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Introduction
It is well established that climate change is causing shifts in

environmental conditions, but the extent of the effects of this
change on plants is unknown. Increasing temperatures have had a
significant influence on flowering plants in North America (Lee et
al., 2022). Identifying morphological features of local flora that
can be used to gauge their reproductive health will help to evaluate
future impacts of climate change. This project builds upon
previous research to assess the predictive power of two functional
traits on the fitness of three species of sunflowers (Helianthus
grosseserratus, H. maximiliani, and H. giganteus). We used mixed
effects models to assess the influence of leaf water and chlorophyll
content on annual fitness. We hypothesized:
1. Leaf water and leaf chlorophyll content would have a

significant, positive relationship with fitness.
2. Leaf water and chlorophyll content would account for

less than 40% of the variation.

Two common gardens in Eau Claire were used for this study, 
both owned by Xcel Energy. The first site is in a forested area near 
a road and the second is in a neighborhood in a small open 
grassland. Both gardens were planted in 2020 with 250 plants each 
across 3 species (H. giganteus, H. grosseserratus, and H. 
maximiliani). From 2020 – 2023, one leaf was collected per plant 
in mid-July. Flower heads were bagged throughout the summer to 
capture seeds and were collected at the end of the growing season, 
and the number of viable seeds was counted under a dissecting 
microscope.

The chlorophyll levels of each leaf were measured three times 
using a SPAD meter and averaged to estimate each plant’s 
chlorophyll content. Leaf fresh mass and dry mass were measured 

and used to calculate leaf water content (
ி௥௘௦௛ ௐ௘௜௚௛௧ ି஽௥௬ ௐ௘௜௚௛௧

ி௥௘௦௛ ௐ௘௜௚௛௧
). 

Fitness was estimated from the number of viable seeds per flower 
head and total number of flower heads produced per 
plant. Mixed-effects models were used to analyze the 
relationships between leaf traits and annual fitness, with random 
effects for species and year.
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Figure 1. The relationships between fitness and (A) leaf water content and 
(B) leaf chlorophyll content. Fitness increased with increased leaf water 
content (p = 0.002, linear mixed effects model) and increased chlorophyll 
content (p = 0.001, linear mixed effects model). Colors represent different 
species.

Our results support our hypothesis that there is a positive
relationship between leaf water content (p = 0.002) and leaf
chlorophyll content (p = 0.0001) with fitness. Our results also
support our hypothesis that leaf water content and chlorophyll
content account for a small portion of variation in fitness, as these
factors accounted for 10% of the total variation (R² = 0.10).
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We found that as both leaf water content and leaf chlorophyll
content increased, reproductive output (as estimated by the
number of viable seeds produced) also increased. The results of
this study are consistent with similar findings on the relationship
between leaf chlorophyll and leaf water content to fitness (Sharma
et al., 2024; Wu et al., 2020). One study found leaf water content
was related to elevation in Parthenium hysterophorus, indicating
that leaf water content depends on environmental factors. The
results of the study also concluded leaf water content has a
positive relationship with fitness (Sharma et al., 2024). There are
not many studies looking at leaf water content in regard to fitness.
However, Wu et al. (2020) found a positive correlation between
chlorophyll concentration and fitness in Camelina sativa. Our
study corroborates these results using different methods.

This study found a positive relationship between leaf water
content and fitness; however, the results did not explain a
substantial portion of the variation. As a result, a future study
could be done to build on these results and examine this
relationship in a controlled setting. This would allow for better
understanding of the relationship between leaf water content and
fitness. Further research should be done regarding the effects of
climate change on plant reproduction. A greater understanding of
which traits are affected by different climatic factors would
improve scientific knowledge to better react to these changes as
they occur.
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