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Forest Health Protection
Cooperative extension for
the national forests, tribal
lands, and other federal
lands
• Forest health monitoring
• Aerial detection surveys
• We fly the national
forests, tribal, state, BLM,
etc.
• Flights conducted with
our state counterparts

• Ground surveys

Forest health issues on the national forests
• Bark beetles
•
•
•
•

Western pine beetle
Douglas-fir beetle
Spruce beetle
Pine engravers

• Defoliators

• Douglas-fir tussock moth
• Western spruce budworm

• Root diseases

• Heterobasidion root disease
• Armillaria root disease

• Dwarf mistletoes
• Exotics

• White pine blister rust

Lack of monitoring for urban forest health
• New Mexico State Forestry

• One forest health profession

• Monitoring/Detection for
exotic insects

• Primarily falls on Animal and
Plant Health Inspection
Service (APHIS) and APHIS is
also the regulatory branch
• Early Detection Rapid
Response (FHP)

• State and Private Forestry

• Work closely with the states
• Exotic insects first show-up
in the communities

Why are we concerned about exotic forest pests?
•

Why are they so bad?
– No natural enemies or population controls
– No or limited host resistance
– Short- and long-term impacts

•

•

455 species of non-indigenous forest insects and diseases are
documented in the US
–

17 pathogens

–

65 insects

“high impact”

Costs = several billions of dollars annually
~ Annual damages
$578 mill
$868 mill
$3.5 bill

(Liebhold et al Front Ecol Environ 2012; 10(3): 135–143; Aukema et al. 2011. PLoS ONE 6: e24587; Aukema et al. 2010. BioScience 60: 886–97.)

More bark beetles, ambrosia beetles, and
wood borers

Hypocryphalus mangiferae (Stebbing)
Hypothenemus areccae (Hornung)
Hypothenemus birmanus (Eichhoff)
Hypothenemus brunneus (Hopkins)
Hypothenemus californicus Hopkins
Hypothenemus columbi Hopkins
Hypothenemus crudiae (Panzer)
Hypothenemus erectus LeConte
Hypothenemus javanus (Eggers)
Hypothenemus obscurus (Fabricius)
Hypothenemus setosus (Eichhoff)
Crypturgus pusillus (Gyllenhal)
Coccotrypes advena Blandford
Coccotrypes carpophagus (Hornung)
Coccotrypes cyperi (Beeson)
Coccotrypes dactyliperda (Fabicius)
Coccotrypes distinctus (Motschulsky)
Coccotrypes rhizophorae (Hopkins)
Coccotrypes rutshurensis Eggers
Coccotrypes vulgaris (Eggers)
Dactylotrypes longicollis (Wollaston)
Hylastes opacus Erichson
Hylurgops palliatus (Gyllenhal)
Hylastinus obscurus (Marsham)
Hylurgus ligniperda (Fabricius)
Tomicus piniperda (Linnaeus)
Orthotomicus erosus (Wollaston)
Pityogenes bidentatus (Herbst),1784
Premnobius cavipennis Eichhoff
Phloeosinus armatus Reitter
Phloeotribus scarabaeoides (Bernard) *
Araptus schwarzi (Blackman) *
Scolytus mali (Bechstein)
Scolytus multistriatus (Marsham)
Scolytus rugulosus (Muller)
Scolytus schevyrewi Semenov

Ambrosiodmus lewisi (Blandford)
Ambrosiodmus minor
Ambrosiodmus rubricollis (Eichhoff)
Ambrosiophilus atratus (Eichhoff)
Ambrosiophilus nodulosus (Eggers)
Anisandrus dispar (Fabricius)
Anisandrus maiche Stark
Cnestus mutilatus (Blandford)
Cyclorhipdion pelliculosum (Eichhoff)
Cyclorhipidion bodoanum (Reitter)
Cyclorhipidion fukiense (Eggers) *
Dryoxylon onoharaense (Murayama)
Euwallacea fornicatus (Eichhoff)
Euwallacea interjectus (Blandford)
Euwallacea similis (Ferrari)
Euwallacea validus (Eichhoff)
Xyleborinus andrewesi (Blandford)
Xyleborinus artestriatus
Xyleborinus attenuatus (Niisima)
Xyleborinus octiesdentatus (Murayama)
Xyleborinus saxesenii (Ratzeburg)
Xyleborus glabratus Eichhoff
Xyleborus pfeili (Ratzeburg)
Xyleborus seriatus Blandford
Xylosandrus amputatus (Blandford)
Xylosandrus compactus (Eichhoff)
Xylosandrus crassiusculus (Motschulsky)
Xylosandrus germanus (Blandford)
Trypodendron domesticum (Linnaeus)

Atrypanius irrorellus
Callidiellum rufipenne
Callidium violaceum
Gracilia minuta
Hylotrupes bajulus
Icosium tomentosum
Nathrius brevipennis
Oxymerus aculeatus
Penichroa fasciata
Phoracantha recurva
Phoracantha semipunctata
Phymatodes testaceus
Poecilium lividum
Stenhomalus taiwanus
Stromatium longicorne
Stromatium unicolor
Sybra alternans
Tetropium fuscum
Tetrops praeusta
Trichoferus campestris
Aphanisticus cochinchinae
Buprestis haemorrhoidalis
Trachys minutus
Trachys troglodytiformis
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•

Why are they so bad?
– No natural enemies or population controls
– No or limited host resistance
– Short- and long-term impacts

•

•

455 species of non-indigenous forest insects and diseases are
documented in the US
–

17 pathogens

–

65 insects

“high impact”

Costs = several billions of dollars annually
~ Annual damages
$578 mill
$868 mill
$3.5 bill

(Liebhold et al Front Ecol Environ 2012; 10(3): 135–143; Aukema et al. 2011. PLoS ONE 6: e24587; Aukema et al. 2010. BioScience 60: 886–97.)

Invasive species introductions

From:
Liebhold et al.
2013. Journal
of
Conservation
Biogeography

• Greater introduction of non-native species to northeastern US from other countries
• Related to pest arrival, pest establishment, and invasion spread
• In the NE US: Industrialization and greater abundance of broad leaf species

• Movement of live plants are the primary pathways for non-native species into the U.S.
• Non-native forest pest are establishing in the U.S. at a rate of 2.5 pest/yr (Aukema et al. 2010. Bioscience)
• One damaging pest becomes established every year

• Lack of spread of exotic insects into the Southwest
•

Harsh climate, natural barriers (deserts), low hardwood diversity

Pathways for exotics: Tourism in the Southwest
• The movement of firewood is the concern
• New Mexico tourism information

• Visitor trips from the top five states: New Mexico, Texas,
Arizona, Colorado, and California
• National Parks and National Monuments

• In 2014, White Sands NM and Carlsbad NP account for 59.7% of
all visits NM 13 NPs and NMs

• High interest in cultural activities, low interest in outdoor
recreational activities (Hiking/backpacking, Camping, Fishing, Mountain
Climbing, Golf, Skiing/snowboarding, Hunting, Biking or Rafting)

• But outdoor recreation has increased since 2010

• Snow birds to Arizona: Northern Midwestern states

• Defoliators:

Notable exotic insects

European gypsy moth, Lymantria dispar dispar (eastern
U.S.)→ oaks
Asian gypsy moth, Lymantria dispar asiatica (introduced
into W. U.S.) → oaks, conifers
• Managed by Slow the Spread Program
• Asian gypsy moth introductions are eradicated

• FHP monitors for gypsy moth in NM and AZ

Notable exotic insects
• Wood borers:

Emerald ash borer, Agrilus planipennis (eastern and
central U.S.) → all native ash species
• Biological control being tested for widespread
control
• Now in Colorado and east Texas
• Some states have quarantines for firewood

Notable exotic insects
• Wood borers:

Asian longhorned beetle, Anoplophora glabripennis
(NE U.S.)→ maples and other species
• Introduced several times to the U.S. (Chicago, Ohio,
New York, Massachusetts).
• Quarantines in place for some areas and
eradication is ongoing
• Not sure this species is an aggressive tree killer on
non-maples

Notable exotic insects
• Wood borers:
European woodwasp, Sirex noctilio (NE U.S.) → pines
• Prefers stressed pine trees

• Current distribution: New York, Pennsylvania, Michigan, Vermont, Connecticut
• Female woodwasp injects a fungus and mucus while she oviposits
• Biological control is available with a nematode
• How bad will it be in our pine-dominated ecosystems?

Notable exotic insects
• Wood borers:

Invasive shot hole borer, Euwallacea spp. (CA)→ maples, willows,
sycamores
• A complex of two species of ambrosia beetles
• Distribution is currently limited to southern California
• Limited management options, no quarantine
• Likely getting moved around in green waste

• Sap suckers:

Notable exotic insects

Hemlock woolly adelgid, Adelges tsugae (eastern U.S.) →
eastern/Carolina hemlock
• Tree mortality takes several years to occur
• Ecological impacts to streams, fish populations, and the
keystone tree species
• Biological control being tested for widespread control

And more exotic insects
• Wood borers
• Family Buprestidae – Metallic Wood-boring Beetles
No common name, Agrilus cyanescens. From Europe, ca. 1920
No common name, Agrilus smaragdifrons, tree of heaven
No common name, Agrilus pilosovittatus. From SE Asia
Soapberry borer, Agrilus prionurus. From Mexico, 2003
Sinuate peartree borer, Agrilus sinuatus. From Europe, 1894
No common name, Agrilus subrobustus. From eastern Asia,
mimosa
European oak borer, Agrilus sulcicollis. From Europe, 2003

Indigenous exotics
• The movement of indigenous/native species across natural barriers into naïve
ecosystems via range expansion or human-assisted dispersal
• Intracontinental exotic

• Indigenous exotics
defoliator
wood
borers

bark
beetles

•
•
•
•
•
•
•
•
•

Nantucket pine tip moth, Rhyacionia frustrana
Soapberry borer, Agrilus prionurus
Bronze birch borer, Agrilus anxius
Locust borer, Megacyllene robiniae
Longhorned beetle, Neospondylis upiformis
Goldspotted oak borer, Agrilus auroguttatus
Sixspined ips, Ips calligraphus
Douglas-fir beetle, Dendroctonus pseudotsugae
Walnut twig beetle, Pityphthorus juglandis

Arizona
To
California

Western US
To
Eastern US

Urban forest surveys: i-Tree

• Aspen leafminer

• Large aspen tortix

• Asian longhorned
beetle

• Laurel wilt

• Beech bark disease
• Butternut canker

• Insects and
diseases of
concern:

• Dogwood
anthracnose
• Ditch elm disease
• Douglas-fir beetle
• Emerald ash borer
• Fir engraver
• Fusiform rust
• Gypsy moth
• Goldspotted oak
borer
• Hemlock woolly
adelgid
• Jeffrey pine beetle

• Mountain pine
beetle
• Northern spruce
engraver
• Oak wilt
• Port-Orford-Cedar
root disease
• Pine shoot beetle
• Spruce beetle
• Spruce budworm
• Sudden oak death
• Sirex woodwasp
• Thousand canker
disease
• Western pine
beetle
• Western spruce
budworm

Objectives

1. Assess the current health of several urban forests in New Mexico
2. Determine the prominent insects and diseases impacting urban trees and
the best places to monitor these pests
3. Determine the risk of our urban forests to newly detected exotic insects
• Are there insects predisposing trees to other stressors?

Urban areas surveyed
• Cities sampled
• Taos
• Santa Fe
• Albuquerque

• One mile square grid overlaid on the cities for our sampling scheme

Randomized samples
• Randomly sampled grids

• Targeting 20% of the grids in each
city

• Subsampled three blocks in each
grid (one in each row)
• Each subblock is considered an
individual replicate
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Observations recorded
• Each block was categorized into four classes:
•

Residential, Park , Commercial, and Industrial

• In each block, we established a transect 0.4 miles
(644 m) long to record trees in residential,
commercial, and industrial areas
• We surveyed 100% of the parks
• Observations recorded:
•
•
•
•
•
•

Tree species
Diameter class (1-4)
Crown dieback (0-3)
Tree height class (1-4)
Injury class: bark beetle, wood borer, defoliator,
disease, mechanical, abiotic
Injury agent (guild, genera, or species of agent)

• Calculated:
•
•
•
•

Species abundance
Species richness
Diversity
Evenness

Preliminary results
• Finished year 1 and likely have 1 more year of
surveying to finish
• Number of sites surveyed (total 58):
•
•
•
•

Residential: 24
Park: 22
Commercial (shopping strips, box stores, grocery stores): 8
Industrial (businesses): 4

• Total number of species identified:
• 89

• Total number of genera:
• 39

Top 10 most abundant taxa
1 Pinus (pine)
2 Fraxinus (ash)
3 Ulmus (elm)
4 Gleditisia (honey locust)
5 Rosaceae (pear, apple, etc.)
6 Juniperus (Juniper)
7 Populus (cottonwood, aspen)
8 Platanus (sycamore)
9 Chilopsis (desert willow)
10 Quercus (oak)

857
658
558
358
335
271
215
192
116
104

Preliminary results

• Tree abundance and species richness was lowest in the commercial
sites
• Species richness was higher in the parks and residential areas

Preliminary results

• Diversity was highest in the residential areas
• Evenness was fairly uniform across the sites
• Sites closer to “1” are more even

Preliminary results
: <5”
: 5-10”
: 10-15”
: >15”

: <20’
: 20-40’
: >40’

• Smaller trees (10-15’) dominate commercial and industrial sites
• Older trees are found primarily in parks and residential areas

Preliminary results
:0
: 0-20%
: 20-50%
: >50%

• Dead trees were rare across all sites, but highest in residential areas
• Trees generally had no dieback in the crown

Preliminary results

• Percentage of trees with dieback
• The overwhelming majority of trees
were healthier across all sites
• Greater dieback was most prevalent in
industrial areas

:0
: 0-20%
: 20-50%
: >50%

Preliminary results

• Defoliators were the most common injury agent followed by bark beetles,
and wood borers

Preliminary results

• Twenty-two different issues
observed
• Top five most common injury
agents:
•
•
•
•
•

Bagworm (defoliator)
Pinyon needle scale (sap sucker)
Ash bark beetle (bark beetle)
Honey locust borer (wood borer)
Elm leaf beetle (defoliator)

Preliminary results
• Pest injury presence (%)

• Bagworm: parks and industrial
• Pinyon needle scale: residential
• Ash bark beetle and honey locust
borer: Prominent in three areas
• Elm leaf beetle: residential

Preliminary results
ABB
HLB

BAG
ELB

: 0%
: <20%
: 20-50%
: >50%

PNS

• Dieback highest (%)
• #3 (>50%): London plane, Rosaceae, pińon, velvet ash, honey locust

Common bagworm, Thyridopteryx ephemeraeformis
• Hosts: >50 deciduous and evergreen species (Rosaceae, Platanus,
Celtis, etc.)
• Damage: Leaf biomass, radial growth loss; tree mortality uncommon
• Injury symptoms: feeding on leaves, bags hanging from branches,
twigs, and stems
• ABQ City has conducted systemic treatments for bagworm in parks

Pinyon needle scale, Matsucoccus acalyptus
• Hosts: pińon and other pinyon pine species
• Damage: Premature needle loss, predispose trees to attack from bark
beetles (but not well defined)
• Injury symptoms: black specks on older needles, egg masses (wax) at
base of stem and in branch crotches, older needles yellowing
• Injury from PNS is usually an aesthetic concern for homeowners
• One of the few issues we also see on national forest land

Ash bark beetle (ABB), Hylesinus californicus
• Hosts: ash species
• Damage: branch dieback
and tree mortality
• Favors stressed trees, can
attack trees of all sizes

• Injury symptoms: small emergence holes on
branches and stems, transverse egg galleries,
stag’s head in the crown

Honey locust borer (HLB), Agrilus difficilis

• Host: honey locust
• Damage: branch dieback, tree mortality
• Injury symptoms: weeping from bark, D-shaped exit holes, meandering larval galleries under the bark,
bark peeling away from wood
• Native along the range of honey locust (not NM)

ABB and HLB
impacts
• Trees predisposed to
attack from bark
beetles and wood
borers because of
drought stress

Elm leaf beetle, Xanthogaleruca luteola
• Hosts: European elms, Asian and American elms less favored
• Damage: loss of leaf biomass, feeding can weaken trees, but tree
mortality rare
• Injury symptoms: larvae skeletonize leafs, adults feed on the entire
leaf
• Adults and larvae injure trees

Other insect issues
• Unidentified scale insects on several species
• Hackberry psyllid, Pachypsylla celtidismamma
• Nantucket pine tip moth, Rhyacionia frustrana

Other insect issues
• Shot hole borer, Scolytus rugulosus
• Locust borer, Megacyllene robiniae
• European elm scale, Gossyparia spuria

Lead poisoning

Unknown tip blight

Other tree health
issues
giant bagworm and other bagworm species

Summary of results:
Tree species in NM at risk to known exotic insects
• Ash (Fraxinus spp.)
• Maple (Acer spp.)
• Pine (Pinus spp.)
• Sycamore (Platanus spp.)
• Oak (Quercus spp.)
• Aspen and Cottonwood (Populus
spp.)
• Apple, pear, etc. (Rosaceae spp.)

• Highest threat (proximity)
•
•
•
•

Emerald ash borer
Invasive shot hole borers, Euwallacea spp.
Mediterranean pine engraver
Redhaired pine bark beetle

• Highest threat (spread)
• European gypsy moth
• European woodwasp

• Current issues

• Ash bark beetle (needs tree stress)
• Honey locust borer (needs tree stress)
• Shot hole borer, Scolytus rugolosus (needs
tree stress)

Summary of results:
Risk of exotic insects to urban forests
Host tree species (%)

Acer
Fraxinus
Gleditsia
Pinus
Platanus
Populus
Rosaceae
Quercus
Salix
Ulmus

commercial industrial
0.0
0.0
35.9
27.1
24.9
17.5
13.4
18.1
6.5
20.3
4.6
5.6
7.4
9.0
0.0
0.0
0.0
0.0
6.0
2.3

park
3.1
15.7
7.9
9.1
16.2
18.3
5.4
6.1
0.5
15.2

residential
1.5
18.1
8.0
30.3
4.2
6.1
8.4
0.7
0.6
21.3

Invasive shot hole borers
Emerald ash borer
Honey locust borer
European wood wasp
Invasive shot hole borers
European gypsy moth
Common bagworm
European gypsy moth
Invasive shot hole borers
Dutch elm disease

• Focus monitoring efforts for these species in these areas:
•
•
•
•

Emerald ash borer: commercial sites, but all over
Honey locust borer: commercial and industrial sites
Invasive shot hole borers: industrial and parks
European gypsy moth: parks

Risk of exotic insects to urban forests

• i-tree included locality and number of pests that attack a tree as a risk weighting
• Did not address current pest issues

• Rating scale for most abundant:
•
•
•
•

Host density (%) weight: 1 (<4), 2 (5-8), 3 (9-12), 4 (12-16), 5 (17-20), 6 (20-30), 7(>30)
Vicinity of exotic pest to region: <500 miles (3) from NM, 500-1000 (2), >1,000 (1)
Feeding guild: 1 (sap sucker), 2 (defoliator), 3 (bark beetle), and 4 (wood borer)
Size class susceptibility: 1 (>18”), 2 (>10”), 3 (>5”) and 4 (all sizes classes)

• Weighted criteria: (host density-4, vicinity of pest-3, feeding guild-2, susceptible trees-1)
Host species/pest species
Fraxinus/
EAB and ABB

Gleditsia/
HLB

Pinus/
Sirex

Platanus/
ISHB

Populus/
EGM

Rosaceae/
SHB

Quercus/
EGM

Salix/
ISHB

Ulmus/
DED

Commercial

0

7

6

4

2

2

2

0

0

2

Industrial

0

6

5

5

6

2

3

0

0

1

Park

1

5

2

3

4

5

2

2

1

4

Residential

1

5

2

7

1

2

2

1

1

6

Vicinity to region (1-3)

2

3

3

1

2

1

3

1

2

1

Feeding guild (1-4)

4

4

4

4

4

2

3

2

4

3

Size class susceptibility
(1-3)

3

4

3

2

3

4

4

4

3

2

80

89

69

55

55

23

25

63

Host density

Acer/
ISHB

Rank

25

113

• Other potential risk
ratings to include:
• Number of generations
a year
• Possible number of
introduction points
• Reproductive potential
• Vectors disease
• Mode of dispersal
• Capacity for movement
• Fecundity
• Tree stress needed
• Repetitive feeding bouts

Managing exotic insects:
Integrated pest management
• Incorporate into
decision making
•
•
•
•
•
•
•

Life cycle and behavior
Seasonal cycle
Population dynamics
Bioeconomics
Sampling
Rearing or culturing
Identification

• Monitoring
• Control tactics
•
•
•
•
•
•
•

Pesticides
Cultural control
Biological control
Host resistance
Modify environment
Exclude pests
Education/Outreach

The problem with managing exotic insects
• What do we know about this insect:
•
•
•
•
•
•
•

Has it been described?
Do we know where it came from?
Do we know its hosts?
Is it a problem in its native region?
What are its natural enemies?
Can we monitor it?
What are the management options?

• Example: goldspotted oak borer

• 7 years, 6 researchers, 1 graduate student,
2 post-docs, 2 full-time techs, >$1.75
million

• Some of these questions even apply to
our native insects

2008

Distribution
Injury symptoms
Impacts
Monitoring options
Life history
Management options
Biological control
Risk assessment

2015

Population monitoring/detection

• Often a major hurdle
because effective traps are
not available for most pests
• APHIS and FHP are running
traps for exotics
• Botanical gardens and
NF/NP campgrounds

Insecticides

• Short-term (2-3 years of control)

• Systemic or contact (individual tree or aerial applications) insecticides
• Systemic fungicides

• Crucial in eradication programs
• Prevention/suppression use common in high-value sites (e.g.,
campgrounds, picnic areas, administrative sites) for the Forest Service

Cultural control
Debarking

Seasoning

Grinding

Solarization

• Managing infested wood (insects): Chipping, grinding,
debarking, seasoning, solarization, limiting the
movement of infested material
• Trenching –severing root connections (oak wilt)
• Prevention thinning (used for European wood wasp in
other countries)

Trenching

Prevention thinning

• Alternative plantings
• Planting less susceptible species
• Enhance plant diversity
• More common in ornamental/urban
settings

Biological control

• Classical (introducing natural enemies) or
augmentative (promoting natural enemies)
• Can take years to develop and lots of funding

• Limited success with biological control programs for woodboring pests

• Long-term and widespread control

Parasitoids (fly, wasps)
Predators (beetles)
Bacteria (Btk- defoliators)
Viruses (Nucleopolyhedrosis virus- Douglas-fir tussock
moth)
• Fungus (Entomophaga maimaiga- European gypsy moth)
•
•
•
•

Exclude pests and education/Outreach
• Exclusion
• Regulatory
restrictions (ports)
• APHIS

• Inspection
• Cargo container ships
(<1% inspected)
• Fumigation/Remov
al
• Asian gypsy
moth

• Education/Outreach
• “Don’t move
firewood”

Summary
• Very different issues when comparing the
national forest and urban forests
• Tree abundance was comparable across all
sites
• Commercial and industrial sites had lower
tree species richness
• Commercial sites had the lowest tree
diversity
• Tree evenness was fairly comparable across
the four sites
• Smaller trees (diameter and height) dominate
the sites

Summary

• There were few dead trees on the landscape

• Trees were generally healthy, but most of the
injury was recorded on ash, honey locust,
Siberian elm, pińon, and London plane
• Tree injury from insects were dominated by
defoliators, bark beetles, and wood borers
• Top five insect injury agents:
•
•
•
•
•

Bagworm (defoliator)
Pinyon needle scale (sap sucker)
Ash bark beetle (bark beetle)
Honey locust borer (wood borer)
Elm leaf beetle (defoliator)

• I’m concerned how much ash and locust
comprise commercial and industrial sites
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