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Abstract

Phenology studies the time at which events in the life cycle of a species occur sand how

they are related to environmental cues. Patterns of change in phenology at different scales

can be used as an indicator of ecosystem changes and climate change, but the data neces-

sary to detect these changes can be difficult to obtain due to their temporal and regional

dimensions. Citizen science can contribute to generate large amounts of data on phenologi-

cal changes at wide geographical scales that would be almost impossible for professional

scientists to generate, but the quality and reliability of these data are often questioned. The

objective of this study was to evaluate the use of a biodiversity observation citizen science

platform based on photographic information as a potential source of large-scale phenologi-

cal information, and to identify the key benefits and limitations of this type of information

source. We used the Naturalista photographic databases for two invasive species in a tropi-

cal region: Leonotis nepetifolia and Nicotiana glauca. The photographs were classified into

different phenophases (initial growth, immature flower, mature flower, dry fruit) by three

groups of volunteers: a group of experts, a trained group with information on the biology and

phenology of both species, and an untrained group. The degree of reliability of the phenolog-

ical classifications was estimated for each group of volunteers and each phenophase. The

degree of reliability of the phenological classification of the untrained group was generally

very low for all phenophases. The group of trained volunteers showed accuracy levels for

the reproductive phenophases that equaled the degree of reliability among the expert

group, regardless of species, and was consistent across phenophases. We conclude that

volunteer classification of photographic information contained in biodiversity observation
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Autónoma de México) and a Consejo Nacional de

Ciencia y Tecnologı́a scholarship. GEF 00089333

project “Enhancing National Capacities to manage

Invasive Alien Species (IAS) by implementing the

https://orcid.org/0000-0002-5812-2524
https://orcid.org/0000-0002-3330-2692
https://orcid.org/0000-0002-1248-2516
https://doi.org/10.1371/journal.pone.0282750
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282750&domain=pdf&date_stamp=2023-03-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282750&domain=pdf&date_stamp=2023-03-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282750&domain=pdf&date_stamp=2023-03-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282750&domain=pdf&date_stamp=2023-03-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282750&domain=pdf&date_stamp=2023-03-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282750&domain=pdf&date_stamp=2023-03-07
https://doi.org/10.1371/journal.pone.0282750
https://doi.org/10.1371/journal.pone.0282750
http://creativecommons.org/licenses/by/4.0/


platforms can provide phenological information with high geographic coverage and an

increasing temporal coverage on general phenological patterns of species with wide distri-

butions but has limited applicability in the identification of exact start and end dates. and

peaks of the different phenophases.

Introduction

Phenology as a science and its application

Phenological responses have a genetic component such that there is an ecological fit between

plant development and environmental conditions. These external cues cause phenophases of

coexisting individuals to respond more or less synchronously to environmental conditions [1–

3]. The close environment-development response has allowed for the use of phenological data

to describe the synchronization of ecological interactions [4], determine the structure of plant

communities [5,6], assess the dynamics of nutrient uptake and CO2 levels and other gases at the

ecosystem level [7,8], and optimize agricultural and horticultural strategies [9–11], among oth-

ers. In addition, the sensitivity of some phenophases to environmental temperature has made

phenology an effective tool for monitoring the impacts of global climate change (GCC) on

plants and animals [12]. For example, changes in growing season patterns [13], as well as shifts

in flowering and fruit production [14] in recent decades have been detected and correlated with

environmental changes attributed to GCC. These changes have in turn had repercussions on

ecological components [4], agricultural practices [11,15,16], and ecosystem goods and services

[17–19]. Nonetheless, using phenological at a regional or global scale involves large amounts of

quantitative and standardized data on phenological attributes coming from a wide spatial and

temporal window, as well as time series of an established association between phenological

response and environmental variables, usually accessible by national meteorological services.

Many phenological studies are based on measurements from a sample of individuals within

a population or community [20]. This type of research generates detailed and precise data on

the timing and intensity of phenophases and their association with environmental require-

ments in a population or a small geographic area, but intrinsic limitations in terms of number

of species, selected methodology, and the geographic and temporal dimensions significantly

restrict or make impossible potential extrapolation of phenological response patterns to envi-

ronmental variations throughout an entire distribution range [7,20,21].

In order to identify patterns of phenological change at regional or global scales, or assess

phenological changes in species with a wide spatial distribution and environmental tolerance,

phenological monitoring can be carried out using lower resolution but high coverage data as

input. That is, using large amounts of data from a wide geographical range, over several years,

and not restricted by complex experimental designs nor controlled or monitored micro-envi-

ronmental variables. For example, components from the phenology of communities or ecosys-

tems can be measured using remote sensing data (e.g. aerial photographs or satellite images

[22], and the phenology at regional or higher scales of particular species that cannot be studied

using remote sensing methods, could be studies using herbarium records, or through collabo-

rations with networks of non-expert volunteers who make nature observations or monitor the

phenological stages of plants and animals at national or regional levels [20,23,24].

Citizen science as an input for phenological studies

Although there is no single definition of citizen science, this term is used to refer to projects

that include the participation of non-expert volunteers in the generation and/or analysis of
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information that contributes to scientific progress [25,26]. This activity allows gathering and

analyzing data with a broad temporal and geographic scope, which would otherwise be impos-

sible or cost restrictive. For this reason, data and sampling citizen science protocols have been

to study bird diversity patterns [27], abundance and distribution of tree species [28], assess-

ment of anthropogenic impact on natural communities [29], environmental monitoring [30],

and even for the classification of stars [31]. Phenological studies have used citizen data through

the National Phenology Network (NPN) portal (https://www.usanpn.org/), a platform that

brings together phenological data recorded by both citizen scientists and experts, some of

which has led to peer-reviewed publications ranging from phenological descriptions of a spe-

cies [32] to proposals for the control of invasive species [33], and models of phenological

response to climate change scenarios [34] (see https://www.usanpn.org/publications for a list

of articles generated using NPN data).

Although phenological data are one of the indicators used in Global Climate Change

(GCC) assessments, most countries do not have a unified platform to gather phenological

information. The NPN-USA is one of the few platforms that collects, stores, and shares

national-level phenological information for more than 1,300 species, including data on pres-

ence/absence and intensity of different phenophases [35]. Since 2007, this platform has estab-

lished a general monitoring approach to phenology, with monitoring protocols for plants,

insects, fish, amphibians and reptiles, and birds and mammals. The plant protocol distin-

guishes 24 phenophases, which may or may not be present in any of the 11 groups in which

these organisms are classified [35]. For the recording of observations, the system provides stan-

dardized formats in which the presence/absence of each phenophase and the number of struc-

tures of interest in each phenophase (for example, from 3 to 10 flowers) or the proportion of

the individual that presents each phenophase of interest (for example, 5–24% of the plant with

leaves changing color) is recorded, but it does not require the registration of visual evidence

such as photographs. To increase the quality of the data obtained, the program has informative

and illustrated material on botanical principles and definition of phenophases [35]. In Europe,

the Pan-European Phenology Project (PEP725) brings together and standardizes phenological

data that have been collected by European phenology networks over the years and makes them

freely available in a single unified database. In this project, each collaborating phenology net-

work collects data (through volunteers such as PhenoWatch and the Swedish National Phenol-

ogy Network) under established guidelines, which are then curated by a PEP725 committee.

This project contains data from more than six decades, 265 species and 46 phenophases that

follow the BBCH scale [36]. In India, the SeasonWatch citizen science project has promoted

the phenological monitoring of eight vegetative and reproductive phenophases of more than

130 common Indian species since 2010. This project allows users to record, on a weekly basis,

the presence and abundance of leaves, flowers, and fruits in different phenological stages, with

the help of illustrated resources (https://www.seasonwatch.in).

Apart from the citizen science networks designed to gather phenological data, scientists

have access to other sources to extract phenological information. Biodiversity observation plat-

forms such as iNaturalist and the associated partners sites in different countries, such as Natur-

alista in Mexico, include photographic documentation with a geolocation, which helps relate

geographic and temporal data and presence of species. This data has contributed to the genera-

tion of animal and plant species distributions [37–40], but the derived information as an input

for phenological information has rarely been assessed [but see 25,42]. Although this platform

has the option of recording phenological annotations for observations, that is, indicating the

phenophase of the registered organism, these annotations are rarely made. For example, in

Naturalista, which is the collaborative platform between the National Commission for the

Knowledge and Use of Biodiversity (CONABIO) in Mexico and iNaturalist, few records for
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Mexico have phenological annotations (data obtained from naturalista.mx), perhaps due to a

lack of obligation to record this information, or lack of interest or knowledge about phenologi-

cal recording. Although these platforms are not explicitly aimed at generating data on phenol-

ogy, by including photographs they provide a very useful visual verification resource for

researchers that allows for since it allows corroboration of the species identity, the pheno-

phases that occur, and the state of cultivation, which is often a problem with citizen science

observations without photographic records [24,41].

The aim of this study was to use Naturalista, a biodiversity observation platform with photo-

graphic resources, as an input of phenological information at a national scale in Mexico to evaluate

the benefits and limitations of this information source in the generation of phenological informa-

tion in a wide geographical area. Since some of these platforms are not specifically designed to cap-

ture phenological data, one of the specific goals was to propose a methodology to reliably obtain

and classify phenological information from photographic records of species presence, with the

participation of citizen scientists. We assessed whether the quality of phenological classification by

volunteers or citizen scientists changed after a brief but concise training on basic biology and phe-

nology, and compared the level of agreement in phenological classification among groups of

expert scientists, non-expert volunteers with training, and non-expert volunteers without training.

Methods

This study was conducted using three components: (1) a photographic database of the Natura-

lista digital platform (https://www.naturalista.mx/), where photographs were classified accord-

ing to the phenological phases they represented; (2) a group of five ecologists who have field

experience with the studied species (hereafter referred to as a group of experts), who defined

the classification criteria for the photographic records—the phenophases—characteristics of

eachphase, and possible ratings; and (3) a group of 49 citizen scientists (hereafter called volun-

teers) who were divided into two groups: with and without training, for the subsequent classifi-

cation of the photographs.

Two species of invasive plants in Mexico were used to develop the proposed methodology

and identify the potential difficulties with it (Fig 1). Since the methodology focused on generat-

ing phenological data at a regional or larger scale, we select species that have a wide distribu-

tion, and a large number of records to evaluate phenological information over one year.

Invasive species, although they are not the only species that have these characteristics, nor are

they necessarily the species with the highest number of observations in Naturalista (www.

naturalista.mx), provide good case studies because, they offer large amounts of data over a

large geographical area. The presence of clear phenological phases was an important criterion,

so the selected invasive species had conspicuous reproductive and vegetative structures (i.e.,
with considerable size as well as a vibrant color and shape easily distinguished from the rest of

the plant). Two species that fulfilled the above criteria were selected for the study: Leonotis
nepetifolia (L.) R. Brown (1,234 records) and Nicotiana glauca Graham (1,583 records). For

both species, four easily identifiable phenological stages were defined: (1) initial growth, which

corresponds to the presence of leaf buds and young leaves identified by their shape, size, and

color; (2) immature flower, which corresponds to flower buds; (3) mature flower, which

includes flowers with and unfolded corolla; and (4) dry fruits.

Once the phenophases were selected, the group of experts designed an informative guide

with the main characteristics of the plant structures that define each phenophase for each spe-

cies, detailing the specific structures to be identified in each phenophase and the scoring proto-

col. Not all phenophases and structures were easily identifiable through photographs. For

example, for L. nepetifolia, the immature fruit remains within one of the bracteoles that are
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grouped in globose verticils; but it can be difficult to distinguish when an apparently empty

bracteole corresponds to the early stages of a flower bud and when it corresponds to an imma-

ture fruit. For that reason, we suppressed the phenophases "immature fruit" and "mature fruit"

and only used "dry fruit", which in both species is easily identifiable by its change in coloration

from green to brown.

The illustrated guide was used to train a subgroup of volunteers, hereafter referred to as

trained volunteers. The volunteers were asked to classify the photographs, with sessions lasting

approximately 30 minutes per species. During each session, the chosen vegetative and repro-

ductive structures were described and the structures to be scored clearly explained. At the end

of each session, the group of experts scored a sample of 30 records of the select species with the

help of the volunteers. This random sample corresponded to 3% of the total records for each

species. Each trained volunteer was provided with the illustrated guide for later consultation

and a set of post-training photographs that they classified without assistance to identify possi-

ble errors or omissions during the training session. The training session was complemented by

an additional session dedicated to questions by volunteers. The subgroup of volunteers with-

out training did not receive any information nor material.

On the Naturalista platform, when a user registers an observation, it may consist of one or

more photographs with the same georeference and date assigned (Fig 2). For the proposes of

this paper, the unit of observation was the record, not the individual photographs. The data

with the total number of observations of each species available for Mexico (up to July 19, 2020)

were downloaded from the Naturalista website (www.Naturalista.mx), Leonotis nepetifolia
(1,234 records) and Nicotiana glauca (1,583 records), and randomly assigned into 29 sub-

groups of similar size, hereafter databases.

Fig 1. Flowchart followed to generate the phenology of species from records of iNaturalist.

https://doi.org/10.1371/journal.pone.0282750.g001
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Each database had a set of approximately 30 to 50 observations. Each observation consisted

of a URL link that redirected the rater to the observation on the website (Fig 2) as well as fixed

fields that could be scored by the volunteers, and that corresponded to each phenophase. Each

observation had date and geographical information as well as information about observer. In

addition to the phenophases to be scored, a field defined as "Whole plant" was included to

identify whether the observation was made on a whole individual or on a section of an individ-

ual. Volunteers were also asked to record the time taken to score each database. Phenophases

could be rated with one of three ratings, "Yes” (Y), "No” (N), and "Don’t know" (Dk), but each

observation could have more than one phenophase at the same time. "Yes" and "No" ratings

correspond to whether the phenophase is distinguishable or not in the observed photographic

record while "Don’t know" was used in cases where the observed photograph(s) was unclear,

did not correspond to the species of interest, or was clearly a cultivated individual (e.g., in a

pot).

Each volunteer was assigned at least three different databases (30 to 50 records per data-

base), to ensure that each observation was independently reviewed and scored by three trained

and three untrained volunteers. In addition, the expert group rated a total of three L. nepetifo-
lia databases (84 records) and four N. glauca databases (214 records). The groups of trained

Fig 2. Two views of observations reviewed by volunteers on the Naturalista website. A record of each species used

in this study, Leonotis nepetifolia (top) and Nicotiana glauca (bottom), is shown. The N. glauca observation is

composed of two photographs, marked on the image with a blue box. The photograph of L. nepetifolia shows the

phenophases of new growth, immature flower, mature flower, and dried fruit. The photograph of N. glauca shows the

immature flower, mature flower, and dried fruit phenophases.

https://doi.org/10.1371/journal.pone.0282750.g002
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and untrained volunteers were different for each species to avoid a possible bias due to learn-

ing experience. In total, each rater scored three databases, except for L. nepetifolia reviewers

without training, who were assigned five databases per rater.

Statistical analysis

The level of agreement was calculated by group of raters (experts, trained volunteers, and

untrained volunteers) and by phenophase, for each species, using Fleiss’ Kappa index (K) [42].

This index measures the degree of agreement between n raters considering all the categories in

which it can be classified, in this case S, N, Dk, and considering that the identity of the raters

may be different for different study subjects, in this case, photographic records. The "irr" pack-

age version 0.84.1 [43] was used to calculate the index and its statistical significance by means

of a two-tailed z-test. To estimate whether the level of inter-rater agreement differed between

groups, for each phenophase a x2
equals k0s, test was performed, which is a test originally proposed

to evaluate differences between Kappa indices. If significant differences were found between

groups of raters, two-tailed z-tests were performed per rater group pair [44], for which the

standard error of the mean obtained by bootstrapping with 1,000 random resamples was used

[45]. Additionally, the distributions of the K-index frequencies for each group were analyzed

by bootstrapping, and the results were compared to what was found by the x2
equals k0s, tests (S1–

S4 Figs). Generalized linear models with a binomial distribution and logarithmic link function

[46] were used to explore the relationship between the proportion of observations rated as Dk

as the dependent variable, and the rating group, the species rated and the interaction between

the latter two factors as independent variables. The species factor was considered to determine

whether the ease or difficulty of the volunteers in classifying phenophases is independent of

the species if species with clear phenophases are considered. The model chosen, following a

backward selection, retained only the components that were significant. Subsequently, Tukey

tests were performed for multiple contrasts using version 1.4–19 of the “multcomp” package

[47]. All computations and data analyses were performed using R 4.0.0 [48], with evaluations

of statistical significance made at α = 0.05.

Results

Classification of photographic records and comparison between trained

and untrained groups of volunteers

The results were based on the classifications made by 24 trained volunteers, 25 untrained vol-

unteers and five experts. Of the trained group, the 24 volunteers classified 1,014 observations

of L. nepetifolia and 23 classified 1,044 observations of N. glauca. The observations were there-

fore evaluated independently three times by three groups (nine independent raters per obser-

vation). Eleven volunteers from the untrained group classified 811 records of L. nepetifolia and

14 classified 433 observations of N. glauca. The five experts participated in classifying 84 obser-

vations of L. nepetifolia and four of them were involved in classifying 214 observations of N.

glauca (S1 Appendix).

The proportion of observations scored as Dk varied between rater groups (χ2 = 179.408,

1.35, df = 3, p< 0.001) (S2 Appendix). Neither the species nor the species-group interaction

was significant, i.e., the untrained volunteer group rated photographs as Dk in a higher pro-

portion, and the expert group in lower proportion, regardless of species. Neither species nor

the species-group interaction was retained in the generalized linear model chosen to explain

the proportion of records scored as Dk. The expert group rated observations as Dk in the low-

est proportion (16% of observations, z = -11.790, p< 0.001), followed by the trained group
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(28%, z = 3.245, p< 0.001), while the untrained group had the highest incidence of classifying

observations as Dk (60%, z = 8.094, p< 0.001) (Fig 3).

The degree of agreement in the classification of observations varied by phenophase and

rater group. For both species, the untrained groups had a very low rate of agreement in identi-

fying new growth (L. nepetifolia: K = 0.253, z = 7.59, p< 0.001; N. glauca: K = -0.293, z = -7.99,

p< 0.001). In contrast, for the reproductive phenophases (immature flower, mature flower

Fig 3. Proportion of records classified as DK (Don’t know) (± CI 95%) for each rater group. According to multiple contrasts by Tukey tests, all rater

groups are different.

https://doi.org/10.1371/journal.pone.0282750.g003
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and dry fruit) of N. glauca, the untrained group had a relatively high level of agreement (imma-

ture flower: K = 0.674, z = 16.6, p< 0.001; mature flower: K = 0.597, z = 14.7, p< 0.001; dry

fruit: K = 0.569, z = 14, p< 0.001), although not as high as the trained group (immature flower:

K = 0.782, z = 37.5, p< 0.001; mature flower: K = 0.909, z = 43.6, p< 0.001, dry fruit:

K = 0.603, z = 28.9, p< 0.001) or the expert group (immature flower: K = 0.885, z = 20, p = <

0.001; mature flower: K = 0.960, z = 21.9, p< 0.001, dry fruit: K = 0.724, z = 16.2, p< 0.001).

For the reproductive phenophases of L. nepetifolia, as for the new growth phenophase, the

agreement rates reached by the untrained volunteers were low (immature flower: K = 0.118,

z = 0.51, p< 0.001; mature flower: K = 0.262, z = 7.73, p< 0.001; and dry fruit: K = 0.592,

z = 17.6, p< 0.001).

For both species, trained volunteer levels of agreement matched expert levels of agreement

for reproductive phenophases (L. nepetifolia experts, immature flower: K = 0.697, z = 10.2,

p< 0.001; mature flower: K = 0.798, z = 11.7, p< 0.001; dry fruit: K = 0.870, z = 12.8,

p< 0.001; L. nepetifolia trained, immature flower: K = 0.701, z = 32.6, p< 0.001; mature

flower: K = 0.834, z = 38.8, p<0.001; dry fruit: K = 0.813 z = 37.8, p< 0.001; see above values

for N. glauca), except for the N. glauca dry fruit phenophase (Fig 4, Table 1). Raters took

approximately half a minute to score each observation (experts: �x = 42±16 seconds; trained: �x

Fig 4. Agreement indices (±CI 95%) for raters in classifying records of Leonotis nepetifolia and Nicotiana glauca. Fleiss Kappa concordance indices for

three groups of raters in classifying photographic records of L. nepetifolia (left) and N. glauca (right). Values of K can range from -1 to 1 and represent the

proportion of agreement between groups beyond that expected by chance. The index equal to zero represents agreement expected by chance, while values

greater than 0.4 are considered good agreement, and greater than 0.75 represent excellent agreement [44,49].

https://doi.org/10.1371/journal.pone.0282750.g004
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= 45±15; untrained: �x = 34±14). According to the trained raters, only about 30% of the records

for L. nepetifolia (K = 0.46, z = 28.5, p< 0.001) and N. glauca (K = 0.54, z = 26, p<0.001) cor-

responded to whole plants.

Discussion

The reliability of volunteers in citizen science databases has been debated in many studies [50],

and often the validity of the observation will depend on the complexity of the observed phe-

nomena [51,52]. In this study, groups of experts and trained raters showed high reliability in

classifying reproductive phenophases, indicated by high agreement among raters. However,

the classification of less obvious phenophases, such as early growth, which is observed as less

conspicuous and contrasting green shoots than flowers, may require greater detail and/or

training time [23]. The level of agreement was significantly higher for reproductive pheno-

phases among trained volunteers, compared to untrained volunteers, and for most pheno-

phases the agreement rate among trained volunteers was equal to that of experts. This suggests

that phenological assessments from photographs conducted by trained volunteers are as reli-

able as those performed by expert scientists.

Previous studies have shown that citizen scientists can collect high quality field observa-

tions, good enough to be used in original analyses contributing to scientific knowledge

Table 1. Comparisons and degree of agreement between raters (3 groups) phenophases (three reproductive and two vegetative) and two species (L. nepetifolia and

N. glauca).

Comparison Leonotis nepetifolia Nicotiana glauca
Percentage difference z-score x2equal k0s, Percentage difference z-score x2equal k0s,

Immature flower

Experts vs trained 0.42 -1.07 215.60��� 10.42 2.13� 12.55�

Experts vs untrained 57.89 137.28��� 21.24 3.53�

Trained vs untrained 58.32 336.38��� 10.82 2.36�

Mature flower

Experts vs trained 3.69 -0.52 206.55��� 5.04 1.03 52.46���

Experts vs untrained 53.56 7.05��� 34.24 6.02���

Trained vs untrained 57.25 14.26��� 6.83��� 31.2

Dry fruit

Experts vs trained 5.72 0.8 31.86��� 12.11 2.47� 7.63�

Experts vs untrained 27.77 3.60�� 15.48 2.57�

Trained vs untrained 22.04 5.25��� 3.38 0.74

Initial growth

Experts vs trained 22.64 3.172� 75.58��� 4.61 -0.94 212.54���

Experts vs untrained 53.03 6.90��� 61.61 10.24���

Trained vs untrained 30.4 7.27��� 66.21 14.50���

Whole plant

Experts vs trained 15.61 2.19� 5.41 20.85 4.25��� 21.05���

Experts vs untrained 17.64 2.29� 12.45 2.07�

Trained vs untrained 2.04 0.49 8.4 -1.84

All comparisons used Fleiss’ K for raters (expert, trained, and untrained), phenophase and species. Differences between the three rater groups within a phenophase,

x2
equal k0 s was used for each phenophase, and differences between pairs of rater groups were tested with z-tests

�: < 0.05

��: < 0.001

���: < 0.0001.

https://doi.org/10.1371/journal.pone.0282750.t001
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generation [23,53–55]. Our results indicate that reliable phenological data can also be gener-

ated from photographic sources. Although not all the records reviewed by the volunteers were

reviewed by the reviewers, a situation that entails a potential weakness, we believe that this

could be partially corrected due to the large number of reviewers, the large number of observa-

tions, and the random distribution of the observations that we have. Similar results have been

found in other platforms [31,56] such as CrowdCurio, a crowdsourcing-type image annotation

tool that involves the participation of financially rewarded, but not necessarily self-interested,

non-expert workers who classify photographs for the purposes of some particular project [56].

The use of CrowdCurio also had comparable results between expert and non-experts when

classifying photographic inputs for the identification of phenophases in digitized images from

herbarium records.

The Naturalista platform has the means to upload non mandatory phenological data at the

time of recording an observation, but only about 30% of the photographs of both species

reviewed here had a phenological annotation (data from www.naturalista.mx). The high pro-

portion of observations classified as uncertain (Dk) in the group of untrained volunteers sug-

gests that this may be due to the difficulties faced by citizen scientists without training in

phenology and plant structures when identifying phenophases, rather than lack of interest,

since previous papers have reported that intrinsic motivations, such as interest to generate and

share knowledge, are the main motivations for the participation of citizen scientists [57]. Feed-

back training processes, such as the two-way conversations used in this research [58,59], help

citizen science volunteers generate quality information, and professional scientists learned

from the needs of the raters to expand the strategies for proper communication between spe-

cialized an unspecialized audiences [60].

Our analysis of highlights the benefits of this approach and provides more evidence to sup-

port the use of a promising alternative to the limitations posed by specific systems to track phe-

nological data, while also reducing the time and effort required to obtain data [61]. Since this

approach does not allow volunteers to corroborate the presence/absence of a particular pheno-

phase, as would happen when rating a live individual, it is paramount to have high-quality

images in which the phenophases can be clearly distinguished. Ideally, increased accuracy

would be obtained from a series of high- resolution images depicting several portions of the

individual, especially with species that have easily identifiable phenophases such as colorful

shaped reproductive structures. The application of this methodology to species with less visible

structures, as is the case of many grasses whose phenological study is equally important, would

be cumbersome to the untrained eye, and would require longer and more detailed training.

Furthermore, we want to highlight the fact that photographs of species with inconspicuous

structures may become impossible to classify with poor-resolution images, by people without

extensive and detailed knowledge about the species, which is the main limitation of using this

method followed for all phenophases.

In addition to the obvious taxonomic bias that this entails, it is important to consider other

biases into which one could fall, which are also typical of scientific collections. These include

biases in taxonomic (such as dominant species in landscapes or preference for certain taxa),

morphological (biases towards conspicuous individuals, etc.), geographic [62–64], and tempo-

ral preferences [65]. On the other hand, the use of photographs from biodiversity observation

platforms presents important advantages. These photographs are a verification tool that phe-

nology platforms do not normally provide, and their opportunistic nature gives observers ease

and freedom in data capture, leading to a huge amount of data with geographic and taxonomic

coverage that can exceed those of the phenological monitoring platforms [41]. In addition, the

presence of photographs makes it easier for researchers to corroborate the identity of the spe-

cies if they consider it necessary [24,41]. The photographs also allow researchers to carry out a
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validation when the information obtained is doubtful, for example, when phenological events

are identified outside the expected dates or in geographic regions that do not correspond to

the known distribution area of the species, or when volunteers have doubts when making a

phenological annotation. The Dk category in the classification of phenophases that was fol-

lowed in this study was used to indicate photographs or phenophases that were blurred, that

did not correspond to the species, or that showed evidence of being cultured. However, this

scoring can also allow experts to identify if a photograph requires extra peer validation, if phe-

nophase represents a particular difficulty in scoring, or if a more detailed training session is

necessary. This category also allows doubtful data to be excluded automatically in a subsequent

phenological analysis.

Two of key components of monitoring phenology monitoring are the phenological state

and the intensity of the phenophase. The phenological state, defined as presence or absence of

a phenophase, provides information on its onset and duration, while the intensity provides

information on the temporal distribution of the structures that characterize it [35]. We do not

recommend using the method proposed here to calculate population-level phenophase inten-

sity measures, such as detailed phenological peaks, as there may be biases in the availability of

photographs that do not allow analysis of phenology at fine temporal resolution [66], as well as

limitations in the reliability of volunteers when performing more complex measurements,

such as abundance or frequency of species or structures [51,52]. In addition, the low propor-

tion of available observations with whole plants could generate an erroneous estimate of the

start or end date of the phenophases, since structures present in a given individual have not

been photographed. These incomplete records could be generate false negatives when they

report the absence of structures [41]. Our experience suggests that these types of records, for

example, incomplete plants without reproductive structures, are a small proportion of total

observations, since collectors, expert or not, tend to focus on the most conspicuous structures,

such as fruits, flowers, or buds [67–69]. We suggest that the methodology proposed here

would be helpful when used to obtain species-level phenological estimates, including mean

dates of each phenophase, or comparisons between the temporal distributions of phenophases

between species or different geographic areas [51,52].

Ideally, phenological annotations should be conducted by citizen scientists at the time of

recording their photographic observation. However, due to the large amount of information

without phenological annotations to date, a posteriori classification of photographs was per-

formed (such as the one in this study carried out on photographs taken by citizen scientists),

can help expand the use of primary data. Approaching citizen science with a big data approach

would entail taking advantage of emerging data that have not been generated under the target

of interest, but can nonetheless be useful in phenological or climate change studies [70]. Our

study found that this approach must be underpinned by training provided to volunteers or cit-

izen scientists assessing phenological data in order to have reliable data. Several training tools

can be used to increase the levels of accuracy as part of the training protocols, including infor-

mative talks, interactive forums, short videos, image collections or illustrated guides.

The large amounts of phenological information generated through this approach can also

be matched against herbarium records [67], and would represent, over time, a temporal con-

tinuum of data on the presence of species and the corresponding phenology. Finally, the appli-

cability of data generated through this approach ranges from use in environmental suitability

analyses [37–40], documenting large-scale phenological changes (such as in the phenological

response of invasive species to new environments and climates) [6], possible changes in the

nutrient cycles of invaded ecosystems due to changes in leaf phenology [7], and the phenologi-

cal response of plant species to GCC [12].
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(TIF)
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Armando Jesús Martı́nez.

References
1. Conner J, Via S. Patterns of Phenotypic and Genetic Correlations among Morphological and Life-His-

tory Traits in Wild Radish, Raphanus raphanistrum. Evolution (N Y). 1993; https://doi.org/10.1111/j.

1558-5646.1993.tb02128.x PMID: 28568723

2. O’Neil P. Natural selection on genetically correlated phenological characters in Lythrum salicaria L.

(Lythraceae). Evolution (N Y). 1997. https://doi.org/10.1111/j.1558-5646.1997.tb02408.x PMID:

28568808

3. Kudo G. Flowering phenologies of animal-pollinated plants: reproductive strategies and agents of selec-

tion. Ecol Evol Flowers. 2006.

4. Ogilvie JE, Forrest JRK. Interactions between bee foraging and floral resource phenology shape bee

populations and communities. Curr Opin Insect Sci [Internet]. 2017; 21:75–82. Available from: https://

www.sciencedirect.com/science/article/pii/S2214574517300408. https://doi.org/10.1016/j.cois.2017.

05.015 PMID: 28822493

5. Gentry AH. Flowering Phenology and Diversity in Tropical Bignoniaceae. Biotropica. 1974.

6. Wolkovich EM, Cleland EE. The phenology of plant invasions: A community ecology perspective. Fron-

tiers in Ecology and the Environment. 2011.

7. Richardson AD, Keenan TF, Migliavacca M, Ryu Y, Sonnentag O, Toomey M. Climate change, phenol-

ogy, and phenological control of vegetation feedbacks to the climate system. Agricultural and Forest

Meteorology. 2013.

8. Menzel A, Sparks TH, Estrella N, Koch E, Aaasa A, Ahas R, et al. European phenological response to

climate change matches the warming pattern. Glob Chang Biol. 2006.

9. Chmielewski FM. Phenology in agriculture and horticulture. In: Phenology: An Integrative Environmen-

tal Science. 2013.

10. Taylor R V., Holthuijzen W, Humphrey A, Posthumus E. Using phenology data to improve control of

invasive plant species: A case study on Midway Atoll NWR. Ecol Solut Evid. 2020.

11. Wolfe DW, Schwartz MD, Lakso AN, Otsuki Y, Pool RM, Shaulis NJ. Climate change and shifts in spring

phenology of three horticultural woody perennials in northeastern USA. Int J Biometeorol. 2005. https://

doi.org/10.1007/s00484-004-0248-9 PMID: 15592880

12. Rosenzweig C, Casassa G, Karoly DJ, Imeson A, Liu C, Menzel A, et al. Assessment of observed

changes and responses in natural and managed systems. Clim Chang 2007 Impacts, Adapt Vulnerabil-

ity Contrib Work Gr II to Fourth Assess Rep Intergov Panel Clim Chang. 2007.

13. Linderholm HW. Growing season changes in the last century. Agricultural and Forest Meteorology.

2006.

14. Fitter AH, Fitter RSR. Rapid changes in flowering time in British plants. Science (80-). 2002. https://doi.

org/10.1126/science.1071617 PMID: 12040195

15. Hu Q, Weiss A, Feng S, Baenziger PS. Earlier winter wheat heading dates and warmer spring in the U.

S. Great Plains. Agric For Meteorol. 2005.

16. Schwartz MD, Ahas R, Aasa A. Onset of spring starting earlier across the Northern Hemisphere. Glob

Chang Biol. 2006.

17. Aono Y, Kazui K. Phenological data series of cherry tree flowering in Kyoto, Japan, and its application to

reconstruction of springtime temperatures since the 9th century. Int J Climatol. 2008.

PLOS ONE The training of volunteers as a promoter of phenological studies

PLOS ONE | https://doi.org/10.1371/journal.pone.0282750 March 7, 2023 14 / 17

https://doi.org/10.1111/j.1558-5646.1993.tb02128.x
https://doi.org/10.1111/j.1558-5646.1993.tb02128.x
http://www.ncbi.nlm.nih.gov/pubmed/28568723
https://doi.org/10.1111/j.1558-5646.1997.tb02408.x
http://www.ncbi.nlm.nih.gov/pubmed/28568808
https://www.sciencedirect.com/science/article/pii/S2214574517300408
https://www.sciencedirect.com/science/article/pii/S2214574517300408
https://doi.org/10.1016/j.cois.2017.05.015
https://doi.org/10.1016/j.cois.2017.05.015
http://www.ncbi.nlm.nih.gov/pubmed/28822493
https://doi.org/10.1007/s00484-004-0248-9
https://doi.org/10.1007/s00484-004-0248-9
http://www.ncbi.nlm.nih.gov/pubmed/15592880
https://doi.org/10.1126/science.1071617
https://doi.org/10.1126/science.1071617
http://www.ncbi.nlm.nih.gov/pubmed/12040195
https://doi.org/10.1371/journal.pone.0282750


18. Chung U, Mack L, Yun JI, Kim SH. Predicting the timing of cherry blossoms in washington, dc and mid-

atlantic states in response to climate change. PLoS One. 2011. https://doi.org/10.1371/journal.pone.

0027439 PMID: 22087317

19. Buckley LB, Foushee MS. Footprints of climate change in US national park visitation. Int J Biometeorol.

2012. https://doi.org/10.1007/s00484-011-0508-4 PMID: 22109104

20. Fitzpatrick L, Giambuzzi PJ, Spreitzer A, Reidy B, Still SM, Rollinson CR. Improving phenology predic-

tions for sparsely observed species through fusion of botanical collections and citizen-science. Clim

Chang Ecol. 2021.

21. Basler D. Evaluating phenological models for the prediction of leaf-out dates in six temperate tree spe-

cies across central Europe. Agric For Meteorol [Internet]. 2016; 217:10–21. Available from: https://

www.sciencedirect.com/science/article/pii/S0168192315007583.

22. Zhang X, Friedl MA, Schaaf CB, Strahler AH, Hodges JCF, Gao F, et al. Monitoring vegetation phenol-

ogy using MODIS. Remote Sens Environ. 2003.

23. Fuccillo KK, Crimmins TM, de Rivera CE, Elder TS. Assessing accuracy in citizen science-based plant

phenology monitoring. Int J Biometeorol [Internet]. 2015; 59(7):917–26. Available from: https://doi.org/

10.1007/s00484-014-0892-7 PMID: 25179528

24. Iwanycki Ahlstrand N, Primack RB, Tøttrup AP. A comparison of herbarium and citizen science phenol-

ogy datasets for detecting response of flowering time to climate change in Denmark. Int J Biometeorol.

2022. https://doi.org/10.1007/s00484-022-02238-w PMID: 35235036

25. Haklay M, Dörler D, Heigl F, Manzoni M, Hecker S, Vohland K. What Is Citizen Science? The Chal-

lenges of Definition. In: The Science of Citizen Science. 2021.

26. MacPhail VJ, Colla SR. Power of the people: A review of citizen science programs for conservation. Bio-

logical Conservation. 2020.

27. Lepczyk CA. Integrating published data and citizen science to describe bird diversity across a land-

scape. J Appl Ecol. 2005.

28. Dujardin S, Stas M, Van Eupen C, Aerts R, Hendrickx M, Delcloo AW, et al. Mapping abundance distri-

butions of allergenic tree species in urbanized landscapes: A nation-wide study for Belgium using forest

inventory and citizen science data. Landsc Urban Plan [Internet]. 2022; 218:104286. Available from:

https://www.sciencedirect.com/science/article/pii/S0169204621002498.
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