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Abstract:

Plant phenology encompasses the study of periodic events in biological life cycles of plants and the
influence of seasonal changes, climate, temperature and other environmental factors on these events.

In order to understand the role of the environment and the changing climate on the life cycle of plants,
data suggesting long term trends are required as a baseline to compare against future changes. This
study aims to analyze the spatial flowering pattern of the plant species -Bombax ceiba, Butea
monosperma and Cassia fistula across India, through images uploaded on public media repositories like
citizen science portals and social media. Citizen science is rapidly emerging as a reliable source of
supplementary scientific information, and can be utilized to understand broad patterns of tree behavior.
We found that for all three species, flowering phenology is longer, and begins earlier in southern
latitudes as compared to the northern latitudes. We conclude that publicly available images of flowering

trees are a good source to supplement baseline data on tree phenology across India.
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Introduction:

Phenology is the study of the timing of the specific life history events of a species, particularly in relation
to cyclic seasonal changes'™ . This timing is an important factor in plant reproductive cycles and hence
important to the population dynamics and persistence of a species'”. Phenological events in mature plants
include leaf-emergence, flowering, vegetative growth, fruiting, and leaf fall*. Plant phenology is linked to
the life history patterns of secondary consumers that feed on these species as well as their interactions
with each other'”. Environmental variables such as temperature and precipitation have been shown to
influence plant phenology®™®, and the same species may also show variable phenology depending on
spatial factors such as latitude and altitude’. Increasing variability in temperature and precipitation due to
global-warming induced climate change can also affect plant phenology, typically observed as changes in
the onset of a phenophase from a historical baseline'®"*. Climate change impacts on plant phenology are
better-studied in temperate regions - where plants respond to lengthening growing seasons through
advancing vegetative and reproductive phenology such as budburst and flowering'®'*. In recent years, due
to climate change, seasonal climatic variations have begun to differ from their normal patterns®. This

could cause variations in the flowering dates”"?

and reproductive cycles of many tree species which could
in turn affect a whole host of animal species that depend on these trees to provide food and habitats.
Consequently, changes in plant-pollinator relationships — where change in the timing of cyclic life events
could lead to phenological mismatch- can negatively impact the interacting species’. For example, early
onset of flowering in the pan-Asian tuberous plant species Corydalis ambigua is associated with a
lowered rate of pollination by bumblebees and therefore in lower seed production®. Thus knowledge of

the phenology of a species is important as it can be used to predict how the species may respond to

climate change and the larger ecological implications at an ecosystem level.


https://doi.org/10.1101/2023.08.18.553809
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.18.553809; this version posted August 23, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-ND 4.0 International license.

India has a very wide variation in latitudes, extending between 8°4’N and 37°6’S and the climate varies
accordingly — with very little temperature seasonality in the south and high temperature seasonality in the
north, west and eastern regions of the country'”. A large part of the Indian subcontinent is thus
dominated by widespread tropical species. We hypothesise that species with ranges spread across
latitudes, will show variable phenological behaviour as one can expect that the optimal temperature, and
other environmental conditions such as day-length and precipitation, affecting phenology in these species
would also vary considerably with latitude. The changes in the timing of vegetative and reproductive

phenology in tropical tree species is poorly understood due to lack of historical documentation.

Information on species-level phenology is often difficult to find outside of regional floras and other
technical sources. Ideally, population-level replicates of species should be considered for such analyses.
However, in the absence of intensively sampled data, one can derive information from large online public
repositories of species images'® or from citizen science projects such as SeasonWatch'”. SeasonWatch is a
pan-india project monitoring the phenology of common tropical tree species wherein, citizen scientists
make quantitative assessment of tree phenophases on a weekly

basis, observing registered trees again and again with the aim of understanding long-term changes in tree

seasonality'”.

In this study, we explore the effect of latitude on the flowering phenology of three wide-ranging tree
species Bombax ceiba, Butea monosperma, and Cassia fistula. Bombax ceiba (Red Silk Cotton tree),

belonging to the family Malvaceae, is a large deciduous tree, easily identifiable by its spiny bark and

large pentamerous red flowers. The tree typically blooms before the onset of summer and attracts a large
diversity of pollinators such as birds, mammals and invertebrates'®. Butea monosperma (Flame
of-the-Forest tree), belonging to the family Fabaceae, is found in dry-deciduous, seasonal forest habitats of
India. The bright red flowers of Butea monosperma are frequented by as many as seven species of birds,
belonging to six families and one species in particular, the purple sunbird (Nectarinia asiatica), is an
effective pollinator'®. Cassia fistula (Indian Laburnum tree), also a Fabaceae member, has a wide
geographical range, is native to the Indian subcontinent, and produces bright yellow flowers in large,
pendulous inflorescences. All three species find use in local cuisine, medicine, and cultural practices, and

because of their bright, showy flowers are likely to be identified accurately, observed frequently, and
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documented widely in media repositories and citizen science. We used two data sources for understanding
phenological patterns of these three species: 1) images of flowering trees available publicly on social
media and other image repositories, and 2) phenology information submitted by citizen scientists to
SeasonWatch. We expected latitudinal patterns in flowering to be discernible in both datasets, with the date
of observation showing correlation with the latitude at which the phenophase was observed. We expected
patterns observed through one-time phenological observations (images) to be supplemented long-term

repeated observations from SeasonWatch to infer advantages of either method in assessing tree phenology.

Methods:

In the first data source (dataset 1 hereon) - we collated images uploaded for Bombax ceiba, Butea
monosperma and Cassia fistula on social media platforms (Facebook, Twitter, Instagram); image-based
citizen science portals (Indian Biodiversity Portal, iNaturalist), and digital photo repositories (Flickr)
between 1 January 2018 and 30 November 2021. All these platforms allow contributors to provide metadata
on species ID, location and date of observation of a photograph. Images were searched

through keywords such as scientific and common names of the species in English and other Indian
languages, and through hashtags where appropriate. Images which included accurately identified plants with
recognisable phenophases, and had reliable metadata such as the date of observation/image, and location
were considered appropriate for the assessment of the relationship between tree phenology and latitude. We
noted the presence of 4 phenophases - young leaves, mature leaves, unripe fruits and ripe fruits, in addition
to the presence of 2 stages of flowers - buds and open flowers. Only images with the two flowering
phenophases were considered for further assessment. We found 276 images of Bombax ceiba, 350 images of
Butea monosperma, and 247 images of Cassia fistula in which the flowering phenology was clearly
identifiable. We assessed flowering patterns visually by plotting the day of the year on which an image was

taken, against the latitude of observation.

The second data source was the SeasonWatch database'® which was queried for the three species of
interest. Citizen scientists register trees with the project and record phenophases (same as in dataset 1) as
‘none’, ’few’, or ‘many’ based on the proportion of the tree canopy covered by the phenophase. We

assessed flowering visually by plotting the day of the year on which an observation of ‘many’ flowers was
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made (indicating peak flowering), against the latitude of the observation. While both datasets allow for
looking at latitudinal patterns in flowering, SeasonWatch data additionally allows for observing flowering
patterns across the same individuals over time. We used repeated observations from 762 Bombax ceiba,
371 Butea monosperma, and 3329 Cassia fistula trees between 1 January 2018 and 30 November 2021 in
the SeasonWatch database to assess the date of observation of flowering against the latitude of

observation.

Results:

We did not combine information from dataset 1 and SeasonWatch as the raw information was collected
in a non-comparable way (i.e. image and quantity of phenophase). In dataset 1, images of flowering
Bombax ceiba trees appear between days 330 of the previous year and day 90 of the subsequent year,
indicating December - March as the flowering season for this species (Figure 1a). In more southern
latitudes (for example: 8.62°N-16.7°N) flowering trees were photographed from December - February
while in more northern latitudes flowering trees were photographed in February-March, sometimes
extending till May (Figure 1a). More continuous data from SeasonWatch indicates that at lower latitudes
a few trees may be flowering throughout the year, while at latitudes above 9 degrees, most trees flowered
between the 300th day of one year and the 150th day of the next (Figure 2a). A slightly more
pronounced effect of latitude is seen for flowering in dataset 1 Butea monosperma, with most images
appearing across latitudes between December (day 350) and March (day 90), sometimes extending till
April or May (Figure 1b). SeasonWatch data indicate that trees have shown ‘many’ flowers as early as
mid-year in latitudes below 13 degrees, but in more northern latitudes peak flowering occurred within
the first 100 days of the year (Figure 2b). Images of flowering Cassia fistula trees occurred in dataset 1
almost throughout the year. Most images of flowering C. fistula trees across the 3.5 years were taken
between the 50th and 200th day of the year (i.e. between end-February and July, Figure 1c). In
SeasonWatch dataset, C. fistula trees were observed to flower almost throughout the year between 8- and

13-degrees N latitude, while flowering peaked more seasonally at higher latitudes (Figure 2c).

Discussion:

Across both datasets, flowering in B. ceiba and B. monosperma appears to be less variable than that in C.

fistula. On comparing the patterns from the two datasets, we infer that continued monitoring of individual
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trees allows for a better understanding of the flowering season of trees across latitudes - as individual-level
variation is better captured through repeated observations. We do not have adequate understanding of what
environmental factors could be driving phenological variation in these species across latitudes from this
study alone, and speculate that as seen in other species, temperature and precipitation may be key drivers.
If these species have a temperature threshold that triggers flowering then one could expect the flowering

season to increase in duration across latitudes over the next few years as global temperatures increase”.

Images in dataset 1 are, at best, one-time snapshot samples of single individuals and may not represent the
entire variation in the phenological behaviour of the study species. Therefore, dataset 1, may have lower
utility in understanding future changes in tree phenology with changing climate as compared to
SeasonWatch data that has multiple observations of species in the same locations over time. We conclude
that both approaches to observe tree phenology can be used to supplement existing phenological
information on the species, or to arrive at the baseline patterns of phenology to aid in designing sampling

strategies for future studies.
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FIGURE LEGENDS:

Figure 1: Phenology patterns from dataset 1 - date of upload of images of a flowering tree of a) Bombax
ceiba, b) Butea monosperma, and c) Cassia fistula, against latitude at which the image was taken.

Figure 2: Phenology patterns from SeasonWatch - date of observation of a tree in peak flowering of a)
Bombax ceiba, b) Butea monosperma, and c) Cassia fistula, against latitude at which the observation was
made.
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