ways, productive and less productive sites may
respond differentially, in terms of either biomass or species
compesition, to annual differences in precipitation.

To examine these questions, I used a study system that
enabled direct comparison of plant communities occupying
very different soil types but in close proximity to one another
and therefore experiencing the same seasonal and vear to
year weather changes. The 7-year study period encompassed
years during which annual and growing scason precipitation
were well above or below the 30-year norm,

Methods

Description of study sites

From 1986 to 1992, I surveyed vegetation at four prairie sites
occupying relatively unpreductive to productive soils located
within a radius of 0.4 km in Saline County, Kansas, U.S.A.
(section 5 T158 R2ZW Hutchinson Quadrangle, 38°44'N,
97°34'W}, within the western edge of the tallgrass prairie
region (transition between Bluestem Prairie and Bluestem —
Grama Prairie sensu Kiichler 1974). The vegetation here is
dominated by several C; grasses: Andropogon gerardii,
Andropogon scoparius, Bouteloua curtipendula, Panicum
virgaturm, and Sorghastrum nutans.!

Sites 1 and 2 represented relatively productive, typical
tallgrass prairie communities. Sitcs 3 and 4 displayed shorter
and sparser standing crops and therefore serve as examples
of less productive communities, Site 1, a 6—7% slope with
southwest aspect, occupied a Longford silt loam (fine, mont-
morillonitic, mesic Udic Argiustolls). Site 2, a 5—7% west-
facing slope, also occupied a Longford silt loam. Depth to
bedrock at these sites is > 152 cm, with few fine pebbles in
the B horizon. Site 3 was on a west-facing 27—37% slope

' Botanical nomenclature follows Great Plains Flora Association

(1986). A list of all species sampled may be obtained from
the author.
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that had experienced topsoil erosion. Site 3 features a Clime o Y
soil (fine, mixed, mesic Udorthentic Haplustolls), with depth S :r_l :r_| ° -i i ﬁ El El f ﬁ %
to shale ranging from 51 to 102 cm. Flat limestone fragments @ TELTS wAmn o
cover 0—-15% of the surface. Site 4 was on a 13—16% & N
south-facing slope, with Lancaster-Hedville Complex soils o 4
+ . . . . ,.n
(ﬁne_~10arxung to loamy, mixed, mesic Udic Arglustolls and 288 § 3 § g3 § & § § 5
Lithic Haplustolls). Depth to sandstone varies from 10 to £ A TR A A
. X = HH+H+H HHHAH HHHH|G
102 cm, with <5% hard sandstone fragments in the B 228S Sggsg ggce=|s
horizon (Palmer et al. 1992). All four sites lie between 390 L i Ty
and 400 m elevation. The sites experienced scasonal cattle o | =
grazing andvperiodic spring burning prior to 19?6. The study o3 § § 2889 § § 2% g
was not designed to separate the effects of burning from pre- - EC2RA ZSEE IS8R |E
cipitation. To reduce litter accumulation during the study, v HA 4 é‘ HA44 A é‘f H13
then, I burned the sites in March of 1987, 1990, and 1992, % E g &) § § § ° = a 5 E E
which coincided with years of above normal precipitation, « ©
Te characterize physical and chemical properties of soils 38 s s s S8so |8
at the four sites, 1 collected soil cores in June, August, and v S22 FREL SAQ20)C
December. Field sampling consisted of collecting four repre- ;,,.: §I g‘ E'-'tl ;';:' §' %' i' él g-,j A \.g g
sentative cores from each plot to a depth of 100 ¢m. Plant a2 JRZE QEIE 2
litter was removed from the soil surface before cach core was P e
collected. Each core was separated into the following depth BRAG E8rR=28 8283¢ %
H . —_ — —_ ¥ 11w . [ (=] =] = o
increments: O 30_, 3060, and 60—100 ¢m. Soii samples o 2T ODIYT ST _%
were _then _composued by depth, returned to the laboratory, SEBR JRR2 L9K9|E
and air dried at 30°C to constant mass. The samples were R R S Rl K- AR B
ground, then analyzed for pH (potentiometrically in a 1:1 n & o g
soil—water slurry), Bray P (P-1 methed), 1 M KCI- = [ T R R =R
extractable NO; and NH,, and exchangeable K, Ca, and Mg 3 AR BRI 190 IEIE §
(1 M ammonium acetate extractant). Total N and organic C & 2 § 2e 3RS = § 22|
were measured colorimetrically. Sulfate S was determined CFEr~ - ®woenwnm B om|g
by the turbidimetric measurement of barium sulfate. Details §
of procedures are in Technicon Industrial Systems (1977) anRd A38yE B¥OL g
and North Dakota Experiment Station (1988). Analyses were %‘5’ 729293 2IIID 799l
donc_ at ﬁc imls Tels(tmg Laboratory at Kansas State Uni- AEB8 §2=28 {]Lq|=
versity, Manhattan, Kans. cooe oooe cooo|ln
In general, sites 1 and 2 were higher in organic matter, B8O D T|
total N, and K throughout the soil profile, and NH, at inter- . 282 F3I8H 8IIE =
mediate depths (Table 1). In contrast, sites 3 and 4 had T 1990 399 TRSN|E
generally higher pH, with site 3 showing consistently higher 23R SBREE B¥HE|e
Ca to 30 ¢m and site 4 generally displaying the highest Ca, el = el ”
Mg, and SO, at the lowest depths. The generally more o JI88 8834 lﬁ
clayey soils of sites 3 and 4 suggest both lower percolation E N/ /= E=4E |5
rates and availability of water for plant growth. _ 2 E 299% 23299 R5%%!|c:
Precipitation data were obtained from the Sahpa reporting a0 REER TARYE g8gn “o:u
station approximately 7 km WNW of the field sites. Annual 4 M= —m—Cd ~oSol|g
precipitatjon was above the 1950—1980 average (73.5 cm) b= LE38 S333 /888 g
in 1986 (80.2 cm), 1987 (83.5 ¢m), 1990 (87.4 ¢cm), and 2 Aam28 XY 8F28|5
1992 (92.7 cm), and below the average in 1988 (46.1. cm), 'g T 2999 995% 2393% g
1989 (58.5_cm), ar.lcl‘ 199! (60.6 cm) (National Oceanic and C Qo g R 9 g ?t g:g g s ;;_ g
Atmospheric Administration 1986 —1992 records). 2 S - E
= = 5
Sampling precedure = =2 ‘g
I established four 7 X 16 m permanent sampling areas, one A = AEIdE FIEE RER 5
area per site, encompassing representative vegetation at sites s £z ARESE 9RUR EKRA|EF8
1—3 in early April 1986 and at site 4 in April 1990. Within slF 4 RAKE 2J2T Kgesm|ie
each plot I sampled aboveground live phytomass systemati- 2 § § g
cally within twelve 50 X 50 cm quadrats in May, June, and b ~ ,E 5
August from 1986 to 1992. The May sampling dates coin- £ & g )
cided with the time that such ephemeral forbs as Lomatium S - g 2 E
. X ) . . =R E 3] o
Joeniculaceum, Androstephivm caeruleum, and Microseris - Rl8~cemt S g o g2
cuspidata flowered and set seed, but most C, grasses were & AR R ? gaag n gree|ss
just emerging. The June sampling dates corresponded to E grlrrnunrgnunnungunne é

flowering and peak aboveground mass of such Cs grasses as
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Fig. 1. Mean aboveground biomass at three sampling periods for three or four prairie sites,
1986—1992. Within a sampling period, means with the same letter do not differ at p < 0.05
(ANOVA, Duncan’s multiple range test). » = 12 sampies per mean. @, site 1; O, site 2;

4, site 3; O, site 4.
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Poa pratensis, Dicanthelium oligosanthes, and koeleria pyra-
midata. The August sampling coincided with the flowering
period of the dominant C, grasses and represented near peak
live phytomass on the prairie. I clipped to ground level the
vegetation representing the current year’s growth within
each sample frame, separated the plants by taxon, then dried
the samples at 60°C to constant mass and weighed them to
the nearest 0.01 g. In 1986, I divided the vegetation into
grasses, legumes (Fabaceae and Mimosaceae), and compo-
sites, and combined the rest {i.e., Liliaceac, Lamiaceae,
Apiaceae, etc.). Beginning in 1987, I separated the samples
by species in the field prior to drying. No 0.25-m? area was
ever clipped twice.

Data analysis

For each sampling date, I compared aboveground and per-
cent aboveground phytomass among sites by Model T ANOVA
and assessed differences among groups using Duncan’s mul-
tiple range test (o« = 0.05). I used Pearson’s correlation to
examine associations between varizbles.

From the 1987 through 1992 data, I calculated species
richness and evenness. Richness (8) is the number of plant
species sampled per quadrat or site. Evenness, a measure of
equitableness among species. is H'/InS, where H' is the
information index (Peet 1974)

[1] H = - Ep;(lnp)

using relative biomass (p;) of each species in the sample,
To examine differences in relative change in peak (August)
standing crop among sites from 1987 to 1988, and from 1988
to 1989, I tested for significant site by year interactions by
model I ANOVA, with site and year as fixed variables. Any
such interactions indicated that sites responded rclatively
differently to annual changes in precipitation and other envi-
ronmental variables. To measure relative change year to

Table 2. Total species richness for four prairie sites,
1987-1992.

Year Site 1 Site 2 Site 3 Site 4
1987 34 32 38 —
1988 37 40 45 —
1989 28 24 is —
199¢ 43 39 35 53
1991 36 31 39 52
1992 37 38 42 31

year, I calculated coefficients of variation (CV) for biomass
and diversity across years for different sites.

Results

Community composition across sites

In nearly all instances, total aboveground live biomass
increased from the May to August samplings (Fig. 1). An
exception occurred in the dry year of 1991 when biomass at
three of the sites declined from June to August. Biomass was
generally higher at sites 1 and 2 than at sites 3 and 4, with
the site differences most distinet in Augnst.

I collected from 24 to 53 identifiable plant species within
quadrats on the four sites from 1987 to 1992 (Table 2). The
predominant seasonal pattern among plant groups was an
increasing percentage of biomass represented by grasses
from May to August at all sites (Fig. 2). Grasses represented
the majority of aboveground mass at all sites. Sites 1 and 2
were fairly similar in species composition, comprising
primarily grasses, whereas sites 3 and 4 featured a higher
tichness of forb species. Nitrogen-fixing species were well
represented at site 3, uncommon at site 4 (range 0.4—2.3%
of biomass), and very rare {< 1% of biomass) at sites 1 and
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Fig. 2, Mean percent grasses, legumes, and composites at three sampling periods for three or
four prairie sites, 1986—1992. Within a sampling period, means with the same letter do not
12 samples per mean.

differ at p < 0.05 (ANOVA, Duncan’s multiple range test). n
Symbols as in Fig. 1.
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Table 3. Means for several variables at four prairie sites.
August biomass % C, % C,

Site (g -m% % grasses graminoids grasses % composites % N-fixing spp. Richness Evenness
1 506 87.0 ¥7.4 75.0 4.8 0.2 9.1 0.494
2 419 87.6 10.6 79.8 8.0 0.0 10.1 0.543
3 268 39.3 0.0 58.7 7.3 17.1 8.4 0.647
4 232 754 1.7 4.0 19.7 1.2 11.9 0.637

Note: Means are across years and except for August biomass, across sampling periods.

2 (Table 3). The proportion of total biomass represented by
composites was consistently low at sites 1 through 3, but
generally higher in May than in August (Fig. 2). Site 4 was
unusual in featuring a relatively high proportion of com-
posites, as high as 24.0% of biomass in May 1992,

Richness and evenness across sites
There were few consistent seasonal changes in the two diver-
sity measures (Fig. 3). Richness either peaked in June, or
declined from the May to August samplings, reflecting a shift
from spring species, which were largely dormant by mid-
summer, to species that thrived from midsummer on. Hence,
the midseason peak in richness reflects the overlap between
early season species (i.e., ephemeral forbs and C; grami-
noids) and late summer species (i.e., Cy grasses and some
composites). Evenness in most cases tended to remain con-
stant across the season, or to decline from May to August.
Sites differed in terms of the diversity indexes. Com-
munities at sites 1 and 2 were generally less even than at sites
3 and 4 (Fig. 3). Both sites 2 and 4 tended toward richer sam-

ples. For all years combined, biomass at each site was most
often inversely related to evenness (Table 4), indicating that
greater biomass was associated with greater deminance,
especially in August. The results also suggest relationships
between overall biomass and richness.

There was a notable scale effect on species richness. Total
plot richness was highest at site 4 (Table 2). At the level of
the 0.25-m? quadrats, however, richness was high at both
sites 2 and 4 (Fig. 3). In other words, more plant specics
overall were present at the less productive site, but each spe-
cies was encountered less frequently in samples than were
species at the more productive sites, which were more uni-
formly distributed across the site and thus more frequently
encountered.

Year to year differences

The wet years, 1986, 1987, 1990, and 1992, were asso-
ciated with greater phytomass production, with a peak of
1078 g+ m~2 at site 1 in 1987 (Fig. 1). Conversely, the dry
years of 1988, 198%, and 1991 supported relatively low
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Fig. 3. Mean species richness and evenness at threc sampling periods for three or four prairic
sites, 1987—1992. Within a sampling period, means with the same letter do not differ at p <
0.05 (ANOVA, Duncan’s multiple range test). 1 = 12 samples per mean. Symbols as in

Fig. 1.
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Table 4. Relationship between biomass, evenncss,
and richness across 6 years for four prairie sites.

Sample period Biomass vs. Biomass vs.
and site evenness richness
May
Site 1 —{.34=% ns
Site 2 ns ns
Site 3 ns .45+ %+
Site 4 0.40% .42+
June
Site 1 ns 0.36%*
Site 2 —0.25% 0.32%#
Site 3 —0.36** ns
Site 4 ns ns
August
Site 1 —{} ggrn ns
Site 2 —{,39% %% (. 35%%
Site 3 —0(,29% 0.27*
Site 4 —0.5]%* ns

Note: Values are Pearson’s correlation coefficicnts;
n = T2 for sites 1-3; n = 34 for site 4.
* p < 0.05; ¥ p < 0.01; ##* p <« 0.001.

biomass production. Precipitation data essentially formed
two clusters over the 7 years (Fig. 4), tempering the interpre-
tation of significant associations between precipitation and
biomass. Nevertheless, previous 12-months precipitation
appeared to correlate beiter with peak standing crop than did
growing season precipitation, and explained from 51% of
August biomass on site 1 to 97% of August biomass on site
4 (previous 12-months precipitation vs. biomass: site 1,
12 =0.51; site 2, r? = 0.75; site 3, r2 = 0.68; sitc 4, r?
0.97; growing season precipitation vs, biomass: site
r? = 0.25; site 2, ¥2 = 0.42; site 3, r2 = 0.65; site 4, 2

b |

0.96). The combination of above average precipitation and
spring burning, which favors the growth of tullgrass prairie
plants, in 1987 likely led to site 1 showing its highest produc-
tivity that year. However, 1990 and 1992 were also years in
which above average precipitation was coupled with spring
burning, vet these years were less productive than 1987, This
somewhat lower production in 1990 and 1992 relative to
1987 may reflect a lag in recovery of biomass following a
previous dry year.

In some cases, there were distinct year to year differences
in representation by the major functional or taxenomic
groups (Fig. 2). Despite a few differences, there were no
consistent patterns in percentage grass among vears for any
site. At sites 1 and 2, percentage of C; gramineids was
highest in 1988 and 1989 for the May sampling, and highest
in 1987 and 1988 for the June and August samplings. At sites
2 and 3, percentage composites in May peaked in the dry
years, 1988 and 1989, indicating that composites assume
trelatively more importance in spring in dry years. Percent-
age of N-fixing species, predominant at site 3 only, was as
high as 30.8% of biomass in 1987, but there were no signifi-
cant year to year differences at this site. In most cases,
proportions of the four groups did not differ across years,
indicating that biomass of the groups varied with total above-
ground biomass.

The diversity indexes also varied across years in some
cases. Richness was generally lowest in the drought year of
1989, owing to cither loss or enforced dormancy early in the
growing season (Fig. 3). At site 1, richness in June and
August was lowest in 1989, At site 2, richness in May and
June was also lowest in 1989, At site 3, May richness was
lowest in 1989 and June richness was high in 1988, In con-
trast, evenness at sites 1 and 2 was high in the dry years of
1989 and 1991, and low in the wet year of 1987,

There were significant site by year interactions for bio-
mass in all situations, for percent compesites in May, and for
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Fig. 4. Mean Angust aboveground biomass versus two precipitation indexes for four prairie
sites over 7 years. n = 12 samples per mean. Symbols as in Fig. 1.
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Table 5. Cocfficients of variation across years for four
prairie sites, 1986—1962,

Month and site  Biomass Richness  Evenncss
May
Site 1 74.4 13.5 8.8
Site 2 514 17.3 1.9
Site 3 434 22.2 3.0
Sie 4 354 10.1 6.7
June
Site 1 34.2 11.1 8.0
Site 2 24.5 15.6 11.3
Site 3 37.7 14.9 42
Site 4 21.2 33 2.0
August
Site 1 48.7 i4.8 24.7
Site 2 19.2 8.8 2.7
Site 3 364 8.8 7.9
Site 4 572 5.2 6.1

Note: CV3 for site 4 are for 1990— 1992 only.

August evenness. Year to year variability in biomass or rich-
ness was not associated with site productivity (Table 3),
although CVs for evenness were generally lower for sites 3
and 4 than for sites 1 and 2. For all sites and sampling
periods, biomass was more variable than richness and even-
ness. Coefficients of variation for Aungust evenness were
inversely related to site productivity.

Discussion

Community composition across sites

The species composition of grasslands can be strongly influ-
enced by soil characteristics (Williams 1978; Gibson and
Hulbert 1987; Wedin and Tilman 1990). My results reflected

Growing season
precipitation (cm)

patterns reported elsewhere. The more productive sites were
characterized primarity by tall C, grasses, about 20% Cy
graminoids, but legumes were virtually absent, The site with
relatively low soil N featured shorter C, grasses, typically
20-30% N-fixing species, but no C, graminoids. Thus, it
appeared that C; grasses were more dependent on high
available soil N than C, grasses. Typically, a greater pro-
portion of C; grasses are found in grassland habitats with
deeper soil, greater seil water availability, less sunlight, and
higher available N (Barnes and Harrison 1982; Tilman and
OIff 1991). Studies using experimental N gradients have
borne this out, with such C, grasses as Andropogon sco-
parius and Andropogon gerardii outcompeting C; grasses
on low N soils (Inonye and Tilman 1988, Tilman 1990), and
added N favoring the growth of two perennial C. grasses,
Poa pratensis and Agropyron repens, relative to Andropogon
scoparius (Wilson and Tilman 1991).

Nitrogen-fixing species should be favored on relatively
N-poor soils where N is the primary factor limiting growth
(Foote and Jackobs 1966; Tilman 1987}, Under conditions of
low N availability, N-fixing species should have a growth
rate advantage over other plants, whereas at high N competi-
tion would instead be for light. Morcover, additions of N fer-
tilizer can increase percentage grass biomass and reduce the
proportion of legumes in experimental pastures (Scarisbrick
and Ivins 1970). Again, my results reinforced this general
observation, with such N-fixing species as Amorpha canes-
cens, Astragalus crassicarpus, Baptisia australis, Ceanothus
herbaceus, Dalea candida, Dalea purpurea, Psoralea argo-
phylla, and Schrankia nuttallii wogether representing an aver-
age 17% of the aboveground biomass at the site with lowest
available soil N concentration,

It was unclear why composites were so abundant at site 4,
where seil water may have been more limiting than soil N.
The high SO, below 30 cm may indicate a salt-rich soil that
may have been associated with the proliferation of halophytic
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or xerophytic species. It is notable that some particularly
drought-hardy composites (e.g., Aster ericoides, Liarris
punctata, and Solidago rigida) were common at this site.

Richness and evenness across sites

Inverse relationships between productivity and specics diver-
sity are documented for many two-dimensional ecosystems,
including grasslands (Al-Mufti et al. 1977; Grime 1979),
old-fields (Mellinger and McNaughton 1975), and heath scrub-
lands (Specht and Rayson 1957). Experimental increases in
productivity, through added N or water, for example, can
significantly increase plant biomass production in old-fields,
pastures, and native prairies while significantly decreasing
species diversity as shade-intolerant species are apparently
displaced by taller competitors (Kirchner 1977; Reed 1977,
Bakelaar and Odum 1978; Tilman 1987). Hence, low even-
ness and diversity are largely an effect of productivity, as
higher productivity is often associated with increased domi-
nance. Moreover, competition from one or a few dominant
species, which can thereby limit the presence and abundance
of other species in a community, can have a greater effect at
high soil resource levels (Tilman 1987; Kirchner 1977
Goldberg and Miller 1990; Gurevitch et al. 1990). This
phenomenon should lead to stable species coexistence under
less productive conditions but increased dominance leading
to competitive exclusion in more favorable environments
(Bazzaz and Harper 1976; Mahmoud and Grime 1976; Gold-
berg and Miller 1990). In grasslands, increased soil produc-
tivity should favor the taller, more vigorous components that
preempt light and space, increasing the intensity of above-
ground competition and leading to suppression or local
extinction of shorter species (Wilson and Tilman 1991,
1993).

Therefore, total biomass of the dominant species in a plot
may be a good predictor of competition and therefore
inversely related to evenness and diversity. Such a prediction
was borne out in the present study. Where soils were deeper,
mesic, and more fertile, the community structure of the sites
appeared to be dominated by tallgrasses, primarily Andro-
pogon gerardii, relative to shorter species. Conversely, the
less-favorable soils of sites 3 and 4 supported less growth of
tall species, allowing the stable coexistence of many low-
growing species, and higher evenness and diversity. Inverse
relationships between percent biomass of such tall grasses as
Andropogon gerardii and evenness and diversity were also
observed for prairie sites in eastern Oklahoma (Collins
1987).

Year to year changes

At least three important factors, soil quality, annual precipi-
taticn, and spring burning, affect plant production on the
North American taligrass prairie. Where soil was relatively
deep and fertile, at site 1, August aboveground growth
averaged 566 g-m™2 for the 7 wvears, and exceeded
1000 g-m~2 in 1987. Spring burning typically enhances
growth of emerging shoots by removing litter from previous
years and thereby increasing soil temperature and light at the
soil surface (Knapp and Seastedt 1986). Spring burning in
1987, 1990, and 1992 could not be separated from the effect
of higher precipitation in these years, however. This
enhancement of growth was somewhat more pronounced at
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the more productive sites than at the less productive sites,
and precipitation correlated better with peak standing crop at
the poor sites. This may have been due to the relative effects
of litter at each site. In a mesic year in which spring burning
has occurred, plant growth exceeds that which would be
explained by precipitation alone. Conversely, in a dry, non-
burn year, the insulating effect of litter could help conserve
soil water, allowing more growth than would be predicted at
low precipitation levels. Extensive bare ground at sites 3
and 4 suggests that plant growth at these sites was probably
limited more by such facters as soil quality, slope, and aspect
than by thickness of leaf litter. Effective precipitation is
lessened at these sites because of slopes that promote runoff,
lack of a closed canopy to intercept raindrops, and lack of
soil organic matter to absorb and retain water. This suggests
that burning effects should be less pronounced at these sites,
as it is on shortgrass prairie relative to tallgrass prairie
(Knapp and Seastedt 1986), making plant growth at these
sites more directly tied to soil water.

Fluctuation in precipitation is the principal cause of plant
growth variability in grassland communities (Coupland £958).
Aboveground biomass can fluctuate widely from year to
year, and Is typically predicted by annual and growing sea-
son precipitation (Shitlet and Dietz 1974; Lauenroth and Sala
1993). The 3rd and 4th years, 1988 and 1989, were 2
consecutive years of below average precipitation, 37 and
20% below the 30-year norm, respectively. Low precipita-
tion again in 1991 (18% below the norm) contributed to the
ongoing soil water deficit. Because of this drought, both
overall production and the production of many individual
species declined. At site I, in particular, there was a more
than fourfold difference in August biomass between the 1991
low and the 1987 high. Annual precipitation for the 7-year
study period had a CV of 24.1 %, whereas biomass CVs were
higher than this in 10 of 12 cases (Table 5).

Moreover, there can be a lag period of several years in
recovery of biomass following dry years {Weaver 1968;
Lauenroth and Sala 1993). Extended drought can cause plant
or tiller mortality, thus decreasing capability of current
vegetation to respond fo high resource availability. Tn my
study, 1992 biomass did not ¢qual predrought biomass at
sites | or 2, despite resumption of favorable precipitation.

In addition to biomass variation, species composition and
relative abundance can change between wet and dry periods.
An extreme instance occurred during the drought of the
1930s, when western wheatgrass (Agropyron smithii) sup-
planted tall grasses on much of the eastern Kansas prairie
while many short grasses moved eastward. When normal
precipitation resumed in the 1940s, the prairies reverted more
or less to their predrought species compositions (Weaver
1968).

There exists three possible mechanisms to explain year to
year changes in community composition on prairie. Species
may celonize an area if, for example, increased soil water in
a wet year favors seedling growth. Alternatively, species
may go extinct locally because of drought or exclusion by
tall species in wet ycars (Belsky 1992). Lastly, species
may remain present at a site but differ in relative growth
because of differentia]l responses to annual precipitation.
Thus, increased productivity in a given year could influence
diversity and evenness by affecting colonization, local
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extinction, or relative abundance. Extreme conditions, such
as extended drought, can limit richness on grasslands by
causing local extinction of annuals and rare perennial species
(Tilman and El Haddi 1992).

I observed all three mechanisms, although colonization
and extinction were relatively minor factors compared with
annual changes in relative growth among species. The rare
instances of colonization included mainly woody species
from nearby wooded areas and fence lines (e.g., Ulmus
pumila and Toxicodendron radicans) and weeds (e.g., Bro-
mus tectorum and Taraxacum officinale) that tended to
appear following wetter years. These species were reduced
or ¢liminated by spring burning. Increased evenness in dry
years arose largely via reduced growth of tall grasses,
whereas richness was apparently reduced when some low-
growing spring forbs (e.g., Androstephium caeruleum) went
dormant unusually early in the season, but did not die.

I expected the productive and less-productive sites to
Tespond to favorable years in different ways, depending upon
the extent to which factors other than precipitation influence
growth on different soil types. For example, if production is
governed primarily by nutrient supply on poor soils, then
plant response to increased soil water in wet years will be
limited, leading to lower year to year variability at these sites
than at sites with deeper, more fertile soils. In the present
study, however, precipitation was a somewhat better predic-
tor of production on less productive sites than on more pro-
ductive sites. This indicates that plant communities on more
productive soils are somewhat ‘‘buffered’’ against year to
year variability, whereas plants on poorer soils are poised to
respond to flushes of available nutrients when soil water
increases. Otherwise there were no consistent relationships
between productivity and variability on my four sites (Table 5).
A greater number of sites than 1 used may be needed to
observe such relationships.

Differences in relative year to year change in species
diversity among sites may alse oceur. For instance, species-
rich communities may be more likely to lose species than
depauperaie communities, which may be more likely to gain
species. Also, there may be an association between produc-
tivity and relative change in species diversity. Tilman and El
Haddi (1992) documented a disproportionate loss of species,
as a consequence of drought, from plots on high-N soils. In
oy study, in contrast, there were no consistent differences
among sites in relative year to year change in species richness.

Plant biodiversity may therefore contribute directly to the
resilience (sensu Pimm 1984) of grassland communitites.
Several recent studies showed that species-rich grasslands
are more resistant to relative biomass change, following
drought or grazing pressure, than species-poor communities
(McNaughton 1985; Frank and McNaughton 1991; Tiiman
and Downing 1994). In 5 of 7 years of my study, site 3 had
higher total richness than sites 1 and 2 (Table 2). Although
my sample size was insufficient to test statistically a relation-
ship between diversity and resilience, it is nonetheless inter-
esting to note that 1990 (postdrought) August biomass was
82.1% of 1987 (predrought) biomass and 1992 biomass was
101.6% of 1987 biomass at the relatively more diverse site 3,
whereas these percentages were 59,8 and 63.9% for the less
diverse sites 1 and 2 combined. Unfortunately, 1 lack pre-
drought data for the most diverse site (site 4} and so could

1643

not inciude them in this analysis. Because the sites also
occupied different soil types and supported different com-
munities, it is not possible to separate the effect of diversity
per se from the physiological characteristics of the consti-
fuent species.

Implications

How vegetation patterns differ across soil types, and vary
across years, in prairie communities has direct relevance for
restoration ecology as well as the composition of perennial
grain polycultures designed for different soil types (Soule
and Piper 1992). For instance, prairie mimics for relatively
productive soils should feature a high proportion of Cy
grasses, smaller representations of C; grasses and com-
posites, and less emphasis on N-fixing species. In contrast,
a low-N soil might be expected to support a preponderance
of C, grasses, sizable components each of N-fixing legumes
and composites, but few if any Cs; grass species. Annual
precipitation differences are likely to influence growth and
species composition on different soils in different, possibly
unpredictable ways. Restorations comprising relatively high
species diversity may be more resistant to disturbance or
year to vear change and achieve stability sooner than com-
munities with low diversity.

The diverse community structure and different types of
resource use by plant species contribute to the persistence
and resilience of the prairie ecosystem. An understanding of
the factors that affect and stabilize community structure, and
how prairie communities respond to climatic fluctuations,
will be essential for restoring stable and diverse plant com-
munities as well as designing sustainable perenmial agricul-
tural systems for the Great Plains modeled on the structural
and functional aspects of the prairie ecosystem,
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