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A QUANTITATIVE STUDY OF STYLES AND ACHENES OF
TERMINAL AND BASAL FLOWERS OF SCHOENOPLECTUS HALLII
(CYPERACEAE), A RARE PLANT SPECIES OF

TRANSIENT WETLAND HABITAITS

Marian Smith, Sara Ammann, Nancy Parker  Paige Mettler-Cherry

Department of Biology Department of Biology
Southern lllinois University Lindenwood University
Edwardsville lllinois 62026, U.S.A. St.Charles, Missouri 63301, U.S.A.
ABSTRACT

Schoenoplectus hallii (A. Gray) S.G. Smith (Cyperaceae), a rare plant restricted to wetland habitats, is of conser-
vation concern throughout its range. Taxonomy of the species recently has been clarified; however, quantitative
descriptions of achene and flower morphology are incomplete and life history information is lacking. Because of
its scarcity and the transient nature of populations, any large-scale study of the species will require the recovery
of achenes from bulk soil samples and the identification and separation of the dimorphic achenes. The objec-
tives of this study were to separate, identify and photograph the two achene types; to quantity the size and mor-
phological differences that will be useful in separating terminal and basal achenes;and to determine the range of
variability in style morphology and achene size within and among 12 populations in four states. Although each
achene type varies significantly in size among populations, size differences between terminal and basal achenes
are statistically significant, and the range of sizes within each achene type is larger than has been previously
reported. Terminal achenes are significantly smaller in length, width, beak length, mass and surface area than
basal achenes, and noticeable differences occur in surface ridging. Differences in style morphology are distinct:
terminal flower styles are predominantly bifid and consistent in shape, while basal tlower styles, which are six
times longer than terminal styles, are trifid with a wide variety of branching patterns. Terminal and basal achenes
can be separated accurately and conveniently from bulk soil samples using a series of soil sieves. The visual and
quantitative descriptions provided in this study will facilitate the collection and identification of terminal and
basal achenes of S. hallii from plants, soil and wildlile.

RESUME

Schoenoplectus hallii (A. Gray) S.G. Smith (Cyperaceae), una plantarararestringida a habitats de lugares humedos,
es para ser conservada en toda su drea. La taxonomia de la especie se ha clarificado recientemente; sin embargo.
las descripciones cuantitativas del aquenio y la morfologia floral son incompletas y falta informacion de su ciclo
vital. Debido a su escasez y a la naturaleza transitoria de sus poblaciones, cualquier estudio a gran escala de la
especie requerira la recuperacion de aquenios a partir de grandes muestras de suelo y un método adecuado de
identificacion y separacion de los aquenios dimorficos. Por lo tanto, los objetivos de este estudio tueron separar,
identificar y fotografiar los dos tipos de aquenio; cuantificar el tamano las diterencias mortologicas que seran
atiles en la separacion de los aquenios terminales y basales; y determinar el rango de variabilidad en la mortologia

del estilo y tamano del aquenio en y entre 12 poblaciones en cuatro estados. Aunque cada tipo de aquenio varia
significativamente en tamano entre poblaciones, las diferencias de tamano entre aquenios terminales y basales
son significativas estadisticamente, y el rango de tamano para cada tipo de aquenio es mayor de lo que se habia
indicado previamente. Los aquenios terminales son significativamente mas pequenos en longitud, anchura,
longitud el pico, masa y area de su superficie que los aquenios basales, y hay diferencias notables en las costillas
de la superficie. Las diferencias en la morfologia del estilo son distintas: los estilos de las tlores terminales son
predominantemente bifidos y de forma constante, mientras que los estilos de las tlores basales, que son seis veces
mas largos que los estilos de las flores terminales, son trifidos con una amplia variedad de patrones de ramiticacion.
[os aquenios terminales y basales pueden separarse con precision y de un modo practico a partir de muestras de
suelo voluminosas usando una serie de cribas para suelos. LLas descripciones visuales y cuantitativas aportadas
en este estudio facilitaran la recoleccién e identificacion de aquenios terminales y basales de S. hallii a partir de

plantas, suelo y de la naturaleza.
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INTRODUCTION

Schoenoplectus hallii (A. Gray) S.G. Smith is a member ol the tamily Cyperaceae. Asa
Gray (1863) described the species as Scirpus hallii A. Gray, based on specimens collected
in lllinois. Recent work by Smith (1995) and Smith and Yatskievych (1996), however, has
emphasized the breakup ot the polymorphic supergenus Scirpussensu lato and resulted
in the acceptance ot Schoenoplectus hallii as the appropriate binomial for the species
(Smith 1995, 2002)

The known distribution ot S. hallii prior to 1973 extended trom Massachusetts to
Wisconsin and lowa on its northern boundary, westward to Kansas and Nebraska, and
south to Georgia. The number of states in which populations existed declined trom nine
in 1973 to six in 1997 (McKenzie 1998). It has apparently been extirpated from Massachu-
setts and Georgia, and is now restricted to the Midwest. In 2000, S. hallii was reported
from 14 sites in Oklahoma (Magrath 2002); however, the conservation status of the spe-
cies at these sites is unclear due to the recent discovery of putative hybrids (S. hallii = S.
saximontanus) at some of the sites (Smith et al. 2004). In 2002, surveys tor S. hallii re-
vealed new populations in several states, including Indiana (M. Homoya, pers. comm.)
and Missouri (pers. obs.) and Texas (O'Kennon and McLemore 2004). In years not suit-
able for germination, the species may persist only in the seed bank (McKenzie 1998); there-
fore, it is ditticult to obtain accurate estimates of the number ot viable populations in
any given year. Although population number and geographical distribution are not clearly
detined, S. hallii is considered to be of conservation concern in every state in which it
occurs (Beatty et al. 2004).

Schoenoplectus hallii is restricted to wetland habitats (Swink & Wilhelm 1994;
McClain et al. 1997) in areas characterized by f luctuating water levels (Ostlie 1990; Ostlie
& Gottlieb 1992: Robertson et al. 1994). The species is thought to have a persistent seed
bank (Ostlie 1990; Ostlie & Gottlieb 1992; Robertson et al. 1994) that may contribute to
its potential tor population regeneration. Achenes germinate sporadically, depending on
the availability of wet, exposed habitat (McKenzie 1998), resulting in wide tluctuations
in population number and size from year to year (Chester 1988; Robertson et al. 1994,
McClain et al. 1997). It has been suggested that because of loss of suitable wetland habi-
tat, management of S. hallii sites is necessary to ensure the species’ continued existence
(Bowles et al. 1990: Robertson et al. 1994).

Schoenoplectus halliiexhibitsamphicarpy (Bruhl, 1994) as do other members of the
section Supini (ie, 5. erectus and S. saximontanus in North America), and achenes pro-
duced in multi-tlowered spikelets near the tip of stems (hereafter designated as “termi-
nal” achenes or tlowers) have been illustrated and/or described by various authors
(Gleason & Cronquist 1963; Mohlenbrock 1963; Steyermark 1963; Radlord et al. 1964
Mohlenbrock 1976; Kolstad 1986; Yatskievych 1999; Smith 2002). Although achene size is
estimated in the taxonomic literature, and varies among authors, a quantitative measure
ol variation in achene size from a representative sample of populations across the range
ol the species is lacking. Basal achenes, which are produced by solitary pistillate flowers
enclosed within the leat sheaths at culm bases, are less adequately illustrated and de-
scribed than terminal achenes. With the exception of a photograph of one basal achene
(Schuyler 1969) no photographs or illustrations have been published. In addition, no quan-
titative description ol variation in basal achene size within and among populations ex-
Ists. Quantitative data establishing the size and morphology of the basal achenes are im-
portant for the correct separation and identitication of seed bank components and are
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essential for the development of lite history studies that estimate the relative reproduc-
tive contribution ot basal achenes to population size.

[n early summer before achenes have been produced, style lobe number is the mor-
phological character most usetul in separating S. hallii from S. saximontanus, because of
their similar vegetative appearance. As tar as we are aware, there has been no large-scale
study of style size and morphology in 5. hallii. Recently, S. hallii and S. saximontanus
were found growing in mixed populations in Oklahoma (Magrath 2002); therefore, it
would seem prudent to determine it style lobe number is constant throughout a number
of widely distributed populations ot S. hallii in areas where S. saximontanus is not sym-
patric to contound the issue.

The objectives ot this study were 1) to develop a simple procedure for separating,
collecting and identitying achenes from bulk soil samples; 2) to photograph the two
achene types; 3) to quantity the size and morphological ditterences that will be usetul in
separating terminal and basal achenes; and 4) to determine the range of variability in
style morphology and achene size within and among 12 populations in four states (IL, IN,
KY. and MO).

MATERIALS AND METHODS

When possible, living plants were collected in situ and transterred to the greenhouse at
Southern Illinois University, Edwardsville, IL. Plants were potted in a 75%-sand:25%-pot-
ting soil mixture in 10 x 10 x 11 cm pots, covered with a plastic bag to decrease transpira-
tional water loss,and placed intlatsin 5 cm of standing water. The organic content of the
mixture (%OM = 2.5%) was approximately that of soil at the study sites (mean %OM =
2.6+0.5%, analyses conducted by Alvey Labs, Belleville, IL). Plants were given identifying
numbers and mature terminal achenes (and basal achenes, when present) were collected
and saved for measurement. Otherwise, basal achenes were collected as they matured.
Site names, acronyms, approximate locations (exact locations are not listed to pro-
tect population sites) and dates of collection are listed in Table 1. At three sites that were
without plants (SP,FO and KY), but were known to have had populationsof S. hallii within
the past 5 years, soil cores were collected to provide a seed source. In all cases, plants or
cores were collected at regular intervals along transects from across the known extent ot
the population. To ensure accurate identitication ot achene types, initial collections were
ot terminal and basal achenes that were attached to the parent plant. Atter achene iden-
titication was established, others were collected trom soil samples. Whenever possible,
pairs ol terminal and basal achenes were selected, using a random number table, from 15
plants and photographed, measured and weighed in the laboratory. For sites without
plants, soil sieves (U.S. Standard by Fisher Scientitic Co) #16 (1.18 mm mesh), #18 (1.00
mm) and #20 (0.841 mm) were used to separate basal and terminal achenes. Identifica-
tion was veritied using a dissecting microscope. As some achenes that appeared to be
healthy and mature fragmented when pressed between the thumb and forelinger, all
achenes were given this preliminary test before being measured (Baskin et al. 2003).
Achene photographs were made using a Nikon CoolPix 995 digital camera mounted
on a Nikon dissecting microscope (Model SMZ800) titted with a fiber optic ring-light.
Length, width, and beak measurements were taken at a magnitication ot 40X using a
Leitz compound microscope (Model Laborlux S)and a Bausch and Lomb ocular microme-
ter that was calibrated with a Leitz stage micrometer. Achene beak length was measured
trom the point where tangential lines drawn at the top of the achene and alongside the
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TagLe 1.Names,acronyms and county and state locations of 12 Schoenoplectus hallii sites and types of samples
collected for this study.

Site State County Date and Sample Collected
Fbken (EB) L Mason 2000 Plants and soll
Fornoff (FO) i Mason 2000 Soil only

Sand Pond (5P) i Viason 2000 Soil only
Wembker (WK) Viason 2000 Plants and soll
ndiana (IN) N Daviess 2002 Plants and soll
Kentucky (KN) <N Christian 2000 Soil only

Baptist Camp (BC) MO Scott 2000 Plants and soi
Howell County (HC) MO Howell 2002 Plants and sol
Petite Isle (P) MO Scott 2002 Plants and soil
Sherer (SH) MO Scott 1999-2001 Plants and soil
Waterman (WM) MO Scott 2002 Plants and soi
West Vaco (WV) MO SCott 2002 Plants and soi

beak intersected (Fig. 1). As beak length varied considerably, but contributed little to
achene area, achene surtace area was calculated as width x (achene length-beak length).
Mass was determined using a Mettler analytical balance (Model AT 261 Delta Range). To
illustrate the contrast in size, one pair of terminal and basal achenes were photographed
with attached styles (Fig. 2A). To illustrate variability in basal and terminal achene mor-
phology, three of each achene type were photographed in the same tield-ot-view (Fig.
2B). Also, three achenes of each type were photographed in cross-section (Fig. 2C) and
one pair of achenes was photographed showing the achenes in frontal (Fig. 2D) and pro-
tile (Fig. 2E) views.

Styles were excised from tlowers of each type, tloated on water and measured. For
statistical analysis, measurements were made on terminal styles from 15 plantstrom eight
populations, but for basal styles, which are scarce and ditficult to collect intact, measure-
ments were limited to 15 plants from one population. Others from eight additional popu-
lations were observed for style morphology, but not measured. To illustrate some of the
variation in style morphology observed in basal tlowers, drawings were made to scale
(Fig. 3B-D).

When data sets for terminal and basal achenes were combined tor analysis, vari-
ances were signifticantly ditterent (P<0.001) between achene types for all dimensions;
therelore, analysis by two-way ANOVA was rejected and data for each achene type were
analyzed separately by one-way ANOVA. Equal variance was verified using Levene’s Test
and data were log transtformed, when necessary, to ensure normal distribution. Compari-
sons ol mean values for achene characteristics among sites were determined by
Bonlerroni’s t-test. Terminal style measurements, for which data could not be success-
tully transtormed, were analyzed by Kruskal-Wallace one-way ANOVA on ranks, followed
by Tukey’s t-test for comparison of means. Pooled ditferences in dimensions between
achene types were determined by t-test, assuming unequal variances. When matched
pairs ol terminal and basal achenes were available within a population, statistical com-
parisons were made using a paired-samples t-test. All statistical procedures were calcu-
lated using SPSS 11.4 (SPSS, Inc. 2002) and are in accordance with Sokal and Rohlf (1981).
Principle ANOVA statistics, means, and P-values) were reported when ditferences were
statistically significant.
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Fic. 1. Method for determining beak length in basal (left) and terminal (right) achenes of Schoenoplectus hallii. Drawn to scale as
indicated in the figure.

RESULTS

Comparisons among populations

Terminal achenes.—Terminal achenes varied significantly in every dimension (length,
width, beak length, mass and surface area) among populations (Table 2, Fig. 4A-E).
Achenes from HC were significantly larger than those from all other populations, with
the exception of beak length (Table 3). There was a wide range in terminal achene size
and mass (Table 4), even with the removal of the extremely large mean values tor HC
achenes, which, when included, raised the upper limit for every character.

Terminal styles.—All terminal styles examined were bifid, with the exception of the
one 4-parted style from HC. There was a much wider range in style length compared to
the range for any achene character (Table 4). There were signiticant differences in style
length among populations (Table 2): the styles of the WK population were longer than
those from any other site and the styles from the SH site significantly longer than all
except those from WK (P<0.05). There were no signiticant ditferences in style lengths
among the other six sites.

Basal achenes.—Basal achenes were more varied in shape than terminal achenes (Fig.
2B); however, there were significant differences among populations for every basal achene
character measured (Table 5). Unlike the case with terminal achenes, in which those {rom
HC were significantly larger than those from all other sites, no single population had
consistently larger basal achenes (Fig. 5A-E, Table 6).

Comparisons between terminal and basal achenes and styles.—Pooled means for every
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plants, soil and wildlife and contribute to an accurate assessment of the species’ conser-
vation status.
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