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To create living 
landscapes we must 
restore insects,
for they are the little 
things that run the 
world



To restore insects 
we must restore 
the specialized 
relationships that 
sustain them.
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Presentation Notes
For example, you will not have the beautiful goldenrod stowaway 
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Or its beautiful larva



Presenter
Presentation Notes
Without Bidens aristosa, 



You won’t have 
pileated woodpeckers 
without lots of 
carpenter ants
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You won’t have pileated woodpeckers without lots of carpenter ants



You won’t have 13 
species of native 
bees without 
sunflowers



And you won’t have 
Phlox divericata
without its pollinator
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Phlox divaricata spreads wonderfully in your garden by seed…but only if it’s pollinated. 
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But how can such a tiny corolla get pollenated? Bees can’t do it. Their tongues aren’t the right shape. 
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Snowberry clearwing
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If you want to have your Phlox pollinated then you better have day-flying sphinx moths. But you won’t have snowberry clearwings  without
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Snowberry clearwing



Coral honeysuckle
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You need coral honeysuckle



Specialized 
relationships 

involving insects are 
the rule in the 

natural world rather 
than the exception
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These are not rare exceptions…they are the rule



Specialization 
always starts 
with plants
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Presentation Notes
And it always starts with plants



There are many animals 
that depend on the 

specialized relationships 
insects have with plants
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 everyone thinks of chickadees as seed eaters, and they do eat seeds during the winter
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But when they make babies, they feed their chicks insects. And not just any old insect. They specialize on caterpillars 



Carolina chickadee 
feeds its young 
almost exclusively  
caterpillars
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All day long they bring caterpillars back to their nest



In fact, most 
birds rear young 
on caterpillars
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16 of 20 common bird families eat more caterpillars than any other type of insect.



Caterpillars transfer 
more energy than 
any other  herbivores



Why caterpillars? 



1) soft

Presenter
Presentation Notes
Because caterpillars are soft, they are full of protein and fats, and they are very high in carotenoids





1

1) Soft
2) large
3)  nutritious
4)  Low % of chitin
5)  best source of carotenoids
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Because caterpillars are soft, they are full of protein and fats, and they are very high in carotenoids



Essential carotenoids are only made by plants

Yet they are essential 
components of our diet



α-carotenezeaxanthin

crocetinlutein

β-carotenelycopene



Why do birds 
need carotenoids?

Improve sexual 
attractiveness

Antioxidants that protect 
proteins and DNA from 
oxidative damage

Stimulate the immune 
system

Improve color vision

Improve sperm vitality

McGraw 2009



Chickadees can not 
make their own 
carotenoids….

they must get them 
indirectly from 
plants

Chickadees can not 
make their own 
carotenoids….

they must get them 
indirectly from plants



A chickadee doesn’t eat plants, so 
it has to get carotenoids from 
something that does eat plants. 



Presenter
Presentation Notes
Caterpillars have 10 times more carotenoids than spiders



Based on 7628 observations by Kennedy



For most birds, caterpillars
are not optional!



There can be no 
chickadees 
where there are 
not enough 
caterpillars!



How many 
caterpillars does it 
take to make a nest 
of chickadees? 
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Both male and female forage



Lots!



A pair can 
deliver food 
about every 
3 min
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And bring food back about every three minutes



30 caterpillars 
in 27 min 
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All were taken from the trees in our yard
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Sometimes they bring two caterpillars at a time
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Sometimes more than two



Parents forage from 
6 am til 8 pm

Parents forage from 6 am til 8 pm
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And they do that from 6:00 AM till 8 pm



In three hours 
they brought back 
17 species 
of caterpillars

How many 
species of 
caterpillars do 
chickadees 
bring to the nest?
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All are collected from trees within 50 m of the nest



936  moth 
species 



A chickadee pair brings 390-570 
caterpillars to the nest per day 

(Brewer 1961).

Chickadees feed their young for 
16 days before they fledge.
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570 for 16 days is over 9000 caterpillars



To rear one clutch they 
must catch

6,240 to 
9,120 
caterpillars!



0.35 oz
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A carolina chickadee weighs 0.35 oz



Red-bellied 
woodpecker 
weighs 8 times 
more than a 
chickadee !
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By the way, what do hummingbirds specialize on? 80% insects



Icteridae (blackbirds & orioles) 
Fringillidae (finches)
Ploceidae (weaver finches) 
Passeridae (Old World Sparrows) 
Podicipedidae (grebes) 
Ardeidae (herons) 
Threskiornithidae (ibises & 
spoonbills) 
Anatidae (ducks, geese & swans) 
Accipitridae (hawks, kites & eagles) 
Falconidae (falcons) 
Phasianidae (turkeys & grouse) 
Odontophoridae (new world quail)  
Rallidae (rails, gallinules & coots) 
Aramidae (limpkins) 
Gruidae (cranes) 
Charadriidae (plovers) 
Recurvirostridae (avocets & stilts) 
Jacanidae (Jacana)   
Scolopacidae (sandpipers & 
phalaropes)
Laridae (gulls & terns) 
Columbidae (pigeons & doves) 
Cuculidae (cuckoos & roadrunners) 
Tytonidae (barn owls) 
Strigidae (owls) 
Caprimulgidae (goatsuckers)
Apodidae (swifts) 
Trochilidae (hummingbirds) 
Trogonidae (trogons)   
Alcedinidae (kingfishers)
Picidae (woodpeckers)

Tyrannidae (tyrant flycatchers)
Laniidae (shrikes)
Vireonidae (vireos)
Corvidae (crows & jays)
Alaudidae (larks) 
Hirundinidae (swallows) 
Paridae (titmice) 
Remizidae (verdins) 
Aegithalidae (bushtit)    
Sittidae (nuthatches)        
Certhiidae (creepers) 
Troglodytidae (wrens) 
Pycnonotidae (bulbul)
Regulidae (kinglets)  
Sylviidae (Old World warblers)
Muscicapidae (old world flycatchers)     
Timaliidae (babblers)  
Turdidae (thrushes) 
Mimidae (mockingbirds & thrashers) 
Sturnidae (starlings) introduced
Prunellidae (accentors)  
Motacillidae (pipits & wagtails) 
Bombycillidae (waxwings) 
Ptilogonatidae (silky-flycatcher) 
Peucedramidae (olive warbler)
Parulidae (wood warblers) 
Coerebidae (bananaquits)   
Thraupidae (tanagers) 
Emberizidae (sparrows& buntings)   
Cardinalidae (cardinals & grosbeaks) 

Birds that eat insects
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In fact 96% of our terrestrial birds species rear their young on insects…mostly caterpillars



No caterpillars
…no baby birds!



What types of landscapes are 
capable of producing such insect 

diversity and numbers? 



treeTo answer this question we have to 
consider the specialized relationships 
between insects and plants



Plants 
don’t want
to be eaten!
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First let’s remember that plants don’t want to be eaten.



Plants defend 
their tissues 
with distasteful 
chemicals
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Plant defensive chemistry has made insect herbivores the most specialized group of animals on earth. 



But insects do
eat plants…
how?

But insects DO 
eat plants.  
How?



90% of the insects that eat plants can develop
and reproduce only

on the plants with which they share 
an evolutionary history.

(Forister et al. 2014)

They specialize on only a few types of plants!
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We all know monarch story, how they only develop on milkweeds



Milkweeds
are protected
by cardiac
glycosides
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Milkweeds are toxic plants because they load their leaves with cardiac glycosides



What about
the sticky latex sap?
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But what about that other defense that milkweeds have? 



Milkweed latex gels 
when exposed to oxygen
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The milky latex sap that oozes from the leaves if they are ripped?  When exposed to air, that sap gells. If it gets on the mandibles of  monarch caterpillar, it glues them shut?
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So how does a monarch larva deal with that? Watch one sometime.
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The first thing it does is crawl to the tip and start to eat. If latex sap oozes out, they stop and crawl back up the leaf
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So the up side of specialization is that now the monarch can eat a plant protected by both cardiac glycosides and sticky latex sap. The down side is that now that’s all it can eat 



The downside 
of specialization 
is that now 
milkweeds are all 
monarchs can eat.             

Out of the 2137 
plant genera 
found in North 
America, 
monarchs can 
only eat one, 
the Asclepius.
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Presentation Notes
Monarch larva down 96.4%



Monarchs have declined 
96.4% since 1976

If you want monarchs, 
you need milkweeds



We can use
the knowledge
that most insects
are specialists 
to build 
landscapes 
that support
effective 
food webs!
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The good news is 



Presenter
Presentation Notes
Let’s follow a nest of white eyed vereos



Blinded sphinx; 
Black cherry



Chestnut schizura;
Viburnum 
dentatum



Drab prominent;
Sycamore



8-spotted 
forester;
Grape



Lunate zale:
Black cherry



Spicebush 
swallowtail;
Spicebush



Tufted bird 
dropping 
moth;
Black cherry
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We need black walnut
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If we want the walnut sphinx
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Or the Grey edged bomolocha
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The bride
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Only native maples can produce
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Or Plagotis inchworms
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If we want the green striped maple worm



Retarded Dagger Moth
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Bantam maple dagger moth……..
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Our corridors must have native elms if we want
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 the 4 horned sphinx



Presenter
Presentation Notes
Double toothed prominent





Remember

90% of the insects that eat 
plants can only eat the 
plants with which they 

co-evolved!
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Mustard sallow
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Hackberry emperors
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Cuculio asteroides
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Arcigera flower moth



Presenter
Presentation Notes
To have the Brown hooded owlet needs
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We will only have the hog sphinx
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Pandora sphinx
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Or Abbot’s sphinx



Presenter
Presentation Notes
Redbud leaf roller
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grey furcula needs native willows
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Turbulent Phosphila needs greenbriar
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Orange-tufted oneida
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Yellow vested moth
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2 spotted oak punkie
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Variable oak leaf caterpillar
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Red humped oakworm
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Pink-striped oakworm
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Pleasant dagger moth
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Delightful dagger moth
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Lesser oak dagger moth
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Greater oak dagger moth
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Streaked dagger moth
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Afflicted dagger moth
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Crowned buccalatrix
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White blotched heterocampa
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And the Oblique heterocampa
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Redlined panapoda



Double-lined Prominent
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The laugher and many many more



It’s not just birds 
that need insects!
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25% of red foxes diet is insects
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23% of a black bear’s diet is insects. During a forest tent caterpillar outbreak in Michigan, individual black bears were eating 25000 caterpillars a day (Kay’s artlcle)







A world 
without 
insects is a 
world 
without  
biological 
diversity.



Edward O. Wilson
“Insects are the little things that run the world”
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1982 in boulder colorado



If insects were to disappear…
1) Most flowering plants would go extinct

2) That would change the physical structure and 
energy flow of most terrestrial habitats

3) which would cause the rapid collapse of the food 
webs that support amphibians, reptiles, birds, and 
mammals

4) The biosphere would rot due to the loss of insect 
decomposers

5) Humanity would be doomed!



We have ignored 
Wilson’s warnings. 
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We have all sensed that there are fewer insects today than there were when we were young, but now people are measuring the decline



The Insect Apocalypse Is Here

What does it mean for the rest of life on Earth?

Nov 27 2018



One million species face 
extinction, U.N. report says.

And humans will suffer as a result!.



Pesticides
Habitat loss
Nonnative ornamentals
Invasive species
Security lights
Roadside mortality
Climate change

Causes of insect 
declines



Pesticides
Habitat loss
Nonnative ornamentals
Invasive species
Security lights
Roadside mortality

Climate change

Causes of insect 
declines



What’s happening 
to insectivores?



432 spp of North 
American birds at 
risk of extinction.

3 billion fewer 
breeding birds 
compared 
to 45 years ago.

Rosenberg et al. 2019



Our only viable option is to live in 
ecological harmony with the 
natural world that sustain us. 



Why can’t insects and the 
biodiversity that depends on 

them be sustained in our 
parks and preserves?
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When you take a large habitat
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You take large populations and you shrink them down to tiny populations. And tiny populations are highly vulnerable to local extinction
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Our natural 

areas are not 

large enough

to sustain nature



David Quammen compares ecosystems 
to a Persian rug





Not only are viable habitats 
fragmented, they have also 

been invaded by 3300 
species of introduced 

plants.





We can measure what 
happens when we replace 
native plant communities 
with plants from outside 

of local food webs. 



\





No. of Species

Native Invaded

Reduced 68%
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5 times fewer species post invasion



Abundance

Native Invaded

Abundance

Reduced 91%
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Presentation Notes
22 times more caterpillars



Biomass

Native Invaded

Reduced 96%



Does this 
matter?



What if I said 
“Introduced plants have reduced your bank 

account by 96%!”



Insects are the currency 
in your ecological bank account!



The creatures that 
keep us alive are 

disappearing!

Presenter
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We humans are incredibly bad at acting on long-term risks so imagine you are a bird



We are incredibly bad at reacting to long 
term risks …



We are very good at 
feeling protective of 

other animals.



Imagine you are 
a magnolia 

warbler





Migration is the most 
dangerous thing a 
bird will ever do.

Predation risks are 
high.

Migrants lose up to 
35% of their body 
weight while 
crossing the Gulf of 
Mexico.



Migration would 
only have evolved 
if the benefits 
outweighed the 
costs

If migration is 
so hard on 
birds, why did 
it evolve?



North America 
offers more food!





That seasonal flush of food doesn’t happen in the tropics



The spring bonanza of 
insects gave birds an 
opportunity



Instead of rearing 2-4 
offspring per year in the 
tropics, the abundance 
of insects  in the 
temperate zone enabled 
birds that migrated to 
rear 3-6 offspring per 
year

Increased reproduction 
balances the costs of 
migration



Bird migration 
was only adaptive 
because there were
so many insects seasonally 
available in the temperate zone



Ree Slocum

How important 
are insects to 
birds??

Birds eat 500 
million tons of 
insects each 
year!

Nyffeler et al. 2018



Birds require 500 
million tons of 
insects each year !



It’s not just 
effect a few 
obscure birds 
that migrate.
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The second reason we haven’t shared the planet very well is that…



It impacts more then half 
of all breeding North 
American bird species!

386 species of Neotropical migrants
no longer have enough insects to justify migration.



Swallows and 
swifts



Orioles



Hummingbirds



Vireos



Tanagers



Buntings



Flycatchers



Thrushes



Warblers



Which plants 
should we be 

sure to have in 
our landscapes? 



5% of our native 
plants make 75% 
of the food that 

drives food webs

Keystone plants



Native Prunus = 456 
species of caterpillars

i.e. some native plants are 
much better at supporting 
food webs than others



The question is not 
whether natives are better 

than nonnatives. 

It’s whether ecologically 
productive plants are better 

for our ecosystems than 
unproductive plants.



Ginkgos grew in North America 7 million years ago. Are they native? 



Ginkgo = 0 species of caterpillars



Oaks = 454 species of caterpillars in California



Native Prunus = 456 
species of caterpillars

Native Prunus = 441 
species of caterpillars 



Zelkova supports 
no caterpillars

Zelkova
supports 
no caterpillars



Pieris japonica;  2 spp



Blueberries; 289 spp



English Ivy supports nothing



Crepe Myrtle supports no caterpillars



“Native Plant Finder”
National Wildlife Federation

http://www.nwf.org/NativePlantFinder/

Keystone Species

http://www.nwf.org/NativePlantFinder/
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So think of the plants in your yard as if they were bird feeders. 
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You can have a lot of feeders
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Or just a few
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You can have full feeders
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Or You can have empty feeders



We are not fooling the 
birds when we fail to 

plant keystone genera!



Desiree Narango





Basswood

Sweetgum American elm

Black cherry

Willow oaks

Pin oaks



Japanese Maples

Silktree

Saucer 
Magnolia

Leyland Cypress

Ginkgo

Black Poplar

Crape 
Myrtles

Presenter
Presentation Notes
At the sites where we had nesting birds, we followed them around to see where they foraged, and found that they exhibited pretty directed foraging toward preferred tree species, that are highly productive for caterpillars. 



Compared to native landscapes, yards 
dominated by introduced plants : 

1) Produced 75% few caterpillars
2) Were 60% less likely to have breeding chickadee
3) Nests contained 1.5 fewer eggs
4) Nests were 29% less likely to survive
5) Nests produced 1.2 fewer fledglings
6) Delayed maturation by 1.5 days



Population Growth
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51 species migrate through this yard





Do birds care 
whether a berry is 
native or not? 



Birds and berries
have co-evolved
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Plants use birds to disperse their seeds and they have developed strategies to make this happen



Berries that ripen in the summer
target fledglings. They are low 
in fat and high in sugar.



Plants that use fall migrants to disperse seeds have high-fat 
fruits that ripen in late summer
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Poison ivy, dogwoods, virginia creeper, Viburnum dentatum



Plants that use overwintering birds to 
disperse seeds have low-fat, low-sugar fruit 

that ripen after fall migration. 



The nutritional differences between 
introduced berries and natives is huge!

Native % fat
Myrica pennsylvanica 50.3%
Viburnum dentatum 48.7%
Lindera benzoin                                         48.0%
Cornus racemosa 34.9%
Parthenocisus quinquefolia                       23.6%

Non-native
Rosa multiflora                                           0.9%
Lonicera spp.                                              0.7%
Rhamnus cathartica 0.5%
Elaeagnus umbellata 2.1%
Celastrus orbiculatus 2.6% Smith et al. 

2007, 2013



Most (all??) non-native berry 
producers are phenologically out 

of sync with the needs of our birds.

They produce high sugar berries in 
the fall instead of the summer



We need to rebuild the earth’s Carrying capacity!
We have to put the plants back!



85.6% of the U.S. east of the Mississippi is privately owned. 

Where are we going to do this??

Presenter
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everywhere



To restore nature’s relationships
we must raise the bar for what we ask 

our landscapes to do:

1) Support life
2) Sequester carbon
3) Clean and manage water
4) Enrich soil
5) Support pollinators

Presenter
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We are now raising the bar on what we must ask our landscapes to do





80% of all plants and 90% of 
all angiosperms are 

pollinated by animals

Losing our pollinators 
is not an option!



We are not talking about good 
land stewardship, we are 

talking about essential land 
stewardship!.



house

“Land ownership is more than a privilege;

it’s a responsibility” Roy Dennis



Presenter
Presentation Notes
Thinner than the shell on an egg



Along with land ownership comes the responsibility of 
caring for all of the life in the universe!



Decorative
value Screens

Anchor

Focal
point

Past criteria for choosing plants for our 
landscapes
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How did we get here?



When we think of plants only as decorations, 
landscaping = ecological destruction.

Presenter
Presentation Notes
 But horticulturists are artists and their medium is the garden. Their goal is an aesthetic one.  They see plants only as ornaments to be used to paint the landscape.



Future criteria for choosing plants for our 
landscapes

Moderate
weather

Restore
soil

Store
carbon 

Protect
watersheds

Support
Food webs

Screens

Anchor

Focal
point

Wildlife
appreciation

Decorative
value

Create
pollinator 

habitat

Support
natural
enemies



If we add function to the criteria used to select plants, 
landscaping = ecosystem restoration 
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Or like this



Nine  things you can do to restore the 
ecosystem in your yard

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Build a landscaped layered with plants 
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless
3) Remove invasive species from your property
4) Use keystone plants
5) Build a landscaped layered with plants 
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



house

It’s not just the types of plants in our 
landscapes that are starving our birds, it is 
the amount of plants we use in suburbia.

We now have an area the size of
New England in lawn



If we replant 
half of the 
area now in 
lawn…..



20 Million Acres
Adirondacks +
Yellowstone +
Yosemite +
Grand Tetons +
Canyonlands +
Mount Ranier +
North Cascades +
Badlands +
Olympic +
Sequoia +
Grand Canyon +
Denali +
Great Smoky Mountains 

Presenter
Presentation Notes
Suburban national park;  home-grown national park; residential national park?



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Build a landscaped layered with plants 
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within





Nine things you can do
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2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Build a landscaped layered with plants 
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Build a landscaped layered with plants 
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Preserve your leaf litter and ground covers
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



511 species of 
caterpillars develop 
on oaks in Chester C  
Pennsylvania





480 species  (94%) 
pupate in the soil …
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376 or 88% pupate in the ground



or in cocoons
in leaf litter

Presenter
Presentation Notes
Or in leaf litter















Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Preserve your leaf litter and ground covers
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



Security lights 
kill moths



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Preserve your leaf litter and ground covers
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use
9) Join your HOA and change from within



Mosquito Joe



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Preserve your leaf litter and ground covers
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



Nine things you can do

1) Cut your lawn in half
2) Avoid senseless mowing
3) Remove invasive species from your property
4) Use keystone plants
5) Preserve your leaf litter and ground covers
6) Put motion sensors on your security lights
7) Oppose mosquito spraying
8) Minimize insecticide use 
9) Join your HOA and change from within



To save life on 
earth, we must 
preserve ecosystem 
function on half of 
the planet.
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I want to close by mentioning E. O. Wilson’s latest book



How could this 
be possible?



To realize E.O.’s dream, 
we need a new approach 
to conservation



. We have to give up the notion that humans are here 
and nature is someplace else. 

We need to save nature 
where humans abound!



The U.N. designates 
Biosphere Reserves as 
places of ecological 
significance. 

Presenter
Presentation Notes
The good news is 



ALL places have ecological 
significance on our tiny planet;
even your yard!



We can no longer leave conservation to the conservationists

Presenter
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everywhere



You don’t have 
to save biodiversity 
for a living, but you 
can  save it 
where you live!



This approach 
empowers each 
one of us!

It also shrinks 
the problem to 
something 
manageable for 
each one of us.



As property owners, each 
of us has the power - - and 
the responsibility to fix this. 



No one can fix it alone…but we CAN fix it together.
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