
Insects, Diseases and Abiotic Disorders in 
Southwest Forests and Woodlands

Recent events in the forests of the Southwest, and across 
western North America, have prompted scientists to 
consider the role of climate variability in insect and disease 
cycles. The Arizona ponderosa and piñon pine mortality 
due to bark beetles during 2002-2004 and the decline of 
aspen since 1999 are examples of events that appear to be 
tied to recent climatic episodes (Breshears et al. 2005; Raffa 
et al. 2008; van Mantgem et al. 2009; McDowell et al. 2010; 
Anderegg et al. 2013; Breshears et al. 2013; Eamus et al. 2013; 
Williams et al. 2013; Joyce et al. 2014). Extreme to exceptional 
drought conditions in the Southwest in 2002 (U.S. Drought 
Monitor 2002) have plausibly tipped the balance towards 
bark beetle outbreaks in pine forests and woodlands. The 
ecological impacts of 2002 may not have been as severe if 
it had not been for the preceding six of seven years with 
below normal precipitation. Over 70 million pine trees along 
with millions of other conifers died in 2002-03 (USDA-FS 
2002, 2003), and more than 2.8 million acres in Arizona were 
affected by tree mortality, between 2002-2004, of which 
almost 1.1 million acres were attributed to Ips confusus 
(USDA-FS 2015). Approximately 7.6% of southwestern 
forests experienced bark beetle-related mortality between 
1997 and 2008 (Williams et al. 2010).

Fluctuations in conifer mortality caused by bark beetles 
can be related to climatic variation. The non-aggressive 
spruce bark beetle has long been known to only utilize 
wind-thrown or snow-broken trees, but recent bark beetle 
outbreaks on the Kenai Peninsula, Alaska may be linked 
to warmer than average temperatures in the past decade 
(Juday, 2004). Logan and Powell (2009) have shown that 
mountain pine beetle (MPB) populations increased due to 
elevated temperatures in the Stanley Valley of Idaho. MPB 
has also been implicated in unprecedented outbreaks in 
white bark pine at high elevation sites in Idaho. Average 
temperature increases of 3°C enabled the MPB at those high 
elevations to achieve univoltine (having one generation per 
year) reproduction; MPB had been known to only complete 
a life cycle once every two years. These patterns have been 
seen across the globe and for many decades as described 

in Allen et al. (2010). Their review of climate induced tree 
mortality draws upon 88 well-documented episodes of 
increased mortality due to drought and heat, including 19 
from western North America. 

Studies focusing on Arizona and other southwestern states 
point to multiple, interacting climate-related mechanisms 
that increase the propensity for forest mortality. The chief 
candidates include drought, physiological water stress, 
carbon starvation, higher temperatures, and/or pests and 
pathogens. One specific mechanism related to drought is 
the increase in moisture demand, as measured through 
vapor pressure deficit (VPD), the difference between the 
saturation vapor pressure and the actual vapor pressure 
(Weiss et al. 2012; Breshears et al. 2013; Williams et al. 
2013). This mechanism is of particular concern, because as 
temperatures increase there is a corresponding non-linear 
increase in VPD, which hastens soil moisture depletion 
and plant transpiration, and complex interactions between 
hydraulic failure (water loss from transpiration exceeds 
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 Figure 1. Ponderosa pine mortality linked to drought and bark beetle attack in 
central Arizona 2002. Photo by: USFS.
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water coming up from plant roots), carbon starvation (when 
trees close stomata to avoid water loss, photosynthesis 
declines and trees may use up stored carbon), and reduced 
defense against biotic agents (insects and disease organisms) 
(Breshears et al. 2013; McDowell et al. 2010; Meddens et al. 
2014). Modeling studies show that while drought is a key 
element in all mortality pathways, including predisposition 
to insect attacks (Gaylord et al. 2013), increased VPD during 
drought has a much greater effect than increased temperature 
alone (Eamus et al. 2013). Moreover, the impacts of drought 
outweigh the benefits of CO2 fertilization, especially in the 
drier portions of species distributions—which is important 
in ecotonal areas (McDowell et al. 2010).

An additional factor influencing pine tree mortality in the 
late 1990’s and early 2000’s points to increased stand density 
in pine (Covington et al. 1997). At a regional geographic 
scale, van Mantgem and colleagues (2009) concluded that 
endogenous competition factors did not cause increased tree 
mortality across the western U.S., because forest density and 
tree basal area declined slightly. At smaller scales, increased 
stand density contributes to lowered soil moisture levels, 
which can contribute to reduced resistance to bark beetle 
attack (Kolb et al., 1998; Negron et al. 2009). Nevertheless, 
a recent assessment of southwestern piñon pine mortality 
concluded that “studies disagree about the influences of 
stem density, elevation and other factors” (Meddens et al. 
2014). 

Based on aerial survey data, aspen tree mortality started 
to become evident in the late 1990’s (USFS 2000).  Aspen 
defoliation in Arizona and New Mexico averaged ~ 20,375 
acres from 1990 to 1997. A series of events has contributed 
to the decline of aspen since 1997.

▪	 In 1998, 85,980 acres were defoliated in New Mexico 
and Arizona by western tent caterpillar (Malacosoma 
californicum), large aspen tortrix (Choristoneura 
conflictana), black leaf spot (Marssonina populi) (USFS 
1999), and one of the species of Melampsora rust 
(Fairweather, personal comm.).

▪ 	 Drought conditions that started in 1995 and continued 
through spring of 2004 stressed aspens throughout the 
Southwest (U.S. Drought Monitor 2002).

▪ 	 On June 4, 5, and 6, 1999 low temperatures were 18, 
12 and 8º F below normal, respectively. The timing of 
these frost episodes coincided with the early flush of 
growth on many of the aspen clones in Arizona and as 
a result 148,655 acres were defoliated by frost in 1999 
(USFS 2000). A single defoliation event in the spring 
such as frost is generally tolerated by trees except 
when the trees have had additional stress factors 
such as drought or defoliation from insects or disease 
organisms (Manion 1991).

▪ 	 During the drought, elk browsed young shoots 
produced in stands of declining mature aspen. The 
over-grazing of young aspen shoots was particularly 

damaging in light of the death of the mature trees 
due to frost and drought. Continued grazing of aspen 
shoots in stands with a dead or declining overstory 
may eventually destroy the ability of clones to survive. 
(Populations of the non-native Rocky Mountain elk 
were estimated at 23,000 head in 1986, then peaked 
at 31,000 adults in 1992, and by 1999 had declined to 
25,000 [Wakeling, personal comm.]. Arizona Game and 
Fish Department has recognized this problem and is 
implementing a program to help reduce these conflicts 
[Arizona Game and Fish Department, 2002]).

▪	 Studies by Anderegg and colleagues (2011) point to 
hydraulic failure in aspen roots and branches as the 
key mechanism for widespread aspen forest mortality 
in Colorado. The authors point out that the drought-
induced combination of depletion of shallow soil 
moisture and high atmospheric moisture demand 
were key factors in regional aspen mortality, whereas 
depletion of carbohydrate reserves did not play a key 
role.

From 2000 to 2005 aspen defoliation has averaged 51,500 
acres per year in Arizona (USFS 2000b, 2002, 2003, 2004, 
2005; Dudley, personal comm.) with little of the defoliation 
attributed to insects or diseases. An intensive study of 
the aforementioned factors is being conducted by USFS 
(Fairweather et al. 2005). Forest Pathologist Mary Lou 
Fairweather with USFS, has described the continued high 
levels of defoliation as “decline” (USFS 2004) and “dieback” 
with many clones experiencing greater than 50% mortality 
in the overstory and many more trees that have 10 to 30% 
live crown remaining (USFS 2005) (Figure 2). Studies 
by Anderegg et al. (2011) showed that aspen decline in 
Colorado was due at least in part to hydraulic failure in 
roots and stems. Also that drought stress did not lead to 
depletion of carbohydrate reserves.

 Figure 2. Aspen mortality and dieback at Dry Lake (center) and Woody Moun-
tain (above right) near Flagstaff, Arizona. Photo by: USFS.
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Using tree-ring data, Swetnam and Lynch (1993) and 
Ryerson et al. (2003) examined the correlation between 
western spruce bud worm outbreaks and climate variability 
over multi-century periods. They found that “periods of 
increased and decreased budworm activity coincided with 
wetter and drier periods, respectively.”

Some well-studied insect outbreaks are apparently not 
linked to climate; examples include recent outbreaks in 
New Mexico of forest tent caterpillars in aspen, as well as 
past outbreaks of the pandora moth (Furniss and Carolin, 
2002). However, the inability of the trees to recover 
from defoliation has been associated with low moisture 
availability (Ford, 1996).

In summary, effects of insects on forests are complex, 
and species and site dependent.  Many influences, such as 
drought, decreased precipitation, increased temperature, 
increased vapor pressure deficit, and increased stand 
density, combined in nonlinear and overlapping ways to 
create the recent and devastating pine bark beetle outbreaks 
in Arizona forests. Climate clearly plays a role in many, 
but not all, Southwest insect cycles. Modeling studies for 
the western U.S. and Canada show potential increases in 
elevational and geographic range for insect pests such as 
spruce beetle and the MPB (Logan et al. 2003; Bentz et al. 
2010), as a result of potentially increased temperatures 
associated with climate change. Modeling studies for the 
Southwest suggest that increased vapor pressure deficit, 
which is correlated with both tree mortality and bark-
beetle outbreaks in the Southwest, could portend even 
greater forest dieback, based on projections of enhanced 
21st century drought severity and frequency (Williams et 
al. 2013; Joyce et al. 2014). It would be plausible to expect 
similar effects in Arizona, depending on local factors, such 
as stand density (which humans can influence through 
thinning and prescribed fire treatments) and plant vigor, 
and regional factors, such as bark beetle dynamics, and 
future drought severity and variability (Macalady and 
Bugmann 2013; Meddens et al. 2014).

Application to Education
Challenges to communicating forest and climate science 

include complex and confusing concepts, an abundance of 
research addressing specific forest-climate interactions, but 
a lack of research that rigorously takes into account the role 
of insects in Southwest tree mortality episodes (Macalady 
and Bugmann, 2013; Meddens et al. 2014). Therefore, it 
may become necessary to simplify the details initially when 
communicating forest-climate science. Ultimately, it is 
important that educators demonstrate the complexity of all 
of the interplaying issues, in order to communicate no false 
impressions of an “easy” or “one-size- fits-all” solution” for 
land managers.

Additional Sources of Information
1. 	University of Arizona Cooperative Extension. 

Publications search engine. http://extension.arizona.
edu/pubs/

2. 	USDA Forest Service Southwestern Region. Forest 
Health: Information on forest insect and disease levels 
of activity. http://www.fs.usda.gov/main/r3/forest-
grasslandhealth

3. 	University of Arizona Cooperative Extension. 2003. 
Ponderosa Pine Bark Beetles in the Prescott Area. http://
ag.arizona.edu/yavapai/anr/fh/PrescottBarkBeetles.pdf

4. 	Western forest insects An Online Catalog of Western 
Forest Insects and Diseases

		  http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/
insects-diseases/?cid=stelprdb5300513

5. 	USDA Forest Service Southwestern Region, Forest Health 
and Scientific Publications

		  h t t p : / / w w w . f s . u s d a . g o v / d e t a i l / r 3 / m a p s -
pubs/?cid=stelprdb5176419 

6. 	USDA Forest Service Forest Health Protection Mapping 
and Reporting

		  http://foresthealth.fs.usda.gov/portal 
7. 	The Bugwood Network. 2001. Ips Species of the Western 

United States (and other bark beetle species).  http://
www.barkbeetles.org/ips/Westips.html 

8. 	CIRMOUNT (Consortium for Integrated Climate 
Research in Western Mountains) – Anticipating 
Challenges to Western Ecosystems and Resources. www.
fs.fed.us/psw/cirmount

9. 	Western North America Defoliator Working Group 
Meeting Reports

		  http://www.fs.usda.gov/detail/r6/forest-grasslandhealth/
insects-diseases/?cid=fsbdev2_027459

10. eXtension Climate, Forests and Woodlands
		  http://www.extension.org/climate_forests_woodlands

Bibliography
Allen, C.D., A.I. Macalady, H. Chenchouni, D. Bachelet, N. 

McDowell, M. Vennetier, T. Kitzberger, A. Rigling, D.D. 
Breshears, E.H. Hogg, P. Gonzalez, R. Fensham, Z. Zhang, J. 
Castro, N. Demidova, J.H. Lim, G. Allard, S.W. Running, A. 
Semerci, and N. Cobb. 2010. A global overview of drought 
and heat-induced tree mortality reveals emerging climate 
change risks for forests. Forest Ecology and Management 
259:660-684.

Anderegg, W.R.L., L. Plavcová, L.D.L. Anderegg, U.G. Hacke, 
J.A. Berry, et al. 2013. Drought’s legacy: multiyear hydraulic 
deterioration underlies widespread aspen forest die-off and 
portends increased future risk. Global Change Biology 19: 
1188–1196 doi:10.1111/gcb.12100



4 The University of Arizona Cooperative Extension

Anderegg, W.R.L., J.A. Berry, D.D. Smith, J.S. Sperry, L.D.L. 
Anderegg, and C.B. Field. 2011. The roles of hydraulic and 
carbon stress in a widespread climate-induced forest die-off. 
Proceedings of the National Academy of Sciences.

Arizona Game and Fish Department. 2002. Elk Harvest 
Management Strategy. http://www.azgfd.gov/w_c/ elk_
harvest.shtml

Bentz, B.J., J. Régnière, C.J. Fettig, E.M. Hansen, J.L. Hayes, 
J.A. Hicke, R.G. Kelsey, J.F. Negrón, and S.J. Seybold. 2010. 
Climate Change and Bark Beetles of the Western United 
States and Canada: Direct and Indirect Effects. Bioscience 
60:602-613.

Breshears, D.D., H.D. Adams, D. Eamus, N.G. McDowell, D.J. 
Law, R.E. Will, A.P. Williams, and C.B. Zou. 2013. The critical 
amplifying role of increasing atmospheric moisture demand 
on tree mortality and associated regional die-off. Frontiers 
in Plant Science 4.

Breshears, D.D., L. López-Hoffman, and L.J. Graumlich. 2011. 
When ecosystem services crash: Preparing for big, fast, 
patchy climate change. AMBIO: A Journal of the Human 
Environment 40: 256-263 doi:10.1007/s13280-010-0106-4

Breshears, D.D., N.S. Cobb, P.M. Rich, K.P. Price, C.D. Allen, 
R.G. Balice, W.H. Romme, J.H. Kastens, M.L. Floyd, J. 
Belnap, J.L. Anderson, O.B. Myers, and C.W. Meyer. 2005. 
Regional vegetation die-off in response to global-changetype 
drought. Proceeding of the National Academy of Sciences 
102(42):15144-1514

Covington, W.W., P.Z. Fule, M.M. Moore, S.C. Hart, T.E. Kolb, 
J.N. Mast, S.S. Sackett, and W.R. Wagner. 1997. Restoring 
ecosystem health in ponderosa pine forests of the southwest. 
Journal of Forestry 95(4):23-29

Eamus, D., N. Boulain, J. Cleverly, and D. D. Breshears. 2013. 
Global change-type drought-induced tree mortality: vapor 
pressure deficit is more important than temperature per 
se in causing decline in tree health. Ecology and Evolution 
3:2711-2729.

Ford, D. 1996. Tent Caterpillars Defoliate Aspen. CAHE News. 
College of Agriculture and Home Economics, Las Cruces, 
N.M.

Furniss, R.L. and V.M. Carolin. 2002. Western Forest Insects. 
Misc. Pub. No. 1339. U.S.D.A. Forest Service.

Gaylord M.L., T.E. Kolb, W.T. Pockman, J.A. Plaut, E.A. 
Yepez, et al. 2013. Drought predisposes piñon-juniper 
woodlands to insect attacks and mortality. New 
Phytologist 198: 567–578 doi:10.1111/nph.12174

Joyce, L.A., S.W. Running, D.D. Breshears, V.H. Dale, 
R.W. Malmsheimer, R.N. Sampson, B. Sohngen, and 
C.W. Woodall. 2014: Ch. 7: Forests. Climate Change 
Impacts in the United States: The Third National Climate 
Assessment, J. M. Melillo, Terese (T.C.) Richmond, and 
G. W. Yohe, Eds., U.S. Global Change Research Program, 
175-194.  doi:10.7930/J0Z60KZC

Juday, G.P. 2004. The response of forest ecology and 
growth to climate variability in Alaska: Patterns, controls 
and strategies for management. Science and Education 
Impact/2004 Report 2004-003-05-008. Cooperative State 
Research, Education and Extension Services, Washington 
D.C.

Kolb, T.E., K.M. Holmberg, M.R. Wagner, and J.E. Stone. 
1998. Regulation of ponderosa pine foliar physiology and 
insect resistance mechanisms by basal area treatments. 
Tree Physiology 18: 375-381.

Logan, J.A. and J.A. Powell. 2009. Ecological consequences 
of forest insect disturbance altered by climate change. 
In: F.H. Wagner (ed), Climate warming in western North 
America: evidence and environmental effects. University 
of Utah Press, Salt Lake City, Utah.

Logan, J.A., J. Régnière, and J.A. Powell. 2003. Assessing the 
impacts of global climate change on forest pests. Frontiers 
in Ecology and the Environment 1: 130-137.

Macalady, A.K. and H. Bugmann. 2014. Growth-Mortality 
Relationships in Piñon Pine (Pinus edulis) during Severe 
Droughts of the Past Century: Shifting Processes in Space 
and Time. PLoS ONE 9:e92770.

Manion, P.D. 1991. Tree disease concepts. Prentice-Hall, 
New Jersey.

McDowell, N., C.D. Allen, and L. Marshall. 2010. Growth, 
carbon-isotope discrimination, and drought-associated 
mortality across a Pinus ponderosa elevational transect. 
Global Change Biology 16:399-415.

Meddens, A.J.H., J.A. Hicke, A.K. Macalady, P.C. Buotte, 
T.R. Cowles, and C.D. Allen. 2014. Patterns and causes 
of observed piñon pine mortality in the southwestern 
United States. New Phytologist. doi: 10.1111/nph.13193

Negron, J.F., J.D. McMillin, J.A. Anhold, and D. Coulson. 
2009. Bark beetle-caused mortality in a drought-affected 
ponderosa pine landscape in Arizona, USA. Forest 
Ecology and Management 257:1353-1362.

Raffa, K.F., B.H. Aukema, B.J. Bentz, A.L. Carroll, J.A. 
Hicke, M.G. Turner, and W.H. Romme. 2008. Cross-scale 
Drivers of Natural Disturbances Prone to Anthropogenic 
Amplification: The Dynamics of Bark Beetle Eruptions. 
Bioscience 58:501-517.

Ryerson, D.E., T.W. Swetnam, and A.M. Lynch. 2003. A tree-
ring reconstruction of western spruce budworm outbreaks 
in the San Juan Mountains, Colo, USA. Canadian Journal 
of Forest Research 33(6):1010-1028. 

Swetnam, T.W. and A.M. Lynch. 1993. Multicentury, 
regionalscale patterns of western spruce budworm 
outbreaks. Ecological Monographs 63:399-424.

USDA-Forest Service 2015. Forest Health Protection 
Mapping and Reporting. http://foresthealth.fs.usda.gov/
portal/PestSummary/DamageSummary



5The University of Arizona Cooperative Extension

U.S.D.A. Forest Service. 1999. Forest insect and disease 
conditions in the southwestern region, 1998. Southwestern 
Region Forestry and Forest Health Pub. No. R3-99-01. 
http:// www.fs.fed.us/r3/resources/health/fid_surveys.
shtml 

U.S.D.A. Forest Service. 2000. Forest insect and disease 
conditions in the southwestern region, 1999. Southwestern 
Region Forestry and Forest Health Pub. No. R3-00-01. 
http://www.fs.fed.us/r3/resources/health/fid_surveys.
shtml 

U.S.D.A. Forest Service. 2000b. Forest insect and disease 
conditions in the southwestern region, 2000. Southwestern 
Region Forestry and Forest Health Pub. No. R3-00- 01. 
http://www.fs.fed.us/r3/resources/health/fid_surveys.
shtml

U.S.D.A. Forest Service. 2002. Forest insect and disease 
conditions in the southwestern region, 2001. Southwestern 
Region Forestry and Forest Health Pub. No. R3-02- 01. 
http://www.fs.fed.us/r3/resources/health/fid_surveys.
shtml

U.S.D.A. Forest Service. 2003. Forest insect and disease 
conditions in the southwestern region, 2002. Southwestern 
Region Forestry and Forest Health Pub. No. R3-03- 01. 
http://www.fs.fed.us/r3/resources/health/fid_surveys.
shtml

U.S.D.A. Forest Service. 2004. Forest insect and disease 
conditions in the southwestern region, 2003. Southwestern 
Region Forestry and Forest Health Pub. No. R3-04- 02. 
http://www.fs.fed.us/r3/resources/health/fid_surveys.
shtml

U.S.D.A. Forest Service. 2005. Forest insect and disease 
conditions in the southwestern region, 2004. Southwestern 
Region Forestry and Forest Health Pub. No. R3-05- 01. 
http://www.fs.fed.us/r3/resources/health/fid_surveys.
shtml

U.S. Drought Monitor. 2002. National Climatic Data Center, 
National Oceanic and Atmospheric Agenc.  http://drought.
unl.edu/#dm/archive.html

van Mantgem, P.J., N.L. Stephenson, J.C. Byrne, L.D. Daniels, 
J.F. Franklin, P.Z. Fulé, M.E. Harmon, A.J. Larson, J.M. 
Smith, A.H. Taylor, and T.T. Veblen. 2009. Widespread 
Increase of Tree Mortality Rates in the Western United 
States. Science 323:521-524.

Weiss, J.L., J.L. Betancourt, and J.T. Overpeck. 2012. Climatic 
limits on foliar growth during major droughts in the 
southwestern USA. Journal of Geophysical Research: 
Biogeosciences 117:G03031.

The University of Arizona
College of Agriculture and Life Sciences
Tucson, Arizona  85721
Tom DeGomez  
Regional Specialist and Area Agent, Cooperative Extension

Gregg Garfin  
Associate Professor and Associate Specialist, School of Natural 
Resources and the Environment 

Contact:
Tom DeGomez 
degomez@cals.arizona.edu

This information has been reviewed by University faculty.
extension.arizona.edu/pubs/az1418-2015.pdf

Originally published: 2006

Other titles from Arizona Cooperative Extension can be found at:
extension.arizona.edu/pubs

COLLEGE OF AGRICULTURE & LIFE SCIENCES

Cooperative
Extension

Any products, services or organizations that are mentioned, shown or indirectly implied in this publication 
do not imply endorsement by The University of Arizona.

Issued in furtherance of Cooperative Extension work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Jeffrey 
C. Silvertooth, Associate Dean & Director, Extension & Economic Development, College of Agriculture Life Sciences, The University of Arizona.

The University of Arizona is an equal opportunity, affirmative action institution. The University does not discriminate on the basis of race, color, religion, 
sex, national origin, age, disability, veteran status, or sexual orientation in its programs and activities.

Williams, A.P., C.D. Allen, A.K. Macalady, D. Griffin, C.A. 
Woodhouse, D.M. Meko, T.W. Swetnam, S.A. Rauscher, 
R. Seager, and H.D. Grissino-Mayer. 2013. Temperature as 
a potent driver of regional forest drought stress and tree 
mortality. Nature Climate Change 3:292-297. doi:10.1038/
nclimate1693. [Available online at http://www.nature.
com/nclimate/journal/v3/n3/pdf/ nclimate1693.pdf]

Williams, A.P., C.D. Allen, C.I. Millar, T.W. Swetnam, 
J. Michaelsen, C.J. Still, and S.W. Leavitt. 2010. Forest 
responses to increasing aridity and warmth in the 
southwestern United States. Proceedings of the National 
Academy of Sciences 107:21289-21294. doi:10.1073/
pnas.0914211107. [Available online at http://www. pnas.
org/content/107/50/21289.full]


