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© 2017 The Xerces Society, Inc. All rights reserved.Photo: Mike Madden, Scooters Farm of Woodmont, Hollis, NH

Presenter
Presentation Notes
Nancy: Thank you so much, Jennifer! I’m very happy to introduce Alina Harris, a pollinator conservation specialist with a focus on integrated pest management at the Xerces Society for Invertebrate Conservation.  She is also a partner biologist with the Natural Resources Conservation Service (NRCS) where she helps farmers and land managers in the northeast create habitat for pollinators and help protect them from pesticide exposure. For those of you who aren’t familiar with NRCS, it used to be called the Soil Conservation Service. As US Department of Agriculture NRCS partner biologists, we help promote and implement Farm Bill conservation practices that support wildlife while also protecting watershed health, clean air, and clean water. Thank you, Alina, for sharing your knowledge and experience with us today.
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The Xerces Society for Invertebrate Conservation
A science based nonprofit organization that engages in education, outreach, applied research, 
policy, and restoration to protect invertebrates and their habitats.

Presenter
Presentation Notes
If you haven’t heard of Xerces, the non profit has been around since 1971 and we work to protect wildlife through the conservation of invertebrates and their habitat.  Our namesake is the Xerces blue butterfly, pictured here, which is thought to be the first American butterfly to go extinct due to human urbanization and loss of habitat.  The Xerces blue butterfly lived in the coastal sand dunes around San Francisco.
�(We do a variety of on the ground conservation work.  We have conservation programs for pollinators, agricultural biodiversity, endangered species, pesticides, and a new community engagement program which is focused on urban communities.)
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The Xerces Society and NRCS Partnership

• Partner Biologists (13)
• Technical support or 

supervisory staff (11)

Presenter
Presentation Notes
Our main office is in Portland, Oregon, but we have staff across the country working on pollinator habitat restoration, conservation planning, and providing technical assistance in agriculture in both natural and urban areas.  This maps shows the locations of our technical support or supervisory staff with blue stars, and red indicates Xerces staff that is also a partner biologist, such as myself, coming at you from New Hampshire!



www.xerces.org 

Resources: Xerces Society Publications

Presenter
Presentation Notes
Xerces has plethora of free resources on plants, pollinators, other insects, and habitat restoration.  I invite you to visit Xerces.org to access them!
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Presenter
Presentation Notes
I wanted to start up front with Acknowledgements and thank Dr. Nancy Lee Adamson, Liz Robertson, and Jennifer Ryan for coordinating and organizing this webinar.

Special thanks to the NRCS, The Xerces society members and our other supporters that allow us to continue to do on the ground conservation work, and educational presentations like this one!



© 2017 The Xerces Society, Inc. All rights reserved.

Outline
• Diversity of:

• Native pollinators
• Beneficial insects

• Habitat needs of:
• Native pollinators
• Beneficial insects
• Pesticide protection

• Biological Control

• Conservation Biological Control

• Cover crops, insectary strips, cut 
flowers, woody ornamentals, herbs

• NRCS Practices

Photo: Alina Harris / University of Hawaii

Presenter
Presentation Notes
To give you an overview of today, we will cover….The diversity of native pollinators and beneficial insects, the habitat needs of those invertebrates, (and a big part of that is pesticide protection), next we will delve into Biological control, what it is, and how it differs from Conservation Biological Control. Then, as the title of the webinar promised, we will dig into Cover Crops, insectary strips, cut flowers, woody ornamentals, and herbs that support beneficial invertebrates.  Interwoven and along the way, we will reference NRCS cost share practices that could be considered when implementing these invertebrate conservation establishment and management techniques. 



© 2017 The Xerces Society, Inc. All rights reserved.

Slow Note Taker or Bad Connection?

ConservationWebinars.net 
“Today’s Handouts”

No Problem.  We’ve got you covered! 

Presenter
Presentation Notes
Before we truly get started on the educational content, I wanted to mention that ALL of the resources mentioned in this webinar will be provided in the Conservation Webinars.net where you accessed this webinar, under Additional Resources.  We will also provide a pdf of this presentation with detailed notes, so please do not fret about taking notes.  For now, sit back and try to absorb as much as you can about invertebrate conservation!
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Pollinators
moths, hoverflies, butterflies, bees, beetles, hummingbirds

Photos: Bryan E. Reynolds (2); Sarah Foltz Jordan; David Inouye; Bruce Newhouse; Mace Vaughan. Bottom right: 
Ruby-throated Hummingbird. Photo: Will Stuart/Audubon Photography Awards.

Presenter
Presentation Notes
Let’s dig into it!  Pollinators.  There are lots of different animals that visit flowers – usually for sugary nectar – and end up pollinating those plants, from butterflies to moths… from beetles to flies… and hummingbirds!
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Pollinators: Native Bees
Nearly 3,600 species of native bees in the United States

Photos: Rollin Coville, Betsy Betros, Jason Gibbs, Emily May

Presenter
Presentation Notes
Bees are our most important pollinators. We have an amazing diversity of native bees in the US, with nearly 36 hundred species.  They range in size from big carpenter bees that get into your sheds to tiny bees about the size of a freckle. Many of them don’t look like what you might picture when you think of a bee, such as that metallic green sweat bee in the bottom center right.

Photos, l to r:
Top: Rollin Coville, Betsy Betros, Mace Vaughan, Rollin Coville
Bottom: Rollin, Betsy, Rollin, Rollin
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Habitat Needs for Pollinators and Invertebrates

Images: Wikimedia commons, Pixabay

ShelterFood Protection

Presenter
Presentation Notes
Though there thousands of different species of bees and other beneficial invertebrates that will have slightly different needs, I wanted to focus on the foundational habitat needs of these animals, which are Food, Shelter, and Protection!
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Habitat Needs for Pollinators and Invertebrates

Food: Nectar, pollen, host plants

ProtectionShelter

Images: Wikimedia commons, Pixabay.com, freesgv.com

Presenter
Presentation Notes
For Food, pollinators and many invertebrates require diverse, season-long bloom to provide nectar and pollen from multiple, overlapping flowering species.  Some require a host plant for their larval stage, such as monarch caterpillars requiring milkweed in their caterpillar stage, or other moths needing specific host trees.

Next, is Shelter
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Native Bee Groups
Cavity Nesting

Photos: Kent McFarland-flickr-CC, Kelly Gill, Nancy Lee Adamson

Ground Nesting Stem/Wood Nesting

Require “permanent” undisturbed habitat 
to complete lifecycle

Don’t be a flower weather friend!

Presenter
Presentation Notes
Most of species of native bees in the United States are quite different from honey bees. The vast majority (about two thirds) live below ground, with only tiny holes that give any sign they’re there. The other third lives above ground in tunnels in old snags and in hollow plant stems.  We have a corny phrase, which is “Don’t be a flower weather friend” because most people recognize that pollinators need flowers for food, but it is key to underscore the need for undisturbed habitat to conserve these animals through their entire lifecycle.


(That’s a Ceratina bee, a small carpenter bee, in a blueberry cane nest on the right. About 1% - the bumble bee species – form small colonies in hollow cavities, which could be above or below ground, but are commonly old rodent holes.)
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Habitat Needs for Pollinators and Invertebrates

Food: Nectar, pollen, host plants Shelter: Nest sites, overwintering sites

Protection

Images: Wikimedia commons, Pixabay.com, freesgv.com

Presenter
Presentation Notes
Shelter can be dead fallen logs or standing dead trees (which we refer to as snags).  Other nesting habitats include sandy undisturbed soils, bunch grasses, and plants with hollow or pithy stems such as elderberry, raspberry, sumac, or joepyeweed.  Here in New England we have a lot of rock walls, which are great undisturbed habitat because we can’t legally disturb rock walls!  Other habitats on farm might be rock piles on the edges of crop fields.
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Protection

Images: Wikimedia commons, Pixabay.com, freesgv.com

Food: Nectar, pollen, host plants Shelter: Nest sites, overwintering sites

Habitat Needs for Pollinators and Invertebrates

Presenter
Presentation Notes
Shelter can be dead fallen logs or standing dead trees (which we refer to as snags).  Other nesting habitats include sandy undisturbed soils, bunch grasses, and plants with hollow or pithy stems such as elderberry, raspberry, sumac, or joepyeweed.  Here in New England we have a lot of rock walls, which are great undisturbed habitat because we can’t legally disturb rock walls!  Other habitats on farm might be rock piles on the edges of crop fields.
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Shelter: Nest sites, overwintering sites

Protection

Images: Wikimedia commons, Pixabay.com, freesgv.com, needpix.com

Food: Nectar, pollen, host plants

Habitat Needs for Pollinators and Invertebrates

Presenter
Presentation Notes
Shelter can be dead fallen logs or standing dead trees (which we refer to as snags).  Other nesting habitats include sandy undisturbed soils, bunch grasses, and plants with hollow or pithy stems such as elderberry, raspberry, sumac, or joepyeweed.  Here in New England we have a lot of rock walls, which are great undisturbed habitat, because we can’t legally disturb rock walls!  Other habitats on farm might be rock piles on the edges of crop fields.
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Bunch grasses

Over-Wintering and Nesting Habitat 

A permanent, undisturbed and protected 
area is necessary to sustain beneficial 
insect populations. 

Brush piles

Photos: all by Sarah Foltz Jordan

Hollow and pithy 
stems

Presenter
Presentation Notes
Here are actual photos of brush piles, bunch grasses, and hollow or pithy stems that have been left as nesting and overwintering habitat.

Photo credits: 

Brush Piles – Sarah Foltz Jordan
Rock Pile in woods – Sarah Foltz Jordan
Compass plant stems as nesting habitat – Sarah Foltz Jordan 
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Tillage destroys nesting and over-wintering sites

Photo: Alina Harris

Presenter
Presentation Notes
So, when we think about annually tilled vegetable fields and covercrops, unfortunately these practices disturb nesting and overwintering habitat.
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Herbaceous Pollinator Meadows

Photos: The Xerces Society/Sarah Foltz Jordan, Kelly Gill

NRCS practices (327) Conservation Cover or (420) Wildlife habitat Planting

Presenter
Presentation Notes
The ideal pollinator and beneficial habitat would be a perennial, permanently undisturbed habitat, such as these pollinator meadows.  Ideally, it would consist of mostly native plants, which have coevolved alongside native pollinators and best can support one another. 

NRCS practice (327) Conservation Cover is one of the most commonly used practices for pollinator habitat, with the goal of providing season-long bloom and overwintering habitat.  A very similar, potentially more fitting practice for planting native plants to support pollinators is Wildlife Habitat Planting (practice 420), and has been adopted in a number of states.  Depending on the scenario used, this could include herbaceous forbs and grasses, but may include flowering shrubs.
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Flowering Trees and Shrubs

Southeastern blueberry bee on red bud 
(Photo: Nancy Adamson) 

(612) Tree Shrub Establishment, (422) Hedgerow planting, or (420) Wildlife habitat Planting

Red bud, dogwood, serviceberry, and other spring blooming plants 
(Photo: Kelly Gill)

Presenter
Presentation Notes
Trees and shrubs also provide perennial, undisturbed habitat are flowering trees which could be implemented through (612) Tree Shrub Establishment, or in some states (422) Hedgerow Planting.  As mentioned in the previous slides, states that have adopted the shrub scenario could also use (420) Wildlife Habitat Planting for shrubs (but practice 420 cannot be used to plant trees).  Overall, these woody perennials provide bloom very early in the season.  When working with herbaceous flowers, there are less early flowering options, so these flowering woody plants can really fill that gap.  Particularly on fruit farms, it is prudent to cross reference with alternative hosts of crop pests.  We want to avoid recommending plants that harbor pests or diseases for nearby crops.

However, today, we will focus mostly within the cropfield on mostly annual practices such as cover crops, herbs and cut flowers.  Many of these crops are non native but are commonly grown in the region or have been naturalized.  The annual systems that we are covering today can be a nice way for producers to “dip their toe” into the proverbial water of pollinator conservation before committing to a long term perennial planting.
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Food: Nectar, pollen, host plants Shelter: Nest sites, overwintering sites

Protection

Images: Wikimedia commons, Pixabay.com, freesgv.com, needpix.com

Habitat Needs for Pollinators and Invertebrates

Presenter
Presentation Notes
But, circling back to the foundational habitat needs for invertebrates, no matter which practices are being implemented, we need to protect these flowering habitats from pesticides. 

There are at least 3 methods to achieve this.  The first, is to eliminate the use of pesticides through use of cultural techniques if possible.   However, many operations still reach economic thresholds of pests and will utilize pesticides.
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Habitat Needs for Pollinators and Invertebrates

Images: Wikimedia commons, Pixabay.com, freesgv.com, needpix.com

Food: Nectar, pollen, host plants Shelter: Nest sites, overwintering sites

Protection

Presenter
Presentation Notes
So, an option to minimize pesticide exposure is to use vegetative barriers, such as non-flowering hedgerows/windbreaks
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Pesticide Protection

Non-flowering 
vegetative 
barriers 

Spruce (Picea spp.) 
Juniper (Juniperus spp.)
Fir (Abies spp.)

Arborvitae (Thuja spp.) 

Illustration: USDA National Agroforestry Center

Flowering Habitat

Vegetative
Barrier

Drift

Presenter
Presentation Notes
Here’s a diagram that shows a tractor applying pesticides and there is some pesticide drift.  The diagram shows a vegetative buffer between the cropfield and the flowering pollinator and beneficial habitat.  Vegetative barriers should not be attractive to beneficials. Evergreens are best.  Recommended options for nonflowering vegetative barriers are spruce, juniper, fir, and arborvitae.  If very thoughtful planning and management is used, vegetative buffers may include flowering species if the grower is confident that the pesticide applications in crop rotations does not overlap with the bloom time of the flowering buffer.

(Barrier should be dense but with some porosity. Height should be above spray release height to block movement. These buffers won’t stop runoff, grassy strips are better suited to catching runoff. 

There is significant variability in how pesticides move in the environment and how long they stay active. Spatial and/or vegetative buffers  are not expected to eliminate pesticide contamination of pollinator habitat but will work in conjunction with the other IPM efforts to maintain habitat that supports abundant and diverse pollinator species.)
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Pesticide Protection

Illustration: Dan Shaw / BWSR

SPATIAL BUFFER 
aka 

SET BACK
• 40’ wide for ground-based applications
• 60’ wide for air blast sprayers
• 125’ wide from crops treated with 

neonicotinoids

(595) Pest Management Conservation System

Presenter
Presentation Notes
Here’s another diagram where there is a vegetative buffer between the crop and the flowering habitat.  This buffer utilizes a non-flowering conifer, followed by a grassy strip, before leading to the pollinator habitat.  Another way to protect flowering habitat is through a spatial buffer, or “set back” which is just a way of saying that there should be a distance between where pesticides are applied on the cash crop and the pollinator habitat. If growers cannot implement a set back outside of the crop field, they could purposefully not apply pesticides to the outer rows of the cash crop that are abutting the invertebrate habitat. This management technique could potentially be cost-shared through practice 595 Pest Management System.  Depending on the methods of application, this spatial buffer should be 40-60 feet, or 125 feet if the crops are treated with neonicotinoids. 

(Additional info):
Research has shown that, because of their three-dimensional porosity, vegetative windbreaks are more effective in controlling drift than artificial windbreaks made of wood, cloth, or other materials. Overly dense windbreaks (greater than 60 percent), may lead to wall effects forcing wind up and creating eddies on their leeward side that could bring drifting material back down to the surface (an effect known as “downwash”). The best pesticide drift protection comes from multiple rows of vegetation that include small-needled evergreens. Small-needled evergreens are two to four times as effective as broadleaf plants in capturing spray droplets and provide year-round protection. The optimum for capturing spray drift is 40 to 50 percent porosity in several rows. Two rows of evergreens can provide 60 percent density (40 percent porosity). Spruce (Picea spp.), juniper (Juniperus spp.), fir (Abies spp.), and arborvitae (Thuja spp.) are recommended above pines (Pinus spp.) since pines are generally less dense and they tend to loose lower branches with age. In coastal plain areas, lowland species like wax myrtle (Morella spp.) and white cedar (Chamaecyparis spp.) may be more appropriate. While multiple rows of low porosity vegetation are better than a single row of dense vegetation, even a single row can substantially reduce drift. Shape, structure, and width affect droplet capture effectiveness. Species with no low vegetation (branches or foliage) should be avoided or supplemented with low-growing species. Wind velocity reduction is proportional to windbreak height and density. While some crops benefit by being sheltered from wind, maturing more quickly, others may not thrive with less light, so structural design needs to balance wind reduction goals with consideration of shade effects. 
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Highly toxic to bees and many other beneficial 
insects

Priority Concerns: Neonicotinoids 

Water soluble – move 
easily

Systemic - Can persist 
months to years in 
plants and soil

Commonly
Treated Seeds:
Corn
Soybean
Sunflower
Canola

Photo: Treated soybean seed, by Adam Varenhorst;  Sunflowers by Alina Harris

Presenter
Presentation Notes
Neonicotinoids are a particular class of pesticide, and for short, people call them neonics.  Neonics have many application methods. Many people seem to be familiar with foliar sprays applied on the leaves and above ground tissues of plants, but neonics can also be applied as a soil drench, and in treated seed, as seed coatings.  Some commonly used crops that tend to have neonic-treated seed are corn, soybean, sunflower, and canola.

When applied through any of these methods, the systemic action of the pesticide is taken up into the plant, where it can later be expressed in the pollen and nectar of flowering plants.  Foraging pollinators and beneficials then collect this contaminated pollen and nectar and bring it back to their nests and young. Neonics are the most commonly used pesticide in the world, so keep an eye out!

(There are hundreds of studies looking at the effects of neonicotinoids (mostly looking at bees) these studies have overwhelmingly found that these chemicals are harmful to pollinator decline, and are linked with water quality concerns and broader effects on the environment.  Many of the studies were done in the field to evaluate realistic risks. Some studies have not observed effects. Some of these studies demonstrate that risks are not always high other times the studies fail to look at more subtle effects thus potentially missing risks.  

* Different neonicotinoids have different levels of toxicity (clothianidin, dinotefuran, imidacloprid and thiamethoxam = most problematic) because they are longer lived and smaller exposure amounts kill bees. Acetamiprid is considered moderately toxic and has a half lives of days not months to years. 
Multiple variables determine the duration of risk including application method. Studies seem to suggest that foliar applications are toxic for a shorter duration than systemic applications but this is an area needing more study. 

Photo credits: treated soybean seed, Adam Varenhorst, orchard being sprayed, Regina Hirsch
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• Sometimes be high enough to kills bees outright
• Impact foraging and flight in honey bees
• Reduce reproduction of native bees. 

For sources, see Hopwood et al. 2016

Photo: Nancy Adamson/Xerces Society

Neonicotinoids 

Presenter
Presentation Notes

Neonic Exposure levels that have been detected in the environment can: 
Sometimes be high enough to kills bees outright
Impact foraging and flight in honey bees
Reduce reproduction of native bees. 



(Their persistence coupled with their toxicity allows for long-term exposures to a variety of beneficial insects. Low level realistic exposure levels have been linked with subtle yet severe impacts. 

Neonicotinoids are a high priority concern because of their systemic nature, persistence, toxicity and widespread use. They have been linked with a number of debilitating, sublethal effects and beneficials (including bees) can be exposed to harmful levels months to years after an application. 

Other relevant information that could be discussed depending on time and interest: 
 Different neonicotinoids have different levels of risk (clothianidin, dinotefuran, imidacloprid and thiamethoxam = most problematic) because they are longer lived and smaller exposure amounts kill bees. Acetamiprid is considered moderately toxic and has a half lives of days not months to years. 
Multiple variables determine the duration of risk including application method. Studies seem to suggest that foliar applications are toxic for a shorter duration than systemic applications but this is an area needing more study. 

Neonicotinoids are also detrimental to many beneficial insects (see Beyond the Birds and the Bees)
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Corn is wind pollinated… 
…is pesticide protection still needed?  

Photo: Nancy Adamson

bumble bee loading up on corn pollen—many bees, 
including honey bees will gather the pollen

• Avoid spraying corn 
when in flower

• Avoid using neonic-
treated corn seed 
(very common)

Yes!

• Set back

Photo: Alina Harris

Toxomerus politus, a hoverfly.  It’s larvae eat corn pollen, corn sap, and caterpillar pests 
of corn during their egg and very small caterpillar stages

Presenter
Presentation Notes
You may be thinking to yourself, but… Corn is WIND pollinated, is pesticide protection still needed with this crop?  YES! Absolutely.  Here we see this bumble bee loading up on corn pollen.  We know that many bees, including honeybees, will visit corn flowers and collect pollen.  How do we protect them?  Avoid spraying corn when in flower, avoid using neonic-treated corn seed, and since it is so common, if neonic-corn seed is used, be sure to include a “set-back” or “spatial buffer” into your layout plan.

Additionally, here is a photo of Toxomerus politus, a species of hoverfly.  It’s larvae eat corn pollen, corn sap, and caterpillar pests of corn.

This photo highlights a key characteristic of distinguishing hoverflies from bees.  Notice the shadow of the stubby, club-like antennae, as opposed to a bee’s which have longer, thinner antennae.



© 2017 The Xerces Society, Inc. All rights reserved.

Managing Pesticide Risks: 
Avoid spraying blooms
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• Crops, cover crops and weeds 

• Mow flowers in understory or row 
middles before spraying crop

• Create no-spray buffer areas 
around flowering habitat

Presenter
Presentation Notes
When we think about managing pesticide risks to pollinators, any plants that are flowering could be considered invertebrate habitat, from crops, to cover crops, or even flowering weeds.  You can see this beautiful cover crop in the understory of this orchard, but if the producer were apply pesticides, it would be key for them to mow the flowering habitat prior to pesticide application.  In this way, we can encourage beneficial insects to forage outside of the crop field during this risky time within the orchard.  

Here is an example of a peach orchard in NH that has recently been mowed.  Even unplanted habitat, such as dandelions should be mowed to reduce pesticide exposure.  Another option is creating a no spray buffer area around the flowering habitat.  Here, NRCS practice (595) Pest Management Conservation System could be considered.
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Biological Control

Use of living organisms to provide 
pest control

3 Types of Biological Control:
• Classical/Introduced
• Augmentative

• Conservation (CBC)
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Presenter
Presentation Notes
Switching gears here, I already have begun to hint towards biological control when talking about that hoverfly that eats corn pests… But what exactly is biological control?  It is the use of living organisms to provide pest control.  There are three types of biological control, and today we will briefly touch upon two of them.
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Augmentative 
Biological Control

• Purchase and release of mass-reared 
insects

• Useful in greenhouses, confined 
spaces

• Temporary measure; without habitat 
and management, populations won’t 
necessarily stick around
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Presenter
Presentation Notes
Augmentative biocontrol is a temporary control measure using living organisms, but is not designed to be a long-term management solution.  This is when producers purchase and release mass-reared insects. It tends to be most effective in greenhouses or confined spaces on high value crops, which justify the expense of these augmentative releases.  It’s only a temporary measure, because once these beneficials clean up all of the pests on crop, they will likely fly away from the crop to where they can find shelter and food, or more preferred food.

Photo Credit: 
Live Lady Bugs box: Wikimedia CC
Mass of convergent lady beetles: David James

Photo Credits:
Mass of convergent lady beetles Hippodamia convergens Scott Bauer, USDA Agricultural Research Service, Bugwood.org
Box of live lady beetles - David James; Wikipedia
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What is Conservation Biological Control?

Photo: Alina Harris / Sideman Lab / University of New Hampshire

‘Attracting and conserving natural enemies of crop pests by providing habitat’

Presenter
Presentation Notes
This concept of providing habitat, brings us to Conservation Biological Control.  What is Conservation Biological Control?  Its attracting and conserving natural enemies of crop pests by providing habitat.  Here is an example of conservation biological control in my master’s research at the University of New Hampshire.  It shows flowering alyssum planted in rows as an insectary plant, abutting a Brussels sprout cash crop.  In this way, predators and parasitoids that rely on floral resources also have easy access to the Brussels sprout crop to attack crop pests.  (This could be implemented through (328) Conservation Crop Rotation or (340) Cover Crop.)

(Conserving the beneficial insects (predators and parasitoids) that already exist in a landscape by providing them their needed habitat.)

Photo credit: Alina Harris / Sideman Lab / University of New Hampshire
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Conservation Biological Control

Support naturally occurring (or even augmented) beneficial insects

Photo:  Hoverfly on brassica flower, Thelma Heidel-Baker

Presenter
Presentation Notes
Through the provision or management of habitat, we can support naturally occurring invertebrates – ones that are already present in our environment, or if beneficial insects have been purchased and released into the environment. These habitat features may support them enough to stick around the property and feed on pollen or nectar when prey on cash crops dwindle.

Photo Credit: Syrphid fly on brassica flower in WI, Thelma Heidel-Baker
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Natural enemies that attack crop pests
AKA beneficial insects

Photos: Alina Harris / Sideman Lab / University of New Hampshire.  Spider: home garden in Durham, NH

Presenter
Presentation Notes
There is an amazing diversity of natural enemies that attack crop pests.  You will see that I wrote AKA beneficial insects.  The reason for that is, that not all invertebrates that attack crop pests are technically insects. For example, the spider that is on the bluebell flower is technically an arachnid.  By saying “natural enemy” we can correctly include all of the invertebrates that are associated with pest control.  There are a lot of different terms, including biocontrol agents.

(From top left clockwise)
Braconid parasitoid wasp hatching out of a mummified cabbage aphid
Predatory wasp hunting among the Brussels sprouts
Cecidomyiid larvae (orange) preying on cabbage aphid (white-gray)
Spider on bluebell
A flying hoverfly adult observing a colony of cabbage aphids on Brussels sprouts.  She will likely lay her eggs nearby.  Her eggs will hatch into predatory larvae that eat aphids and other soft bodied insects.
Lady beetle adult foraging on a dill flower
A braconid wasp (left) resting on a brussels sprout leaf as lady beetle larvae approaches (right).
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Photo credits: Sarah Foltz Jordan; John Roberson;  squamatologist via flickr;Russ Ottens and  David 
Cappaert (Bugwood.org), Thelma Heidel-Baker; Katja Schulz via flickr

AKA beneficial insects, AKA biocontrol agents

Natural enemies that attack crop pests

Presenter
Presentation Notes
Again, you can see the wide array of invertebrates that are associated with biological control of crop pests.  It is unfathomable how large and diverse the world of invertebrates is!

Photo Credits: (From top left clockwise)
Lacewing adult on flowerhead- Sarah Foltz Jordan
Lady beetle adult eating aphid, John Roberson, Kansas State University (Bugwood.org)
Notched-mouth Ground Beetle (Dicaelus sp.) eating snail NC -_squamatologist, flickr-CC2.0
Polistes sp. collecting tobacco hornworm larvae -_Russ Ottens, University of Georgia, Bugwood.org
Aphid mummies – David Cappaert (Bugwood.org)
Hoverfly adult on aster
Lady beetle larva eating caterpillar – Thelma Heidel-Baker
Brown lacewing larva – Katja Schulz via flickr (CC by 2.0)
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Diversity of Natural Enemies

Natural Enemy Crop Pest Preyed Upon

Green lacewing Aphids, leafhoppers, lygus bugs, 
mealybugs, mites, psyllids, small 
caterpillars, soft scale thrips, 
whiteflies, eggs of pest insects

Lady beetle Aphids, mealy bugs, mites, soft 
scale, whiteflies, eggs of pest 
insects

Minute pirate bug Leafhoppers, mites, small 
caterpillars, thrips, eggs of pest 
insects

Parasitic wasp Many pest insects (host-specific)

Predaceous wasp Caterpillars, soft bodied insects

Spider Aphids, leafhoppers, cucumber 
beetles, flea beetles, lygus bugs

Syrphid fly Aphids, soft bodied insects

Presenter
Presentation Notes
With this diversity of natural enemies, comes differences in which pests they regulate.  The place to start with a producer is to first determine the pest species of concern, and then, use this fabulous resource called Habitat Planning for Beneficial Insects to determine which natural enemies you are aiming to conserve by establishing or maintaining habitat
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Diversity of Natural Enemies

Presenter
Presentation Notes
With this diversity of natural enemies, comes differences in which pests they regulate.  The place to start with a producer is to first determine the pest species of concern, and then, use this fabulous resource called Habitat Planning for Beneficial Insects to determine which natural enemies you are aiming to conserve by establishing or maintaining habitat
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Natural Enemy Groups

Insect Predators 

Insect Parasitoids

Non-insects
• Spiders, harvestmen, centipedes, mites, 

nematodes

Some are also pollinators:
• Flies, wasps, beetles
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Presenter
Presentation Notes
The common natural enemy groups consist of insect predators that directly consume insects, such as this lacewing larva in the photo that is eating an aphid.  

Insect parasitoids attack other insects by laying their eggs on or in the host body, or the host’s eggs.  Once the larvae hatch, they consume the host.

Then, there are the non-insects such as spiders

And, there’s a lot of overlap between many of these natural enemies and pollinators, since flies, wasps, and beetles also pollinate flowers as they visit them for alternative food.

Photo credit: 
Lacewing larva eating an aphid, Alex Wild



Hoverfly larvae eat crop pests, but adults require floral resources first

Photos and diagram by Alina Harris

Presenter
Presentation Notes
Hoverflies are examples of predators of crop pests. The reason I’m showing this diagram is to illustrate the relationship between natural enemies and flowers.  It’s the hoverfly larvae that eat crop pests, however, the adults (the flies) require floral resources first.  I will walk you through the life cycle as an example of how some natural enemies of crop pests feed from flowers as well as invertebrate pests.

Starting with the top upper left, we see a female hoverfly adult.  In the lower left corner, we have a flowering white alyssum plant.  The hoverfly adult flies to the flowering plant and provisions herself with nectar for energy, and pollen for protein, which give her the reproductive power to mate with a male and lay fertilized eggs.  We are now in the center of the diagram where you see a green Brussels sprout plant, which is the crop.  The hoverfly adult flies to the crop where soft-bodied pests are detected.  In the green circle is a hoverfly adult checking out an aphid colony on the Brussels sprout leaf.  Now, we are on the right side of the diagram within the wheel.  The hoverfly adult then lays her egg on a leaf nearby, and the egg hatches into a larva, which looks somewhat like a legless caterpillar.  This one is yellow, but different species can be other colors, including green or pink-ish salmon.  The next photo shows two orange hoverfly larvae feeding on aphids, which are the crop pest.  All of this is to say, many natural enemies need both flowers and prey to survive and stick around as biological control agents.
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Adults are nectar-
feeding 

Parasitoid Wasps and Flies

Lay eggs on or in hosts or host eggs

Larval stage feeds and 
eventually kills host

Photos:  Hornworm caterpillar with parasitoid wasp pupae attached externally, by Thelma Heidel-Baker; Tiny 
wasp (Trissolcus euschisti) emerged from stink bug egg, by Elijah Talamas / USDA-ARS; Wasp parasitizing an 
aphid, by Alex Wild.

Presenter
Presentation Notes
Again, Parasitoid wasps and flies also attack crop pests by laying eggs on or in the pest, or pest eggs.  The quick take-away here is that their adults are also nectar-feeding, meaning that these natural enemies feed from both flowers, and invertebrate pests.

Among the most abundant beneficial insects on Earth. They are often TINY
Preferred Prey: 
Beetles
Caterpillars
Aphids
Moths

Photo credits:
Hornworm caterpillar with parasitoid wasp pupae attached externally, Thelma Heidel-Baker
Wasp parasitizing an aphid, Alex Wild
Tiny wasp (Trissolcus euschisti) emerged from stink bug egg, Elijah Talamas, USDA-ARS
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Diverse habitat supports beneficial insects

If more than 20% of a farm 
is diverse habitat, pest 
control by beneficial insects 
is observed throughout 
fields (Tscharntke et al. 
2002). 

Lady 
Beetles

Lacewings Parasitoid Wasps

Photos: Sarah Foltz Jordan, Thelma Heidel-Baker, Adam Varenhorst, Jennifer Hopwood

Presenter
Presentation Notes
We know that Diverse habitat supports beneficial insects. If more than 20% of a farm is diverse habitat, pest control by beneficial insects is observed throughout the field.

(The amount of natural habitat on a farm directly influences beneficial insect abundance.)
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Interrelated benefits of cover crops
Supports: 
• Natural enemies
• Pollinators
• Soil life

Increases:
• Water filtration
• Biodiversity

Reduces:
• Weeds
• Erosion
• Chemical fertilizers
• Pesticides

Photo: Thelma Heidel-Baker
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Nitrogen scavenger
Nitrogen source
Compaction/forage
Nitrogen source
Nitrogen source
Compaction/forage     (let go to flower for pollinators)

Nitrogen source
Erosion
Nurse crop
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Smother crop

Nitrogen source
Weed management

Nitrogen source
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Single Species:
Buckwheat Smother Crop

Photos: majority by Karin Jokela / Xerces Society; bumble bee by Eric Venturini; monarch and honeybee by Alina Harris

Hover fly (bee mimic)

Native mining bee

Native lady beetle Soldier beetle

Native bumble beeMonarch butterfly European honey bee

(328) Conservation Crop Rotation 
(340) Cover Crop

Presenter
Presentation Notes
It’s fun and has multiple benefits to do a cocktail mix of covercrop species, but as a single species, Buckwheat is a classic.  It’s sown once the weather has warmed up, usually needs irrigation, and can be an excellent smoother crop for weed control or a site preparation method for perennial plantings if weed pressure is relatively low.  Buckwheat winter kills and doesn’t have much biomass, but can be used as a very quick cover crop for part of the season to cover the ground and feed some of our favorite farm invertebrates!

--This first photo is a pretty impressive bee mimick, but this is actually a hoverfly.  Some hoverflies have predatory larvae that eat small soft bodied pests, such as aphids, scale, spider mites, and thrips.
--The second step of this pyramid boasts a native pink spotted lady beetle, that is predatory in the larval stage as well as adult stage and prefer aphids and scale (mealy bugs), but will feed on alternative prey such as whiteflies, mites, thrips, and insect eggs. 
--Next is this orange and black, relatively large soldier beetle.  These soldier beetles require pollen and nectar to survive but also eat pest eggs, caterpillars, various insect larvae, aphids, snails, and slugs.
--The bottom tier of the pyramid shows the array of native pollinators, and also that honeybees enjoy foraging as well.  
--Note that while monarch caterpillars require milkweed plants for food, that we can support monarch adults by providing them with nectar plants that bloom later in the year when they are present in our region.  The monarchs really need our help, and every squarefoot of pesticide protected nectar plants helps.  If there is a bare patch of ground for a part of the season, consider throwing down some buckwheat!
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Phacelia

Photos: Alina Harris

Presenter
Presentation Notes
As pictured, in my field research at the University of New Hampshire, phacelia was favored by bumblebees. Phacelia has special value to: flies, wasps, beetles. Phacelia is a native California wildflower and can be used as a smother cover crop in parts of the United States, but from my experience and conversations with a few other growers in multiple years in the Northeast, germination rates were quite low and phacelia establishment had very limited success.  It seems to thrive out West in it’s native range, but seems to be fickle in the Northeast.  I wanted to mention that, since phacelia is included in the previous mix as a nitrogen scavenger. The ones pictured here were transplanted, irrigated, and hand weeded.
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Common cover crops: Legumes

Photos: Nancy Adamson (crimson and red clover); Alina Harris (partridge pea, vetch, and white clover)

red 
clover

crimson 
clover

Partridge pea

white 
clover

vetch

Presenter
Presentation Notes
Common legume cover crops include clovers, such as crimson clover, red clover, and white clover.  Additionally, partridge pea and vetch are great options.

Debbie Roos’ Growing Small Farms is a rich resource!!! http://growingsmallfarms.org  
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Common cover crops: legumes

Presenter
Presentation Notes
One of my favorite resources to navigate cover crops in the Northeast is this Cover crop planting specification guide put together by Brandon Smith here in New Hampshire, and people across the United States have loved it as well.  Most states will have their own guidance through the Field Office Technical Guide, and if regional expertise is needed, reach out to your local Cooperative Extension.
This table allows you to determine which cover crop you would like to use, based on it’s intended purpose.  You can choose cover crops based on their ability to reduce erosion, improve biodiversity, or suppress weeds, for example.  
--The check marks show that a given choice is a good choice on average, whereas a check plus indicates that it is an above average option, and a check minus indicates that it is below average or unknown.  Blanks indicate that it is not recommended.  
--So for example, you can quickly note that crimson clover is excellent for improving biodiversity, whereas it is not recommended to be used to suppress weeds.
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Common cover crops: legumes

Presenter
Presentation Notes
This table is also very helpful, which shows you the seeding rate in pounds per acre, seeding depth, and the suitable planting season.  I find the planting season to be really key, and I will used hairy vetch as an example.  You might encounter a grower who tells you “I tried hairy vetch but I couldn’t get successful establishment,” and using this table, you have some solid information to help you troubleshoot.  You can see that the window of opportunity for an above average cover crop of hairy vetch is very slim, and it’s going to be important for the grower to seed during early fall.  Perhaps they seeded outside of that window and that is why they had establishment issues.  The termination method is going to be largely determined by the equipment and tools available to the grower.



Grapes

Photo: Mike Madden, Hollis, NH

Scooters Farm of Woodmont, Organic Orchard and Vineyard

Presenter
Presentation Notes
Over the past couple of years the NRCS and Xerces society has been working closely with Scooters Farm of Woodmont and it’s owner/operator Mike Madden.  He’s doing some thoughtful integrated pest management work.  Since his orchard is young, during those establishment years he knew that he could limit his organic pesticide sprays.  We have come up with a cover cropping schedule where he could mow or incorporate the cover crop before any applications of pesticides to the orchard.  As displayed on this photo, he currently has seeded crimson clover (highlighted in purple in the upper left), two types of red clover (highlighted in yellow and orange), and vetch (which is shown in blue).  By planting these nitrogen-fixing cover crops between the apple trees, he is providing forage for beneficials and decreasing his need for other supplemental nitrogen fertilizer inputs.  In the center, that black and white speckled rectangle is a silage tarp where he is doing site prep to direct seed another perennial herbaceous pollinator meadow.  In previous years, he was one of the people used our simple annual insectary mix.  There’s a beautiful photo that he took in the grapes (highlighted in green) that I’ll show in a slide.
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Insectary Seed Mixes
(1) Annual Complex (2) Simple Annual (3) Perennial Complex

Presenter
Presentation Notes
My former colleague at Xerces, Eric Venturini, developed three one-page guides for growers for insectary seed mixes. The word “insectary” implies that it is a plant that attracts or hosts beneficial insects.  Each one-page guide describes the purpose of the mix, basic instructions on establishment, and lists the mix components. These were written as Job Sheets for the NH NRCS.

First is the annual complex mix, which includes lanceleaf coreopsis, cilantro, dill, chamomille, bachelor’s button, wild-type sunflower, sweet alyssum, and plains coreopsis. This is a spring planted, annual mix. 

Next is a very popular simple annual mix, which is shorter-statured and somewhat early blooming. It should be planted in the spring. Both of these annual mixes require simple bed prep as would for spring planted veggies. This one can be planted in tunnels, or in the field. If tunnel planting, use a soil thermometer and get the seed in the ground when your soil temps reach about 60 degrees Fahrenheit. In some tunnels this may happen in March! As long as the soil is warm enough, the sooner you get it in the ground the sooner you will have blooms, which gives those beneficials a boost early in the season, which can make a big difference. This cover crop insectary mix can be sown in strips into an annual row crop system, and won’t flop over into rows, shade neighboring rows.

The last one describes the perennial simple mix.  Although today’s focus is not on perennials, as I mentioned, permanent undisturbed habitats are desirable to host these natural enemies and pollinators.

Perennial mix: mix of 3 perennial, natural enemy attracting wildflowers. This is a FALL planted mix. Once established, it should start blooming as early as June. However, like establishing a perennial pollinator planting, this mix requires a good weed free seed bed, late fall (October/November) planting, and it will be slow to establish. Unlike the other mixes, this is a long-term commitment. As a mix, this one has not been formally trialed. I’m hoping to find some folks willing to though! I don’t have this mix with me today, it is on backorder. 
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• Bachelor’s button*
• Plains Coreopsis

*Can be aggressive

Annual (or short-lived) forbs for cut flowers & beneficials

Bachelor’s button and plains coreopsis within an unsprayed establishing grape vineyard

Photo: Mike Madden, Scooters Farm of Woodmont in Hollis, NH

Photo: Xerces Society (Agapostemon female on Bachelor's button)

Presenter
Presentation Notes
Here is a photo of the simple annual insectary mix that was sown in between the rows of Scooter’s Farm’s establishing grape vineyard.  This slide also straddles the blurry boundaries between a cover crop, and insectary strip, while also including these two cut flowers.  Here marks the beginning of the cut flower section, starting with bachelor’s button.

Bachelor’s button has value to parasitoid and predaceous wasps, hoverflies, lacewings, and beetles.  Bachelor’s buttons will readily self sow under optimal conditions.
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• Lance leaf Coreopsis
• Plains Coreopsis 

sunflower bee on zinnia

Annual (or short-lived) forbs for cut flowers & beneficials

Photo: Xerces Society / Alina Harris

Presenter
Presentation Notes
Next, is Coreopsis.  On the left, a native bee forging from this sunshiny lance leaf coreopsis.  On the right is plains coreopsis.  This new photo on the left shows a light colored spider that is hunting on the underside of the lanceleaf coreopsis.  Coreopsis also provides special value to: hoverflies, solitary wasps, beetles, and assassin bugs.
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• Bachelor’s button*
• Plains Coreopsis
• Annual blanket flower

Photo: Xerces Society / Alina Harris

sunflower bee on zinnia *Can be aggressive

Annual (or short-lived) forbs for cut flowers & beneficials

Presenter
Presentation Notes
Annual blanket flower has special value to Soldier beetles, assassin bugs, and lady beetles. Pictured in the center is a foraging wild bee.  Annual blanket flower is drought tolerant and adapted to disturbance.
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• Bachelor’s button*
• Plains Coreopsis
• Annual blanket flower
• Cosmos*

*Can be aggressive
sunflower bee on zinnia

Photo: Sara Morris / Xerces Society

Annual (or short-lived) forbs for cut flowers & beneficials

Photo: Nancy Lee Adamson (bees on cosmos)

Presenter
Presentation Notes
Cosmos are another bright and beautiful cut flower, which can be seen here in dark and light pink, as well as the white.  The “white sensation” variety is especially recognized for its attractiveness to natural enemies such as lacewings, hoverflies, trichogramma wasps and the minute pirate bug.
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• Bachelor’s button*
• Coreopsis
• Annual blanket flower
• Cosmos*
• Zinnia

Photos: Alina Harris / Daniela Dutra Elliott Lab / University of Hawaii

*Can be aggressivesunflower bee on zinnia

Annual (or short-lived) forbs for cut flowers & beneficials

Presenter
Presentation Notes
Zinnia are another bright and happy flower that attract a lot of butterflies.  These photos are from the University of Hawaii where I managed educational gardens.  When giving tours of the gardens, visitors were always thrilled to see the butterfly garden.  Zinnias would be great for a pick your own garden around the farmstead, and could be an add-on to a CSA program.  Zinnias have been known to attract hoverflies and trichogramma wasps
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• Bachelor’s button*
• Coreopsis
• Annual blanket flower
• Cosmos*
• Zinnia
• Ammi majus

Photos: Alina Harris / Sideman Lab / University of New Hampshire

*Can be aggressivesunflower bee on zinnia

Annual (or short-lived) forbs for cut flowers & beneficials

Presenter
Presentation Notes
Another nice cut flower is Ammi majus, which is also known as false queen anne’s lace, or white dill.  It has this compound flower, called an umbel, which boasts many small, shallow flowers that allow beneficial invertebrates with shorter mouth parts to access nectar.  On field trials at Umass and in New York, it attracted both braconids and ichneumonid wasps – two large families of parasitoids, many of which attack vegetable pests.  

Since these small parasitoid wasps are particularly difficult to photograph, here’s a native pink spotted lady beetle on the left, and two ladybeetles lovin’ it up on the right.  In this circle here, it’s not a braconid wasp, but to give you an idea, it would probably be smaller than the insect encircled in red here.
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Sweet alyssum
(Lobularia maritima)

Crucifer fleabeetle
(Phyllotreta cruciferae) 

Beetles feed on alyssum plant

Pest of brassicas

Fleabeetle natural enemies:
Lady beetle larvae = predators
Tachinid flies = parasitoids

Photo: Erny Photo CO                                       (King 
(Fischer Landscape Designs)

One of the most studied and utilized insectary plants

Photo: Alina Harris, University of New Hampshire College Campus

Presenter
Presentation Notes
One of the most studied and utilized insectary plants is sweet alyssum, which I showed earlier when showing conservation biological control in the Brussels sprouts field.  It has small white flowers that continually bloom the entire season and has a low growing habit.  You can see it at the University of New Hampshire college campus as a landscape plant on the left, and on the right, my friend grew it in pots and placed it on the ground under these posts for his wedding, where they appear to be planted in the ground because of their low growing habit.  Growers that want to plant plugs as insectary strips in their own operation might opt to also sell these plugs to home gardeners in the spring, or grow them out to size in draping hanging ornamental baskets for sale mid-summer.  They are also fragrant.
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Purple Alyssum

Photo: Alina Harris, Market Basket, Lee, NH

Presenter
Presentation Notes
Here is a purple cultivar of alyssum that is being used as a landscape plant at grocery store.  You can see it’s low growing and draping tendency.  To my knowledge, the purple cultivar hasn’t been studied as an insectary plant, and I would imagine the white cultivar would provide better forage for invertebrates, but wanted to mention that there is this purple version out there and show it in a more urban context.
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Sweet alyssum
(Lobularia maritima)

Photos: Alina Harris

Insectary Habitat Plant

Presenter
Presentation Notes
Alyssum has been studied and used on a large commercial scale interplanted with lettuce in California with successful control of aphids that previously needed pesticide intervention.  

One of the main natural enemies were hoverflies, pictured on the left.  In the larger field photo, we see it again as a refuge planting, which is more of a block on the edge of the field abutting a brussels sprout field at the University of New Hampshire.  When there are larger plantings like this, it has this amazing fragrance – its almost like a honey aroma when you are working in the field and the wind blows the right way.  

One of the reasons that alyssum is loveable is that with one planting in the spring, it has an indeterminate growing habit that will continue to bloom all summer long.  In contrast, other beneficial herbs may require multiple succession plantings to achieve a continuous bloom period.
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Sweet alyssum
(Lobularia maritima)

Beware: 
Some insectary plants may support crop pests

Photos: Alina Harris

Crucifer fleabeetle
(Phyllotreta cruciferae) 

Fleabeetles feed on alyssum 

Pest of brassicas
(Brussels sprouts, cabbage, broccoli, 
tatsoi)

Presenter
Presentation Notes
However, it is important to note that some insectary plants may support crop pests and it is important to cross reference and be aware of alternative hosts when selecting the right insectary plant for the farming system. Here, we see fleabeetles feeding on the alyssum plant.  Fleabeetles are also a pest of brassicas (such as broccoli, brussels sprouts, cabbage and especially leafy greens like tatsoi).  Err on the side of caution with producers that grow a lot brassicas and historically have fleabeetle issues.  Consider other insectary plants for that system.  The fleabeetles in this field were not economically damaging to the Brussels sprout crop, but that cannot be assumed for all sites or more susceptible brassica crops.
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Natural enemies of flea beetles supported by alyssum

Photos: Alina Harris

Lady beetle larvae = predators
(little alligators)

Tachinid flies = parasitoids
(two wings)

Presenter
Presentation Notes
Perhaps one of the reasons that fleabeetle infestations did not reach economic thresholds is because alyssum also supports natural enemies of fleabeetles.  The alligator-looking insect in the lower left corner is a predatory lady beetle larva and the insects with two wings are tachinid flies, which are parasitoids.  Each farm is a complex, open system and will be different even from year to year.
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• Bachelor’s button*
• Coreopsis
• Annual blanket flower
• Cosmos*
• Zinnia
• Ammi majus
• Sweet Alyssum
• Calendula officinalis

Photo: Nancy Adamson

*Can be aggressivesunflower bee on zinnia

Annual (or short-lived) forbs for cut flowers & beneficials

Photos: Alina Harris / Sideman Lab / University of New Hampshire

Presenter
Presentation Notes
--Calendula, which is sometimes called pot marigold, is another vivacious annual that is attractive to a variety of invertebrates.  
--On the left two photos, we see wild bees pollinating.
--In the upper right is a showy, larger hoverfly.  Some species of hoverflies have predatory larvae that eat crop pests.
--Next is the same orange and black soldier beetle that we saw on the buckwheat cover crop.  These soldier beetles require pollen and nectar to survive but also eat pest eggs, caterpillars, various insect larvae, aphids, snails, and slugs.  
--I enjoy growing calendula at home, where it continually flowers all summer long and are gorgeous in weekly bouquets and for making skin salves.
--The other great feature about calendula is that it blooms all summer long.  Each individual flower will expire, but another fresh flower will open.  For many flowers it’s key to harvest or dead-head them to them to continue to flower, but even without regular harvest, the calendula will bloom all summer. As the season progresses, each individual flower may get smaller, but they keep coming
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Calendula officinalis

Imported Cabbageworm 
(Pieris rapae) 

Adult moth feeds on 
calendula flowers

Larval form is a caterpillar 
pest of brassicas

sunflower bee on zinnia

Beware: 
Some insectary plants may support crop pests

Photos: Alina Harris / Sideman Lab / University of New Hampshire

Presenter
Presentation Notes
Imported Cabbageworm (Pieris rapae) adults have been observed feeding on calendula flowers.  These adults mate and lay eggs which then become caterpillars.  These caterpillars are common pests of brassicas, such as broccoli, brussels sprouts, and cabbage.  This may be important to note for growers that have issues with this pest.  This pest is commonly controlled using BT, a biopesticide made from bacteria.
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• Bachelor’s button*
• Coreopsis
• Annual blanket flower
• Cosmos*
• Zinnia
• Ammi majus
• Sweet Alyssum
• Calendula officinalis
• Sunflower

*Can be aggressivesunflower bee on zinnia

Photo: Alina Harris (8 bumble bees on sunflowers)

Sunflowers (328) Conservation Crop Rotation
(340) Cover Crop

Presenter
Presentation Notes
Sunflowers support alternative prey and provide nectar and pollen for predators and parasitoids.  Here, these circles highlight how many happy bumble bees are enjoying the trial garden at Johnny’s Selected Seeds in Maine.  It’s also another great plant for agritourism that people love to take photos with.  Consider practice (328) Conservation Crop Rotation or (340) Cover Crop
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• Bachelor’s button*
• Coreopsis
• Annual blanket flower
• Cosmos*
• Zinnia
• Ammi majus
• Sweet Alyssum
• Calendula officinalis
• Sunflower

*Can be aggressive
Dicyphus Hesperus - Generalist predator
Preys on: Whitefly, thrips, moth eggs and mites

Photo: Alina Harris

Sunflowers (328) Conservation Crop Rotation
(340) Cover Crop

Presenter
Presentation Notes
This is a poor quality photo, but is taken at the UNH greenhouses where they grew sunflowers specifically to provide alternative food to these beneficial insects –these dicyphus– that they had purchased and released for pest control on their cash crops.  Once these predators cleaned up all of the pests from the cash crops, if they didn’t have sunflowers to feed from, they would die due to poor nutrition, and have to be bought-in again as an additional expense.  So, the grower provided insect habitat with alternative food within the greenhouse!
With all of the sunflower benefits, again, proceed with information and caution.
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Highly toxic to bees and many other beneficial 
insects

Priority Concerns: Neonicotinoids 

Water soluble – move 
easily

Systemic - Can persist 
months to years in 
plants and soil

Commonly
Treated Seeds:
• Corn
• Soybean
• Sunflower
• Canola

Photo: Treated soybean seed, by Adam Varenhorst;  Sunflowers by Alina Harris

Presenter
Presentation Notes
Because, remember, neonic-treated seeds can be highly toxic to bees and natural enemies.  Search for seed that is not treated.

Photo credits: treated soybean seed, Adam Varenhorst, orchard being sprayed, Regina Hirsch
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Woody Ornamental Cut Branch Crops

All images pulled from Growing Woody Cut Branch Crops by 
Cathy Neal, UNH Extension Professor/Specialist Emerita, 
Nursery and Landscape Horticulture

Presenter
Presentation Notes
Beyond herbaceous and cut flowers, there are some woody ornamentals that if managed thoughtfully, can support pollinator and beneficial insects with floral resources, and also be have the option of being cut for profit.  Cathy Neal, from UNH Cooperative extension put out a nice fact sheet on her research on growing woody cut branch crops.  I’ll highlight the ones that could be beneficial for both invertebrates, and for the producers bottom line.  On the left, we have pussy willow.  The top photo with the cat shows its marketable form in a vase.  Those grey catkins (no put intended) are the flowers.  Unfortunately, from the perspective of pollinators and beneficials, it seems these flowers are harvested and sent to market before the pollinators can collect the yellow pollen.  However, with thoughtful management, a portion of the buds could be cut, while some are left to flower.  Pruning and cutting back these plants can promote vigorous growth and more stems for more flowers.  Willows are also very easily propagated.

On the right is winterberry holly. The plant blooms and invertebrates can thoroughly feed from those floral resources prior to harvest, since the crop is actually the berries on the branches, which form from the pollinated flowers.  In the fall, the leaves fall to the ground and expose these attractive berries that are sold as ornamentals.  From the stand point of other wildlife, they may miss out on eating the berries, but if the goal is for pollinators, they will have already gotten their fill for that year, and the ground is left undisturbed for nesting sites.
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• Dill

Photo: Nancy Adamson

Edible annual* herbs or seeds

*Perennials also excellent
Photo: Karin Jokela © (bolting dill)

Photo: Alina Harris 
(swallow tail caterpillar 
on flowering dill) Photo: Alina Harris

Photo: Alina Harris (swallow 
tail butterfly foraging on mock orange)

Presenter
Presentation Notes
Here marks the switch to edible annual herbs or seeds.  As mentioned before, perennial plants are excellent, and this also goes for perennial herbs.  I’m simply focusing on more annual options today.

The first is dill, which you can see is either planted as an insectary row, or was a row of harvestable dill that they let bolt after a while.  Dill attracts flies, wasps, and lady beetles as you can see here.  It also serves as a host plant for the swallowtail caterpillar.  These caterpillars could potentially be viewed as pests, but in my experience, they don’t seem to cause economic damage and I have always just let them live their lives out chomping on the dill, since they then go through metamorphosis and turn into this gorgeous swallowtail butterfly.



© 2017 The Xerces Society, Inc. All rights reserved.

• Dill
• Fennel

Photo: Nancy Adamson (assassin bug on fennel flowers)

Edible annual* herbs or seeds

*Perennials also excellent
Photo: Alina Harris (fennel leaves)

Presenter
Presentation Notes
Next, is fennel, which also serves as a host plant to the black swallow tail caterpillar, and some people plant them specifically for this reason.  Here we see a beautiful photo of a beneficial assassin bug on fennel flowers. Fennel also has special value to hover flies, and many species of parasitoids (including Edovum puttleri and Pediobius foveolatus.).  

I put this photo of the leaves here to mention that in my field research, I transplanted fennel in NH, but I was somewhat surprised and disappointed when it didn’t bloom before it was killed by the frost.  So, take care with fennel with selecting cultivars or transplanting dates for your region if the goal is for flowers.  There are many different kinds, its sort of a rabbit hole.  I will say, that even when these insectary plant herbs have yet to flower, they still appear to attract beneficial insects such as lady beetle adults and larvae that predate on crop pests.  Even if it doesn’t flower it still can serve as a host plant to the black swallowtail butterfly.
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• Dill
• Fennel
• Cilantro

Photo: Nancy Adamson

Edible annual* herbs or seeds

*Perennials also excellent
Photo: Alina Harris (cilantro)

Presenter
Presentation Notes
Here we have a similar example with cilantro, where the lady beetle is using this as a habitat plant, despite the lack of flowers.  
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• Fennel
• Dill
• Cilantro

Photo: Nancy Adamson

Edible annual* herbs or seeds

*Perennials also excellent Photos: Alina Harris (cilantro)

Presenter
Presentation Notes
Here, we see cilantro in flower and the diverse array of beneficial insects that it attracts, from predatory wasps, to bees and hoverflies.  It also can attract soldier beetles, parasitoid tachinid flies, lacewings, pink spotted ladybird beetle, and parasitoids (Pediobius foveolatus).
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• Dill
• Fennel
• Cilantro
• Borage

Photos: Nancy Adamson (fennel and borage)

Edible annual* herbs or seeds

*Perennials also excellent Photos: Pixabay (honey bee and hoverfly), Nancy Adamson (bumble bee)

Presenter
Presentation Notes
Borage has edible blue flowers that many times hang downwards.  The large photo shows a honeybee, the upper right is a bumble bee, and the lower right photo is a hoverfly.  Borage also provides habitat for ground beetles, predatory nabid bugs, lacewings and spiders
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• Dill
• Fennel
• Cilantro
• Borage
• Holy basil, tulsi

Edible annual* herbs or seeds

*Perennials also excellent Photos: Nancy Lee Adamson (Mirid bug on holy basil leaf, Megachile leaf cutter bee on holy basil flower)

Presenter
Presentation Notes
This photo shows a Mirid bug on the leaf of holy basil.  Some mirid species may feed on mites or mite eggs, insect eggs, small larvae or soft, easily subdued adults

Megachile leaf cutter bee provisioning from holy basil flowers
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• Dill
• Fennel
• Cilantro
• Borage
• Holy basil, tulsi
• Thai Basil

Edible annual* herbs or seeds

*Perennials also excellent Photos: Nancy Lee Adamson (Bombus foraging on thai basil flowers)



© 2017 The Xerces Society, Inc. All rights reserved.

• Dill
• Fennel
• Cilantro
• Borage
• Holy basil, tulsi
• Thai Basil
• Genovese Basil

• Caraway
• Cumin
• Sesame 

Edible annual* herbs or seeds

*Perennials also excellent Photo: Two spotted longhorn bee (Melissodes bimaculata) on basil 

Presenter
Presentation Notes
And other kinds of basil, such as Genovese basil, also support pollinators and beneficial insects, such as the Two spotted longhorn bee (Melissodes bimaculata) pictured sipping from this flower.

Other nice options (that are not shown photos) include caraway, cumin and sesame.  Sesame not only has attractive flowers, but additionally has extrafloral nectaries that supply invertebrates with nectar that are located outside of the flower on the stalk of the plant.  We’ll discuss more about extrafloral nectaries on this next slide.  
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Example:  Flint Farm in NC
Extrafloral nectaries provide nectar that attracts 
predators such as wasps and ants

Edible flowering legumes
Warm season

− Soybeans (edamame)
− Cowpeas
− Fava beans
− Field peas

For more on extrafloral nectaries: 
http://www.extrafloralnectaries.org/

Photos: Matt Flint, NRCS ENTSC

Cool season
− Austrian winter pea 

(good for pea tips)

Photo: Alina Harris (Lablab or purple hyacinth bean, Hawaii)

Presenter
Presentation Notes
Other edibles to consider are flowering legumes, such as this vibrant lab lab or purple hyacinth bean growing in Hawaii.  Other warm season options include soybeans, cow pea, fava beans, and field pea.  For cooler season, try Austrian winter pea.

Here on the left we see a photo of a native bee foraging from the very specific shape of the legume flower.  Due to their floral architecture, legumes may be challenging for species of pollinators to forage from but a really cool aspect of legumes is that many times they will have extra floral nectaries.  To the right of the bee, we see a predatory wasp drinking nectar from that green gland, which is not a flower.  That is the extra floral nectary!  So, legumes can really benefit pest control in some systems.  For more information, visit extra floral nectaries.org! 
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Let cash crops bloom: brassicas 

Photos (from left to right)
• Alina Harris (Tatsoi flowering in Kaneohe, Hawaii)
• Alina Harris (Brassica seed crops gone to flower at Johnny’s Selected Seeds, ME)
• Karin Jokela (Flowering Brassica)

(328) Conservation Crop Rotation

Presenter
Presentation Notes
Another really helpful method is just letting the cash crops go to bloom.  Here on the left is a flowering tatsoi, which is a leafy green vegetables.  To the right, is a photo of Johnny’s selected seeds in Maine where they are growing out their brassica seed crops, so they are all in flower.  Up close on the right is a hoverfly foraging from a flowering brassica.
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Photo: Dwight Sipler, Small Farm in Massachusetts

Example:  Small Farm in MA
Annual ryegrass and white 
clover between pick-your-own 
vegetables and flowers

Cool and warm season grasses

Multipurpose:  Fibrous-
rooted, some deep-
rooted, green manure & 
living mulch, attract 
beneficials—grasses can 
be especially important 
for beetles & spiders

(327) Conservation Cover, (340) Cover Crop

Presenter
Presentation Notes
Grasses can also provide important habitat for beetles and spiders that prey on crop pests.  Here, between vegetable rows, the producer has seeded down grasses and clover, which provide multiple other conservation benefits.  If the producer wanted to maintain this perennial cover, practice (327) Conservation Cover could be considered.  If the producer plans to till the cover under, practice (340) Cover crop could be considered.



EQIP Practice for Pollinators Description
327 Conservation Cover (Consider 420) Herbaceous Pollinator Meadow (grasses+forbs)

328 Conservation Crop Rotation Include pollinator friendly (cover) crops

329 Residue and Tillage Management, No-Till Semi-undisturbed nesting habitat

340 Cover Crop Multi species pollinator friendly cover crop; break pest cycles

391 Riparian Forest Buffer Nectar and pollen-rich trees/shrubs

420 Wildlife Habitat Planting Herbaceous Pollinator Meadow or flowering shrub

512 Pasture and Hay Planting Seed with legumes or native grasses

528 Prescribed Grazing Improve monarch habitat

570 Stormwater Runoff Control Rain garden for wildlife

595 Pest Management Conservation System Using PAMs (Prevention, Avoidance, Monitoring) to reduce pesticides and invertebrate 
exposure

612 Tree/Shrub Establishment Native woody plants for pollinators and beneficials

666 Forest Stand Improvement Patch cuts for flowering understory; Snags for nesting habitat











 = discussed in this webinar.  Other practices also support pollinators



Presenter
Presentation Notes
This table outlines some other NRCS practices that support invertebrates through provision of floral resources (pollen and nectar) or by providing undisturbed habitat. The checkmarks indicate the practices that we touched upon today, which are quite a few, but there are a plethora of other practices that can be explored.

This table will be provided in the additional resources that are posted with this presentation and will also provide some extra information on Conservation Stewardship Program (CSP) enhancements that are based upon these EQIP practices, but were too cumbersome to include on this slide.

(The first is Conservation Cover or 327, which can be used to plant perennial herbaceous pollinator meadows with an emphasis on native forbs and grasses. It’s one of the practices that its most used for pollinator habitat, with the goal of providing season-long bloom and overwintering habitat.  A very similar, potentially more fitting practice for planting native plants to support pollinators is Wildlife Habitat Planting (practice 420), and has been adopted in a number of states.  Depending on the scenario used, this could include herbaceous forbs and grasses, but may include flowering shrubs.

Conservation crop rotation includes pollinator friendly crops or cover crops, which provide floral resources, but the ground-nesting habitat may become disturbed via tillage, which could harm or kill pollinators during the season and/or prevent them from overwintering within the tilled area.

Under practice 329, any no-till or low-till practices will provide less-disturbed habitat for beneficial invertebrates within the crop field.

For practice 391, the riparian forest buffer is essentially planting native and adapted trees and shrubs that provide floral resources.

Again, 420 is the wildlife habitat planting and can be used for herbaceous pollinator meadows of grasses and forbs, and may sometimes be a planting of shrubs with a flowering understory, depending on the scenario.

Pasture and Hay planting can be used to seed flowering legumes and native grasses that support beneficial invertebrates through floral resources, and ground nesting habitat, depending on when and how frequently the grass is grazed or mowed.  Similarly, prescribed grazing can be used to improve monarch and other beneficial invertebrate habitat.

A more creative one is Stormwater Runoff Control (570), which is highlighted in CSP as a Rain garden for wildlife

Practice 595, which is now called Pest Management Conservation System is a practice that seems to be underutilized nation-wide, and it is our hope to change that.  There are number of cultural techniques that can be used on farms FIRST before deciding to use pesticide intervention.  We can support producers to use these Prevention, Avoidance, and Monitoring techniques, such as scouting for pests or trapping in the field, using predictive modeling, or destroying crop residue that harbors future generations of pests.  NRCS provides financial support for sprayer calibration to increase accuracy and efficacy of pesticide applications, as well as financial support for pesticide set-backs from any type of flowering pollinator habitat.

Tree and shrub establishment focuses on a season-long bloom for floral resources, and also may host alternative prey to feed beneficial insects when pest populations are dwindling.

Via forest stand improvement, snags can be artificially created for nesting habitat.  For areas where invasive plants are being managed, large patch cuts in forest can release a diversity of flowering early successional plants that benefit pollinators.) 



612

420

340 328 340

595

Artwork: Andrew Holder, Xerces Society









 

Presenter
Presentation Notes
This is a beautiful 1 page double sided brochure, called Farming For Pest Management, found at Xerces.org that shows the array of habitats that can be used to promote beneficial insects and pollinators.  I then overlayed some NRCS practice codes nearby of the topics that we touched upon today.  

(Native trees and shrubs provide early forage to beneficial insects (through practice 612), Perennial shrubs (420), Cover crops (340), Pesticide protection can be implemented through practice 595, Crop rotations of Pollinator friendly crops can be implemented via 328, and insectary blocks or strips can be implemented again through the Cover cropping practice 340.)



Artwork: Andrew Holder, Xerces Society

391 612

666
595

328






Presenter
Presentation Notes
This is another wonderful 1 page double sided brochure, which is similar to the first, called Farming for Pollinators.  I highlighted riparian buffers (391) and Snags (666), since we didn’t get a chance to discuss them today, but could be other NRCS practices to consider for pollinator conservation. I encourage you to check out these pamphlets to think about the array of habitats that can be planted or managed to support invertebrates in the farmscape.


(Hedgerows or windbreaks (612), Pesticide Protection (595), and pollinator friendly crops (328).)
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Habitat Needs for Pollinators and Invertebrates

Images: Wikimedia commons, Pixabay.com, freesgv.com, needpix.com

Food: Nectar, pollen, host plants Shelter: Nest sites, overwintering sites

Protection

Presenter
Presentation Notes
As a review and a main take away – remember the three foundational habitat needs for pollinators and many natural enemies:  Food, shelter, and protection from pesticides.  
--In annually tilled systems, many times nesting and overwintering sites are destroyed, but we can recommend leaving plant residue over the winter, and can focus on excellent floral resources and thoughtfully planned Integrated Pest Management and pesticide protection.  Once a producer has experienced the joy of insectary plants, they may be more likely to plant and protect a permanent, undisturbed habitat, such as perennial pollinator meadows, or flowering hedgerows.
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Predatory stink bug feeding on a 
brown marmorated stink bug

Thank you!

Alina.Harris@xerces.org | Alina.Harris@usda.gov

Photo: John Flannery

Presenter
Presentation Notes
With that, it concludes this presentation.  I’d like to thank you for your interest in invertebrate conservation, and hope that you can help spread the word!  My email is at the bottom where you can reach me, and I can take some questions as time allows.
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