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ABSTRACT

Colour is commonly used as an initial proxy for the determination of botanical origin for pollen pellets
collected by honeybees. However, individuals with Colour Vision Deficiency (colour blindness) will
struggle with this determination. Here we present a simple and reproducible technique to enable

KEYWORDS
Melissopalynology; colour
blindness; smartphone;
inclusivity; disability

inclusive participation of all individuals in the determination of pollen pellet colour. The proposed
method makes use of colour determination applications on smartphones and is therefore appropriate
to use in large scale citizen science projects. We also highlight the need to think inclusively when
reporting and presenting colour-based research findings in melissopalynology and honeybee research.

1. Introduction

The western honey bee (Apis mellifera) uses plant pollen as
an important nutritional source for amino acids, fats, miner-
als, proteins, starch, sterol and vitamins (Brodschneider et al.
2018). The nutritional quality of pollen pellets is dependent
on the botanical origin of the pollen (Manning 2001). In cer-
tain circumstances the foraging on one abundant plant is
known to have detrimental impacts on the hive, such as Zea
mays (Di Pasquale et al. 2016). Therefore, understanding
where a colony is collecting pollen from and the diversity of
sources can provide insight into the nutritional health of that
colony. One of the first determinations of botanical origin for
pollen pellets is by using colour and this is routinely used by
beekeepers to understand the foraging of their colonies (Kirk
1994; Conti et al. 2016; Brodschneider et al. 2021; Campos
et al. 2021).

Colour of pollen pellets has previously been determined
by eye (Kirk 1994; Brodschneider et al. 2021), by experienced
expert eye (Conti et al. 2016) or using specialist equipment
(Sipos et al. 2020). However, specialist equipment almost
always comes with a prohibitive price tag, especially if work
is being done on a tight budget or aims to include a large
number of citizen scientists (Brodschneider et al. 2021).
Using individuals’ perception (Brodschneider et al. 2021),
printed colour palettes (Conti et al. 2016) or the commonly
used pollen pellet colour charts assumes everyone can see
colour in the same way (Kirk 2006). Congenital Colour Vision
Deficiency (CVD; commonly referred to as colour blindness)
is a surprisingly common disability, with up to 9% of males

and 2% of females having some form of CVD (Barry et al.
2017; Burggraaff et al. 2021). CVD has been shown to have a
significant impact on an individual’s quality of life and, more
specifically to the subject of this manuscript, abilities to par-
ticipate in scientific research (Barry et al. 2017; Burggraaff
et al. 2021). This brief communication reports a readily
accessible and relatively inexpensive method to help stand-
ardise colour determination of bee products and enables the
participation of CVD individuals.

2. Methods

Pollen samples from two different hives were collected from
May to October 2021 as part of a project to determine the
foraging patterns of Apis mellifera in urban and rural settings
around Newcastle upon Tyne, UK. One hive is in a sheltered
city centre location, close to parks and residential gardens,
and the second hive is located in the countryside, roughly
18 kms west of Newcastle Upon Tyne, on a former airfield
that is partially reforested and surrounded by farmland. The
full details and results of this project will be the subject of
another paper, whilst this one focuses on disseminating a
method for inclusive colour determination and reporting of
these findings. Corbicular pollen samples were collected by
applying a pollen trap (Abelo Universal Pollen Trap) to the
entrance to the hive and leaving for 1-hour, this allowed col-
lection of a representative mix of pollen pellets without risk-
ing colony health and anxiety of the beekeeper. The pellets
were stored at 4°C, ready for sorting and processing.
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Figure 1. Workspace set up (a) showing the lit area of matte white paper used as a stage (b) for measuring the RGB values of pollen pellets.

A well-lit work area was prepared by positioning two LCD
fibre optic lights (LED, desk lamps etc. also work) around a
sheet of matte white paper (Figure 1). Four different smart-
phone colour detection applications, hereafter referred to as
‘apps’ were tested (Color Grab [App 1], Colour Picker [App 2],
Color Name [App 3], RGB Detector [App 4]) and comparison
was made between iOS and Android operating systems. The
colour detection apps were then used to measure the RGB
(red:green:blue) value of the work area and the lighting was
adjusted until this was white (255:255:255). Ensuring the
work area is registering as white in the smartphone app for
each working period should facilitate comparison between
multiple working periods. Samples were then placed onto
the work area and sorted systematically into groups of
matching colour, shape and size (Sipos et al. 2020; Campos
et al. 2021). Colour is frequently the first initial sorting criteria
(Campos et al. 2021) and could be supported by the smart-
phone colour detection app for individuals with CVD. The
RGB value of each group (or individual pellet) from a sample
was then determined and recorded. This stage of the
method is open to replication to determine any variation in
colour within and between grouped pellets.

A small number of each pollen pellet group (up to three
pellets) were disaggregated in boiling water, dehydrated
using glacial acetic acid and then processed using acetolysis
(@ 9:1 ratio of acetic anhydride and sulphuric acid) for three
minutes to remove all extraneous cellulose and non-sporo-
pollenin material, leaving only the exine walls of the pollen
present for identification (Lau et al. 2018; Riding 2021).
Processed samples were stored in water with copper sul-
phate (approximately 10% concentration) to prevent fungal
growth. Processed pollen was identified and counted using a
Leica DM 500 microscope. Identification was supported by a
variety of literature, the Northumbria University Pollen
Reference Collection and the online resources: Global Pollen
Project (Martin and Harvey 2017) and PalDat (2021). A total
of 500 pollen grains were counted for each sample following
Lau et al. (2018). A non-Metric Multidimensional Scaling
(nMDS) was used to ordinate the pollen data to investigate
the relationship between colour and pollen content. The pol-
len data was treated with a Bray-Curtis dissimilarity and ordi-
nated in an nMDS in PRIMER6 (Clarke and Gorley 2006).

3. Results

The 20 pellet colours presented to illustrate this CVD appro-
priate technique come from 251 individual pellets represent-
ing both the main pollen type being collected by the bees
on that collection date and rare pollen types foraged upon
(Table 1). The colours range from dark brown (RGB: 99,84,59)
to creamy-yellow (RGB: 251,221,51) showing variation
between pollen types and within the same pollen type
(Figure 2). For example, Epilobium angustifolium ranges from
dark to light brown, which is not related to the proportion
of Epilobium angustifolium pollen present (Figure 2; Table 1).
At a family level of identification, pellets composed primarily
of Rosaceae pollen range from Brown (RGB: 197,175,87) to
Yellow (RGB: 225,195,37). Colour can also be independent of
the dominant pollen type present. For example, the colour
yellow is reported for pollen pellets composed of a
Rosaceae/Brassica sp mix, Brassica sp., Acer campestre,
Chicoroideae, Vicia sp. and Hedera helix (Figure 2; Table 1).
This disconnect from a one-to-one relationship between col-
our and dominant pollen type is highlighted by the nMDS
ordination (Figure 3).

To highlight the variation in colour identification
between someone with CVD and ‘normal’ vision the pollen
pellet colours were subjected to a CVD simulator (Figure 4).
For an individual who has Protanopia (red-blind CVD), the
most obvious difference is the lack of red tones (Figure 4b).
This is best exemplified by pollen pellet 15, for non-CVD
individuals it appears as a light pink (Figure 4a) and a
noticeably different pale brown for those with CVD (Figure
4b). There are also noticeable differences in pollen pellets
72 (brown to grey) and 97 (brown to green), whereas some
pellets appear duller (14, 46 and 53), darker (62 and 101) or
similar (Figure 4). It is also worth noting that there was dis-
agreement between the non-CVD authors (the CVD author
stayed out of this) of the paper over the differences in
Figure 4, adding further weight for the need to standardise
how we collect and present colour data in honeybee
research. With an aim to standardise how we collect and
present colour data, comparisons across smartphone oper-
ating systems and apps shows considerable variation in
shades of projected colour from detected RGB values
(Figure 5; Supplementary information). Whilst there is
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comparability between some of these (Figure 5c), there are
examples of operating system bias (Figure 5f) and consist-
ent app difference (App 2). The comparability of App 4
between operating systems (Figure 5a,c,d) shows that if an
app was prescribed to citizen science participants, consist-
ent results could be generated.

angustifolium

Rosaceae

Brassica Calystegia
sepium
53 Vicia 110 Chicoroideae

Hedera helix Acer campestre

Figure 2. Projected RGB colours of pellet types grouped by dominant pollen
type present. For numbers of each pellet colour, date of collection, RGB values
and full pollen content, please see Table 1.

110 2D Stress: 0.07

54 3 60 52
B s
72¢
L] 7%
@ 56
53
97 16
® 18
101 14

Figure 3. Projected RGB colours ordinated by pollen count data in a 2D nMDS.
Numbers next to points refer to Pellet group lab codes (Table 1).

65

110

53

4. Discussion and considerations

The colour of pollen pellets is routinely used as a proxy for
botanical or genetic analysis to infer the origin of the pollen
(e.g. Conti et al. 2016). However, the human eye cannot dif-
ferentiate the full diversity of the colours collected and so
colours are simplified into broad categories (Brodschneider
2018; Kirk 2018; Brodschneider et al. 2021). This has known
limitations for experienced workers (Kirk 2006, 2018; van der
Steen and Brodschneider 2014), but also presents an add-
itional challenge for individuals with CVD. Our proposed
method for colour determination provides the opportunity
for a relatively inexpensive, reproducible and inclusive data
collection and reporting. With an estimated six billion smart-
phones on Earth (Price et al. 2018), their use in science and
to engage citizen scientists is increasingly routine, including
in the use of cameras and RGB spectrums (Yang et al. 2018;
Malthus et al. 2020). An awareness of how widespread CVD
is and the implications for this on science communication
and in citizen science data collection is also emerging
(Burggraaff et al. 2021).

As well as providing an inclusive means for CVD individ-
uals to engage with the colour determination of pollen
pellets, our proposed method offers a degree of reproduci-
bility between multiple participants (achieved by ensuring
the work area is sufficiently lit to register as white on the
smartphone) and could be applied to large citizen science
projects with relative ease (Brodschneider et al. 2021).
Inter-smartphone variation would certainly be a consider-
ation in these projects and it would be prudent to have
participants supply the make, model and operating system
version as part of a project’s metadata. The choice of col-
our determination app can subtly modify the measure-
ments (Figure 5). Therefore, it should also be prescribed to
study participants, of if this is not possible then it should
be recorded in the metadata to enable any anomalies to
be easily identified. In studying water quality and reflect-
ance, it was found that there were no major deviations
between smartphone operating systems, but that unex-
plainable behaviour in one particular brand could lead to
low or zero values in the blue band (Yang et al. 2018;

b.

97 65

.

62 ’ 53

110

Figure 4. The same pellet colours displayed in Figure 1 and presented in Table 1 in non-CVD (a) and Protanopia (red-blind) CVD (b). Image b. was generated with
a CVD simulator (https://www.color-blindness.com/coblis-color-blindness-simulator/) and will appear identical to image a. if you have CVD.


https://www.color-blindness.com/coblis-color-blindness-simulator/

Figure 5. A comparison of RGB colour projections for six pollen pellet groups
produced by Android and iOS operating systems (rows) for four apps (columns).
Photos of pollen pellets collected from beehives have the measured pollen pel-
let circled in pink for visual comparison to smartphone detected RGB projec-
tions. Pellet group lab code 14 (a), 25 (b), 46 (c), 53 (d), 54 (e) and 60 (f). App
names can be found in the methods section and pollen analysis details can be
seen in Table 1.

Malthus et al. 2020). This behaviour was also occasionally
observed in our results as well (Figure 5f). Burggraaff et al.
(2021) also suggest participants are made aware of the
data-biasing implications of CVD during any training or
induction activities. However, this does require the individ-
ual to know that they have CVD. As it is an inherited dis-
ability and not a life-threatening condition, individuals
born with CVD may not be aware they have it (Maule and
Featonby 2016). The use of RGB values from a smartphone
removes the two assumptions that (1) everyone can see
the same colours and (2) those who have CVD know that
they do. The data generated, whilst substantially more
detailed than traditional colour determinations of pollen
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pellets (Table 1), can then be grouped and simplified in a
consistent manner during the analysis stage.

Whilst we were unable to show that variation on the RGB
bands was due to increasing mixing within a pollen pellet
(Table 1), this does raise an interesting potential for RGB val-
ues to be used to determine increased dilution of a domin-
ant pollen type with other pollen varieties. Using the cut-off
10% value presented by Brodschneider et al. (2018), half of
the Epilobium angustifolium pollen pellets analysed in our
study to demonstrate this RGB method were mixed pellets of
the M-type. M-type mixed pellets are blended mixes of two,
or multiple, pollen types that appear to be a homogenous
pellet (Brodschneider et al. 2018). M-type mixed pellets have
been estimated to make up around 40% of the pellets
foraged by Apis mellifera (Betts 1920; Brodschneider et al.
2018) and this creates complexity when using colour to
determine botanical origin. Our results do not show an
apparent clear signal of shifting RGB away from a pure
Epilobium angustifolium pollen pellet as the secondary pollen
type was only identified to a family level (Figure 5; Table 1).
It may therefore be that the Epilobium angustifolium pellets
were mixed with different Boraginaceae species and a larger
and more systematic study would identify a pattern in the
RGB values based on increased dilution of the dominant pol-
len type by a second species. Alternatively, the colour vari-
ation could be related to relative dryness of pellets, but
Salonen et al. (2021) also found colour variation in pollen
pellets of Epilobium angustifolium. This implies that palyno-
logical analysis is essential to the correct identification of
pollen pellets (Conti et al. 2016) given that colour intra-taxo-
nomic variation was observed in this study (Figure 3) and
others (Salonen et al. 2021).

Mixed pollen pellets also present a limitation of the
method of colour determination advocated herein.
Specifically, the segregated (S-type) mixed pellets that are
defined as having distinct segments of colour (Brodschneider
et al. 2018). We found having two, or more, sections of dis-
tinct colour on a small object creates a challenge for a typ-
ical smartphone camera to register the distinction. This can
be circumvented by manual separation of the segments,
although this requires precise separation to avoid leaving
residual portions adhering to separated segments. Whilst M-
type mixed pellets have been estimated to account for
around 40% of all pellets, S-type pellets are much rarer
(Brodschneider et al. 2018). Betts (1935) reported observing
76 S-type pellets from 3500+ loads examined over a five-
year period (around 2%).

5. Wider applications and recommendations

The proposed methods to more inclusively document the
colour of pollen pellets in melissopalynology is not the first
use of RGB in palynology and is not restricted to pollen pel-
let colour. RGB values are integral to the Palynomorph
Darkness Index (Goodhue and Clayton 2010) and shifts in
the red value have been shown to indicate reworked pollen
and spores (Strother et al. 2017). Colour is a basic descriptive
feature in many branches of palynology: sediments (e.g.
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Riding 2021; Kroeck et al. 2021), honey (e.g. Terrab et al.
2022) and palynomorphs (e.g. Gibson and Bodman 2021)
have all had their colour reported in recent palynological lit-
erature. Much has been written on the need for graphs and
maps to be CVD friendly in scientific publishing (e.g. Allred
et al. 2014; Frane 2015; De Paor et al. 2017). Ensuring this
accessibility through the scientific process, from observation
to reporting, is equally important. Simple technological
means (as advocated in this paper) for CVD and people with
visual impairments to understand observations of colour
would go a long way to increasing inclusivity (De Paor
et al. 2017).

Whilst we will not demand all colours ever mentioned in
the palynological literature be accompanied by CVD
friendly data, we reiterate the encouragement to consider
those who see things differently proposed by De Paor
et al. (2017). Returning to the focus of this paper, we
would make the following recommendations for those
wanting to use pollen pellet colour as a proxy for botan-
ical origin (with or without palynological ground truthing).
Firstly, choose a colour determination app (one that works
across platforms is ideal) to avoid inter-app variation.
Secondly, make sure those measuring the colour are aware
that white should register as 255:255:255. It would be
beneficial for them to record the values that a white piece
of paper registers as so that it is possible to correct any
measured values, when white is not 255:255:255. Third,
collecting data on phone type would enable any patterns
of errors to be identified in colour determination. Finally,
reporting RGB data to enable all end-users of the research
access (e.g. Conti et al. 2016). Multiple studies, including
ours, have highlighted the occasional inconsistency
between the perceived relationship of pollen pellet colour
and botanical origin (Conti et al. 2016; Salonen et al.
2021). Therefore, when time and funding facilitate it, a
trial period to match pollen pellet colours to actual
palynological content should be considered essential
before collecting larger datasets purely based on pollen
pellet colour.

6. Summary

We present a simple method to enable individuals with CVD
to be included in pollen pellet research, when colour is an
important variable to measure, with minimal biasing of
findings. As with all pollen pellet analysis, lighting is key,
and we suggest setting a working area to detect white on
the smartphone. For citizen science based projects it is rec-
ommended that an app is prescribed to avoid inter-app
uncertainty. It is also important to consider how we, as a
scientific community, present colour to our readers and
audiences. One great benefit of modern publishing is the
opportunity to include extensive supplementary information
or links to stable data repositories, we would encourage the
inclusion of RGB (or other standardised colour coding)
tables with studies where colour is a critical variable to the
interpretation of the results.
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