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The Xerces Society

for Invertebrate Conservation

A science-based nonprofit organization that 
protects wildlife through the conservation of 
invertebrates and their habitats

Conservation programs: 

•Pollinators & Agricultural Biodiversity

•Endangered Species Conservation

•Reducing Pesticide Use

•Community Engagement
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• Pollinator Program

• Endangered Species Program

• Pesticide Program

• Outreach & Education

• Communications

• Membership

• Grants & Corporate Giving

• Finance & Operations

The Xerces Society: Program Structure

NEW TN Urban 
pollinator position 
starting soon!
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Thank you to these Xerces Society supporters:

Photo: Karin Jokela / Xerces

• Xerces Society members
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• Brand Addition
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• California Department of Fish and Wildlife
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• California Wildlife Conservation Board 
• Carroll Petrie Foundation
• Cascadian Farm
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• General Mills
• Google.org
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• Justin’s

• Minnesota Department of Natural Resources 
Nongame Wildlife Program

• Missouri Department of Conservation
• Monarch Joint Venture 
• National Fish and Wildlife Foundation 
• Natural Resources Foundation of Wisconsin
• Nature Valley
• Nature’s Path Foods, Inc.
• Nebraska Game and Parks Commission
• Ned and Sis Hayes Family Fund of The Oregon 

Community Foundation
• North Central Sustainable Agriculture Research and 

Education
• One Hive Foundation
• Oregon Department of Fish and Wildlife
• Oregon State University
• Oregon Watershed Enhancement Board
• Pheasants Forever, Inc.
• Practical Farmers of Iowa
• RAEN Winery
• Regrid
• Samuel Freeman Charitable Trust
• San Diego Zoo Wildlife Alliance

• Sarah K. de Coizart Article TENTH Perpetual Charitable 
Trust

• The Betsy and Jesse Fink Family Foundation
• The Dudley Foundation
• The Edward Gorey Charitable Trust
• The Marion R. Weber Family Fund
• The New-Land Foundation
• The Taggart Saxon Schubert Fund
• District
• University of Northern Iowa
• Tito's Handmade Vodka
• Tualatin Soil and Water Conservation
• U.S. Fish and Wildlife Service
• U.S. Fish and Wildlife Service’s Office of Conservation 

Investment
• U.S. Fish and Wildlife Service’s State Wildlife Grant 

Program
• U.S. Forest Service
• USDA Forest Service International Programs (USFS IP)
• USDA Natural Resources Conservation Service
• Western Sustainable Agriculture Research and Education
• White Pine Fund
• Whole Foods Market
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Why focus on pollinator habitat?

the importance of pollinators

Photo: Sara Morris / Xerces 
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Why do we need habitat? 

**Crops and wild plants require a diversity of pollinators for effective and sustainable pollination**

1. 

Widespread 
habitat loss -> 
insect decline

2. 

> 30% of crop 
production 
worldwide

3. 

> 80% of all 
flowering 
plants 

4. 

Help reduce 
climate change 
effects

Photo: Kelly Gill / Xerces;  Stefanie Steele / Xerces; Adam Varenhorst; Nick Dorian / Bee Campus Tufts University
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Recycle 
nutrients 
throughout 
the ecosystem

Food sources 
for other 
animals

Help plants 
reproduce

Offer free 
natural pest 
control 
services

Photos: (left to right): Magnus Robinson; USDA ARS Scott Bauer; Marcel Holyoak via flickr; Emily May / Xerces Society
Quote from NYT Editorial Insect Armageddon October 29, 2017

“The fate of the world’s insects is inseparable from our own”

Soil health, pest control, food for wildlife, crop pollination and higher yields…
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Native habitat for native bees
More than 3,600 species of native bees in the United States

Photos: Rollin Coville, Betsy Betros, Jason Gibbs, Emily May
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NOTE: European Honey Bees -
not a typical bee

• Unusual Biology: Eusocial bees, division of 
labor (queen, workers, drones) + 
cooperative care, perennial colony -
overwinters by feeding on honey stores

• Domesticated Livestock: Colonies managed 

for honey + hive products and crop 

pollination: often temporarily brought to 

farms to provide crop pollination 

• Status: Non-native, not at risk of extinction, 

globally secure with localized problems

An agricultural/hobbyist pursuit, not a 
conservation strategy

Photos: Stefanie Steele/ Xerces
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Pollinator habitat = natural pest control

• “Natural 
enemies” eat or 
parasitize pests

• Many natural 
enemies need 
pollen and 
nectar too

Conservation 
Biological 
Control (CBC)

Photo: Assassin Bug (top left): John Flannery Flickr Creative Commons; Syrphid flies (lower left): Karin 
Jokela / Xerces Society; Lacewing (right): Sarah Foltz Jordan / Xerces Society
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Photo: Stefanie Steele / Xerces, Anna Victoria / River City Garden; Stefanie Steele / Xerces

Multi-Functional, Beautification, Education + Jobs, Food + Herbs
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Habitat & Planning Considerations

Photo: Stefanie Steele / Xerces

for a diversity of pollinators
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Where to start with creating habitat? – Assess!essFirst
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Organic Site Prep Methods
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Starting Habitat from Seed Starting from Transplants

Lower Cost Higher Cost. Can bring cost down if you grow

some yourself

More pre-planting weed control needed, since native 

seeds can easily get out competed by weeds

Less weed control needed, since native plants will have 

more of a competitive advantage 

Requires high mowing for weed management during 
establishment

No mowing needed.  Spot weeding as needed

Flowers usually not blooming/thriving until 3rd or 4th year 
of project (year 1: weed control, year 2: mowing….)

Blooming flowers can be realized the 1st year of project, 
abundant blooms by second

Seed mix can be highly diverse (but not always realized 

in plant community)

Plantings are generally lower diversity 

Less control (design is limited to seed mix) More control & design (desired plants can be selected, 

clustered, evenly distributed, distributed by height, etc.)

Better for large areas Better for small areas (1/10 acre / ~4356 sqft  = ~2k to 

4K plants or 600 sqft = ~ 260 to 600 plants at 1.5ft to 1ft 

spacing)

Irrigation only needed in dry climates May require irrigation at time of transplant, during 

establishment, and dry periods
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Small-Scale Site Prep & Planting

Passive smother tarps, sod removal, plant augers, community members!

Photos: Marty Post / Hillside Village; Loretta Powell / Detroit Little Community Garden; Micah Kloppenburg and Sarahrda / Xerces; Erma Leaphart / VOJ
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Three Requirements for Quality Habitat

1. Food: Nectar, pollen, 
host plants

2. Shelter & Nesting: 
Nest sites, 
overwintering sites, 
refuge

3. Protection: 
Protection from 
pesticide risk, habitat 
disturbance

Supporting pollinators 
throughout their life 
cycle is critical

Photo: Elizabeth Sellers / Flickr
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~70% Solitary 
Ground Nesting

Where do native bees nest???
~1% Social Nesting 

(Bumble Bees)

Photos: Kent McFarland (Flickr-CC), Sara Morris and Nancy Lee Adamson (Xerces Society)

~30% Solitary 
Stem/Wood Nesting
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Life Cycle of a Solitary Bee

Up to a year to develop before emerging to spend a few weeks as an adult.

Photos: Xerces Society / Mace Vaughan; Dennis Briggs (3); Robbin Thorp.

Mining bee

Egg on pollen ballLarva eating pollen

Pollen in a cell

Pupa

Adult
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Ground Nest Sites: ~ 70% of Native Bees 

• AVOID:

Permanent landscape 
plastic/fabric, heavy 
mulch, regular tillage or 
other ground disturbance

• ADD:

Pebbles/light rock mulch 
encourage nesting of some 
species

• Reminder:

Solitary and not aggressive 
= don’t defend nests

Photos: Hillary Sardinas, Kelly Gill, Jennifer Hopwood (Xerces Scociety)
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Stem/Wood Nest Sites: ~ 30% of Native Bees

• AVOID:
Cutting + removing all 
plant stems & dead wood
• ADD:
Plants w/hollow or pithy 
stems, dead + rotting 
wood: logs, stumps, 
branches, snags,  and 
stones to create crevices

• REIMNDER:

Cell partitions constructed 
with mud, leaf or petal 
pieces, resin, sawdust, 
pebbles, or plant hairs

Photos: Photos: Ruaa Brahran, Edward S. Ross. Darrin O’Brien, Clay Bolt, Sarah Foltz Jordan, Stefanie Steele
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A few highly-used plants for stem-nesting bees

How to create habitat for stem-nesting bees, by Colleen Satyshur and Elaine 
Evans, with contributions from Sarah Foltz Jordan and Heather Holm. 
https://www.beelab.umn.edu/sites/beelab.umn.edu/files/stem-nesting-bee-
handout-v5.pdf

Common Name Plant Genus

Hyssop Agastache

Echinacea Echinacea

Sunflowers Helianthus

Blazing Star Liatris

Bee balm Monarda

Goldenrods Solidago

Asters Symphyotrichum

Raspberry & other brambles Rubus

Sumac Rhus

Elderberry SambucusPh
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Plant Selection Overview: Perennials! 

•Focus on native perennial plants: herbaceous flowers 

+ bunch grasses / sedges and flowering woody species

•Locally adapted, matched to site conditions

•Succession of bloom periods – at least 3 species per 

period, diversity of families, flower shape, and color

•Species with high pollinator value (nectar, pollen, 

nesting, free of pesticides)

•Butterfly host plants

•Harvestable products

•Culturally significant plants

•Availability and cost 

For regional plant lists visit 
Xerces Pollinator Conservation Resource Center  
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What does urban pollinator habitat look like??

Photos: Alina Harris, Stefanie Steele, Laura Rost, Kelly Gill
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Photos: Rue de Bungaloo Farm/Hannah Frank, Boerson Farm/Matt Boerson, Xerces/Stefanie Steele @ Green Boots Veteran Community Marketplace, Xerces/Laura Rost @ Detroit Hives

Examples from MI + WI Habitat Kit Programs

In-row Pollinator Strip

Prairie Pocket Planting

High Tunnel Insectary

Farm Outbuilding Planting
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Need: FOOD all growing season

Photos: Sarah Foltz Jordan, Stefanie Steele, Matthew 

Shepherd, Kathryn Prince, Nancy Adamson, Justin 

Wheeler Jim Eckberg, Jennifer Hopwood 
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Need: SHELTER/NESTING - always

Photos: Stefanie Steele,  Micah Kloppenburg, Laura Rost, Sara 
Morris, Mace Vaughan / Xerces; 
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Need: PROTECTION - always
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Tools: Communicate Intention – “cues to care”

Photos: Marilyn Griffin, Stefanie Steele, Kailee Slusser, Laura Rost, Kelly Gill / Xerces, Pat Mclamore
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Who are the pollinators

and beneficial insects
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Who are the pollinators? Insects primarly...

Photos: Stephanie McKnight/Xerces; Sarah Foltz Jordan/Xerces; Stephanie McKnight/Xerces; Mary Keim/Flickr; Debbie Roos/NCSU CES; Sara Morris
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BEES = Most important and 
efficient group of pollinators:
1. Actively collect and 

transport pollen 
2. Exhibit flower constancy
3. Forage near nest

Reminder: 

Male bees do 

not have 

pollen 

carrying 

structures! 
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Photos: Xerces Upper Midwest 
Community Science Pollinator 
Monitoring Guide, Stefanie Steele

Many bees = size 
of a grain of rice
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Bumble bees and honey 
bees = small portion of 

our species!
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Some bees need certain flowers

Photo: Nancy Lee Adamson

Flowers that host pollen specialist bees 
include:

• Sunflowers (Helianthus)

• False goldenaster (Heterotheca)

• Ironweed (Vernonia)

• Native thistles (Cirsium)

• Asters (Symphyotrichum)

• Willows (Salix)

• Primroses (Oenothera)

• Globemallow (Sphaeralcea)

• Squash (Cucurbita)

• And many more
Learn more 

about specialist 
bees!
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Common Beneficial Insect Groups
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• Insect Predators 

• Insect Parasitoids

• Some are also pollinators: 

• Flies, wasps, beetles

• Some also play a role in soil health

• Non-insects:

• Spiders, harvestmen, centipedes, 
mites, pseudoscorpions
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Predators: Flower Flies/Hover Flies

Photos: Mace Vaughan, Xerces Society; Mario Ambrosino

• Predaceous larvae, adults feed on 

pollen and nectar

• Overwinter in leaf litter or soil
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Predators: Soldier Beetles

• Predatory as larvae, some as adults

• Adults will feed on nectar and pollen

• Overwinter in leaf litter or loose soil
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Predators: Predatory Wasps

• Larvae consume prey, adults feed on flower nectar

• Nest underground or in tunnel cavities

• Many are solitary species, but social paper wasps also 
beneficial

Paper wasp
Mason wasp

Great golden 
digger wasp
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Parasitoid Wasps

• Most parasitoids are specialists 

• Persist in environments with low-
levels of prey

• Overwinter within host

• Adults are nectar-feeding

• Recognizing their activity may be 
easier than seeing the wasp itself

• Aphid mummies

• Emergence holes in eggs

• Pupae on caterpillars
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Wasp

Aphids

Aphids 

Mummies
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Resources to Learn More:
Beneficial Insects Scouting Tools
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Downloadable resources at xerces.org: Beneficial Insects
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Downloadable resources at xerces.org: Monarch and Pollinator Habitat
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New-ish Regional Pollinator and Beneficial Insect Plant Lists!
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Downloadable resources at xerces.org: Pesticide Guidance
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Get Involved: Community Science

1. iNaturalist: 

○ Megachile bee leaf cuts (leafcutter bees)

○ Project GNBees (ground nesting bees)

2. Monarch Butterflies:

○ Xerces Monarch Nectar Plant Database 

○ Journey North: Monarch Nectar & Plant 

Watch

○ International Monarch Blitz

3. Xerces Atlas Programs:

○ Firefly Atlas 

○ Bumble Bee Atlas & Watch

4. Xerces Insect Scouting & Monitoring Guides

○ Beneficial Insect

○ Native Bee

○ Soil Inverts
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Thank You

Feel free to follow up with us!

https://xerces.org/

pollinators@xerces.org

stefanie.steele@xerces.org

Photos: Scott Seigfried
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Thank You

ADDITIONAL SLIDES



© The Xerces Society, Inc. All rights reserved.

Bee (“vegetarian wasps“) vs. Wasp

Photos: Cole Cheng, Flickr; Jason King, Flickr; Whitney Cranshaw, CSU, Bugwood.org

Bees: hairier; pollen carrying structure, thicker body 
Wasps: few hairs; no pollen carrying structure – spiny 

legs; wings may fold lengthways; thin waist
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Bee vs. Fly

Photos: Bryan E. Reynolds; Sean McCann

Fly: tiny antenna; large eyes; no pollen carrying 
structure; one pair of wings, slender legs

Bee: long, elbowed antennae; eyes on side of head; 
pollen carrying structure; two pairs of wings, hairy
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Photos: Sarah Foltz Jordan, Xerces Society

Juneberry (Amelanchier sp.)Black Ash (Fraxinus nigrus)

Dwarf raspberry (Rubus pubescens)

Native honeysuckle
(Lonicera canadensis)

Wild Rose (Rosa sp.)

Maple (Acer sp.)

Bee Nests:  Plants used by leaf cutter bees (Megachile) 
for cell partitioning 

-Ash (Fraxinus spp.) 

-Juneberry (Amelanchier spp.)

-Native honeysuckle (Lonicera 

canadensis)

-Basswood (Tilia americana)

-Maples (Acer spp.)

-Canada ticktrefoil (Desmodium 

canadense)

-Evening primrose (Oenothera 
biennis)

-Dogwood (Cornus spp.)

-Roses (Rosa spp.)

-Brambles (Rubus spp.)

-Wild Strawberry (Fragaria)

-Sumac (Rhus spp.)



© The Xerces Society, Inc. All rights reserved.

Books to Help You Understand Bees
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Bumble Bee Watch
https://www.bumblebeewatch.org/

Other Resources to Help ID Bees

Michigan Pollinator Initiative: Native Bee Habitat
https://pollinators.msu.edu/resources/pollinator-planting/native-bee-habitat/

iNaturalist
https://www.inaturalist.org/

BugGuide
https://bugguide.net/node/view/59

Exotic Bee ID
http://idtools.org/id/bees/exotic/

Discover Life
https://www.discoverlife.org/mp/20q?search=Apoidea
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Discussion Questions

1. What challenges/roadblocks do you face establishing 
habitat? 

2. For those who have established habitat, what did you 
wish you knew at the beginning or would have done 
differently?

4. How has your community responded to your pollinator 
habitats? How do you educate them about the habitat?

5. What about your habitat brings you the most joy or 
benefits to your farm/garden/community?

3. What resources do you use to create pollinator habitat? 
How could resources improve to better help you?



FARM PRODUCTION AND CONSERVATION
FSA | NRCS | RMA | Business Center

Urban Soil Management
Edwin Muñiz – Soil Scientist
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Transformation United States Rural to Urban Population

About, 84 % of the 
population of the U.S.A. 
lives in urban areas (University 

of Michigan, 2019)
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1990 75.2 24.8

1980 73.7 26.3

1970 73.6 26.3

1960 69.9 30.1

1950 64.0 36.0

1940 56.5 43.5

1930 56.1 43.9

1920 51.2 48.8

1910 45.6 54.4

1900 39.6 60.4

1890 35.1 64.9

1880 28.2 71.8

1870 25.7 74.3

1860 19.8 80.2

1850 15.4 84.6

1840 10.8 89.2

1830 8.8 91.2

1820 7.2 92.8

1810 7.3 92.7

1800 6.1 93.9

1790 5.1 94.9
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What are Urban Soils?
▪ Soil material formed from human-altered or 

human-transported material
▪ Contain

▪ Natural coarse fragments
▪ Construction debris
▪ Metal
▪ Glass
▪ Other

▪ Activities not associated with agriculture
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Type Soil Material - Artifactic

Laguardia Secaucus

• Soil material consisting of

• Natural coarse 
fragment

• Concrete

• Bricks

• Metal

• Glass

• Asphalt
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Type Soil Material - Combustic

Mosholu Rikers

• Soil material consisting of

• Coal slag

• Coal ash

• Fly ash
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Atmospheric deposition and Dredgic

Bigapple

Scheyer, J.M., and K.W. Hipple. 2005. Urban Soil Primer. 
United States Department of Agriculture, Natural 
Resources Conservation Service, National Soil Survey 
Center, Lincoln, Nebraska (http://soils.usda.gov/use).

Sediment material from dredging 
are used as fill in low-lying urban 
areas. Depending on the dredge 
material salt may be moved onto a 
site. Other problem with dredge 
material may include compaction 
of a subsurface layer.



FARM PRODUCTION AND CONSERVATION
FSA | NRCS | RMA | Business Center

Resources Concern with 
Urban Soils
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Urban Soils Resources Concern
• Soil erosion

• Soil transport by rainfall, melting snow, irrigation and wind. 

• Subsidence
• Loss of volume and depth of organic soils due to oxidation caused 

by above normal microbial.

• Organic matter depletion
• Management-induced depletion of any or all pools of soil organic 

matter resulting in limited soil function and processes that support 
plant productivity, biological activity and water and nutrient cycling.
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Urban Soils Resources Concern
• Soil organism habitat loss or degradation

• Quantity, quality, diversity or connectivity of food, cover, space, 
shelter and/or water is inadequate to meet requirements of 
beneficial soil organisms.

• Compaction
• Management-induced soil compaction at any level throughout the 

soil profile resulting in reduced plant productivity, biological activity, 
infiltration and aeration.
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Urban Soils Resources Concern
• Aggregate instability

• Management-induced degradation of 
water stable soil aggregates resulting in 
destabilized soil carbon; surface crusting; 
reduced water infiltration, water holding 
capacity, and aeration; depressed 
resilience to extreme weather; increased 
ponding and flooding; increased soil 
erosion and plant stress; and reduced 
habitat and soil biological activity.

Granular Platy
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Urban Soils Resources Concern
• Seasonal high-water table

• Water table levels can change depending on a number of factors 
including precipitation rates, soil permeability, drainage patterns, 
and more.

• Plant productivity and health
• Improper fertility, management or plants not adapted to site 

negatively impact plant productivity, vigor and/or quality

• Concentrated salts or other chemicals
• Concentration of salts or concentrations of other chemicals 

impacting productivity, populations of beneficial organisms or 
limiting desired use.



FARM PRODUCTION AND CONSERVATION FSA | NRCS | RMA | Business Center

Sources of trace elements in soil
▪ Natural source (parent material) – low 

concentrations most of the times
▪ Mining
▪ Manufacturing and synthetic products

▪ Pesticides
▪ Fertilizers
▪ Paints
▪ Batteries
▪ Industrial waste
▪ Leaded gasoline
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Sources of trace elements in soil
▪ Land application

▪ Industrial or domestic sludge
▪ Animal manure

▪ Coal combustion

▪ Atmospheric deposition
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Resource concerns example
• Organic matter depletion
• Concentration of salts or other chemicals
• Soil organism habitat or degradation
• Aggregate instability
• Moisture management
• Surface water depletion
• Emission of particulate matter
• Plant productivity and health



FARM PRODUCTION AND CONSERVATION
FSA | NRCS | RMA | Business Center

Soil Management and 
Best Management 
Practices in Urban 
Agriculture
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Urban Soil Management
• Increasing the soil pH to 6.5 or higher.

• Raising pH reduce lead (cation, positive charge) 
availability but at the same time increases arsenic (anion, 
negative charge) availability.

• Reduce soil saturation
• Improves soil aeration and will allow metals to oxidize, 

making them less soluble.
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Urban Soil Management
• Applying phosphate

• Heavy phosphate applications reduce the availability of 
cationic elements like lead but have the opposite effect 
on anionic elements like arsenic.

• Plant selection
• Plants could translocate larger quantities of metals to 

their leaves than to their fruits or seeds. The greatest risk 
of food chain contamination is in leafy vegetables like 
lettuce or spinach.
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Best management practices (UCONN Factsheet)

• Gardens should be located away from older, painted 
structures and heavily traveled roads.

• Give planting preference to fruiting crops like tomatoes, 
squash and peppers on soils with elevated lead levels.

• Remove outside leaves of green leafy vegetables, peel root 
crops, and wash all vegetables thoroughly to remove soil 
particles.
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Best management practices (UCONN Factsheet)

• Maintain the soil pH at 6.5 to 7.0 by applying limestone at 
recommended rates to reduce the availability of lead uptake 
by plants. 

• Maintain soil organic matter levels between 5 and 10 percent. 
Organic particles will bind with lead making it less available 
for plant uptake.

• Maintain soil phosphorus levels by applying the 
recommended amounts of fertilizer to garden plots.
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Best management practices (UCONN Factsheet)

• Phosphorus can reduce lead uptake by plants.

• Minimize dust and exposure to bare soil through use of 
mulches.
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Example conservation 
practices Urban Ag

• Cover crop
• Mulching
• Low tunnel
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Example conservation 
practices Urban Ag

• Solar energy
• Composting 

facility
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Source of Soils 
Information

Web Soil Survey
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Web Soil Survey Urban Areas
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Farm and 
Garden 
Composting 
Facility

The ratings are based on the 
soil properties that affect 
trafficability; decomposition 
and microorganisms; 
construction and maintenance 
of the site; and public health.
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Fragile Soil 
Index

Slightly Fragile: These soils 
have a high potential to resist 
degradation and be resilient.

Soils can be rated based on their 
susceptibility to degradation in 
the "Fragile Soil Index" 
interpretation. Fragile soils are 
those that are most vulnerable 
to degradation.
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Soil 
Chemistry 
pH Soil 
Surface

It is important in selecting 
crops and other plants, in 
evaluating soil amendments 
for fertility.
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Custom Soil Survey 
Report
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Questions
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Connect with us!

▪ Scan the QR code and visit our website 

at soils.usda.gov 

▪ Follow us on X, formerly known as 

Twitter, @USDA_NRCS_SPSD

▪ Check out our YouTube channel 

@nrcssoilandplantscience

Scan Me!USDA is an equal opportunity provider, employer, and lender. 
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