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Abstract

1. Phenology, the timing of biological events such as first flowering or emergence,

plays a key role in understanding ecological responses to climate change. With the

rapidly growing number of opportunistic citizen science records, it is important to

understand whether and how phenological estimates differ between unstructured

and structured recording approaches for animals and plants.

2. We compared phenological metrics derived from unstructured records in iRecord

Butterflies with those from structured, transect-based monitoring in the UK Butter-

fly Monitoring Scheme (UKBMS).

3. Focusing on single-generation species, both data sources produce similar estimates

of temporal trends in phenology, but unstructured data shows systematically earlier

weighted mean flight dates (7.57 ± 1.57 days). It also reports earlier onsets (9.38

± 1.24 days) and later ends (�8.46 ± 4.55 days) than UKBMS, resulting in longer

inferred flight periods.

4. Results may reflect intrinsic differences in sampling between the two datasets, as

well as recorder behaviour and motivations. Moreover, these differences are inde-

pendent of sample size, suggesting that iRecord Butterflies observers may system-

atically search for early and late flying adults. Recognising and accounting for

phenology sampling differences will be important when using citizen science data

for phenological inference in butterflies and other taxa.
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INTRODUCTION

Phenology is the study of the timing of biological events such as first

flowering or first appearance, and it plays a key role in understanding

ecological responses to climate change (Debinski et al., 2025; Goded

et al., 2024; Löckinger et al., 2024). Detecting phenological shifts can

require large quantities of long-term monitoring data (Bishop

et al., 2013; Dennis et al., 2024). In recent years, application-based cit-

izen science platforms such as iRecord Butterflies, eBird and iNatural-

ist have generated rapidly growing volumes of unstructured

opportunistic observations (August et al., 2020; Bowler et al., 2022;

Mason et al., 2025). Moreover, these datasets are increasingly used to

estimate phenology at large spatial scales (Bishop et al., 2013;

Capinha et al., 2024; Mason et al., 2025; Primack et al., 2023; Taylor†Deceased.
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et al., 2019). However, apparent differences in phenology derived

from citizen science records may partly reflect variation in sampling

and recorder behaviour rather than true biological change (Bishop

et al., 2013; Habel et al., 2025; Rosário et al., 2025). This is because

detections depend not only on the presence of individuals but also on

when and where observers choose to record (Dennis et al., 2017;

Hadj-Hammou et al., 2017; Lundmark, 2003; Rosário et al., 2024), and

phenological metrics derived from these detections can be sensitive

to sampling behaviour (Park et al., 2021). Because unstructured obser-

vations now dominate the available biodiversity data (Mason

et al., 2018; Prudic et al., 2018; Soroye et al., 2018; van Tongeren

et al., 2023), understanding how these observational patterns influ-

ence phenological inference is increasingly important.

Structured sampling and unstructured sampling represent two dif-

ferent ways of data collection by citizen scientists. The UK Butterfly

Monitoring Scheme (UKBMS) is a flagship structured monitoring pro-

gramme for butterflies and is characterised by fixed transect locations,

predetermined survey frequency and a standardised recording proto-

col (Brereton et al., 2011). These features ensure that temporal

changes can be consistently tracked at the same sites using the same

methods throughout each monitoring period (Brereton et al., 2011;

Pollard & Yates, 1997). In contrast, unstructured sampling databases

such as iRecord Butterflies and iNaturalist offer greater flexibility

because participants are free to choose when and where to record,

with no fixed transects or prescribed survey frequency (Chandler

et al., 2017; Li et al., 2025; Soroye et al., 2018). Moreover, unstruc-

tured sampling generates substantially larger data volumes than the

structured transects (Mason et al., 2018; Prudic et al., 2018; Soroye

et al., 2018; van Tongeren et al., 2023). However, this larger volume does

not automatically guarantee a reduction in systematic difference (Isaac &

Pocock, 2015; Kays et al., 2021). Although the large sample sizes of

unstructured sampling datasets may reduce the absolute error of pheno-

logical estimates (Bishop et al., 2013), it remains unclear whether the

apparent phenology generated by the two methods is similar.

Recorder behaviour is the primary factor shaping the frequency

and occurrence patterns of citizen science data. Factors such as

recording completeness (Sánchez-Fernández et al., 2021), species

preferences (Goldstein et al., 2024; Soroye et al., 2018), location pref-

erences (Li et al., 2025) and observer expertise (Kühn et al., 2024)

have all been shown to generate differences under opportunistic sam-

pling. In a phenological context, recorders may also intentionally

search for extreme individuals, such as the ‘first butterfly of the year’
or the ‘last butterfly of the flight period’ (Bishop et al., 2013). While

these are genuine observations, phenological metrics based on such

records (e.g., first and last flight dates) can be sensitive to sampling

behaviour, potentially leading to earlier or later estimated onset and

end dates, as well as shifts in inferred flight period length and mean

flight date. However, compared with structured monitoring schemes,

the magnitude and consequences of these phenological differences

remain poorly understood.

Here, we analyse opportunistic citizen science butterfly records

in the United Kingdom (UK) from the iRecord Butterflies app and

compare them with structured monitoring data from the UK Butterfly

Monitoring Survey (UKBMS). Both datasets are managed by the UK

Centre for Ecology & Hydrology in partnership with Butterfly

Conservation. As true phenological timing is unknown, we focus on dif-

ferences between datasets and use UKBMS as the baseline because of

its structured sampling, reliability and wide use in butterfly phenology

research (Roy et al., 2015; Roy & Sparks, 2000). We test whether pheno-

logical metrics, including onset date, end date and weighted mean flight

date, differ systematically between structured and unstructured datasets.

We also assess whether these metrics derived from unstructured data

follow similar temporal trends to those from structured monitoring, while

tending to be consistently earlier or later.

METHODS

Data used

In this study, we considered two data sources: UKBMS data and data

from the iRecord Butterflies app. As UKBMS is well established and

widely known (Pollard & Yates, 1993), only the iRecord Butterflies

app is described here. The iRecord Butterflies app was developed by

Butterfly Conservation, the UK Centre for Ecology & Hydrology, and

Natural Apptitude to facilitate the opportunistic recording of butterfly

sightings in the United Kingdom (August et al., 2020). Records can be

submitted from any location and any date, with no standardised sam-

pling protocol. When submitting records, users enter the species

observed and a location name, and can add information about the life

cycle stage and the number of individuals seen. The date and coordi-

nates are automatically recorded by the device, but can be edited

before submission.

We selected 18 UKBMS transects that were sampled regularly

and had complete long-term data between 1 April and 30 September

(inclusive) for each year from 2011 to 2024, thereby avoiding the

need for gap filling in years with missing observations. In total, this

dataset comprised 7740 species detection records, each representing

a count of individuals recorded per species per visit. To ensure clear

and robust estimation of phenological metrics, we focused on single-

generation species that do not overwinter as adults, as these species

exhibit a single, well-defined peak in activity, reducing ambiguity in

phenological estimates derived from different data sources.

We then identified the Watsonian Vice Counties (Dandy, 1971)

in which these transects are located and filtered all butterfly records

(324,954 records) submitted via the iRecord Butterflies app from the

same Watsonian Vice Counties. We subsequently restricted the data-

set to records collected within the same survey period as the UKBMS

data (1 April to 30 September, inclusive, for each year from 2011 to

2024). The study area was divided into three regions: North (N), South

East (SE) and South West (SW) (Mowbray et al., 2024). The specific

UKBMS transects are provided in Table 1. All species names with sci-

entific names analysed in this article are listed in Table 2.

The phenological metrics used in this study are summarised in

Table 3. For each record, the observation date was converted to ‘days
since 1 April’ by setting 1 April of the corresponding year as day
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1 and calculating the difference between the observation date and

this reference date (Bishop et al., 2013). We then summarised the

number of records for each species by year and region, calculating

T AB L E 1 Eighteen selected transects from the BMS data with Watsonian Vice County information.

UKBMS site no. Site name Watsonian Vice County Watsonian Vice County number OS grid reference Region

6 Yarner Wood South Devon 3 SX770780 SW

10 Oxwich Glamorganshire 41 SS500870 SW

19 Studland Heath Dorset 9 SZ020790 SW

28 Walberswick East Suffolk 25 TM470740 SE

29 Aston Rowant (N) Oxfordshire 23 SU730960 SE

34 Potton Wood Bedfordshire 30 TL250500 SE

45 Gibraltar Point North Lincolnshire 54 TF560580 SE

47 Skomer Pembrokeshire 45 SM729093 SW

54 Nagshead West Gloucestershire 34 SO600090 SW

60 Lindisfarne North Northumberland 68 NU130430 N

61 Insh Marshes East Inverness-shire 96 NH810010 N

62 Northward Hill West Kent 16 TQ780760 SE

72 Gait Barrows West Lancashire 60 SD470770 N

84 Ampfield Wood South Hampshire 11 SU410238 SW

85 Derbyshire Dales Derbyshire 57 SK180650 SE

95 Wyre Forest Shropshire 40 SO755766 SW

97 Lullington Heath East Sussex 14 TQ540020 SE

116 Taynish Kintyre 101 NR720820 N

T AB L E 2 List of butterfly species included in this study and their
scientific names.

Common name Scientific name

Chalk Hill Blue Polyommatus coridon

Dark Green Fritillary Speyeria aglaja

Essex Skipper Thymelicus lineola

Gatekeeper Pyronia tithonus

Grayling Hipparchia semele

Green Hairstreak Callophrys rubi

Large Skipper Ochlodes sylvanus

Marbled White Melanargia galathea

Meadow Brown Maniola jurtina

Purple Hairstreak Favonius quercus

Ringlet Aphantopus hyperantus

Silver-spotted Skipper Hesperia comma

Silver-studded Blue Plebejus argus

Silver-washed Fritillary Argynnis paphia

Small Skipper Thymelicus sylvestris

White Admiral Limenitis camilla

White-letter Hairstreak Satyrium w-album

T AB L E 3 Explanation of phenological terms.

Term Definition

First day The earliest day of the year (as days since 1 April)

on which a species was recorded in the dataset

indicates the onset of detectable flight activity.

Last day The latest day of the year (days since 1 April) on

which a species was recorded represents the end

of the observed flight period.

Onset date The date by which 5% of total seasonal activity

has occurred; a robust and sensitive estimate of

the start of the main flight period.

End date The date by which 95% of seasonal activity has

occurred defines the end of the main flight season.

Peak day The day with the highest number of records (or

highest aggregated count) corresponds to the peak

of flight activity.

Flight period

length

The duration between the first and last recorded

days (End date � Onset date) represents the

overall length of the observed flight period.

Weighted mean

flight date

The mean flight date calculated by weighting each

day by its corresponding record count provides a

central tendency of flight activity across the

season.

Count The number of observations (or aggregated counts

across years) recorded for a species on each day.

UKBMS data uses individual numbers as a count

Region The geographic grouping used in the analysis (N,

SE, SW) represents broad biogeographic areas

across which phenology patterns were compared.

SYSTEMATIC DIFFERENCES IN PHENOLOGY 3
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the percentage of records relative to the maximum annual number of

records for that species to represent relative recording intensity.

Because of inconsistent collection of abundance information in oppor-

tunistic datasets such as iRecord Butterflies, only occurrence data

were used for iRecord Butterflies, whereas UKBMS data were based

on individual counts due to the scheme’s standardised monitoring pro-

tocol. To account for differences in recording intensity between iRe-

cord Butterflies and UKBMS within the selected transects and

regions, we weighted the data using the method described by Brake-

field (1987). Specifically, we calculated the mean flight date as a

weighted average of all observation days, where the weight for each

day corresponded to the number of records: daily occurrence counts

for iRecord Butterflies and daily abundance counts for UKBMS (Roy

et al., 2015; Roy & Sparks, 2000).

Comparison of onset and end date records

Because the first day and last day are sensitive to sample size

(Chapman et al., 2015), we extracted the date when cumulative

records reach 5% and 95% of the annual total records (onset date and

end date) to characterise the early and late parts of the flight period.

For each species in each region, we calculated onset and end dates

for UKBMS and iRecord Butterflies, respectively. Then we conducted

paired t-tests to determine whether onset and end dates differed sig-

nificantly between the two datasets, using species with five or more

years of data in both datasets. p values were adjusted for multiple

testing using the false discovery rate (FDR) method. Finally, we gener-

ated figures for the onset and end dates of annual change using spe-

cies which have five or more consecutive years of data in both

datasets. The corresponding figures for the first day and the last day

are provided in Figure S1.

Comparison of annual weighted mean flight dates

We further assessed the time series of weighted mean flight date for

UKBMS and iRecord Butterflies to examine interannual variation and

potential trends over time in a stepwise manner. First, we constructed

annual phenology time series based on the weighted mean flight date

(Bishop et al., 2013), using the daily record count as the weight for

that species on each day within a given region. We used species

which have five or more consecutive years of data in both datasets.

This allowed us to examine interannual changes in the weighted mean

flight date. We then fitted linear models to estimate the annual rate of

change (days per year) in weighted mean flight date for each species

in each region and directly compared the slopes between UKBMS and

iRecord Butterflies to assess whether the two data sources reflect

consistent directions and magnitudes of phenological shifts. We calcu-

lated Pearson’s correlation coefficient and its significance level to

assess whether the weighted mean flight dates derived from the two

data sources exhibited similar interannual patterns. We then per-

formed paired t-tests to examine whether systematic differences

existed between the UKBMS and iRecord Butterflies estimates.

p values were adjusted for multiple testing using the FDR method.

For each species and region, we calculated the weighted mean

flight dates from the two data sources for each year, retained only the

shared years and calculated the absolute difference in weighted mean

flight dates (annual absolute error) between them. We then estimated

the mean annual absolute error with its 95% confidence interval

(Bishop et al., 2013). In addition to absolute differences, we also calcu-

lated the mean difference, defined as the average of annual differ-

ences in weighted mean flight date between UKBMS and iRecord

Butterflies, to indicate the direction and magnitude of difference. The

mean difference was calculated as follows:

Mean difference¼1
n

Xn

t¼1

WMFDUKBMS,t�WMFDiRecord,tð Þ

where WMFDUKBMS,t and WMFDiRecord,t denote the weighted mean

flight date for a given species in year t derived from the UKBMS and

iRecord Butterflies datasets, respectively, and n is the number of over-

lapping years between the two datasets. Then, we performed paired

t-tests to assess whether the weighted mean flight dates differed sig-

nificantly between the two datasets. Finally, for each species, we sum-

marised the occurrence data in iRecord Butterflies as the mean annual

total count by region to explore whether recording intensity might

influence the magnitude of the error (Bishop et al., 2013). All statistics

were compiled for each species in each region to provide a systematic

assessment of the extent to which unstructured observations deviate

from structured monitoring in estimating annual weighted mean flight

dates.

RESULTS

We present two analyses to compare butterfly phenology metrics

derived from UKBMS and iRecord Butterflies data. First, we compare

the onset date and end date of the flight period derived from the two

datasets. Second, we analyse annual weighted mean flight dates to

evaluate overall shifts across years.

Comparison of the onset date and end date

Among all butterfly species, 14 exhibited significantly positive onset

mean errors, and none exhibited significantly negative values, indicat-

ing that iRecord Butterflies consistently reports an earlier onset than

UKBMS (mean difference = 9.38 ± 1.24 days). In contrast, for end

dates, 1 species exhibited significantly positive mean errors and 6 spe-

cies exhibited significantly negative values, suggesting that iRecord

Butterflies generally records a later end (mean difference = �8.46

± 4.55 days) to the flight period (Table 4).

At the regional level, no significant differences were detected in

the N region. In contrast, significant onset differences were observed

in the SE, based on five species (mean difference = 8.20 ± 1.49 days),

4 LI ET AL.
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and in the SW, based on nine species (mean difference = 10.03

± 1.77 days). Additional end date differences were observed in the

SE, based on three species (mean difference = �0.77 ± 5.11 days),

and in the SW, also based on three species (mean

difference = �15.42 ± 8.03 days). A significantly later end date

(�10.64 days) was detected for Meadow Brown in the N region

(FDR-corrected p = 0.038), although based on a single species. Refer-

ring to flight period length, only two species in two regions show posi-

tive values, implying a broader apparent flight window compared with

UKBMS.

T AB L E 4 Results of paired t-tests comparing onset and end dates between UKBMS and iRecord Butterflies datasets. Mean errors (days),
degrees of freedom (d.f.), FDR-adjusted p values and flight period difference are reported for each species–region combination. p-values less than
0.05 are highlighted in bold. Positive mean error values indicate later phenology in UKBMS relative to iRecord Butterflies, whereas negative
values indicate earlier timing. Degrees of freedom reflect the number of overlapping years used in each comparison. Flight period difference with
positive values indicates a longer flight period in UKBMS, while negative values indicate a longer flight period in iRecord Butterflies. Full results
are available in Table S1.

Common name Region

Onset mean

error (days)

End mean

error (days) d.f.

Onset FDR-

adjusted p

End FDR-

adjusted p

Flight period

difference

Chalk Hill Blue SE 8.17 �1.33 11 0.07 0.79 �9.5

Dark Green Fritillary N 6.64 �9.64 10 0.39 0.24 �16.27

Dark Green Fritillary SE 1.55 �7.55 10 0.48 0.04 �9.09

Dark Green Fritillary SW 17.4 0.8 9 0.01 0.83 �16.6

Essex Skipper SE 13 3.25 11 0.04 0.73 �9.75

Essex Skipper SW 13.91 2.27 10 0 0.63 �11.64

Gatekeeper N 10.1 �9.5 9 0.08 0.17 �19.6

Gatekeeper SE 4.73 �1.09 10 0 0.75 �5.82

Gatekeeper SW 4.18 1.55 10 0.01 0.59 �2.64

Grayling SW 9.09 �2.09 10 0 0.75 �11.18

Green Hairstreak SE �0.55 2.36 10 0.9 0.63 2.91

Green Hairstreak SW 18.1 �30.8 9 0 0.01 �48.9

Large Skipper N 13.78 �1.67 8 0.08 0.8 �15.44

Large Skipper SE 2.91 �0.09 10 0.25 0.97 �3

Large Skipper SW 7.45 2.64 10 0.04 0.29 �4.82

Marbled White SE 2.42 �3.67 11 0.39 0.12 �6.08

Marbled White SW �1.64 �11.73 10 0.65 0.02 �10.09

Meadow Brown N 3.36 �10.64 10 0.21 0.04 �14

Meadow Brown SE 9.75 9.25 11 0 0.04 �0.5

Meadow Brown SW 8.73 �4 10 0 0.17 �12.73

Purple Hairstreak SE 10.6 �5 4 0.3 0.59 �15.6

Purple Hairstreak SW 6 �23.22 8 0.52 0.06 �29.22

Ringlet N 3.45 �3.91 10 0.25 0.09 �7.36

Ringlet SE 5.55 �4 10 0 0.04 �9.55

Ringlet SW 3.45 �3.73 10 0 0.04 �7.18

Silver-spotted Skipper SE �0.9 1.8 9 0.9 0.78 2.7

Silver-studded Blue SW 2.73 �7.91 10 0.21 0.17 �10.64

Silver-washed Fritillary SE 4.27 1.82 10 0.11 0.69 �2.45

Silver-washed Fritillary SW 1.42 �1.92 11 0.84 0.69 �3.33

Small Skipper N �1.63 �14.5 7 0.81 0.1 �12.88

Small Skipper SE 8 1.36 10 0 0.78 �6.64

Small Skipper SW 0.09 �4 10 0.97 0.1 �4.09

White Admiral SE 1.33 �7.56 8 0.73 0.39 �8.89

White Admiral SW 7.91 �1.27 10 0.03 0.78 �9.18

White-letter Hairstreak SE 10.67 �7 8 0.08 0.1 �17.67

Abbreviations: FDR, false discovery rate; UKBMS, UK Butterfly Monitoring Scheme.

SYSTEMATIC DIFFERENCES IN PHENOLOGY 5
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TakingMeadowBrown, Ringlet andDarkGreen Fritillary as representa-

tive examples of species with high, moderate and low total record counts

(respectively), there are clear differences betweenUKBMS and iRecord But-

terflies across the SE, SW and N regions (Figures 1 and 2). In the N, SE and

SW regions, the onset date derived from iRecord Butterflies is consistently

earlier than that from UKBMS, and in the SE and SW regions, the end date

recorded by iRecord Butterflies is generally later, indicating a longer flight

period when using unstructured data. Phenological curves for these species

clearly illustrate differences across all regions,with iRecordButterflies consis-

tently showing an earlier first day and a later last day thanUKBMS (Figure 2).

This indicates that, for these species, iRecordButterflies records reflect a lon-

ger apparent flight season in all regions. Equivalent figures for all other spe-

cies are provided in the supplementarymaterials (Figure S3).

Comparison of annual weighted mean flight dates

Butterfly species display a range of agreement patterns across

regions. Many slope pairs fall away from the y = x line, indicating

absolute variation in the rate of change estimated from each dataset

(Figure 3). However, based on slope difference analysis

(UKBMS – iRecord Butterflies), 95% confidence intervals overlapped

zero for all species region combinations (Table 5). These results show

that the estimated temporal trends in weighted mean flight date are

not statistically distinguishable between iRecord Butterflies and

UKBMS for any species in any region.

Considering Meadow Brown, Ringlet and Dark Green Fritillary as

illustrative examples, annual trends in weighted mean flight dates are

broadly similar between the two datasets, especially in the SE and SW

regions, where the temporal patterns align most closely (Figure 4,

Table 5). However, annual comparisons (Figure 4) indicate clear differ-

ences that in the SE and SW regions, weighted mean flight dates

derived from iRecord Butterflies are earlier than those from UKBMS

in nearly all years, whereas in the N region, iRecord Butterflies dates

are later in most years except 2014 and 2019.

Across species and regions, 22 combinations (involving 12 species)

showed Pearson correlation coefficients greater than 0.5 between

UKBMS and iRecord Butterflies weighted mean flight dates (Table 6).

F I GU R E 1 Dates corresponding to the onset and end date of Meadow Brown, Ringlet and Dark Green Fritillary across the three regions (N,
SE and SW) for UKBMS and iRecord Butterflies. Each panel shows the dates (days since 1 April) when the cumulative number of records reached
5% of the annual total (early flight period) and 95% of the annual total (late flight period). For the other species figures, see supplementary
material (Figure S3). UKBMS, UK Butterfly Monitoring Scheme; N, North; SE, South East; SW, South West.

6 LI ET AL.
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Of these, 15 combinations (across 10 species) exhibited statistically

significant correlations based on FDR-adjusted p values (p < 0.05).

Seven combinations (six species) showed significant differences in

weighted mean flight dates based on paired t-tests (FDR-adjusted

p < 0.05), with iRecord Butterflies displaying an average advancement

of 7.57 ± 1.57 days relative to UKBMS (mean error defined as

UKBMS minus iRecord Butterflies). Mean differences were positive in

22 combinations (14 species), indicating systematically earlier flight

dates in iRecord Butterflies, and all 7 of these combinations (across

6 species) also showed statistically significant paired t-test differences

(FDR-adjusted p < 0.05). Notably, in the N region, the maximum

annual total count was only 80.36 (for Meadow Brown), indicating

substantially smaller sample sizes compared to those in the SW and

SE. Despite this, a large proportion of butterfly species still showed

statistically significant results after FDR adjustment when not consid-

ering regional differences.

DISCUSSION

Our study shows that estimated temporal trends in weighted mean

flight date are not statistically distinguishable between iRecord But-

terflies and UKBMS for any species in any region. However, iRecord

Butterflies tend to show a broader apparent flight period than

UKBMS (Table 4), and the weighted mean flight dates derived from

iRecord Butterflies are generally significantly earlier across most spe-

cies and regions. In other words, unstructured observations may reli-

ably capture overall phenological trends (Larsen et al., 2022), but

phenological metrics derived from these data may systematically dif-

fer from those estimated by the UKBMS.

One possible explanation for the earlier phenology metrics in iRe-

cord Butterflies relates to the difference in the two datasets. Firstly,

estimating the start or end of seasonal events is particularly difficult

when using presence only records (Belitz et al., 2020) such as those

F I GU R E 2 Phenology curves for Meadow Brown, Ringlet and Dark Green Fritillary, based on all available years of data, comparing structured
monitoring (UKBMS) with opportunistic citizen science observations (iRecord Butterflies) across three regions (N, SE and SW). Each panel shows
the daily percentage of the peak number of records within a region. Arrows indicate the first and last day of the flight period among all available
years. Other species figures are available in supplementary material (Figure S1). UKBMS, UK Butterfly Monitoring Scheme; N, North; SE, South
East; SW, South West.
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provided by iRecord Butterflies, because observations around the

beginning and end of the flight season are typically sparse and

unevenly distributed, making records more likely to be sporadic

and increasing uncertainty in identifying first and last events (Belitz

et al., 2020). In contrast, UKBMS collects precise abundance counts,

which more reliably capture the shape of the seasonal flight curve.

Secondly, because iRecord Butterflies has more recorders, covering

more of the landscape and, therefore, more populations of each spe-

cies than UKBMS, it may better estimate the true overall phenology

metrics of the species across the United Kingdom, whereas transects

are only estimating the true phenology metrics of the monitored

populations—a small subset of all populations and, therefore, presum-

ably, a smaller subset of all the individual phenological variance pre-

sent in the species. These differences in data structure constitute a

further potential mechanism contributing to the observed discrepan-

cies in phenology distributions.

Recorder motivation may also play an important role. Although

the initial motivation for taking part in citizen science has been

reported as self-improvement and enjoyment of social interactions

(Peter et al., 2021; Vanden Berghen et al., 2024), we hypothesise that

some recorders may be motivated by the desire to be the first to

report a species on social media or citizen science platforms (Lowe

et al., 2025), which could further encourage observations and submis-

sions early in the flight season (Belitz et al., 2020). Declining recorder

engagement over the season may also play a role, since participants

often start very enthusiastic, but motivation may wane during the

mid- and late-flight period (Belitz et al., 2020).

In contrast, existing studies indicate that later end dates are gen-

erally associated with species capable of adult overwintering, high dis-

persal or additional late-season generations (Löckinger et al., 2024).

This apparent prolongation of flight period may reflect recorder

behaviour, such as competition among observers to be the first or last

to submit a sighting, or a tendency to visit high abundance popula-

tions (Isaac & Pocock, 2015; Li et al., 2025) and recorders might have

improved knowledge of local area so that they know where to look

for early butterflies (Kühn et al., 2024).

From a regional perspective, the northern United Kingdom

shows weaker phenological divergence between datasets (Table 4),

likely due to shorter flight periods, lower sample size (Table 6)

(Menéndez et al., 2006) and lower recorder numbers, resulting in

limited sample coverage and some extreme value points (Figure 3).

Correspondingly, seasonal extensions in iRecord Butterflies are evi-

dent in the SE and SW regions, yet are largely absent in the north

(Table 4), where both datasets produce more comparable phenol-

ogy curves across multiple species. This suggested that data scar-

city may constrain detectable differences. However, sample size

alone does not account for the observed patterns. Even in Meadow

Brown, where data volume is substantial (Table 6), the decrease in

mean absolute error indicates reduced sampling error (Bishop

et al., 2013), yet the difference in mean flight date remains statisti-

cally significant. This demonstrates that increasing sample size can-

not eliminate systematic differences and that divergence more

likely arises from the data collection mechanism itself. Therefore,

reducing phenological differences in citizen science datasets may

rely less on accumulating additional observations and more on

improving the structure and balance of sampling effort.

Implications for citizen science and phenology

Our first implication is that systematic phenology difference reflects

the complexity of recorder behaviour. Although common species have

very large numbers of records (Table 6), phenological metrics derived

from iRecord Butterflies, including onset, end date and mean flight

date, still differ systematically from those estimated by the UKBMS,

indicating that increasing sample size alone does not eliminate this dif-

ference. Thus, unstructured datasets may require moderate guidance

rather than total reliance on opportunistic sampling (Soroye

et al., 2018). For example, platforms could provide reference informa-

tion on typical observation periods at the point of submission to help

observers judge whether early records are credible, although such

guidance must be designed carefully to avoid encouraging competitive

early reporting (Belitz et al., 2020). More reliable improvement may

come from combining partially structured sampling (Farr et al., 2024;

Goldstein et al., 2024; Kelling et al., 2019), increasing coverage during

mid and late season (Belitz et al., 2020), or removing extreme records

during data processing, so that data quality is strengthened without

reducing participation.

F I GU R E 3 Relationship between phenological trends in weighted
mean flight date estimated from UKBMS and iRecord Butterflies

across three regions (N, SE and SW). Each point represents the fitted
slope (days per year) of weighted mean flight date against year for
one butterfly species in one region (32 points in total, 16 species; not
all species occur in all regions). Colours indicate region examined, and
the broken line (y = x) indicates equal phenological trends between
UKBMS and iRecord Butterflies. UKBMS, UK Butterfly Monitoring
Scheme; N, North; SE, South East; SW, South West.
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Our second implication is that unstructured datasets such as

iRecord Butterflies can describe overall phenological trends but are

less reliable for calculating phenology indices that are comparable

to those derived from structured data. For many species without

long-term structured monitoring (Li-Jun et al., 2013; Segre

et al., 2023; van Tongeren et al., 2023), these records may capture

directional shifts in flight period; however, the resulting phenologi-

cal indices are more variable and cannot be directly integrated with

those derived from structured datasets without appropriate

adjustment.

Our third implication is that the systematic phenological metrics

difference observed in unstructured datasets and structured datasets

shows strong potential for cross-platform and cross-taxon generalisa-

tion. The phenological metrics difference exhibited by iRecord Butter-

flies is unlikely to be unique to butterfly observations but represents

opportunistic sampling databases shaped by citizen recording behav-

iour (Goldstein et al., 2024; Isaac & Pocock, 2015; Li et al., 2025). For

example, observer preferences for recording at particular times of day

or periods of the season may lead to temporal clustering of records

(Hadj-Hammou et al., 2017; Rosário et al., 2024). In addition, citizen

science events concentrated over a few days can result in bursts of

submissions (Dennis et al., 2017; Lundmark, 2003). Both factors may

introduce differences that affect phenological estimates (Park

et al., 2021).

T AB L E 5 Difference in weighted mean flight date slopes between UK Butterfly Monitoring Scheme (UKBMS) and iRecord Butterflies across
regions, with 95% confidence intervals. Noting that the slope difference is calculated from the slope of UKBMS minus the slope of iRecord
Butterflies in each region for each species.

Common name Region Slope difference CI95 lower CI95 upper

Chalk Hill Blue SE �0.54 �2.11 1.03

Dark Green Fritillary N 1.16 �2.31 4.63

Dark Green Fritillary SE 0.12 �1.87 2.10

Dark Green Fritillary SW 0.05 �3.33 3.44

Essex Skipper SE �1.73 �4.17 0.70

Essex Skipper SW 0.07 �1.85 1.99

Gatekeeper N 0.61 �2.66 3.88

Gatekeeper SE �0.04 �1.49 1.42

Gatekeeper SW 0.39 �0.90 1.67

Grayling SW 0.59 �0.86 2.03

Green Hairstreak SE 0.14 �1.45 1.72

Green Hairstreak SW 0.94 �6.60 8.49

Large Skipper N 3.52 �3.14 10.18

Large Skipper SE 0.26 �1.60 2.13

Large Skipper SW 0.50 �0.88 1.88

Marbled White SE 0.37 �1.38 2.12

Marbled White SW �0.28 �2.38 1.83

Meadow Brown N �0.16 �2.54 2.22

Meadow Brown SE 0.38 �1.20 1.95

Meadow Brown SW 0.39 �1.04 1.82

Ringlet N 1.11 �0.30 2.53

Ringlet SE 0.44 �1.03 1.91

Ringlet SW �0.05 �1.34 1.24

Silver-spotted Skipper SE �0.97 �3.15 1.21

Silver-studded Blue SW �0.08 �2.04 1.87

Silver-washed Fritillary SE 0.27 �1.91 2.45

Silver-washed Fritillary SW 1.19 �1.50 3.89

Small Skipper N �0.78 �4.99 3.44

Small Skipper SE 0.55 �1.52 2.62

Small Skipper SW �0.18 �1.76 1.40

White Admiral SW �0.30 �2.78 2.17

White-letter Hairstreak SE 1.83 �1.57 5.22
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Limitations and future directions

First, we did not include factors such as variation in weather

conditions (Colom et al., 2022; Goded et al., 2024), nor did we

explicitly account for variation in observer activity within a day

(Idec et al., 2025). These factors could be incorporated by

linking individual records to fine-scale temperature data or by

modelling detection probability as a function of time of day. Such

factors may change the results because butterfly activity and

detectability are temperature-dependent and vary across the day

(Idec et al., 2025).

Second, our comparison was based on UKBMS continuous moni-

toring sites and matched with iRecord Butterflies data at the county

level rather than at a finer spatial grid. Although the repeated and

standardised visits of UKBMS are likely to provide a reasonable esti-

mate of species phenology, UKBMS does not sample the entire year

or all populations (Dennis et al., 2024). Therefore, inter-population

variation in phenology may be underestimated, and spatial heteroge-

neity may not have been fully captured.

Third, we acknowledge that the methods used to derive pheno-

logical metrics are relatively simple. In particular, the abundance

weighted mean may be less appropriate for iRecord Butterflies data,

as count data from opportunistic records can be highly skewed and

biased, and alternative methods may offer more robust and compara-

ble phenological estimates.

Fourth, we recommended constructing a modelling framework that

explicitly represents observer behaviour, and future research should

incorporate decision rules, apply hierarchical modelling or use causal

diagram-based approaches to identify potential confounding pathways

to better understand how unstructured recording shapes phenology esti-

mation and how differences might be corrected (Boyd et al., 2025).

Finally, although our analyses centred on butterflies, we recommend

extending this assessment to other taxa with a structured scheme to

evaluate whether the same phenology difference is present.

F I GU R E 4 Temporal trends in the weighted mean flight date for Meadow Brown, Ringlet and Dark Green Fritillary, comparing UKBMS with
iRecord Butterflies across three regions (N, SE and SW). Each panel shows the annual weighted mean flight date for the species within a region,
and dashed lines indicate linear trends for each dataset. Only years for which both datasets had at least five years of overlapping observations
were included in the plots. Other species figures and detailed slope information are available in supplementary material (Figure S4). UKBMS, UK
Butterfly Monitoring Scheme; N, North; SE, South East; SW, South West.
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CONCLUSION

This study shows that although iRecord Butterflies and UKBMS data dis-

play broadly similar phenology trends, most species recorded in iRecord

Butterflies exhibit earlier onset and later end dates and systematically

earlier weighted mean flight dates, resulting in a longer flight period

length. This shift arises from recorder behaviour and differences between

the traits of the two databases. While unstructured data can reliably cap-

ture trends in mean flight date, they are less reliable for determining the

exact magnitude of advancement and therefore require cautious

T AB L E 6 Comparison of weighted mean flight dates between UKBMS and iRecord Butterflies across butterfly species and regions. Species
are ordered by mean annual total record count to show how differences between the two schemes vary with sample size. The table reports
Pearson correlation coefficients (r) and FDR-adjusted p values for the Pearson correlation analysis, FDR-adjusted p values for paired t-tests, mean
absolute error, mean difference in weighted mean flight date (UKBMS minus iRecord Butterflies), and annual total record counts. Pearson’s
r > 0.5 indicates moderate to strong synchrony in interannual variation. Statistical significance for both correlation and paired t-test analyses is
assessed using FDR-adjusted p values. p-values less than 0.05 are highlighted in bold. The full table is available in Table S2.

Common name Region df Pearson r

Pearson’s FDR-

adjusted p

FDR-

adjusted p

Mean absolute

error (days)

Mean

difference (days)

Mean annual

total count

Meadow Brown SW 10 0.7 0.04 0.02 4.7 4.51 1195.64

Meadow Brown SE 11 0.69 0.04 0 12.87 12.87 1114.75

Gatekeeper SW 10 0.87 0 0.03 2.67 2.24 797.09

Gatekeeper SE 10 0.78 0.02 0.5 2.25 0.9 758.91

Ringlet SE 10 0.88 0 0.17 2.16 1.41 412.27

Ringlet SW 10 0.94 0 0.95 1.02 �0.06 336.55

Marbled White SW 10 0.55 0.16 0.06 7.25 �6.37 305.64

Marbled White SE 11 0.91 0 0.62 2.39 0.7 264.5

Small Skipper SE 10 0.78 0.02 0.02 5.24 5.24 233.91

Large Skipper SE 10 0.73 0.03 0.33 3.68 1.92 223.18

Large Skipper SW 10 0.46 0.26 0.02 6.2 5.83 220.55

Small Skipper SW 10 0.54 0.16 0.3 3.81 2.42 218.18

Silver-washed Fritillary SW 11 0.77 0.02 0.86 5.03 �0.8 139.5

Silver-washed Fritillary SE 10 0.76 0.02 0.14 4.38 3.25 96.82

Purple Hairstreak SE 4 0.32 0.75 0.52 9.87 5.12 86.8

Green Hairstreak SW 9 0.34 0.47 0.17 8.36 �5.57 86.3

Grayling SW 10 0.32 0.47 0.06 6.44 4.9 81.09

Meadow Brown N 10 0.77 0.02 0.09 4.66 �4.32 80.36

Ringlet N 10 0.57 0.15 0.2 3.81 �2.46 73.36

Essex Skipper SE 11 0.03 1 0.33 9.22 5.4 60.83

Green Hairstreak SE 10 0.76 0.02 0.38 2.75 �1.33 60

Silver-studded Blue SW 10 0.74 0.03 0.36 4.53 �1.98 58.64

Chalk Hill Blue SE 11 0.29 0.47 0.99 5.31 �0.04 58.33

White Admiral SE 8 0.6 0.16 0.11 6.73 �5.96 57.33

Dark Green Fritillary SW 9 0.57 0.16 0.02 12.53 12.53 56.1

Dark Green Fritillary SE 10 0.87 0 0.1 3.27 �2.53 44.09

White Admiral SW 10 0.64 0.08 0.15 6.95 4.81 39.73

Purple Hairstreak SW 8 0.41 0.42 0.37 14.37 �7.48 39

Essex Skipper SW 10 0.44 0.29 0.01 10.24 9.75 26.82

Small Skipper N 7 0.4 0.47 0.16 8.59 �6.78 25.38

Dark Green Fritillary N 10 �0.12 0.84 0.99 10.95 0.19 20.82

White-letter Hairstreak SE 8 0.65 0.14 0.8 4.95 0.91 20.78

Silver-spotted Skipper SE 9 0.46 0.29 0.72 4.29 1.07 19.8

Gatekeeper N 9 �0.14 0.84 0.63 10.47 2.86 14.6

Large Skipper N 8 �0.13 0.84 0.2 10.82 8.82 12.44

Abbreviations: FDR, false discovery rate; N, North; SE, South East; SW, South West; UKBMS, UK Butterfly Monitoring Scheme.
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interpretation. On the other hand, structured sampling may not reveal

the full phenology of species because only a subset of populations is

monitored. Importantly, the difference in recorder behaviours is likely to

have wider relevance across platforms and taxa, and similar patterns may

emerge in community science datasets. Recognising and accounting for

systematic differences in phenology metrics will be important when

using unstructured citizen science data for phenological inference in but-

terflies and other taxa.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

Figure S1. Supplementary phenology curves for butterfly species not

shown in Figure 2, based on all available years of data. Curves com-

pare structured monitoring (UKBMS) with opportunistic citizen sci-

ence observations (iRecord Butterflies) across three regions (N, SE

and SW). Each panel shows the daily percentage of peak number of

records within a region. Arrows indicate the first and last day of the

flight period among all available years.

Figure S2. Annual variation in the first and last days of the flight

period for each butterfly species across three regions (N, SE and SW).

Each panel represents one species and shows the yearly changes in

the first and last days of the flight period based on UKBMS and iRe-

cord Butterflies records.

Figure S3. Dates corresponding to the onset and end dates for butter-

fly species not shown in Figure 1 across the three regions (N, SE and

SW) for UKBMS and iRecord Butterflies. Each panel shows the dates

(days since 1 April) when the cumulative number of records reached

5% of the annual total (early flight period) and 95% of the annual total

(late flight period).

Figure S4. Temporal trends in the weighted mean flight date for but-

terfly species not shown in Figure 4, comparing UKBMS with iRecord

Butterflies across three regions (N, SE and SW). Each panel shows the

annual weighted mean flight date for the species within a region, and

dashed lines indicate linear trends for each dataset. Only years for
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which both datasets had at least 5 years of overlapping observations

were included in the plots.

Table S1. Full results corresponding to Table 4, with the additional

columns ‘p onset raw’ and ‘p end raw’, which indicate the unadjusted

p values for onset dates and end dates before FDR correction.

Table S2. Full table corresponding to Table 6, with the additional col-

umns ‘pearson p’ and ‘t p value’, which indicate the unadjusted

p values before FDR correction.
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