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Pollinators are declining but how do we 
detect such declines?

Globally, nearly 90 per cent of 

wild flowering plant species 

depend, at least in part, on the 

transfer of pollen by animals and 

insects. These plants are critical 

for the continued functioning of 

ecosystems as they provide food, 

form habitats, and provide other 

resources for a wide range of 

other species. 



Global Status of Pollinators
• 20,000 species of wild bees. There are also some species of butterflies, 

moths, wasps, beetles, birds, bats and other vertebrates that contribute 
to pollination.

• 75% of the world's food crops that depend on pollination.

• US$235 billion –Annual value of global crops directly affected by 
pollinators.

• 90% of wild flowering plants depends on animal pollination.

• 1.6 million tonnes – Annual honey production from the honeybee.

• 16.5% of vertebrate pollinators threatened with extinction globally.

• +40%  invertebrate pollinator species – particularly bees and butterflies 
– facing extinction

© IPBES Secretariat

© IPBES Secretariat, 2016



Global distribution of pollinator 
services

Potts et al. NATURE | VOL 540 | 8 DECEMBER 2016 



Drivers and risks of pollinator decline

Potts et al  Nature ,2016



Can pollinator decline be detected at a 
global assessment scale?

“...understanding how 
much pollination a farmer 
would get at any point in 
the landscape is the 
relevant metric for 
assessing ecosystem 
services...”

Kramann 2018 



Species accuracy problems:  
What is a pollinator?  What is 

a bee?

Potts et al 2017



Pollinator decline and Citizen Science

• Bees account for only portions 
of the pollinator services but 
the public knows surprisingly 
little about bees

• The role of pollinators in  food 
production is also poorly 
known by the public

• Engaging the public in detecting 
small pollinators next critical 
step!



Citizen science

The term “citizen science” can be applied to a wide variety of 
projects that share the core feature of nonscientists engaging 
in doing science...

Citizen science projects (1) actively engage participants, (2) 
specifically engage participants with data, (3) use systematic 
approaches to produce reliable knowledge, (4) meet widely 
recognized standards of scientific integrity and use practices 
common in science, (5) engage participants who are 
(primarily) not project-relevant scientists, (6) seek to use the 
knowledge gained to contribute to science and/or community 
priorities, (7) generally confer some benefit to the participant 
for participating, and (8) involve the communication of results

National Academies of Sciences, Engineering, and Medicine. (2018). Learning Through Citizen Science: 
Enhancing Opportunities by Design. Washington, DC: The National Academies Press. doi: 

https://doi.org/10.17226/25183. 



Pollinator Hotshots Citizen Science project 

Participants who are (primarily) not project-relevant scientists and seek to use 
the knowledge gained to contribute to science and/or community priorities

Students in higher education who intern for summer field experiences to 
address a question for pollinator decline using  systematic approaches to 
produce reliable knowledge for protected areas.  

Goals for data to meet widely recognized standards of scientific integrity and 
use practices common in science. 



Pollinators in protected areas

Do No Harm
Measuring biodiversity in protected areas 
requires different approaches

Leave No Trace
Using  photography to document  species 
details.  

Broaden Participation
Social media or crowd sourcing to 
introduce measures of species diversity to 
the general public 

Everyday tools
Using tools that everyone has in their back 
pocket.



1. What?  How much taxonomy is really needed? 
Qualifying terrestrial invertebrates into functional 
groups may provide critical clues on pollinator 
services

2. When? Protocols that maximize accuracy of 
taxonomic identification across seasons and 
changing life forms (big datasets needed!)

3. Which?  Does technology work better than 
humans? comparing technology to human 
observers for long term monitoring approaches

Pollinator hotshots research question:  can citizen 
science be used document pollinator changes in 
highland ecosystems?



Data sets collected for Highlands



Accuracy and verification

• Verification of records: crowd sourcing sites 
(iNaturalist) use “expert” verification for 
species identification of the photographs 
uploaded by participants 

• Accuracy was considered the proportion of 
records submitted as such which were 
correctly identified) and miss rate (the 
proportion of records of that type which 
were not correctly identified). Each species 
records can be scored for accuracy using the 
“crowd” on the website.  More agreement 
on species identification, the higher the 
accuracy of correct identification



Photographing Specimens
Once organism was cooled, they were placed in clear test tubes and 
photographed by bringing the test tube right against the camera eye of a 
cellphone for the sharpest images



Taxonomic details

Hairs on rear legs

Pollen sac 
present or 
absent

Hairy or 
smooth 
face

Long or short 
tongues

Clear taxonomic 
details led to 
research grade 
identification for 
most bumble bee 
species



Upload to Crowdsource Databases
(iNaturalist preferred) 

Field images 
were uploaded 
via wifi or 
cellphone app 
to database in 
field or in local 
comfy coffee 
shop



Field data of over 1000 images uploaded into online 
databases with temporal and spatial tags



Data compiled into public projects with spatial 
and temporal information added.



iNaturalist crowd sourcing led to species 
identification for 70% of the specimens 

photographed

Three verified 
identifications 
from experts 
leads to a 
research grade 
tag on the 
image



Species compared to long term climate trends and 
flowering patterns for the different parks



Species groups 

Student based observations collected a range of different 
pollinators.



Project observations can incorporate any other 
nearby observations to create location records



How well does citizen scientist do ?

Citation: Roy HE, Baxter E, Saunders A, Pocock MJO (2016) Focal Plant Observations as a Standardised Method for Pollinator Monitoring: 
Opportunities and Limitations for Mass Participation Citizen Science. PLoS ONE 11(3): e0150794. 

Accuracy rates still problematic at the species level .  Functional groups 
can be reliable  but even metrics like color can be problematic



Hotshot Discoveries



New “Record” for southern 
most location of Bombus

rubicundus

IUCN listing: Data deficit
Habitat Shrublands

HABITAT AND ECOLOGY
According to Milliron (1973), it may be 
found at any time of the year at the 
appropriate location in the species' range. 
In Peru this species is limited to the more 
humid parts of the Andes between 2,000-
3,000 m asl. 

Rasmussen, C. 2016. Bombus rubicundus. The IUCN Red List of 
Threatened Species 2016: 
e.T21215152A21215297. http://dx.doi.org/10.2305/IUCN.UK.201
6-1.RLTS.T21215152A21215297.en. Downloaded on 01 February 
2019

Our observation was at
4500 meters!

http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T21215152A21215297.en


Invasives and species shifts Local livelihood 
and honey production in the Highlands

Bee keeping is increasing in 
many parts of the world and 
often near protected areas. 
Documenting European 
honey bee occurrences 
inside high elevation 
protected area boundaries 
(such as Huascaran and 
Grand Teton National Parks 
National Park). 



Highlands Project and ecological indicators

Pollinators are in critical decline 
worldwide

As ecological indicators, many of the 
larger pollinators are easy to identify, 
document, and upload into public 
databases

The general public can help document 
and observe pollinator species using 
datasets like iNaturalist to detect the 
movement of invasive species or 
managed pollinators like honeybees.



Thank You and Questions
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