By Michael J. Raupp, Ph.D.
or many regions of the United
States, 2012 was remarkable
weather wise because it was the
warmest year in recorded history. While
the causes for global warming and man’s
contribution to these changes remain the
topic for debate, there is general agreement
in the scientific community that the temperature of the world is increasing,
particularly so in land regions of the
Northern Hemisphere (Hansen et al. 2006).
This warming trend will have profound
effects on animals and plants around the
globe.
Temperature regimes drive patterns of
rainfall, humidity and soil moisture.
Insects and mites that attack trees and
shrubs are dependent on many environmental conditions, but temperature is one
of the prime movers of their development
According to the latest statistics from NOAA’s National Climatic Data Center, the average temperature for the contiguous
United States for 2012 was 55.3 F, which was 3.2 F above the 20th-century average and 1 F above the previous record
and activity. Insects and mites are
from 1998. The year consisted of the fourth-warmest winter, a record-warm spring, the second-warmest summer, and a
ectotherms; that is, they depend mostly on
warmer-than-average autumn.
ambient temperatures to warm their bodies
and power the processes of growth, develaltitudes even if their host plants are prestheir damage, this article explores some of
opment, reproduction and movement. For
ent. As temperatures have risen, range
the patterns and processes associated with
insects and mites there exists a lower
expansions and outbreaks of insects have
climate change that are already underway.
developmental temperature, a lower
been observed in forest pests such as winthreshold, below which growth and develter moth in Europe, and spruce budworm
Range expansions of pests
opment cease. As temperature rises above
in North America (Klapwijk et al. 2012).
Insects are adapted to exist within a
this threshold growth, development
The unprecedented outbreaks of mounrange of ambient temperatures.
and activity generally
tain pine beetle in Canada and the western
Some can withstand the
increase until an upper
United States are thought to be related to
heat of desert environthreshold is reached
warmer winters that lack cold snaps lethal
ments while others thrive in
above which continued
the chill of frigid glaciers.
to overwintering pine beetles. As a result,
exposure results in death.
mountain pine beetles are marching into
However, the geographic
This strong dependency between
coniferous forests further north and those
range of many insects is
temperature and the development
higher in elevation on mountainsides that
limited by their ability to endure
and activity of insects and mites
were once uninhabitable due to lethal cold
low hibernal temperatures.
portends important changes for
temperatures (Klapwijk et al. 2012). There
Temperatures below a critical
plants and insects in a warming
is a growing concern that the mountain
lower threshold kill overwinterworld. While no one can prepine beetle will escape the confines of
ing stages of insects and
Mountain pine beetle. Photo by
dict the exact outcome of Javier Mercado, Colorado state prevent them from inhabiting
western North America and become an
climate change on pests and University, Bugwood.org
important pest in central and eastern
regions at higher latitudes and
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forests as it shifts from western lodgepole
pines to forests dominated by jack pine
(Klapwijk et al. 2012).
In recent years, sightings of southern
insect pests have occurred with alarming
regularity in northern states. Several
species of wax scales, Ceroplastes spp.,
regular denizens of the Deep South
(Johnson and Lyon 1988), now overwinter
successfully in northern states including
Maryland, New Jersey and Pennsylvania
where they infest and damage a wide variety of landscape plants (Stimmel 1998,
Raupp 2009).
Cottony cushion scale, a serious pest of
fruit crops and landscape plants in warm
regions of Australia and New Zealand, was
accidentally introduced into the United
States in the 1860s where it became a
major pest of citrus. This pernicious scale
insect typically resides in southern states
including California and Florida, but in
2008 it was observed in Washington, D.C.,
and Maryland on elm, holly and nandina in
landscape plantings. Its appearance early
in the growing season suggests that winters
are now mild enough in parts of the midAtlantic region to permit survival of
cottony cushion scale at least in some years
(Gill et al. 2008).
Chili thrips, a tropical and subtropical
pest, was first detected in the continental
United States damaging roses in Florida in
2005, but it has now spread across states
bordering the Gulf of Mexico. Chili thrips
is known to feed on more than 100 species
of herbaceous and woody plants including
camellia, cherry, holly, oak, pear, photinia,
pieris, pittosporum, pyracantha, rhododendron, rose and viburnum (Osborne 2011).
A recent study suggested that Chili thrips
may complete as many as
18 generations per year

Wax scales, a large group of tropical
and subtropical species, now regularly
overwinter in New Jersey,
Pennsylvania,and Maryland. Photo by
Mike Raupp

caterpillars that caused significantly more
in warm states including Florida and
defoliation. Hart et al. (1986) suggested
California. In cooler states to the north,
that because cities are warmer than the surfewer generations are predicted and in
rounding suburbs and natural
regions that experience five or
areas, they may provide a
more days with a minimum
thermal refuge for
temperature of ~ 25 F,
overwintering
chili thrips is unlikemimosa
webly to survive
worm in the
(Nietschke et al.
northern part of
2 0 0 8 ) .
its
range.
However, in
Hence,
honeyspring of 2012,
locust in cities
chili thrips was
are likely to
detected damsuffer
more
a g i n g
damage
from
hydrangea on
mimosa
webLong Island, New
worm than those in
York. Although the
cooler suburbs or nathydrangea had overural areas. To what extent
wintered in hoop houses
other cold senprior to discovery of
the thrips, there is con- Cottony cushion scale, a resident of Florida and California, has sitive insect and
mite pests find
cern that this pest been detected in landscapes in Maryland and Washington,
D.C., in recent years.
winter refuge in
might have survived
the
warmth
of
cities
remains
unknown.
the mild winter of 2011-2012 outdoors
(Gilrein 2012).
Street trees in northern cities may be disproportionately affected by elevated
populations of cold-sensitive pests. Cities
can be as much as ~18 degrees F warmer
than surrounding suburban and natural
areas (Raupp et al. 2010, 2012 and references therein). Mimosa webworm is a key
pest of honeylocust, a tree native to North
America widely planted along streets and
as specimens in landscapes. In studying
honeylocust and webworms in cities in
Iowa, Hart et al. (1986) discovered that
damage to honeylocust was significantly
less following cold winters and much
greater following warm winters. During
cold winters many overwintering pupae
died. The following spring fewer adults
emerged, fewer eggs were laid, and fewer
caterpillars were present to damage trees.
The converse happened following
mild winters. In
mild winters,
more pupae
survived and
more adults
were
produced. This
translated
into more
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Changes in plant and insect phenology
An additional outcome of a warming
environment is the seasonal advancement
of phenological events in plants in temperate zones. In recent years many plants
have broken bud, flowered, and produced
fruit surprisingly early. Advancement of
phenological events in plants can work to
the favor or disfavor of pests. Many early
season defoliators such as gypsy moth
and cankerworms depend on nutritious
young foliage to survive. If larvae hatch
too early in spring, foliage may not be
present and caterpillars may starve. If larvae hatch too late, leaves may be tough
and lower in nutritional value. Insects
consuming older foliage may be smaller,
less vigorous and unfit.
If plants respond to warming temperatures by producing leaves earlier, pests
that might have starved due to emergence
at a time of food scarcity may gain an
advantage and survive. Conversely, if
warming temperatures allow leaves and
other plant parts to grow and develop rapidly, then associated pests may find these
physiologically older plant tissues less
nutritious and less suitable as food. The
effects of climate change on the phenological asynchrony between plants and
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their pests are another rich area of largely
underexplored research (Raupp et al.
2012 and references therein).

the cosmopolitan two-spotted spider mite,
a ubiquitous and damaging plant pest
worldwide. In managed landscapes it is a
common pest of many shrubs and trees
including cotoneaster, burning bush, buddleia, redbud, ash and tulip poplar.
Research has shown that at a temperature
of 59 F it takes two-spotted spider mite 36

larger ones. They demonstrated that once
prey obtained a certain size they were no
longer vulnerable to some predators. In a
similar way, early stages of lace bugs were
Warming means more generations for
more vulnerable to predation by lacewing
multivoltine pests
larvae than were older more active nymphs
Many key insect pests of trees and
and adults that could defend themselves
shrubs have but a single generation each
from these formidable predators.
year. This life histoIf climate change
ry pattern is termed
enables insect and
univoltine, or one
mite pests to race
g e n e r a t i o n .
through windows of
Examples include
vulnerability and
some of our most
escape death from
damaging caterpilnatural
enemies,
lars including gypsy
then we might
moth, eastern tent
expect greater levels
caterpillar, cankerof pests and associworms and winter
ated damage as a
moth; beetles like
consequence
of
Japanese
beetle,
global
warming
emerald ash borer,
(Raupp et al. 2012).
and Asian longConversely, if predahorned beetle; and
tors and parasitoids
As regions warm, pests with multiple generations such as (l. to r.) aphids, spider mites and lacebugs will complete more
sucking
insects generations each year. Left and right photos by Mike Raupp; center photo by John Davidson.
are more sensitive to
including
calico
increasing temperascale, tuliptree scale, oak lecanium,
days to develop from egg to adult. At a
tures than their herbivorous prey, then the
obscure scale, juniper scale, honeylocust
temperature of 86 F, this transformation
balance may tip in favor of the beneficial
plant bug and many others. However,
takes place in a mere seven days (Sabilis
insects and less plant damage and fewer
more than a hundred species of insects
1981). For two-spotted spider mite an
pest outbreaks may occur as the world
and mites that attack trees and shrubs
increase of 27 degrees translates into a
warms (Berggren et al. 2009).
have more than one generation each
fivefold increase in generations in the same
The world has undergone several perigrowing season and are called multivolperiod of time. For other species of spider
ods of warming and cooling over its 4
tine pests (Davidson and Raupp 2010).
mites, including those found on linden,
billion year history. Historically, as the
For univoltine insect pests, development
higher temperatures also translated into
world warmed and cooled distributions of
is sometimes linked to a critical environgreater survival and elevated reproduction
plants and animals changed. Although
mental cue such as day length or a period
(more eggs laid per female) (see Raupp et
there is much concern that the current
of chilling. For example, eggs of the gypsy
al. 2012 and references therein).
increase in global temperatures will lead to
moth must undergo a period of cool temgreater amounts of damage to trees and
peratures before they will begin to develop
Effects of a warming climate on predashrubs associated with greater numbers or
and hatch into caterpillars. This period of
tor and prey interactions
activity of insects and mites, empirical eviarrested development is called an obligate
There is little doubt that natural enemies,
dence to support these concerns is limited.
diapause. For insects with this type of life
predators and parasites, play an important
We are in the midst of a great experiment
cycle, it is unlikely that climate change will
role in reducing pest populations on trees
and only time will tell how a warming
affect the number of generations realized
and shrubs (Davidson and Raupp, 2010;
world affects woody plants and their assoin a given year (Klapwijk et al. 2012). By
Raupp et al. 2010, 2012). As mentioned
ciated arthropods.
contrast, many species of small sucking
previously, elevated temperatures enable
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