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Abstract

Midwest tallgrass prairies have suffered extensive habitat loss and as a result persist as
isolated and highly fragmented remnants. In such small, isolated remnants, genetic drift
and inbreeding depression can lead to a loss of genetic variation over time. Reduced
genetic variation is often associated with reduced levels of growth, survival, and
reproduction as well as increased susceptibility to stress. This study examined fitness
traits of five common prairie species to determine whether plants in small fragmented
remnants had reduced fitness as compared to those in a larger remnant. Five prairie
species were chosen for this study based on their common occurrence across tallgrass
prairies: lead plant, Amorpha canescens; purple prairie clover, Dalea purpurea,
rattlesnake master, Eryngium yuccifolium; wild quinine, Parthenium integrifolium; and
Virginia mountain mint, Pycnanthemum virginianum. 1 collected seeds and reproductive
tissue from isolated prairie remnants and compared seed weight, total reproductive output
and germination rates. Seedlings were also grown in a greenhouse for 30 days to
determine seedling vigor including seedling biomass, height or leaf length, and leaf area.
In five out of six fitness measures, at least one plant species from a small fragment had
reduced fitness when compared to the larger fragment. Dalea purpurea, P. integrifolium,
and P. virginianum, all had lower percentage of seeds germinate in the smaller fragments
as compared to the large. Eryngium yuccifolium seedlings had shorter leaf lengths and
less total leaf area in one of the smaller prairie remnants as compared to the larger
remnant. These results suggest that even common species have suffered the effects
associated with habitat fragmentation potentially driven by loss of genetic variation. This
has implications for land and resource managers as they must take steps to insure the

health of common as well as rare species in small isolated remnants around the world.
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Introduction

Prior to European settlement, central North America was a vast grassland that
stretched from Indiana west to Nebraska, south to Texas, and north to the Canadian
provinces of Alberta and Saskatchewan (Transeau, 1935; Sampson and Knopf, 1994).
This grassland encompassed approximately 162 million hectares before conversion to
European agriculture (Mather, 1972; Sampson and Knopf, 1994). As early as 1830,
homesteading in Indiana and Illinois began to alter the extent of the grasslands (Sampson
and Knopf, 1994). Because tallgrass prairie areas were so productive for agriculture, they
were almost eliminated in North America after European settlement, resulting in
substantial changes in community composition and ecosystem processes (Camill et al.,
2004). Most of this conversion to agriculture has occurred within the last 100 years
(Cully et al., 2003). Today, less than 1% of the original prairie remains throughout much
of the Great Plains, and in many states less than 0.1% of the original prairie remains
(Sampson and Knopf, 1994).

A major consequence of this extensive habitat loss has been a significant increase
in the degree of fragmentation of the remaining grasslands. When continuous habitats
with large plant populations become fragmented, what remains are smaller separate
remnants with smaller, isolated populations. Fragments also have more edge per unit of
habitat and so populations within these fragments have a greater chance of experiencing
edge effects. Changes in soil moisture, humidity, light, temperature, and wind all
commonly vary along edges, all of which may affect resources available for reproduction
(Saunders et al., 1991; Noss and Cooperrider, 1994; Camargo and Kapos, 1995;

Gehlhausen et al., 2000). This fragmentation and loss of habitat is not unique to prairie



ecosystems. As a consequence of human activities, many ecosystems throughout the
world have become small, fragmented, and isolated. Habitat loss and fragmentation due
to human activities have been identified as the most important factors contributing to the
decline and loss of species worldwide (Noss and Cooperrider, 1994; Primack, 2008).
There is a high risk of local extinction associated with small, isolated populations
(Heschel and Paige, 1995; Groom, 1998; Paschke, 2002) because population size is
important in maintaining genetic diversity (Heschel and Paige, 1995; Frankham, 1996;
Luijten et al., 2000; Montgomery et al., 2000; Paschke et al., 2002). Larger populations
contain more individuals and typically greater genetic diversity (Frankham, 1996). There
is often a correlation between fitness and genetic diversity; larger, more genetically
diverse populations have greater reproductive success and are better able to adapt to
changes in the environment (Heschel and Paige, 1995; Frankham, 1996; Reed and
Frankham, 2003; Primack, 2008). Reproductive success and future adaptability are
reduced in smaller populations due to genetic drift and inbreeding depression (Heschel
and Paige, 1995; Frankham, 1996; Paschke, 2002; Reed and Frankham, 2003). Genetic
drift, a process by which allele frequencies change from one population to the next due to
chance, can lead to a loss of potentially beneficial alleles. In natural populations,
mechanisms may exist to prevent inbreeding but when population size is small and no
other mates are available, these mechanisms fail to prevent inbreeding (Primack, 2008).
Mating with close relatives may result in inbreeding depression, a condition characterized
by higher mortality of offspring, fewer offspring, or offspring that are weak, sterile or
have low mating success (Willi et al., 2006). Because variation is lost due to genetic drift

and inbreeding depression, these fragmented populations are then further vulnerable to



local extinction due to demographic stochasticity: demographic fluctuations due to
random variation in birth and death rates, and environmental stochasticity: environmental
fluctuations such as variation in predation, competition, disease, food supply, or natural
disasters such as fires, storms or drought (Heschel and Paige, 1995; Newman and
Tallmon, 2001; Paschke, 2002; Primack, 2008).

Genetic variation is a primary mechanism in maintaining high levels of fitness
within populations (Reed and Frankham, 2003). Genetic drift and inbreeding depression
reduce the heterozygosity of a pbpulation (Luijten et al., 2000; Paschke et al., 2002;
Primack, 2002). This in turn typically reduces various fitness related traits (Fischer and
Matthies, 1998; Fischer et al., 2000; Paschke et al., 2002; Van Rossum et al., 2002; Reed
and Frankham, 2003). Reduced fitness may result in reduced levels of growth, survival,
and reproduction (Primack, 2002; Reed and Frankham, 2003) as well as increased
susceptibility to stress (Heschel and Paige, 1995). Sufficiently high genetic diversity is
therefore important in maintaining healthy, viable, and sustainable plant populations that
are able to adapt to a changing environment.

The fitness of plants in small fragments may be further reduced by the
interruption of critical biotic interactions, i.e. Allee effects (Groom, 1998). Changes in
the fragmented animal/insect community may affect pollination (Fritz and Nilsson, 1994,
Cunningham, 2000; Murren, 2002). As the distance increases between plant populations,
the distance between individual plants increases. Pollinating insects may not visit widely
scattered plants resulting in insufficient transfer of pollen and a decline in seed
production (Primack, 2008). A decline in the population of potential mates might affect

the genetic quality of pollinators and thereby reduce the production of seed (Menges,



1991). Small isolated fragments may be less attractive to pollinating insects which may
also result in pollen limitation and lower seed set (Fritz and Nilsson, 1994; Agren, 1996;
Murren, 2002). In self-incompatible or dioecious species, the pool of potential mates
may be‘even more reduced.

Numerous studies have documented the effects of population size, fragmentation,
and inbreeding depression on rare or endemic plant species (Heschel and Paige, 1995;
Fischer and Matthies, 1998; Morgan, 1999; Eisto et al., 2000; Luijten et al, 2000,
Paschke, et al., 2002). But relatively few have investigated the effects of habitat
fragmentation on the fitness of common plant species (Hooftman et al., 2003). This may
be an important line of inquiry given that common species make up the matrix of most
communities and are the primary components of restoration projects. Hooftman et al.
(2003) found that plants of a common calcareous fen species in Sweden, Carex
davalliana, that originated from small, isolated habitat islands yielded less biomass,
fewer tillers and fewer flowering tillers than plants from larger habitats. Populations of
common species face the same challenges of habitat isolation and fragmentation as rare
species. This study highlights the need for more research on common species in
fragmented and isolated populations, especially considering the fragmented nature of
many native communities.

This study investigated the effects of habitat fragmentation and isolation on
common plant species, which are usually not of conservation concern. Fitness traits of
five common prairie species were examined to determine whether common species suffer
the effects of habitat fragmentation and isolation. The objectives of this study were to

determine whether plants in small isolated remnants have reduced fitness as compared to



species in a large remnant. If this is the case, then land and resource managers must take
steps to insure the health of common, as well as rare species in small isolated

populations.

Methods
Study Species

Five prairie species were chosen for this study based on their common occurrence
across tallgrass prairies and their presence in at least two of the four prairie sites used in
this study. Lead plant, Amorpha canescens Pursh. (Fabaceae) is a perennial sub-shrub of
prairies and sandy dry areas (Gleason and Cronquist, 1991; Mohlenbrock, 2002).
Amorpha canescens is a strongly rhizomatous woody legume (up to 1.2 m tall), that
flowers from June through August (Hickman and Hartnett, 2002). Purple prairie clover,
Dalea purpurea Vent. (Fabaceae) is a self-compatible perennial herb found in prairies
and dry, sandy, or gravelly soil in open woods or along roadsides (Gleason and
Cronquist, 1991; Yatskievych, 2000; Molano-Flores, 2004). It flowers from June
through September (Yatskievych, 2000; Mohlenbrock, 2002). Rattlesnake master,
Eryngium yuccifolium Michx. (Apiaceae) is a self-incompatible perennial herb commonly
found in prairies, barrens, and woodland openings (Gleason and Cronquist, 1991;
Yatskievych, 2000; Mohlenbrock, 2002; Molano-Flores, 2004). It is reported from
virtually every state from the 98th meridian to western Connecticut (Trent, 1938).
Rattlesnake master flowers from June through September (Yatskievych, 2000,
Mohlenbrock, 2002). Wild quinine, Parthenium integrifolium L. (Asteraceae), is a self-

incompatible perennial herb (Molano-Flores, 2004; Gleason and Cronquist, 1991). Wild



quinine flowers from June to October and is often found in prairies, dry woods, and
glades (Yatskievych, 2000; Mohlenbrock, 2002; Molano-Flores, 2004). Mountain mint,
Pycnanthemum virginianum Dur. & B. D. Jacks (Lamiaceae) is a perennial herb found in
marshes, calcareous fens, and prairies (Molano-Flores, 2004; Gleason and Cronquist,
1991). It flowers from July thrbugh September (Yatskievych, 2000; Mohlenbrock,

2002). The breeding system for Pycnanthemum virginianum is not known.

Study Sites

Four tall grass prairie remnants, one large and three small, were chosen for this
study (Figure 1). Three of the sites studied, Loda Cemetery Prairie, Prospect Cemetery
Prairie and Highway 45 Railroad Prairie, were remnants of a once continuous black soil
prairie that was fragmented by conversion to agricultural land approximately 150 years
ago. These three areas are within the Grand Prairie Section of the Grand Prairie Natural
Division of Illinois bordering the Southern Uplands Section of the Wabash Border
Natural Division (Schwegman et al., 1973), an area of very fertile, poorly drained soils
formerly dominated by tall grass prairie.

Capel Hill Prairie (CHP), the fourth study area, is a 0.5 hectare, natural prairie
opening in an oak hickory forest and completely isolated from any other prairie patches.
It has been chronically isolated from other grasslands for several thousand years (Long
Heikens and Robertson, 1994). Hill prairies in this area occur on south-facing slopes
within a largely forested matrix and would predate European colonization of the area.

Loda Cemetery Prairie (LCP) is a 1.5 hectare remnant of the original mesic black

soil prairie in the Grand Prairie Section of the Grand Prairie Natural Division (Heidorn,



2009a; Stanton and Meissen, 2009a). This preserve was protected by The Nature
Conservancy has been managed by them since 1983 (Heidorn, 2009a). It is currently
isolated within an agricultural (row crop) matrix with the nearest prairie remnant, 9
kilometers away.

Prospect Cemetery Prairie (PCP) is a 3.5 hectare fragment of mesic black soil
prairie of the Grand Prairie Section of the Grand Prairie Natural Division (Heidorn,
2009b; Stanton and Meissen, 2009c). The cemetery was created in 1859 and burials
continued until 1914 and possibly later (Hiedorn, 2009b). The cemetery prairie is owned
by the Paxton Township Cemetery Association and was dedicated as a nature preserve in
October, 1976. The nearest prairie is 3 kilometers from this fragment.

The Highway 45 Railroad Prairie is a narrow stretch of remnant prairie along a
railroad right of way owned by the Canadian National Railroad (Stanton and Meissen,
2009b). While this site is narrow, only 30 meters wide, it persists in a nearly continuous
band for almost 11 kilometers throughout the study area, encompassing 270 hectares and
was considered the large prairie remnant in this study. An area roughly equivalent to the
small prairie remnants, 2 hectares, was used in this study. The sample area was 3
kilometers from Prospect and 9 kilometers from Loda Cemetery Prairie (Figure 1).
Pollen movement in temperate plant communities is typically very spatially limited
(Handel, 1983; Levin, 1988; Pleasants, 1991; Godt and Hamrick, 1993; Schmitt, 1980).
Levin (1988) found that gene flow becomes extremely rare at distances beyond 1,000
meters. However, the isolation effects of fragmentation may be mitigated by increased
gene flow (White et al., 2002). Given that the small isolated fragments were greater than

3 kilometers apart, the small prairie fragments may be effectively isolated. The Highway



45 Railroad Prairie was the only sizeable prairie within the study area, precluding

replication of the unfragmented condition.

Population Estimates

Population estimates were obtained by counting flowering individuals (Table 1).
Rhizomatous and clonal plants were assumed to be individual genets if they were found
at least 1 meter from the next individual plant. In each population, the number of
flowering plants was counted at the peak of the flowering season in the year (2005)
following the collection of plant material. Population size was measured by direct
counting in the smaller remnants (Capel Hill Prairie and HW 45 railroad prairie) and

estimated in the larger remnants from subsamples.

Fitness Measures

Maternal Plant Performance

Plant materials were collected during late summer/early fall 2004 at one large and
three small prairie remnants in central [llinois. Beginning in August, 2004, 20 to 30
maternal plants of each study species were located within each remnant site. The number
of main stems, branches, and flowers/fruits per branch was recorded for each individual.
Fruits with dehiscing capsules were bagged at that time to prevent seed loss. Total
reproductive biomass, consisting of all plant material above the base of the inflorescence,
was collected as fruits matured. Biomass was air dried over a period of four weeks in
paper bags, cleaned to remove stems and leaves, and weighed. Samples were not oven
dried to retain seed viability. Total reproductive biomass was only measured for two of

the five species.



From each maternal plant, 25 seeds were weighed to determine average seed
weight. Seeds of Pycnanthemum virginianum were not weighed due to their small size.
Seeds were then treated to induce germination. Seeds from Eryngium yuccifolium,
Parthenium integrifolium, and Pycnanthemum virginianum were stratified in moist perlite
for 60 days at 5° C. Seeds from Amorpha canescens and Dalea purpurea were scarified
with 200-grit sandpaper to break the seed coat. Seeds were then stratified in moist perlite
for 14 days at 5° C. After stratification, seeds were placed on wet filter paper in petri
dishes and exposed to a day/night regime of 14 hours of light at 25° C and 10 hours of

dark at 23° C in a growth chamber.

Seedling Fitness Measures

To further assess fitness among the remnants, the growth and performance of
seedlings were assessed in the greenhouse. Two seedlings per maternal plant were taken
from the germination trials and transplanted into cell packs filled with Promix® (Premiere
Horticulture, Dorval, Quebec, Canada). After 45 days, one randomly chosen seedling per
maternal plant was removed from the potting mix, rinsed in a water bath, and
immediately weighed. Length of longest leaf was measured for Eryngium and
Parthenium (basal rosette species) while total above ground plant height was measured
for Amorpha, Dalea, and Pycnanthemum (all upright plants). Total leaf area in cm* was
also measured for each seedling using a leaf area meter (LI-1600; LiCor, Inc. Lincoln,

NE.)



Data Analysis

Variation in seed mass, total reproductive biomass, percent germination, seedling
biomass, seedling height/leaf length and seedling leaf area among remnants was analyzed
for each species using one-way ANOVA (SPSS Version 12.5 SPSS Inc, Chicago, IL).
Percent germination was arcsine transformed; seedling biomass and seedling leaf area
were log transformed to conform to normality assumptions of ANOVA. Variation

among individual species between remnants was analyzed with a Tukey post hoc test.
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Prairie Fragment Locations

0 510 20 Kilometers ® Prairie Fragments

Figure 1. Map of prairie remnant locations.
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Table 1. Fragment size and population estimates for five common prairie species.

Fragment HW 45 Prospect Loda Capel
Hectares 2.0 3.5 15 05
Species
Amorpha canescens 170 - 528 -
Dalea purpurea 125 1695 - 1293
Eryngium yuccifolium 86 6492 912 -
Parthenium integrifolium 191 1185 1912 -
Pycnanthemum virginianum 64 1000 1144 -

12



Results
(Population locations will be abbreviated as follows throughout the results, Capel Hill
Prairie: CHP; Loda Cemetery Prairie: LCP; Prospect Cemetery Prairie: PCP; HW45

Railroad Prairie: HW435.)

Maternal Plant Performance

Seed Mass

Seed mass significantly varied among remnants in two of the four species in which it was
measured (Figure 2). Dalea purpurea seeds were significantly smaller in the CHP and
PCP remnants as compared to the larger HW45 remnant (F s7= 8.784; P<0.001 R?*=
0.242). Parthenium integrifolium seed mass was also significantly reduced in the smaller
LCP remnant as compared to the PCP and HW45 remnant (F, ss= 6.159; P=0.004; R’=

0.178).

Total Reproductive Biomass

Total reproductive biomass was significantly less in the small remnants in the two species
in which it was measured (Figure 3). Mean total reproductive biomass for Dalea
purpurea was significantly different in all three remnants in which it was measured (F2,ss
=75.127;, P<0.001; R’= 0.732), with the CHP remnant dramatically smaller than the
other two remnants. Pycnanthemum virginianum also had significantly smaller total
reproductive biomass (F,67=9.172; P <0.001; R?= 0.22) in the PCP remnant as
compared to the LCP and larger HW45 remnant. Total reproductive biomass for

Pycnanthemum virginianum in the PCP remnant was nearly 40% lower than the other

13



remnants.

Percent Germination

Percent germination significantly varied among remnants in three of the five species
(Figure 4). Dalea purpurea had significantly lower percent germination in the small PCP
remnant versus the HW45 remnant (F, 5= 5.552; P=0.006; R,=0.171). Percent
germination (arcsine transformed) for the PCP remnant was on average 0.88 versus 1.00
in the LCP remnant and 1.18 in the HW45 population. Percent germination was also
reduced in one of the smaller prairie remnants of Parthenium integrifolium (F, ss= 5.274;
P=0.008; Ry=0.161). Pycnanthemum virginianum had a significantly lower percent
germination in the HW45 population compared to the two smaller remnants (F; 56=

10.641; P<0.001; R,=0.275).

Seedling Fitness Measures

Seedling Biomass
After data transformation, none of the species had significant variation in seedling

biomass among remnants (Figure 5).

Seedling Height and Leaf Length

Seedling height varied significantly among remnants in two of the five species (Figure 6).
Eryngium yuccifolium had significantly lower seedling height in the small LCP remnant
as compared to the larger HW45 remnant (F, 3= 10.088; P<0.001; R’>= 0.353). Seedlings

in the LCP remnant were 40% smaller than those from the larger HW45 remnant.

14



Pycnanthemum virginianum also had seedlings with significantly lower height in the
small remnants. Seedlings in the smaller PCP remnant were 30% shorter than seedlings

from the HW45 remnant (F;43= 8.585; P=0.001; Ry= 0.285).

Seedling Leaf Area

Seedling leaf area varied across remnants in only one of the species: Eryngium
yuccifolium. Rattlesnake master had significantly smaller seedling leaf area in the small
LCP remnant (F, 37= 5.471; P=0.008; R,= 0.228). Seedling leaf area in the LCP remnant

was 40% less than the larger HW45 remnant.

Binomial Test

The comparison between HW45 and the small sites was significant 10 times out of 24 .
In nine of these, at least one of the small remnants had significantly reduced performance
relative to the HW45 site. The probability of obtaining this number of significant
reductions in fitness in small remnants was sufficiently small (alpha 0.05; binomial

probability <0.001) that the results were not an effect of multiple statistical tests.
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Table 2. ANOVA of the influence of source remnant on various fitness measures in five

common prairie species.

Species

Amorpha canescens

Dalea purpurea

Eryngium yuccifolium
Parthenium integrifolium
Pycnanthemum virginianum

Amorpha canescens

Dalea purpurea

Eryngium yuccifolium
Parthenium integrifolium
Pycnanthemum virginianum

Amorpha canescens

Dalea purpurea

Eryngium yuccifolium
Parthenium integrifolium
Pycnanthemum virginianum

Amorpha canescens

Dalea purpurea

Eryngium yuccifolium
Parthenium integrifolium
Pycnanthemum virginianum

Amorpha canescens

Dalea purpurea

Eryngium yuccifolium
Parthenium integrifolium
Pycnanthemum virginianum

Amorpha canescens

Dalea purpurea

Eryngium yuccifolium
Parthenium integrifolium
Pycnanthemum virginianum

Source

Seed mass
Seed mass
Seed mass
Seed mass
Seed mass

Reproductive biomass
Reproductive biomass
Reproductive biomass
Reproductive biomass
Reproductive biomass

Percent germination
Percent germination
Percent germination
Percent germination
Percent germination

Seedling biomass
Seedling biomass
Seedling biomass
Seedling biomass
Seedling biomass

Seedling height
Seedling height
Longest leaf
Longest leaf
Seedling height

Seedling leaf area
Seedling leaf area
Seedling leaf area
Seedling leaf area
Seedling leaf area

d.f.

1,37
2,57
2,56
2,58

2,55

2,65

1,25
2,54
2,58
2,55
2,56

1,37
2,44
2,37
2,24
2,43

1,37
2,44
2,37
2,23
2,43

1,35
2,44
2,37
2,24
2,43

0.457
8.784
1.353
6.159

75127

8.104

3.524
5.552
1.203
5.274
10.641

1.678
1.558
2.879
2.498
2.635

0.002
2973
10.088
0.978
8.585

0.211
1.451
5.471
1.776
0.522

0.503
0.000
0.267
0.004

0.000

0.001

0.072
0.006
0.308
0.008
0.000

0.203
0.222
0.069
0.103
0.083

0.883
0.062
0.000
0.391
0.001

0.649
0.245
0.001
0.191
0.597

R2

0.012
0.242
0.046
0.178

0.732

0.200

0.124
0.171
0.040
0.161
0.275

0.043
0.066
0.135
0.172
0.109

0.001
0.119
0.353
0.078
0.285

0.006
0.062
0.228
0.129
0.024
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Figure 2. Effect of remnant size on mean seed mass in four common prairie species.
Prospect, Capel and Loda are small remnants (< 3.5 ha) while HW 45 is a large railroad
remnant. Data plotted are means +/- 1 SE. Means sharing the same letter are not

significantly different (P>0.05) based on a Tukey post-hoc test.
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Figure 3. Effect of remnant size on mean reproductive biomass in four common prairie
species. Data plotted are means +/- 1 SE. Means sharing the same letter are not

significantly different (P>0.05) based on a Tukey post-hoc test.
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Figure 4. Effect of remnant size on percent germination (arcsine transformed) in four
common prairie species. Data plotted are means +/- 1 SE. Means sharing the same letter
are not significantly different (P>0.05) based on a Tukey post-hoc test. Note: scales vary

among species.
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Figure 5. Effect of remnant size on mean seedling biomass in four common prairie

species. Data plotted are means +/- 1 SE. Means sharing the same letter are not

significantly different (P>0.05) based on a Tukey post-hoc test. Note: scales vary among

species.
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Figure 6. Effect of remnant size on seedling height and leaf length in four common
prairie species. Data plotted are means +/- 1 SE. Means sharing the same letter are not

significantly different (P>0.05) based on a Tukey post-hoc test. Note: scales vary among
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Figure 7. Effect of remnant size on seedling leaf area (cm?) in five common prairie

species. Data plotted are means +/- 1 SE. Means sharing the same letter are not

significantly different (P>0.05) based on a Tukey post-hoc test. Note: scales vary among

species.
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Discussion

In five common prairie species, five out of six fitness measures had at least one
plant species from a small remnant that had reduced fitness relative to the large remnant.
Overall, species within the large remnant had greater fitness than those within smaller
remnants, though not all small remnants showed reduced fitness. These results suggest
that the common species in this experiment have suffered the effects associated with
habitat fragmentation potentially driven by loss of genetic variation due to inbreeding
depression and genetic drift. This conclusion is supported by similar investigations on
rare species (Heschel and Paige, 1995; Fischer and Matthies, 1998; Morgan, 1999; Eisto
et al, 2000; Luijten et al, 2000; Paschke, et al, 2002) as well as common species
(Hooftman et al., 2003; Lienert and Fischer, 2003).

Three measures of maternal fitness were investigated in this study: seed mass,
total reproductive biomass, and percent germination. Maternal effects of inbreeding can
be defined as the fitness consequences on the offspring associated with the level of
inbreeding of the maternal plant (Roach and Wulff, 1987; del Castillo, 1998). Maternal
effects can have an important influence on plant fitness (Roach and Wulff, 1987). The
maternal genotype may affect the quality of the offspring and may, therefore, affect the
performance of the offspring. del Castillo (1998) found that inbreeding significantly
reduced the individual contribution of seeds to the next generation. In my study, in two
of the four species in which seed mass was measured, seed mass was significantly
reduced in at least one of the smaller habitat fragments as compared to the larger
fragment. Dalea purpurea and Parthenium integrifolium both had smaller seeds in at

least one of the remnant populations as compared to the larger HW45 remnant (Figure 2).
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Seed mass is important because larger seed mass increases the amount of resources
available for the seedling. Large and well-resourced seeds have been shown to provide
an advantage when seedlings are competing with neighbors, growing under shaded
conditions, buried under litter, or during periods of drought (Stanton, 1984; Parrish and
Bazzaz, 1985; Eriksson, 1999).

Total reproductive biomass, measured as the total weight of the inflorescence
and seeds, reflects the amount of energy invested in reproduction. A greater number of
flowers and branches within the inflorescence provide greater opportunities for seed
production. In this study, total reproductive biomass was measured for Dalea purpurea
and Pycnanthemum virginianum. In D. purpurea, the small hill prairie remnant had 75%
less reproductive biomass than either of the other two remnants (Figure 2). However, this
variation could reflect resource availability rather than population fitness. Hill prairies in
Illinois are generally drier sites on south and west facing slopes. Stewart (2006) analyzed
soils at the CHP site and found that overall soil fertility was reduced at the hill prairie site
as compared to the three black soil prairie remnants (HW45, PCP, LCP). It is possible
that resource limitations or environmental stress contributed to reduced reproductive
allocation for D. purpurea in that site. A subsequent common garden study using the
same source remnants and species found that total above ground biomass varied
significantly among remnants though it was a smaller remnant that produced greater
biomass (Stewart, 2006). Although the common garden experiment measured total
above ground biomass in D. purpurea, these results suggest that the reduced levels of
reproductive biomass seen in this study may be a result of environmental resource

limitations rather than genotypic differences. Pycnanthemum virginianum had a 35%
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reduction in reproductive biomass in PCP compared to the HW45 remnant. As P.
virginianum was not collected from the hill prairie, environmental variation seems less
likely to have generated its variation in reproductive biomass across remnants.

The percentage of seeds that germinated was significantly lower in small
remnants in three of the five species (Figure 3). Dalea purpurea and Parthenium
integrifolium both had reduced levels of germination in one of the small remnants when
compared to the larger remnant. Seed mass was also reduced in both D. purpurea and P.
integrifolium, which could suggest resource limitation for germination. Other studies
have found varying results. Helenurm (1998) and Hooftman et al. (2003) found a
correlation between germination rate and population size suggesting a genotypic effect of
population size on seed quality. In contrast, Eisto et al. (2000) found that seed
germination ability was independent of population size. Morgan (1998) found a similar
lack of differences in seed germinability between populations of Rutidosis
leptorrhynchoides, an endangered Australian grassland perennial.

Seed mass, total reproductive biomass and percent germination were reduced in
the small remnants as compared to the larger remnant. These results suggest negative
consequences of habitat fragmentation and isolation on the fitness of plants in small
remnants, but some of these results may also be due to environmental effects.
Interestingly, measures of maternal fitness were not consistent among sites within a
species. For example, D. purpurea had the largest reproductive biomass at PCP, but the
highesf germination and seed mass at HW45.

Based on the results of the three seedling fitness measures, two of the species in

small remnants had reduced fitness when compared to the larger remnant. Seedling mass
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did not differ significantly among any of the remnants but seedling height/leaf length and
seedling leaf area were reduced in the smaller Loda Cemetery remnant for Eryngium
yuccifolium. Seedlings were also 40% shorter and seedling leaf area was 60% less in the
smaller remnant as compared the larger remnant. Pycnanthemum virginianum had 30%
shorter seedlings in one of the small remnants compared to the larger remnant. The
smaller seedling size and the tendency for some species to have smaller seeds, reduced
reproductive biomass, and reduced germination rate in smaller remnants is in line with
reports of reduced plant performance in small compared with large remnants (Menges,
1991; Heschel and Paige, 1995; Frankham, 1996; Fischer and Matthies, 1998; Paschke,
2002; Reed and Frankham, 2003). Taken together, the reductions in both maternal plant
performance and seedling fitness across several measures and species indicate that these
common prairie species are potentially suffering the consequences of habitat
fragmentation as is often seen in rare plant species.

A follow up study by Stewart (2006) used a common garden experiment to test
fitness of established plants in a restoration setting. Stewart documented significant
variation in growth among remnants, but the HW45 remnant did not consistently have the
greatest performance. The lack of consistent remnant effects could be attributed to the
use of seedlings in the garden experiment rather than seeds. The reduced fitness seen in
my experiment during germination and the initial stages of growth would have been
partially eliminated through the use of seedlings in the common garden experiment.

Population size estimates for the species in this study varied from 500 to almost
6,500 plants in the smaller remnants. These large population sizes may be expected

given that each species in this study was chosen because it was a common species within
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the remnants. The potential for clonal reproduction in some species and unknown genetic
structure of these populations makes it possible that a large number of individuals in
these populations were closely related. Given the apparently large population sizes, it is
even more important that reduced fitness was observed.

The large remnant used in this study, a 11 kilometer long narrow band of prairie,
may have been suffering from edge effects. Given the narrow width of the fragment, it
would likely all be considered edge with no interior habitat. Edge effects consist of
changes in soil moisture, humidity, light, temperature, and wind (Noss and Cooperrider,
1994; Camargo and Kapos, 1995; Gehlhausen et al., 2000). In the case of the HW45
remnant, which was bordered by a railroad and a county highway, the site may have been
exposed to increased pollution levels as well. Reproductive effort could also be wasted
along the edge where habitat is unsuitable for seeds which disperse into the surrounding
matrix. It is possible that the large remnant in this study was not large enough and was
not a suitable comparison to truly assess the impacts of fragmentation. Percent
germination was reduced in Pycnanthemum virginianum in the larger HW45 remnant as
compared to the smaller remnants. This could suggest that there may also be negative
fitness consequences associated with the large remnant in this study.

The long and narrow nature of the HW45 prairie may have restricted gene flow
and effectively fragmented the local populations. Unfortunately, no large tracts of
tallgrass prairie exist within the study area and the approximately 270 hectare linear
remnant was the only large prairie remnant available for comparison. Given the potential
for the large remnant in this study to be affected by fragmentation, these results may be

conservative estimates of the impacts of fragmentation.
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Conclusions

Four out of five common prairie species in this study exhibited at least two
measure of reduced fitness in a small remnant compared to a large remnant. The use of
multiple measures of both maternal and seedling fitness allowed the detection of
differences as fitness measures did not all respond similarly. The reduction in fitness in
small remnants is surprising given that these species existed in populations of 500 to
6,500 plants. These results suggest that while these species are in no immediate danger
of decline, there is reason for concern for the long term health of their populations. Since
common species comprise the matrix of the community in most cases, a change in
population viability for those species may affect the community as a whole. Land and
resource managers must take steps to insure the health of common, as well as rare species
in small isolated populations. This may include steps such as the introduction of new
genetic material (seeds, plants, pollen) into the small populations. Neither threatened not
common species appear to be immune to the effects of fragmentation. As habitat
fragmentation continues around the world, this supports the need for additional research
into common species in other habitats and the development of long-term monitoring

programs for common as well as rare species.
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