Bees, Pesticides, and Politics
Challenges and Opportunities for
Sustainable Urban Landscapes

Daniel A. Potter, Professor
Dept. Of Entomology, Univ. of Kentucky

Urban Horticulture is a >100 billion dollar
industry i

%

Nurseries . "~ 80 million home
Garden Centers Parks & Golf Courses lawns/landscapes

Shortly later, as shoppers begin to arrive...

50,000 dead and dying
bees
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My Program Focus:
Management of Pests and Beneficial Insects
in Urban Landscapes

86% of US population resides in urban or
suburban areas!  (Us Census, 2018)

Early one June 2013 morning at an Oregon
shopping center parking lot......
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Oregon Dept. of Endangered species
Agriculture officers  conservation biologists
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More backlash.....

Memorial Planned For Thousands Of Dead Bees
In Wilsonville

earthrix

news fixed on the environmen

Bumblebee incidents result
in pesticide violations
e o o g 5 et by Tl |

(15 Lixe | snr- HERIES PRI g

ODA completes investigations, issues enfor

State suspends pesticide operator's license after
deaths

-

@NEWS

Pesticide restricted after bee Kkill
Restriction in place for 180 days

By Shelby R King /1 n

The Oregon bee kill resulted from a label
violation

“This product is highly toxic to bees... Do not apply or
allow it to drift to blooming crops or weeds if bees are

visiting the treatment area”
More prominent “Bee Hazard” box
now required on pesticide labels

PROTECTION OF POLLINATORS
APPLICATION RESTRICTIONS EXIST
FOR THIS PRODUCT BECAUSE
OF RISK TO BEES AND OTHER
INSECT POLLINATORS. FOLLOW
APPLICATION RESTRICTIONS
FOUND IN THE DIRECTIONS FOR
USE TO PROTECT POLLINATORS
k s, Look for the bee hazard icon in the Direc-
“#7% tions for Use for each application site for
specific use restrictions and instructions to
protect bees and other insect pollinators. |
This product can kill bees and other insect polli-

KGE 0UT 0 REACH OF CHLDREH
CAUTION,

Boes and other insact pallnators will forage on plants
when they flower, shed pollen or produce nectar.
(continued)

Why all this Swarm the EPA

attention on bees?

Home Depot and Lowe's:
STOP selling
—

bee-killing pesticides!

What challenges and opportunities does this
issue pose for sustainable urban landscapes?
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Without bees, they’ll all be off the
menu

Why care about bees?

The worldwide economic value of &%~
insect pollination is estimated at
US $217 billion!

Melons, squash
Cherries

Products removed

Your breakfast.....

Apples Cauliflower

Onions Leeks

| Avocados  Bok choy With bee pollination Without bees

. Carrots Kale

| Mangos Broccoli
Lemons Mustard greens

:::n':g::ucechcices ; LimeS

g Honeydew

Cantaloupe

R Zucchini

Summer squash

Eggplant

Cucumbers

- Celery

Green onions

Your produce choices
AR £ Source: Whole Foods Market

Farm workers must hand-pollinate millions
of flowers to get fruit!

In parts of China, heavy agricultural spraying
has nearly wiped out local bees

Jar of apple
pollen




The California almond industry alone requires
use of 1.4 million honey bee colonies!

Why conserve native bees?

They are keystone species for native
biodiversity

Raven Run, Lexington, KY

Besides honey bees...

4000 species of native bees also provide
pollination services in the USA!

Join the Conversation
about | ¥

Native
Bees

1/4/2021

Why conserve urban bees?

Bees pollinate our gardens and plants that
provide food for urban wildlife

Honey bees are not native to America

Brought here by early colonists in the 1600s

Some Familiar Native Bees

< V{
\%(.L\ § & - B b- ),
Sweat bees (Halictidae) ason, resin, & leafcutter bees

(Megachilidae)

Bumble bees (Apidae) Mining bees (Andrenidae)




Build a bee hotel!

Recommended Book!

WGuide 10 North America's Bees PN
y

In Your Backyard

PN

e

it AN
Joseph S. Wilson & Olivia Messinger Carril

Bees and Wasps are NOT the same

Bees feed their young on
pollen and nectar

Fuzzy, with
branched hairs

Body adapted to
carry pollen

Mason bee nest
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Bees and Wasps are not the same

Bees and Wasps are NOT the same

Wasps have little to no hair

4

Wasps feed their young on meat!

Honey bees are docile unless their hive is
threatened, and native bees rarely sting

Most stings in urban
settings are from wasps!

Honey bees and native pollinators are
having a tough time

Frotecl'%

Pollinators




Science News from research organizations

U.S. beekeepers lost over 40 percent of colonies last year,
highest winter losses ever recorded

Results point to a need for increased research, extension, and best
management practices

Date:  June 19, 2019
Source:  University of Maryland

Summary:  Beekeepers across the United States lost 40.7 percent of their honey bee colonies from
April 2018 to April 2019, according to preliminary results of the latest annual nationwide
survey conducted by the University of Maryland-led nonprofit Bee Informed Partnership.
The survey results indicate winter losses of 37.7 percent, which is the highest winter
loss reported since the survey began 13 years ago and 8.9 percentage points higher
than the survey average.
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Why are honey bee

populations struggling?

The Varroa mite is considered the greatest
challenge facing beekeeping worldwide

These parasites suck blood and transmit deadly
bee diseases

Why are honey bees struggling?

Exotic bee diseases

Nosema fungus causes
Deformed Wing virus ”dysentery" in bees

Why else are honey bees struggling?

High Fructose Gorn Syrup May Be Partly
Responsible for Bees’ Collapsing Colonies

High fructose corn syrup, the sugary compound in soda, is also fed
to bees

Not good

Real honey boosts
baby bees’ immune
systems
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Why are honey bees struggling?

Why are honey bees struggling?
Travel stress!

COMMERCIAL POLLINATION ROUTES

7N

But, most honey bees in North America are
managed as semi-domesticated livestock

So beekeepers can intensify their practices to
compensate for colony loss

USDA ' united states Department of Agriculture
==
- Economic Research Service

Finding: Crops October01,2018 | Bl print | E por | B Emar

Despite Elevated Loss Rate Since 2006, U.S. Honey Bee Colony
Numbers Are Stable

by Peyton Ferrier

Native bee populations are declining, in
North America and worldwide. Why?

Patterns of widespread decline in North American
bumble bees

Global pollinator declines: trends,
ir and drivers

: Simon G. Potts’, J

., Claire Kromen?, Peter Neumann’,
Oliver Schweigor® ¢

jacobus C. Bi
‘and William

providiog via scosysta deniess 1 Gope and wlki ety sad b ivehds, We scemil s

Why are Native bees declining?
Habitat loss!

Didn’t | use
to live here?




70% of our native bees are

ground-nesters
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Many other native bees rear their young
in cavities or hollow stems

Why are ALL bees struggling?
Agricultural intensification!

Less varied, less nutritious  Acute or chronic
pollen & nectar exposure to pesticides

Climate change, too, affects bee populations

SCIENTIFIC REPg}RTS

Climate change-driven range l0sses  cuowurossy ccotoor
among bumblebee species are Functional mismatch in a bumble bee
poised to accelerate pollination mutualism under

Cabein St Dl ey e climate change

Gein? ? Peter G, Kevan,*

Science 349 (6255), 1541-1544.

Pollinators

_ One stress can increase
4 . bees vulnerability to others
Parasites, |
diseases

stressors !

Insecticide
exposure
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Public perception is that pesticides, esp. N .
. P . p . . . P ! .p Neonicotinoids are a class of synthetic
neonicotinoid insecticides are the main . .. . L
insecticides chemically related to nicotine

cause of bee decline
They are selectively much more toxic to

“'- insects than to mammals, including humans

They're being

poisoned
y

neonicotinoid
insecticides

&

Tell the EPA to Ban Neonicotinoid Pesticides
Before They Devastate the U. S. Bee Population

Neonicotinoids are systemic insecticides
They move upward in the plants’ vascular system to
all parts of the plant

Why are neonicotinoids used?
It’s not so easy bein’ green...

Neonicotinoids are relatively persistent in Systemic applications are often more
plants, providing extended pest control practical and less hazardous than sprays

Or this...

This......

Treated

Emerald ash borer

White grubs
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Fact:
All insecticides effective in managing emerald ash
borer are systemic, and intrinsically toxic to bees

Before (2006) After (2009)
Emerald Ash Borer: Toledo Ohio

Photos: D. Herms

In many cases, systemics are the most effective
available tools for managing invasive pests

Emerald ash rer

Bees can potentially be exposed via contact or
systemic transference into pollen and nectar

Urban landscapes account for a tiny
fraction of neonicotinoid use

Turf & landscape
. (purple line)

%/Ia%e

oybean
Co¥ton 1
Vegetables + fruit
Orchards + grapes

heat

w
L

N
L

Rice
Pasture + hay

14 Other crops

Neonicotinoids (mil kg)

o
1

T T T T
1995 2000 2005 2010

Douglas & Tooker Environ. Sci. Technol. 2015

But, the Horticulture Industry is “low-hanging
fruit” in debates about banning pesticides

The “bee issue” has become the
new driver for those pressures

SBREAKING,NEWSH
MARYLA l{g 5 Al&ndﬁ b
INSECHCID%R RE DEN' USE

3 -dﬂ

Only a ban
will protect them

MARYLAND BECOM

R
asf? A
TO ENACT MAJGR TRIC 5
o,

GOOD JOB; MARYLAND. NOW, TOIEUI
THE BEES AND.THE BUTTERFLIES, Al URSELVES,
WE NEED TO BAN‘ALL USES OF NEONICS;

BAN BEE-KILLING NEONIGSle

Between the Devil and the Deep Blue Sea...

Growers and Land
Care Professionals

Managing Pests Safeguarding Pollinators

10



Difficult Questions...

Is there an acceptable threshold for bee
hazard from insecticides?

If so, how should it be balanced against
the pest management benefits ?
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Dozens of studies show:

At high enough dosages, neonicotinoids can
kill bees outright or impair colony function

ée

Hazard = Toxicity x Exposure

/m

High exposure
High hazard

Low exposure
Low hazard

v My Lab’s recent research focus

Assess insecticide hazard to urban bees and find
ways to reduce it

Use pollinator conservation to promote more
sustainable landscapes

Jonathan Larson, PhD 2014 Emily Dobbs, MS 2014 Bernie Mach & Adam Baker, , PhD current

Model system for lawn studies:

White clover intermixed with cool-season turf

Queens overwinter,
each starts a new colony
in early spring

New queens seek
overwintering sites, .I
colony dies out -

Solitary Phase
. (first few weeks)

2

Gynes emerge,
mating and
outcrossing

Eusociality when
first workers
emerge
Midsummer switch to
producing new queens More workers

and males produced, colony grows

11
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We compared lawn insecticides from
two chemical classes:

Neonicotinoids Anthranilic diamide

7A\rena w Acelepryn’
Insecticide
Clothianidin
Chlorantraniliprole
MERIT -
SEPA Sgum
Imidacloprid

MASKED CHAFER

LIFE CYCLE

Applications were at typical timing for
preventive grub control

Insecticides were applied at label rate and
watered in; bees were introduced 1 day later

Hives started
with queen & 20
workers

30 open-bottom cages

Within a few days, colony exposure to neonic-
contaminated weedy turf resulted in:

10

5

Number of foragers

Almost no foraging ——,

Clothianidin Chlorantraniliprole Unireated

>
]

—T High worker mortality

Dead workers in hive

o

- Larson etal. (2013) PLOSONE
- Larson et al. (2014) Ecotoxicology

Clothianidin Chiorantraniliprole  Untreated

To assess effects on reproduction:

We exposed colonies to treated weedy turf for 6 d

We then moved them to “safe site” to forage and
develop until late summer

Gainesway Horse Farm —
no pesticides used here!

6-day exposure

Weighing colonies in the field

12



1/4/2021

Colonies that had foraged for 6 days on
neonic-treated weedy turf struggled to grow

Evaluating Colony Health

400
350

- Untreated

~&— Chlorantraniliprole
4= - Ciothianidin

=2 @
SO
%.-,;

01 me=—pg SN S
|
0 7 15 28 42

Larson et al PLOSOne 2013

The neonic-exposed colonies were too weak Will bees avoid sprayed flowers?
to reproduce (i.e., no new queens)

Counted bees for

Spraying plots
: each day for 1 week

Neonicotinoid -
i treated

Non-treated or
Acelepryn-treated

Larson et al. 2013 @'PLOS |oxe Larson et al PLOS One 2013

Will bees avoid sprayed flowers? Take home point:

- NO! Direct exposure to neonic residues on
flowering lawn weeds is harmful to bees!

Average number of pollinating insects
3

‘ Arena  §Acleprun  Untreated

13
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In other trials, we identified some ways
to reduce neonic bee hazard in lawn care:

Mow off or control
flowering weeds before
treating for grubs

Granular formulations pose
less hazard than sprays

More importantly:

We identified an effective, non-neonic lawn
insecticide that is non-hazardous to bees

GREEN
'CHEMISTRY

.3,/ '" Hooray!

P
&

® Acelepryn

We've shared these findings with thousands of
practitioners, helping them to adopt more “bee-
friendly” land care

Scotts replaced the
neonic in GrubEx
with Acelepryn

EPA is proposing cancelling all spray uses of
imidacloprid (e.g., Merit®) on residential turf

Search EPA.gov Q

contacTus  share () () &)

Laws & Regulations About EPA

EPA Releases Proposed Interim
Decisions for Neonicotinoids
For Release: January 30, 2020

EPAis taking the next step in its regulatory review of neonicotinoid pesticides - a group of insecticides
used on a wide variety of crops, turf, ornamentals, pets (for flea treatment), and other residential and
commercial indoor and outdoor uses. The agency’s proposed interim decisions for acetamiprid,

and contain new measures to reduce potential

ecological risks, particularly to pollinators, and protect public health.

How can we reduce systemic insecticide
hazard to bees on woody landscape plants?

Residue Studies with Woody Landscape Plants

Environmental Toxicology

Uptake and Dissipation of Neonicotinoid Residues in Nectar
and Foliage of Systemically Treated Woody Landscape Plants

Bemadette M. Mach,” Svetlana Bondarenko,” and Daniel A. Potter™*

- Environ. Tox. Chem. 2017

14
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Collecting Nectar and Foliage for Residue Analyses

Twigs with blooms
mounted in tubes

PhD student Bernie Mach
collecting flowers

Nectar from 200-300 flowers
extracted per tube

Centrifugation

Main take home points:

Neonics hang around for at least a year in nectar
and pollen of trees and shrubs

Don’t use them on bee-attractive plants unless
there is no other way to protect them

Lots of folks are about pollinators

°
T
\

L2

My granddaughters Adele and Evie; Halloween 2017

Pollinator-friendly land care is good
for the industry

Sultwater (Dasette
Local garden center abuzz about
bees; Rose Floral a ‘real leader” in
being ‘pollinator friendly’

>

tional pollinator [,

national pollnator
garden network‘ t‘

Million Pollinator Garden Challenge

1,040,000 Gardens Registered in just 3 years!

%
Hermosillo
Chihuahua

C

ene Monterrevs

090" MEXICO

garden network!

national pollinatorii;g:{;*
<)

The best way to help urban pollinators is to
give them more and better food!

" il Pt
Dyw/h\i?(iw (fan(’ws;
N

15



A Recent Project:
Operation Pollinator for Golf Courses

Emily Dobbs (MS 2014)

Establishing KY Operation Pollinator Plots

Herbicide

Scarify and rake

2

We documented 49 types of bees and
butterflies, including three declining bumble
bee species, in our plots on KY golf courses

- Dobbs and Potter 2014

1/4/2021

Many U.S. golf courses are increasing
their acreage of naturalized roughs

Kearney Hills Golf Links,
Lexington, KY

June 2013 July 2013

Since our study, Operation Pollinator has been
implemented on 300 golf courses in 30 states

16
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Research Project: 2014-2018

Woody Landscape Plants for Urban Bee

Conservation

Bernie Mach, PhD 2018

A single tree or shrub can provide 1000s of
flowers with high-quality pollen and nectar

Summersweet (Clethra)

Yellowwood (Cladrastis kentukea)

Listmania!

iz
Attrac
NATIV.

RO D

+

& il

e
R

Plants for Bees

&

[

Bringing.
Nature
Home

Lack of Data on Bee-attractive Plants

What type? How bee-attractive is it?

PLANTS THAT ATTRS

We sampled 72 species of woody landscape plants
Five sites (replicates) per plant species

ILLiNoIs ‘I
/

Residential, commercial, &
institutional landscapes

=

Arboreta Cemeteries y
' Street trees

17



We compared plants’ attractiveness to bees
by “snapshot counts”

Then collected 50-bee sample
from each of 5 sites (250 bees)
per plant species

1/4/2021

Different woody ornamentals attract unique
bee assemblages
-

N
B
A
“~
R »
T
+
.
3
‘=

J

Flower Form Matters!

Pretty useless

Are natives best for bees?

Attracting Pollinators *) SUPPORT NATIVE BEE
to Your Garden Using e
Native Plants | &,

PLANT NATIVE PLANTS

Native v. Non-native Woody Plants
Either can attract low or high numbers of bees

Flowering dogwood
Cornus florida

American yellowwood
Cladrastis kentukea

|
.
Serviceberry

Native
Winged sumac
e

NO n native Blue/China holly

llex x meserveae

Higan cherry
Prunus subhirtella ‘autumnalis’

Bee bee tree

Total number of bees

Mach & Potter PLoSoNE 2018

Examples of Bee-Attractive Native Trees

Bottlebrush
buckeye

Yellowwood . )
Winged sumac Devil’s walking
Black gum stk

18
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Examples of Bee-Attractive Non-native Trees

Examples of Bee-Attractive Native Shrubs

;'\.,,5‘41’.,!}

1 94’ 77

LA
of

/)
A

AL

Cornelian cherry

- Seven sons ' i
Dwarf fothergilla
dogwood Beebee tree flower tree &

Sweetspire (Itea)  Virginia

spiraea False indigo

Examples of Bee-Attractive Non-Native Shrubs

Question:
—

Do native woody plants provide higher
quality floral resources than non-natives?
Answer:

Both can provide quality food for bees and
other pollinators

- Mach & Potter, in prep.

Panicle hydrangea Pyracantha

Virginia spirea (native)

Glossy abelia (non-native)

Honey bees and moqarch on Seven Sons Many of the best “bee magnets” are also
Flower tree (non-native) in September nearly pest-free!

Glossy abelia

Seven-Son Flower

Amur Maackia Black gum

19
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Diversify landscapes with pest-resistant
flowering plants

Emphasize natives, but include some non-invasive
exotics to fill in seasonal gaps in floral resources

Early spring Spring/Summer Autumn

How to Build a Bee-Friendly Landscape
(Choose some from each column)

[ sping | cory Summer __|__Late summer _|

Serviceberry Bottlebrush buckeye Bee bee tree
Crabapple Climbing prairie rose Winged sumac
False Indigo Clethra Glossy abelia

Eastern redbud Hydrangea paniculata  Seven son flower tree

Cornelian cherry St. John's wort Chaste tree
Winter king hawthorn ~ Winterberry Devil's walking stick
American yellowwood Golden rain tree Buttonbush

Foster's holly Amur maackia

Flowering cherry Virginia spirea

Cornelian cherry Bottlebrush Seven sons
dogwood buckeye flower tree
On Horticultural Research Institute Website......
PLANTS .~~~ ~~._/ 73
BEESLIKEBEST —~~___-- '%

BEE jﬁ

MAGNETS

& GROW WISE UK
Horticuly BEE SMART™  KENTUCKY

To access the full article, search:

“Plos One Potter”

GPLOS | ox

RESEARGH ARTICLE
Quantifying bee assemblages and
attractiveness of flowering woody landscape
plants for urban pollinator conservation

Bernadette M. Mach, Daniel A. Potterc,*

Lexington, Kentucky

* dapolter uiy.edu

'.) Abstract

Gheck for
updates | pollina-

tors.

Grow

Plant Health Exchange™

Pollinators Hub

~

Podcasts and other great information!

Woody Plants for Urban Bee Conservation Building a Battar Monarch
USDA-NIFA Specialty Crop Research Butterfly Garden
USDA-NIFA Specialty Crop Rescarch
February 2019 Initiative Outreach Webcast

More than meets the eye?
! The role of annual
ornamental plants in —
supporting pollinators B o s
. |

Another great resource!

Protecting and enhancing
pollinators in urban landscapes

May 2019
By David Smitiey, Michigan
I

1 Envin
:Joy N. Landi ' Paula M. Shrewsbury,
Horms, The Davey Kent, Ohio

y
‘and Cristi L Paimer, IR-4 Project Rutgers University.

Introduction
Most of the fruit and vegetables we eat would not  select lowers, herbs, shrubs and trees that support
bees to polinate the flowers they developed from.  manage your yard and garden to protect polinators,
Widfowers, d shiubs and how  nesting sites for them.

must also be polinated by bees to produce frit and
seed

in urban
vices, some of our poliinators like monarch butterfies,

‘swallowtail butterfies and h birds are valued
s wildife that we enjoy in the yard and garden.

fruit. While some plants are wind-polinated, many
require assistance from insects, bats, hummingbirds
o othar animals. Withnut nollinstors. we woiid have

Michigan State Extension Bulletin E3314 (30 pages)

20



Marketing opportunities for growers
and retailers

SUPPORT e POLLINATORS

MasterTag is offering a...
PPOLLINATOR IDENTIFYING TAG
= Easy to order in low quantities.

» Attractively designed tag identifies pollinator
Sriendly plants.

i lll)\lst(]afdnns % .
SoriinaTon DAY S5

Sat, July 5,2014 8
10amta 1 pm

Take home point:

Encourage clover in low-input turf

It provides pollen, nectar, and stepping stones
between remnants of natural habitat

Being a Lazy Lawnmower Improves Bee
Habitat

Lerman et al. 2018

Putting off your lawn mowing chores could be a great way to improve bee diversity, accordin

1/4/2021

3 0
(> &
£ gripce

S

"7

We recorded > 50 species of pollinators foraging
on dandelions and clover in Lexington KY lawns

Larson, Kesheimer & Potter 2014
J Insect Conservation 18: 863-873

Queen’s Balmoral
Castle, Scotland

21
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Take home point: Take home point: Bees face many stressors
Bees benefit agricultural, urban, and Parasit 1
arasitic Le

wild habitats mites !"1

r- 0
=
Pollinators

Climate -
change
Habitat Loss

Stressful
management

. . Take home point:
Bee-friendly land care is good

for the horticulture industry Diversify urban landscapes with pest-resistant

gwgE  Bee kills are not flowering plants

Emphasize natives but include some non-invasive
exotics to help buffer bees from seasonal gaps in
floral resources

Conservation icons can drive positive Can educating the public abou.t pollinators
. help to turn these. ................... into these?
societal change

Only YOU
‘can prevent
forest fires

22



Research Supported by:

UK (9]

KENTUCKY"

7}

USDA NG
UODA aaaNIFA O -BASF

=] 3 We create chemistry m

United States Department of Agriculture

Bee Care Program

National Institute of Food and Agriculture Living Acres Program
= L & 2
, ﬁ?" B ST e
The Bayer * | ) %%~

AAApplewood Seed Co.

syngenta

1/4/2021
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