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Patterns in Flowering, Leafing-Out, and Fruit Ripening in
Eastern Redbud, Cercis canadensis Linnaeus, 1753 (Fabaceae)
Documented through the Nature’s Notebook Campaign, The
Redbud Phenology Project: 2021 to the Present!

Theresa M. Crimmins?, Jorge A. Santiago-Blay3, Samantha Brewer?,
McKinsey Tighe?, and Erin E. Posthumus?

Abstract: Herein, we present a synopsis of the current finds in our phenology study on
eastern North America redbud, Cercis canadensis. With the assistance of over 200 citizen
scientists that have been using Nature’s Notebook online platform since 2020, we can
now begin to glean broad phenological patterns of C. canadensis in the USA and Canada.
Within this region, leaf and flower buds begin to open between early April and mid-May.
Fruits are ripe from mid-July to mid-May of the following year.
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Introduction

Eastern North America redbud, Cercis canadensis Linnaeus, 1753
(Fabaceae), is a common, generally understory, short-lived (20-30 years;
Raulston 1990, Gilman et al. 2019), deciduous forest tree (Adkins et al. 2012,
Banner and Stein 2008, Dickson 1990, Dirr et al. 1998; Dirr and Warren 2019,
Flynn and Holder 2001, Kress 2024, Robertson 1976). Although it is not
considered a species valuable for timber, its relatively small size (typically not
exceeding 15 meters, circa 50 feet), early spring flowering, as well as numerous
varieties and cultivars has made it a valuable ornamental tree, widely distributed
in the USA and increasingly, worldwide (Dirr et al. 1998, Kidwell-Slack and
Pooler 2018). Besides its desirable ornamental qualities and economic values
(Hall and Ingram 2014, Riley et al. 2018), there is evidence that C. canadensis
serves as a source of nectar, pollen, and nesting materials to numerous insects,
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particularly bees (Koeser et al. 2022, Lovell 1961, Serrano 2005) as well as food
to mammals and birds (Anonymous, no date; Ottaviano et al. 2023) helping
sustain a complex biodiversity web (Frey 2021, Santiago-Blay et al. 2021).

The Nature’s Notebook platform (www.naturesnotebook.org), hosted by the
USA National Phenology Network (USA-NPN), is designed for use by
professional and volunteer observers, independently or as part of an organized
group (Rosemartin et al. 2014, Crimmins et al. 2020). The platform consists of
standardized observation protocols, a mobile app for data collection, an online
interface for submitting and accessing observations, and data visualization and
download tools. The USA National Phenology Network offers extensive training
materials in multiple formats, sends frequent, information-rich messages to
participants through email and social media, and customizes website content to
feature and enhance collaborators’ data collection efforts. In addition, USA-
NPN staff offer ample in-person and virtual support to new and existing
participants to recruit and retain participants in collecting data of the highest
possible quality. Over the 17 years that Nature’s Notebook has been in
existence, over 25,000 observers have submitted approximately 40 million
observations from over 18,000 sites on thousands of plant and animal taxa.
These data are used extensively in scientific studies and to support real-time
decision-making (Crimmins et al. 2022).

The USA-NPN protocols embedded in Nature’s Notebook are ‘“‘status”
protocols, meaning that participants are asked to report on the status of life cycle
stages for an individual plant or animal species each time they make an
observation and to make observations frequently over the course of the growing
season (Denny et al. 2014, Denny and Crimmins 2022). Each plant phenology
observation is composed of “yes” or “no” responses to a series of questions
pertaining to the state of a plant’s leaves, flowers, and fruits (Figure 1).

The Redbud Phenology Project
(https://www.usanpn.org/nn/campaigns/Redbud), a  Nature’s  Notebook
observing campaign, was initiated in 2021 and formally launched in 2022. The
aim of the campaign is to enable an improved understanding of when redbud
trees flower and fruit across their range, how the timing of these events is
affected by latitude and elevation, and whether the timing of these events has
advanced in recent years. The campaign is widely advertised through emails to
Nature’s Notebook participants and other volunteer networks, in-person
presentations, and through scientific publications (Brewer and Santiago-Blay
2022a, b; Posthumus et al. 2021; Posthumus and Santiago-Blay 2021; Tighe et
al. 2024). USA National Phenology Network staff and campaign leads host a
kick-off webinar each winter (December or January) to recruit new participants
and introduce them to the basics of observing. Campaign participants are
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emailed approximately every six weeks during the growing season with project
updates, data summaries, other news related to redbuds, and the human touch of
heartily felt encouragement.

Phenophase

Flowers or
flower buds

Open flowers

Fruits

Ripe fruits

Recent fruit or
seed drop

Definition

One or more fresh open or unopened flowers or flower buds are
visible on the plant. Include flower buds or inflorescences that are
swelling or expanding, but do not include those that are tightly
closed and not actively growing {dormant). Also do not include
wilted or dried flowers.

One or more open, fresh flowers are visible on the plant. Flowers
are considered "open" when the reproductive parts {male stamens
or female pistils) are visible between or within unfolded or open
flower parts {petals, floral tubes or sepals). Do not include wilted or
dried flowers.

One or more fruits are visible on the plant. For Cercis canadensis,
the fruit is a pod that changes from green to purplish to dark
brown and, over time, splits open to expose the seeds. Do not
include empty pods that have already dropped all of their seeds.

One or more ripe fruits are visible on the plant. For Cercis
canadensis, a fruit is considered ripe when it has turned dark
brown. Do not include empty pods that have already dropped all of
their seeds.

One or more mature fruits or seeds have dropped or been removed
from the plant since your last visit. Do not include obviously
immature fruits that have dropped before ripening, such asin a
heavy rain or wind, or empty fruits that had long ago dropped all
of their seeds but remained on the plant.

Photo (click to
enlarge)

Figure 1. Status protocol for observing Eastern redbud in Nature’s Notebook, available at
https:/www.usanpn.org/nn/campaigns/Redbud .

Here, we provide a summary of the observations contributed by Nature’s
Notebook participants on redbud leaf-out, flowering, and fruiting phenology.
These findings are valuable for characterizing the general timing of these events
in redbud across the species’ range. As well, this information provides a critical
foundation for increasing understanding of the climate factors that cue these
events and in determining whether the timing of these events is shifting in
response to changing climate conditions, as is occurring with so many plant
species around the globe.
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Results

The Redbud Phenology Campaign has led to a dramatic increase in the number
of observation sites and observations reported to Nature’s Notebook (Figures 2,
3). Since the initiation of a redbud-focused Nature’s Notebook project in 2021,
the number of sites and the number of phenological reports submitted have more
than doubled. Prior to the project launch, between 30 and 80 sites reported on
redbud phenology; following project launch, this number rose from 120 to over
220 sites (Figure 2).
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Figure 2. Sites reporting redbud phenological status in Nature’s Notebook, 2009-2024.

The increase in phenological reports submitted to Nature’s Notebook
enables a richer examination of the spatial and temporal patterns in activity in
this tree. Below, we summarize the leafing-out, flowering, and fruit ripening
patterns collected through Nature’s Notebook for eastern redbud, C. canadensis,
since 2021.
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Figure 3. Status reports for “breaking leaf buds” (green), “open flowers” (pink), and “ripe
fruits” (brown) submitted to Nature’s Notebook for eastern redbud, 2009-2024.

Flowering

In general, trees at lower latitudes flower earlier in the year than those at
higher latitudes (Figure 4). Similar to breaking leaf buds, the period when “open
flowers” are reported varies from year to year (Figure 5); in recent years, reports
have been concentrated between day of year 100 (April 9) and 140 (May 19).
The interannual variability in the timing of flowering is reflected in Figure 6,
which shows the proportion of “yes” reports for “open flowers” in the four most
recent years. Peak date was notably later in 2022 than in 2021 and 2023.
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Figure 4. Day of year “open flowers” were first reported for redbud trees observed using
Nature’s Notebook, 2021-2024.
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Figure 5. Phenophase status reports for “open flowers” in redbuds reported to Nature’s
Notebook, 2009-2024. Blue = “yes” reports, grey = “no” reports, orange = “not sure”
reports.
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Figure 6. Proportion of “yes” reports for “open flowers” in eastern redbud, 2021 (blue),
2022 (orange), 2023 (green), and 2024 (red).

Breaking leaf buds

As with flowering, leaf buds break earlier in the year at lower latitudes and
later at higher latitudes (Figure 7). The period when breaking leaf buds are
reported varies from year to year (Figure 8); in recent years, reports have been
concentrated between day of year 100 (April 9) and 140 (May 19). The
interannual variability in the date of peak leaf-out is reflected in Figure 9, which
shows the proportion of “yes” reports for “breaking leaf buds” in the four most
recent years. Peak date was notably later in 2022 than in 2021 and 2023.
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Figure 7. Day of year “breaking leaf buds” were first reported for redbud trees observed
using Nature’s Notebook, 2021-2024.
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Figure 8. Phenophase status reports for “breaking leaf buds” in redbuds reported to
Nature’s Notebook, 2009-2024. Blue = “yes” reports, grey = “no” reports, orange = “not
sure” reports.
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Figure 9. Proportion of “yes” reports for “breaking leaf buds” in eastern redbud, 2021
(blue), 2022 (orange), 2023 (green), and 2024 (red).

Ripe fruits

The dates ripe fruits are reported do not follow as clear of a latitudinal
pattern as leaf-out and flowering (Figure 10). The period when breaking leaf
buds are reported varies from year to year (Figure 11); in recent years, reports
have been concentrated between day of year 240 (August 27) and 320
(November 15). The interannual variability in the timing of ripe fruits is
reflected in Figure 12, which shows the proportion of “yes” reports for “ripe
fruits” in the four most recent years. While the onset of fruit ripening does not
show clear temporal variation among years (Figure 11), a larger proportion of
individual trees exhibiting ripe fruits were reported earlier in 2021 than 2022
and 2023 (Figure 12). In many years, ripe fruits have been reported well into
December (Figures 11, 12). Redbud trees retain seed pods well into the
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following spring. Nature’s Notebook observers are advised to keep reporting
“yes” to “ripe fruits” as long as they can feel seeds within the seed pods.
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Figure 10. Day of year “ripe fruits” were first reported for redbud trees observed using
Nature’s Notebook, 2021-2024.
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Figure 11. Phenophase status reports for “ripe fruits” in redbuds reported to Nature’s
Notebook, 2009-2024. Blue = “yes” reports, grey = “no” reports, orange = “not sure”
reports.
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Figure 12. Proportion of “yes” reports for “ripe fruits” in eastern redbud, 2021 (blue),
2022 (orange), 2023 (green), and 2024 (red).

Discussion

This report characterizes spatial and temporal patterns in leafing-out,
flowering, and fruit ripening in eastern redbud, Cercis canadensis, in the United
States. Through a Nature’s Notebook campaign coordinated by USA National
Phenology Network staff and collaborators based at Penn State York, we have
amassed over 300,000 records of the timing of activity in this tree.
These observations reveal clear patterns in the timing of leaf bud break,
flowering, and fruit ripening. Interestingly, the patterns are not wholly consistent
among the three phenophases evaluated. While flowering and leaf-out peaked
notably later in 2022 than in the other years summarized, this pattern did not
hold for the peak in ripe fruits. Rather, a larger proportion of redbud trees
exhibited ripe fruits earlier in 2021 than in the other years evaluated; the timing
of ripe fruit reports in 2022 better matched that of 2023. The earlier leaf and
flower activity observed in 2022 may be the result of the comparatively cool
spring temperatures recorded across the eastern U.S. in this year, in contrast to
quite warm and early spring conditions recorded in at least part of the tree’s
range in 2021, 2023, and 2024 (USA National Phenology Network Status of
Spring maps, 2024).
In this write-up, we have limited our analyses to characterizing general patterns.
Additional work will evaluate the influence of latitude, elevation, and other
environmental variables. Also, we plan to place these recent observations into a
longer historical context to evaluate change in the timing or abundance of
flowering or fruiting. However, this initial documentation of patterns lays an
important foundation for future analyses to determine whether the timing of
these events is being affected by changing climate conditions.
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