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“Free” Biocontrol!
Invertebrates

+
Weeds!

Conservation Biocontrol



“Free” 
Pest Control

“… a Beautiful 
theory …  

killed by an 
ugly fact.” 

(T.H. Huxley)

Or, in this case, 
Many “ugly” facts

clker.com





?

Maybe, but not
to pristine fauna



blog.bayjournal.com

Inundation by Exotic Species
• ~ 25,000 terrestrial invertebrate species in Oregon
• ~ 1,000 species of exotic terrestrial invertebrates

in Oregon

Most of these are found in agricultural 
and residential settings!



XXXX



s-media-cache-ak0.pinmg.com

Praying
mantis

“They’d eat small
childeren if they
could!”
Unknown source

“Generalist” 
(= “indiscriminate”)
predators eat beneficials
just as enthusiastically 
as they eat pests!



Is increased general biodiversity
(via land use and other practices) 
coupled with increased pest control?

It COULD be, but NOT necessarily.



New Exotic Invertebrate Species 
Found Established in Oregon 2007 - 2016

Year No. Species
2007 13
2008 10
2009 8
2010 11
2011 5
2012 10
2013 5
2014 6
2015 21
2016 10

---------------
99

Exotic species
are part of 

“Biodiversity”



Significant Exotic Pests
Detected 2007-2016

Aculops cannabicola Hemp russet mite
Aleyrodes protella Cabbage whitefly
Amphimallon majale European chafer
Amynthas gracilis Asian jumping worm
Arion hortensis Garden slug
Brachypeplus basalis Honeybee hive sap beetle
Ceresa festina 3-cornered alfalfa hoppr
Corythucha arcuata Oak lace bug
Drepanothrips reuteri Grape thrips
Drosophila suzukii Spotted wing Drosophila
Ferrisia gilli Gill’s mealybug
Hylotrupes bajulus Old-house borer
Nematus lipovsyi Azalea sawfly
Neodiprion sertifer European pine sawfly
Pandemis cerasana Barred fruit-tree tortrix
Pityophthorus juglandis Walnut twig beetle
Scolytus schevyrewi Banded elm bark beetle
Siphoninus phillyreae Ash whitefly
Stephanitis pyrioides Azalea lace bug

On average, every year 
Oregon has had at

least one SIGNIFICANT
exotic pest detected…

New exotic pests 
often lack either
natural enemies or
effective chemical 
controls



Azalea Lace Bug
Stephanitis

pyriodes



Carabid Beetles and Conservation Biocontrol
• “Predaceous” “ground” beetles
 many feed on plants, especially seeds
 many are found primarily on foliage or flowers

• Targets of Conservation Biocontrol
 “Generalist” predators of pests

no such thing, polyphagous “opportunists” instead

 Common in agricultural and horticultural systems



How Carabidae
(= “ground beetles”) 

are Perceived and Promoted
in Conservation Biocontrol

Carabidae Pests

Crops



Carabidae Pests

Crops

But… it isn’t that simple!
Annual

Perennial
Rotation

Agricultural Practices
Type

Timing
Frequency
Field Size

Pool of Species
Habitat Requirements

Phenology
Dispersal Capabilities

Abundance
Prey Range

Predators/parasites of Carabids

Pool of Species
Habitat Requirements

Phenology
Dispersal Capabilities

Abundance
Host Range

Susceptibility to Carabids Present

Weather,
Weather,
Weather!

Damage Thresholds!



OREGON
CARABIDAE



504 species of Carabidae in Oregon!

• 504 different sizes
• 504 different diets
• 504 different life cycles
• 504 different habitat parameters
• 504 different dispersal capabilities

All (to varying degrees) with different biologies.
For instance:

THESE DIFFERENCES 
MATTER!!!!
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• Will the carabids present in your setting eat these pests?
Often based on lab and manipulative studies, rather than “real world”.

• Do the carabids present in your setting eat these pests?
Reality check.

Where alternative prey were present, Pterostichus melanarius
killed significantly fewer grey field slugs.  Beetles with access
to large numbers of alternative prey weighed the most, were
the most fecund, and killed the fewest slugs.

Symondson et al.  2006.  Biodiversity vs. biocontrol:  positive and negative 
effects of alternative prey on control of slugs by carabid beetles.  Bulletin
of Entomological Research 96:  637-645.
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Pertinent Questions
• Can the carabids present in your setting eat the pests

you are concerned about?  Prey capture capabilities.

• Will the carabids present in your setting eat these pests?
Often based on lab studies.

• Do the carabids present in your setting eat these pests?
Reality check.

• Can the carabids present in your setting get to these
pests? (1) Dispersal capabalities (2) Pests on ground or on plants

• THE BIG QUESTION:
Do the carabids present in your setting eat enough of
these pests to provide a benefit justifying your 
expenditure of resources (time, money, work, land)?



Common Taxa of Carabidae in Oregon 
Agricultural Settings (* = at least some exotics)

Amara spp.*
Anisodactylus spp.*
Bembidion spp.*
Bradycellus spp.*
Calathus fuscipes*
Carabus nemoralis*
Clivina fossor*
Harpalus spp.*

Loricera foveata
Nebria brevicollis*
Omus audouini
Pterostichus algidus
Pterostichus melanarius*
Scaphinotus marginatus
Trechus obtusus*

A Very Small Subset of Total OR Carabids!
14 of 88 genera, ~2 dozen of 504 species 



Agricultural Settings (as Carabid
Habitats) are NOT Monolithic

wikipedia

stillmansfarm.woodpress.com ces.ncsu.edu



Major Differences Within a Single
Perennial Crop - Blueberry Fields

Species
Agonum muelleri (Herbst)* 1.4
Amara aenea (DeGeer)* 4.5
Amara apricaria (Paykull)* 0.5
Amara littoralis Mannerheim 2.4 0.6
Anisodactylus binotatus (Fabricius)* 5.1
Bembidion lampros (Herbst)* 1.1
Clivina fossor (Linnaeus)* 1.5
Harpalus affinis (Schrank)* 6.1
Loricera foveata LeConte 3.3
Nebria brevicollis (Fabricius)* 21.0 54.1
Pterostichus algidus LeConte 51.9
Pterostichus melanarius (Illiger)* 15.7 21.8
Trechus obtusus (Erichson)* 2.4
All other species < 1% each 7 spp., 3.3% 17 spp., 3.3%

Benton Co. Clackamas Co.

2008 J.C. Lee study

% Total N

* = Exotic species



Carabid Faunas of Two Perennial Crops

Species
Anisodactylus binotatus (Fabricius)* 0.4 1.2
Anisodactylus similis 4.5
Calathus fuscipes (Goeze) 7.5 1.8
Carabus nemoralis Muller 2.1 1.1
Metrius contractus Eschscholtz 0.9 6.3
Nebria brevicollis (Fabricius)* 3.2 7.6
Omus audouini (Reiche) 4.7 6.2
Pterostichus algidus LeConte 73.0 54.2
Pterostichus castanipes (Menetries) 1.0 1.5
Pterostichus melanarius (Illiger)* 3.2 6.6
Scaphinotus marginatus Fischer 2.0 6.5
Trechus obtusus (Erichson)* 1.2

Christmas trees Grapes
% Total N

Those species in orange also found in blueberry fields



How a carabid
beetle acquires
and 
manipulates
food

“Jaws” Theme



Pterostichus
algidus



Pterostichus
melanarius



“Generalists” are really “Opportunists”
= Double-edged swords in biocontrol

ericjohnbaker.wordpress



Unintended consequences
(or, be careful what you wish for…)

wikipedia.org

Carabus auratus



Unintended consequences…
Harpalus rufipes
Strawberry seed beetle



Unintended consequences…

agricocanada

Seedcorn
beetles

Stenolophus lecontei

Clivina
impresse-
frons



Unintended consequences…
Zabrus tenebrioides
Cereal ground beetle

fao.org



Timing IS All…
• Crop
• Cultivation
• Harvest
• Pesticide 

application
• Target pests
• et cetera



SIZE Matters!

Elaphropus
parvulusHarpalus caliginosus



Especially as related to gape!



Wheater, C.P.  1988.
Predator-prey size
relationships in some
Pterostichini.
Coleopterists Bulletin 
42 (3):  237-240.



As does STYLE!
Omnivore Predator

polyvore.com webneel.com



Omus cazieri



Leistus
longipennis



Loricera
pilicornis



Notiophilus
sylvaticus



Slugs

Arion ater

Derocerus reticulatum

seebyseeing.net

eol.org



Harpalus rufipes



Carabus nemoralis





sciencedaily.com

pbase.com



Scaphinotus
(Neocychrus)
angulatus

Cychrus
tuberculatus



Scaphinotus
marginatus



Scaphinotus sp. larva

They really get into their work!



Once again, SIZE Matters!



“Mollusk-Munchers” in Blueberry Fields

Species
Agonum muelleri (Herbst)* 1.4
Amara aenea (DeGeer)* 4.5
Amara apricaria (Paykull)* 0.5
Amara littoralis Mannerheim 2.4 0.6
Anisodactylus binotatus (Fabricius)* 5.1
Bembidion lampros (Herbst)* 1.1
Clivina fossor (Linnaeus)* 1.5
Harpalus affinis (Schrank)* 6.1
Loricera foveata LeConte 3.3
Nebria brevicollis (Fabricius)* 21.0 54.1
Pterostichus algidus LeConte 51.9
Pterostichus melanarius (Illiger)* 15.7 21.8
Trechus obtusus (Erichson)* 2.4
All other species < 1% each 7 spp., 3.3% 17 spp., 3.3%

Benton Co. Clackamas Co.

2008 J.C. Lee study

% Total Individuals

* = Exotic species



“Mollusk-Munchers” in Two Perennial Crops

Species
Anisodactylus binotatus (Fabricius)* 0.4 1.2
Anisodactylus similis 4.5
Calathus fuscipes (Goeze) 7.5 1.8
Carabus nemoralis Muller 2.1 1.1
Metrius contractus Eschscholtz 0.9 6.3
Nebria brevicollis (Fabricius)* 3.2 7.6
Omus audouini (Reiche) 4.7 6.2
Pterostichus algidus LeConte 73.0 54.2
Pterostichus castanipes (Menetries) 1.0 1.5
Pterostichus melanarius (Illiger)* 3.2 6.6
Scaphinotus marginatus Fischer 2.0 6.5
Trechus obtusus (Erichson)* 1.2

Christmas trees Grapes
% Total Individuals



Harpalus caliginosus



Harpalus rufipes eating weed seeds

journalofappliedecology.org



Different Habitat Requirements
Mollusk-munchers Weed seed 

eaters

mccc.msu.eduwordpress.com



Oregon Agricultural Settings 
and Their Carabid Fauna

wikipedia

stillmansfarm.woodpress.com ces.ncsu.edu



Pterostichus algidus in Blueberry Fields

Species
Agonum muelleri (Herbst)* 1.4
Amara aenea (DeGeer)* 4.5
Amara apricaria (Paykull)* 0.5
Amara littoralis Mannerheim 2.4 0.6
Anisodactylus binotatus (Fabricius)* 5.1
Bembidion lampros (Herbst)* 1.1
Clivina fossor (Linnaeus)* 1.5
Harpalus affinis (Schrank)* 6.1
Loricera foveata LeConte 3.3
Nebria brevicollis (Fabricius)* 21.0 54.1
Pterostichus algidus LeConte 51.9
Pterostichus melanarius (Illiger)* 15.7 21.8
Trechus obtusus (Erichson)* 2.4
All other species < 1% each 7 spp., 3.3% 17 spp., 3.3%

Benton Co. Clackamas Co.

2008 J.C. Lee study

% Total N

* = Exotic species



Pterostichus algidus in Christmas trees and grapes

Species
Anisodactylus binotatus (Fabricius)* 0.4 1.2
Anisodactylus similis 4.5
Calathus fuscipes (Goeze) 7.5 1.8
Carabus nemoralis Muller 2.1 1.1
Metrius contractus Eschscholtz 0.9 6.3
Nebria brevicollis (Fabricius)* 3.2 7.6
Omus audouini (Reiche) 4.7 6.2
Pterostichus algidus LeConte 73.0 54.2
Pterostichus castanipes (Menetries) 1.0 1.5
Pterostichus melanarius (Illiger)* 3.2 6.6
Scaphinotus marginatus Fischer 2.0 6.5
Trechus obtusus (Erichson)* 1.2

Christmas trees Grapes
% Total N



Pterostichus
algidus



Johnson et al. 1966

Pterostichus algidus hard at work



Carabidae Exotic to North America:  67 species
35 spp. in PNW (BC 29, ID 11, OR 24, WA 26

Abax parallelepipedus (Piller and Mitterpacher) Bembidion tetracolum tetracolum Say Metacolpodes buchanani (Hope)
Acupalpus meridianus (Linnaeus) Blemus discus (Fabricius) Mochtherus tetraspilotus (MacLeay)
Agonum muelleri (Herbst) Bradycellus harpalinus (Audinet-Serville) Nebria brevicollis (Fabricius)
Amara aenea (DeGeer) Broscus cephalotes cephalotes (Linnaeus) Notiophilus biguttatus (Fabricius)
Amara anthobia A. Villa and G.B. Villa Calathus fuscipes (Goeze) Notiophilus palustris (Duftschmid)
Amara apricaria (Paykull) Calosoma sycophanta (Linnaeus) Ophonus puncticeps Stephens
Amara aulica (Panzer) Carabus auratus auratus Linnaeus Ophonus rufibarbis (Fabricius)
Amara bifrons (Gyllenhal) Carabus granulatus granulatus Linnaeus Paranchus albipes (Fabricius)
Amara communis (Panzer) Carabus nemoralis nemoralis O.F. Müller Perigona nigriceps (Dejean)
Amara eurynota (Panzer) Clivina collaris (Herbst) Philorhizus melanocephalus (Dejean)
Amara familiaris (Duftschmid) Clivina fossor (Linnaeus) Plochionus pallens (Fabricius)
Amara fulva (O.F. Müller) Clivina vespertina Putzeys Porotachys bisulcatus (Nicolai)
Amara ovata (Fabricius) Dicheirotrichus placidus (Gyllenhal) Pterostichus melanarius melanarius (Illiger)
Anisodactylus binotatus (Fabricius) Dromius fenestratus Fabricius Pterostichus strenuus (Panzer)
Anisodactylus nemorivagus Duftschmid Dyschirius globosus (Herbst) Pterostichus vernalis (Panzer)
Asaphidion curtum curtum (Heyden) Elaphropus parvulus (Dejean) Somotrichus unifasciatus (Dejean)
Bembidion bruxellense Wesmael Harpalus affinis (Schrank) Stomis pumicatus (Panzer)
Bembidion femoratum femoratum Sturm Harpalus rubripes (Duftschmid) Tetragonoderus laevigatus Chaudoir
Bembidion lampros (Herbst) Harpalus rufipes (DeGeer) Trechoblemus westcotti Barr
Bembidion nigropiceum (Marsham) Laemostenus complanatus (Dejean) Trechus obtusus Erichson
Bembidion obtusum Audinet-Serville Laemostenus terricola terricola (Herbst) Trechus quadristriatus (Schrank)
Bembidion properans (Stephens) Leistus ferrugineus (Linnaeus) Trechus rubens (Fabricius)
Bembidion stephensii Crotch



Most exotic carabids are considered
ecologically benign:

• Specialists that fill empty niches, human-derived
(“anthropogenic”) habitats

• Native carabid species are often much less diverse
and abundant in anthropogenic habitats

• Thus, exotic carabids provide ecosystem services,
such as invertebrate and weed pest control, in 
habitats where native carabids can not



Agricultural Lands Lawns & Gardens

Roadsides

dowagro.com

Vacant lots

Anthropogenic Habitats
phillyliving.com



Carabids of Anthropogenic Habitats
Agonum muelleri Amara apricaria Anisodactylus binotatus Bradycellus harpalinus Calathus fuscipes

Carabus granulatus Carabus nemoralis Laemostenus complanatus Pterostichus melanarius Trechus obtusus



Nebria brevicollis
(Fabricius)

The Supreme Invader

sb.com.au



= 2008
= 2007 

= 2009 
= 2010 

= 20 km

Selma:
2016

208 km (34 km N of California border)

Seattle vic.
~275 km



Truck stop Blueberry field

Garden Second growth mixed forest



Nebria brevicollis in Blueberry Fields

Species
Agonum muelleri (Herbst)* 1.4
Amara aenea (DeGeer)* 4.5
Amara apricaria (Paykull)* 0.5
Amara littoralis Mannerheim 2.4 0.6
Anisodactylus binotatus (Fabricius)* 5.1
Bembidion lampros (Herbst)* 1.1
Clivina fossor (Linnaeus)* 1.5
Harpalus affinis (Schrank)* 6.1
Loricera foveata LeConte 3.3
Nebria brevicollis (Fabricius)* 21.0 54.1
Pterostichus algidus LeConte 51.9
Pterostichus melanarius (Illiger)* 15.7 21.8
Trechus obtusus (Erichson)* 2.4
All other species < 1% each 7 spp., 3.3% 17 spp., 3.3%

Benton Co. Clackamas Co.

2008 J.C. Lee study

% Total N

* = Exotic species
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Nebria brevicollis Pterostichus melanarius Pterostichus algidus Calathus fuscipes

Numerical Dominance of Nebria brevicollis at St. Paul, OR  

652 beetles
2.37 ounces
~1/7 pound

% Total
Individuals



Possible impacts of N. brevicollis
Competitive or predatory impacts on agricultural or horticultural

carabid “services” (on both indigenous and exotic species)

Weed biocontrol Herbivore biocontrol



~Non-selective:
one pitfall trap:  two weeks

Pitfalls of Pitfalls



BIG
problem:

Can’t
take at

face value!



intrustgroup.com

Once again, size matters…

Oh, nooooo! 
I’m falling!

Oh oh, better
watch my step!



Total non-necrophagous
beetles captured:  10%

Gravel Bar Small Carabids

North Cascades (WA)

*D. Hering 1998

Pitfalls        Hand*
Spp. 6 25

No. 53 35-40/m2

Over-representation
large carabids,

Under-representation
small carabids! 



Activity-Density, NOT Abundance!

Zoom 
zoom!

Putt 
putt.



Natural Enemies of Pests
• Not a “silver bullet”
 Constraints on prey range
 Constraints on dispersal capabilities
 Recruiting from limited local species pool

• No “one size fits all” approach
 natural enemies have differing habitat requirements

good habitat for one is poor for another

• New exotic pests may have no local natural enemies
or none that are effective

• Indiscriminate natural enemies*
• Limited or misinformation**



Indiscriminate Natural Enemies



Indiscriminate + Rarely Abundant



Too “Discriminate”

Specialist on wood boring insects.
Only on tree trunks and under bark

Specialist on ladybird beetles.
Aposematic coloration!

Although some larvae feed on 
grasshopper eggs, most feed on the
provisions, eggs, and larvae of 
solitary bees!



The Bottom Line For
Non-Crop Set-asides:

Consider CAREFULLY
Your Goals



Increased Biodiversity
• Very likely achievable
 consider limited local pool of species

• Be careful for what you wish
 > Exotics
 > Pests

For example:
Heavy mulching often 



Conservation Biocontrol
Have Realistic Expectations!

TANSTAAFL 
(Robert A. Heinlein)

There Ain’t No Such Thing 
As A Free Lunch



My Appreciation To:
• My ODA Colleagues, Thomas Shahan, Steve 

Valley, and Josh Vlach, for image acquisition.
• USDA APHIS/Forest Service, for providing  

funding for the ODA imaging system.
• Melville H. Hatch and Carl H. Lindroth for 

providing the taxonomic foundations enabling 
our excellent knowledge of the Carabidae of 
Oregon. 

• You, the audience, for your attention and 
consideration.



Visit http://www.odaguides.us
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