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Abstract: In this study, neighbor-removal and propagule-addition experiments were conducted along a natural topographic-
productivity gradient in Kansas grassland to investigate the impact of plant neighbors on recruitment, survival, and growth of
a widespread native grass (Schizachyrium scoparium L.). Plant neighbors had contrasting effects on Schizachyrium that
depended on the stage of the life history considered, the measure of plant performance examined, and the position of the
local habitat along the complex topographic-productivity gradient. Germination of Schizachyrium was strongly suppressed
by plant neighbors at high productivity, but facilitated by neighbors at low productivity. Final recruitment (final seedling
density in seed addition plots) was facilitated by neighbors in low productivity sites, resulting in differential recruitment success
in the presence of neighbors along the productivity gradient. Although transplant survival was also facilitated by plant neighbors
in unproductive sites, transplant survival varied independently of productivity in the presence of neighbors. Despite positive
effects on transplant survival, neighboring plants strongly suppressed the growth of surviving transplants, with the magnitude
of suppression varying independently of productivity. The results suggest that despite strong neighbor effects on established
plants, facilitation of seedling recruitment may play a particularly important role in regulating the re-colonization potential
and the spatial distribution of Schizachyrium in successional grasslands. The findings support the view that events occurring
during the earliest establishment phases of the life history can be of primary importance in regulating species distribution
along environmental gradients.
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Résumé - Dans cette étude, nous avons cherché  connaitre I'impact des plantes voisines sur le recrutement, la survie et la
croissance d’une plante herbacée indigéne trés répandue (Schizachyrium scoparium L.). Diverses expériences, consistant a
retirer les plantes voisines ou  en ajouter, ont été menées le long d’un gradient topographique naturel de productivité dans
une prairie du Kansas. Les plantes voisines ont un effet sur Schizachyrium qui dépend du stade de vie de la plante, de la
mesure de la performance de I'individu examiné et de la position de I'habitat le long du gradient topographique de productivité.
Dans un contexte de productivité élevée, la germination de Schizachyrium est fortement empéchée par les plantes voisines.
Elle est par contre facilitée dans les sites  faible productivité. Le recrutement final (densité finale des plantules dans les
parcelles ou il y a eu ajout de graines) est facilité par les plantes voisines dans les sites a faible productivité, ce qui se traduit
par un recrutement en présence de voisins qui differe le long du gradient de productivité. Bien que la survie des transplants
soit facilitée par les plantes voisines dans les sites improductifs, elle varie indépendamment de la productivité en présence de
voisins. Malgré les effets positifs des plantes voisines sur la survie des transplants, les plantes voisines limitent fortement la
croissance des transplants qui survivent, et ce, peu importe la productivité. Les résultats suggérent que malgré les effets
importants des plantes voisines sur les plantes déja établies, la facilitation du recrutement des plantules peut jouer un rdle
décisif dans la régulation du potentiel de recolonisation et dans la répartition de Schizachyrium dans les prairies en phase de
succession. Nous pouvons d%nc dire que les événements qui se produisent au cours des premiéres phases d’établissement
d'une communauté végétale peuvent étre d’une grande importance dans la régulation de la répartition des espéces le long de
gradients environnementaux.
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Introduction

Elucidating the role of species interactions in regulating
plant distribution and species composition along environ-
mental gradients is a fundamental goal in plant ecology
(Grime, 1979; Gurevitch, 1986; Tilman, 1988; Huston,
1994). Over the past two decades, there has been great
emphasis in the literature on the importance of resource
competition along gradients of nutrient availability, produc-
tivity, and community biomass in plant communities
(Wilson & Keddy, 1986; Tilman, 1988; Goldberg & Barton,
1992). Numerous neighbor-removal experiments have been
conducted in the field to test the hypothesis of Grime {1979)
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that competition intensity increases along gradients of pro-
ductivity or community biomass (Wilson & Keddy, 1986;
Kadmon, 1995; Wilson & Tilman, 1995; Twolan-Strutt &
Keddy, 1996; Foster, 1999). However, it has become increas-
ingly apparent that the abundance and distribution of plants
along natural environmental gradients are often influenced
by a balance of competitive and facilitative interactions
(Callaway, 1994; Callaway & Walker, 1997; Holmgren,
Scheffer & Huston, 1997; Li & Wilson, 1998). A large body
of research indicates that competitive interactions among
plants predominate in habitats characterized by low levels
of environmental stress, while facilitative interactions are
most common in habitats where environmental stress is
severe (Grime, 1979; Fowler, 1988; Bertness & Callaway,
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1994; Hacker & Gaines, 1997). In nature, broad gradients in
productivity and community biomass generally reflect an
underlying gradient in stress (salt stress, water stress, nutri-
ent stress, extreme temperatures, disturbance, exposure,
etc.; Grime, 1979; Huston, 1994; Callaway & Walker,
1997). As a result, the magnitude and relative importance of
competition and facilitation across broad landscape grad:-
ents may vary predictably among habitats in relation to
measures of productivity or community biomass (Callaway
& Walker, 1997). The relative importance of competition
and facilitation may also vary strongly depending on life
stage of the focal species (Morris & Wood, 1989; Callaway
& Walker, 1997). Particularly in severe environments, the
effect of established neighbors on focal plant performance
may shift from facilitative during the recruitment phase of
the focal plant’s life history to competitive during the estab-
lished phase (McAuliffe, 1984; Morris & Wood, 1989;
Greenlee & Callaway, 1996; Callaway & Walker, 1997).

In this study I examined positive and negative effects
of plant neighbors on the performance of a native grass
across a natural topographic-productivity gradient in suc-
cessional grassland. The target species, Schizachyrium sco-
parium L. (little bluestem), is a perennial, C4 grass that is a
dominant component of the upland prairies of Kansas and is
widespread throughout the midwestern U.S.A. (Bazazz &
Parish, 1982). At the landscape scale, Schizachyrium is
commonly restricted to fairly xeric sites along well-drained
ridges and hill-slopes and generally declines in abundance
as one moves down slope to more mesic and productive
areas (Weaver, 1954; Crockett, 1964; Smeins & Olsen, 1970;
Bazzaz & Parrish, 1982). The distribution of Schizachyrium
along topographic-productivity gradients in tall grass prairie
is presumably the result of this species’ limited ability to
compete with neighboring plants in high-productivity sites
coupled with its high capacity to compete and/or to tolerate
environmental stresses in low-productivity sites (Weaver,
1954; Bazzaz & Parrish, 1982; Tilman, 1987; Wedin &
Tilman, 1993). In the context of successional grasslands on
abandoned agricultural land in Kansas, the capacity of
Schizachyrium to re-colonize from seed and to pemist as
established plants in productive lowland sites after abandon-
ment may be even more limited than in intact prairies. This
is because productive successional grasslands are often
dominated by introduced C; grasses that have a capacity to
pre-empt resources very early in the growing season
(Waller & Lewis, 1979; Kemp & Williams, 1980; Foster &
Gross, 1997).

Here I report the results of a neighbor-removal and
propagule-addition experiment carried out in successional
grassland in northeastern Kansas. The objectives of the
study were to (i) test the hypothesis that the intensity of
competition experienced by Schizachyrium increases with
productivity along a complex, natural landscape gradient;
(ii) examine how the response of Schizachyrium to plant
neighbors may depend on the measure of plant performance
used and life history stage; and as a result (iii) elucidate the
role of plant-plant interactions in regulating the re-coloniza-
tion potential and distribution of Schizachyrium along com-
plex topographic-productivity gradients in successional
grassland. In this experiment, seeds and seedling transplants
of Schizachyrium were added to neighbor-removal and con-
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trol plots positioned along a natural topographic-productivity
gradient. Both seeds and relatively large seedling trans-
plants were added to field plots in order to assess the effects
of plant neighbors at two fairly distinct stages of the life his-
tory. Seed additions evaluate the impact of neighbors on
germination and initial recruitment from seed. Transplant
additions evaluate the impact of neighbors on survival and
growth of already established seedlings.

Methods

STUDY SITE

This experiment was conducted from early May to
early October 2000 at the Nelson Environmental Studies
Area (NESA) of the University of Kansas. NESA is located
within the prairie-forest ecotone of northeastern Kansas,
12 km north of the city of Lawrence (Jefferson County;
39° 03’ N, 95° 12’ w). The experiment was carried out with-
in a 20-ha successional grassland that is dominated by
perennial grasses: Bromus inermis Leyss. (introduced C,
grass); Festuca arundinaceae Schreb. (introduced Cs grass);
and Poa pratensis L. (introduced C; grass). The field site is
undergoing succession following abandonment in 1984
from use as a hay field and is currently being colonized by
native plants from a nearby prairie remnant. Invading native
prairie species, which are present at low abundance on
unproductive upland ridges within the site, include Schiza-
chyrium scoparium L. (C4 perennial grass); Sorghastrum
nutans L. (C, perennial grass); Silphium integrifolium
Michx. (perennial forb); and Asclepias verticillata L.
(perennial forb). Topography within the site is undulating,
forming the typical ridge-to-swale geomorphology of the
region. Uplands include convex ridges and hill-slopes.
Lowlands are gently concave, forming minor swales along
ephemeral drainages (Kettle & Whittemore, 1991). Soils are
a combination of Pawnee clay loam and Grundy silty clay
loam (montmorillonitic, mesic Aquic Argiudolls). Vegeta-
tion standing crop varies considerably across the site, rang-
ing from as low as 88 g m on upland ridges to as high as
734 g m2 in low swales associated with ephemeral drainages.

EXPERIMENTAL PROCEDURE

In spring 2000, seeds and transplants of Schizachyrium
were planted into 20, 2.3-m x 3.8-m planting blocks distrib-
uted throughout the 20-ha study area. Planting block loca-
tions were distributed across the 20-ha site using a stratified
approach designed to strike a balance between the need to
sample across a wide range of productivity and the need to
minimize spatial autocorrelation among planting blocks.
Stratification was achieved by delineating 5 micro-water-
sheds within the study area and then placing 4 blocks within
each. Within each micro-watershed, blocks were distributed
randomly, subject to the constraint that no two blocks could
be placed within 10 m of each other. This approach assured
that the blocks of similar productivity were well dispersed
across the entire study area. After the planting blocks were
established and marked, the relative elevation of each was
measured using standard survey procedures.

In mid-April, a 4 x 4 grid of 16, 20-cm x 20-cm trans-
plant plots was established on one side of each planting
block. Plots within each 4 x 4 grid were separated by






