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Abstract

Most plants can reproduce both sexually and clonally, and the maintenance of dual strategies
remains a fundamental dilemma in evolutionary biology. Because organisms have finite
resources, investment in clonal reproduction is likely to trade off with investment in sexual
reproduction. While it is well-established that the optimal balance between strategies favoured by
natural selection depends on local environmental conditions, the fitness consequences and
evolutionary outcomes of altering reproductive strategies are less clear. The goal of this study is
to quantify selection and the fitness consequences of manipulated investment in divergent
reproductive strategies using the plant Erythranthe guttata. This predominately outcrossing
species reproduces sexually via seed and clonally via horizontal vegetative shoots called stolons.
Here, I will measure selection and fitness in a common garden in the natural environment in
California by growing lines of E. guttata that have been subjected to five generations of
divergent selection for high or low stolon number. Throughout the summer, [ will measure
components of individual fitness to estimate the strength of selection on stolon number.
Understanding the fitness consequences of differential investment in clonal reproduction will
help inform how plants within a population can shift reproductive strategies and patterns of
allocation under heterogeneous or changing environmental conditions.

Background

A central goal in evolutionary biology is to understand how organisms adapt to changing
environmental conditions. Abiotic conditions can have strong effects on life history strategies. In
plants, one of the most dramatic changes in life history strategies is observed through differential
allocation to clonal versus sexual reproduction. Vegetative clonal reproduction provides an
immediate benefit for colonization and persistence, but sexual reproduction increases genetic
variation among offspring and seeds can escape harsh conditions, both of which are favourable in
heterogeneous environments (Lei et al., 2010; Smith & Maynard-Smith, 1978). Because these
strategies are thought to compete for limited resources, investment cannot be maximized for both
clonal and sexual reproduction (Stearns, 1989). It has been demonstrated that the balance
between clonal and sexual reproduction favoured by natural selection strongly depends on local
ecological conditions (Zhang et al., 2023). That said, very few studies have investigated how
selection on reproductive traits affects fitness in nature which is crucial to understanding how
populations will respond to a rapidly changing and heterogeneous environment.

Here, I aim to quantify selection on plant reproductive strategies in natural conditions. A
challenge of quantifying selection in nature is that the pool of traits present in a natural
population is a relic of past selection (Endler, 1986). I will resolve this issue by reintroducing
plants that experienced selective breeding in a greenhouse back into their native environment.
Over five generations, plants from a single population were selected for either high or low
investment in clonal reproduction (Steinecke, 2023). By using artificial selection lines, I know
the previous targets and strength of selection (Connor, 2003). Furthermore, it would be
impossible to investigate selection on reproduction if the population does not include adequate
phenotypic variation. With artificial selection, I can create individuals that display broader
variation in reproductive traits than seen in the founding population yet using the existing
standing genetic variation (Walsh & Lynch, 2018). Returning these individuals to their natural
environment will reveal how selection on different reproductive modes affects fitness.
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Methods

To examine the fitness consequences of selection on clonal reproduction I will grow artificial
selection lines of a perennial plant, Erythranthe guttata (syn: Mimulus guttatus) in a common
garden field experiment. Erythranthe guttata is a predominantly outcrossing species that
reproduces sexually via bee-pollinated flowers and clonally via horizontal vegetative stems
called stolons. Stolons are key for perennials because they root in the soil and form
overwintering rosettes (Demarche et al., 2016; Friedman et al., 2015). In the spring, I will plant
seed from plants that have been subjected to five generations of directional selection for either
high or low stolon number (Figure 1). I will plant individuals from replicate high, low, and
control selection lines (N = 4000 plants) in Sequoia National Forest, California and monitor
plants throughout the summer. By returning plants to their native environment, I can measure
selection and fitness consequences of divergent reproductive strategies.

I will use three approaches to broadly estimate the strength and type of selection. First, I will
determine whether the high and low artificial selection groups differ in total fitness. I will use a
composite measure of fitness that incorporates sexual (e.g., flower number, flower size) and
clonal traits (e.g., stolon number, stolon length). Next, I will test whether individuals with greater
stolon investment survive longer than those with lower investment. To do this, I will record
survival throughout the summer and measure overwinter survival by returning to the field site in
the following spring and recording the presence and size of new rosettes. Finally, to explore
whether investment in clonal reproduction decreases investment in sexual reproduction, I will
test if plants that produce more stolons also tend to make fewer flowers and look for evidence of
correlational selection. In addition to measuring plant phenotypic traits, environmental data on
soil moisture, precipitation, and temperature will be collected throughout the growing season to
quantify habitat heterogeneity.

Significance

This study will employ a novel methodological approach that compares artificial selection lines
in a natural environment. Using artificial selection lines allows for fitness estimates on a broader
range of phenotypes that may not be present in the source population, and yet still uses the
existing standing genetic variation. This experimental design allows me to investigate a
longstanding yet fundamental question of how and why natural selection has maintained
variation in reproductive strategies within a single population.

Quantifying the direction and strength selection of selection on clonal reproduction in nature will
also provide valuable insight into species conservation amidst an era of rapid environmental
change. In western North America, less winter precipitation is falling as snow, and snowpack is
melting earlier in the spring, substantially reducing water available to terrestrial ecosystems
during the dry summer months (Overpeck & Udall, 2020). Such rapidly changing soil moisture
patterns are likely to impose strong natural selection for altered growth and reproduction on plant
species. Assessing the fitness consequences of altering life histories using E. guttata can inform
how populations may respond to these shifting environmental conditions.
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Description

Cost (USD)

Equipment

Tools used for common garden experiment
(soil moisture probes, plant tags, calipers,
rulers)

$200

Accommodations
Camping fees at Sequoia National Forest

$1280
($32/night X 5 nights/week X 8 weeks)

Total

$1500

Figure 1. Image contrasting Erythranthe guttata that has been selected for high stolon number
(left) and low stolon number (right). Stolons are horizontal stems that grow along the soil and

form roots.
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