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Outline

Insects in General – a “glue” that holds 
terrestrial ecosystems together

Climate change impacts on insects 
globally

Climate change impacts on insects and 
other invertebrates in Alaska

Species Richness

A. D. Chapman, Numbers of 
Living Species in Australia and 
the World (Biodiversity 
Information Services, 
Toowoomba, Australia, 2009).

Known Animal species 

(of 1.9 Million)

80% arthropods

if all unknown species are 
included

= 96% arthropod

4

Biomass

1 hectare of tropical 

rain forest

~ 200 kg dry weight 

of animal tissue

93% = invertebrate

(Wilson 1987)

Fittkau & Klinge (1973) estimated that ants constitute 

nearly a third of the arboreal arthropod biomass in a 
Brazilian rain forest, confirmed by Adias et al (1984) 

(29% of total arthropod biomass)

Photo © P. Naskrecki
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1 mi2
Alaskan forest
mites & springtails
equal weight
of 43 moose
(34,000 lbs)

S. MacLean

Biomass

In some areas, spiders 
catch and eat a mass
of insects annually
of greater weight than 
the humans of the area.

(Nyffeler 2000, 
Bristowe 1958)

My estimate for AK: 
0.3 – 13.6 billion pounds

Photo © D. Sikes

Biomass

Reproductive Capacity
one fly – if ALL her progeny survived & bred
eggs laid April15th (several hundred per batch, ~20 batches), 
10 day life cycle, by September, there would be
5.6 trillion offspring
L.O. Howard (chief Entomologist, USDA) in Evans 1968 Life on a little-known planet, pp. 160-161

Would cover Germany
to a depth of 47 feet

Photo © D. Sikes

Insects as food...
One pair of chickadees feed their young 350 to 570 
caterpillars per day –

a total of 
6,000 – 9,000 
caterpillars to 
make one clutch 
of chickadees

Tallamy, D. 2015. The Chickadee�s Guide to Gardening. New York Times, March 11
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Climate Change
Global Warming – “We’re still coming out of the last ice age…”

No, temperatures peaked 5-10k years ago 

Marcott et al., 2013 Science

Climate Change

“Temperature can 
change dozens of 
degrees on a daily 
basis. Why worry 
about 2° of warming?”

Confusion of climate 
with weather.

Global climate 
average since the 
dawn of agriculture 
has been +/- ~ 1°

McKibben 2012 Global Warming's Terrifying New Math
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Example of a 
species that might 
benefit from 
warming

Gypsy moth

12% of aspen area 
at risk 1950-1980

99% at risk 2070-
2100

Logan et al. 2003. 
Assessing the impacts of 
global warming
on forest pest dynamics. 
Front Ecol. Environ. 1(3) 
130-137.

Hallmann CA, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan H, et al. (2017) More than 75 percent decline 
over 27 years in total flying insect biomass in protected areas. PLoS ONE12(10): e0185809. 
https://doi.org/10.1371/journal.pone.0185809 Map by Connormah - Own work, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=6921540

Toke Hoye ESA Arctic Symposium 2017
Greenland, Zackenberg – 85% decline in 
Muscidae
1996-2014 (18 years)
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All

Arid

Mesic

Wet fen

1996-2014

Hyperalarming’ 
study shows 
massive insect loss 
– Washington Post, 15 Oct 2018

“This is one of the most disturbing 
articles I have ever read.” “If 
anything, I think their results and 
caveats are understated. The 
gravity of their findings and 
ramifications for other animals, 
especially vertebrates, is 
hyperalarming,” – David Wagner

“Holy crap,” Wagner said of the 
60-fold loss

Anole biomass dropped by more than 30 
percent. Some anole species have altogether 
disappeared from the interior forest.

Insect-eating frogs and birds plummeted, too. 
Another research team used mist nets to 
capture birds in 1990, and again in 2005. 
Captures fell by about 50 percent. 

North American Bird Conservation Initiative, 2012. The state of Canada’s birds, 
2012. Environment Canada, Ottawa, ON.
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USDA Agricultural Research Service
Bombus study 2009-2010

8,482 specimens + others in
UAM = 22,956 specimens

Kerr, J.T., A. Pindar, P. Galpern, L. Packer, S. G. Potts, S. M. Roberts, P. Rasmont, O. Schweiger, S. R. Colla, L. L. 
Richardson, D. L. Wagner, L. F. Gall, D. S. Sikes, A. Pantoja. 2015. Climate change impacts on bumblebees converge 
across continents. Science 349(6244):177-180.

The University of Alaska Museum

Photo © D. Sikes
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University of Alaska Museum Insect Collection

Photo © L. Olson

Alaska  - 1/5th size of contiguous 48 statesLargest state
Greatest evidence of climate change
Significant biogeographic complexity (Beringia)

297,731 records in Arctos

>1,600,000 specimens

~ 3,300 species (of 8,575)

~1,662 species DNA barcoded

Sikes, D.S. et al. 2017. Arctic Science 3: 498-514. 

UAM records by collection date

84% of 256,684 records 
collected post 2000
(good for DNA barcoding)
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Non-marine arthropod species
discovery in Alaska
(dates of oldest specimen or literature)

Sikes, D.S. et al. 2017. Arctic Science 3: 498-514. 

Ticks establishing in Alaska

Durden, Lance A., Kimberlee B. Beckmen, Robert F. Gerlach. 2016. New 
Records of Ticks (Acari: Ixodidae) From Dogs, Cats, Humans, and Some Wild 

Vertebrates in Alaska: Invasion Potential. Journal of Medical Entomology:tjw128.

7 native spp
3 nonnative

Alaskan Ants pre 1983 vs post 1983
preliminary unpublished results  (Sikes, Dunn, Breed, Nowicki et al.)

Analysis by Jayce Williamson
SEM by M. McHugh

No significant difference in mean latitude
Some species in recent survey not 
previously detected
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Species 79 Oeneis tanana A. Warren & Nakahara — Tanana Arctic 

Distribution. To date, known only from Alaska,  found only along the 
Richardson and Alaska Highways, and just south of Tok. 
Habitat. Open grassy areas in boreal forest.
Biology. Hibernation as larva with two-year life cycle in Alaska. Larval hosts 
are grasses.
Flight period. Mid-June into early July. Odd-number years only.
Diagnostic characters. Expanse: 46 mm. Some sexual dimorphism: females 
larger and brighter/paler than males. Both sexes have a diffuse submarginal 
orange-brown band (paler ventrally) with two FW pronounced and separated 
black spots. This band is penetrated along its inner margin by a narrow 
horizontal “V” below the top-most black spot.
Field notes. As in the previous species, these butterflies tend to be rather 
sedentary in vegetation or on open ground, and when disturbed, they usually fly 
close to the ground in straight line paths, circling before they alight. They 
laterally bask with the wings placed broadside to the sun.
Taxonomic note. The original description of this species is published in: Warren, A.  D. et al., 2016. The Journal of 
Research on the Lepidoptera, vol. 49:1–20.

Butterflies of Alaska                                                                                                                     Nymphalidae

98Philip, K.W., Ferris, C.D. 2016. Butterflies of Alaska: A Field 
Guide. 2nd ed. Alaska Entomological Society. 110 pp. ISBN 978-
1-945170-60-7. 
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0.3 degrees F warmer per decade

Kathryn Daly, MS student

Thesis data – publication in 
prep

- winglength changes
- phenology changes

Photo © D. Sikes
Berg, E. 2015. Warm summers prepare for spruce bark beetle return. USFWS Kenai National Wildlife Refuge Notebook 17(37)
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Beck, Juday et al. 2011. Changes in forest productivity across Alaska consistent with biome shift. 
Ecology Letters (2011) 14: 373–379

Demain, J. G. & Gessner, B. D. Increasing incidence of medical visits due
to insect stings in Alaska. Alaska Epidemiology Bulletin 13 (2008)

Photo © D. Sikes

Yellowjacket Related Deaths in 
Alaska

Demain, J.G., Gessner, B.D., McLaughlin, J.B., Sikes, D.S., Foote, J.T. 2009. Increasing insect reactions in 
Alaska: Is this related to changing climate? Allergy & Asthma Proceedings 30: 238-243. 
http://www.ncbi.nlm.nih.gov/pubmed/19549424

Increase in sting reports

average average

http://bugguide.net/node/view/498139

18 species
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“Phlaeopterus Creek”, Denali National Park 

Photo: D. Sikes

Phlaeopterus feeding on arthropod fallout Heintzleman Ridge, North of Juneau, AK 

Hatcher Pass, Talkeetna Mountains

Habitat and Ecology

Photo: D. Sikes

Photo: S. Meierotto Photo: L. Mullen

Shrubification

Nature of Southeast Alaska: A Guide to Plants, Animals, and Habitats 

“Climate change has 
already reduced 
snow cover in the 
Rockies by 20 
percent since 1980,”

https://insideclimatenews.org/news/07062016/
unabated-global-warming-threatens-west-
snowpack-water-rocky-mountains-sierra-
nevada-drought

Scalzitti, J., Strong, C. and Kochanski, A., 2016. 
Climate change impact on the roles of temperature and 
precipitation in western US snowpack variability. 
Geophysical Research Letters, 43(10), pp.5361-5369.

Alpine snowpatches

“The unique snowfield and high-elevation stream habitat association of 
most Phlaeopterus species may render these beetles at risk of 
extirpation, or even extinction, by a warming climate. Two species, 
described here … have not been collected since 1979 and 1984.”

Logan, Campbell, Sikes (2018)
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YUKON GEOLOGICAL SURVEY

Tertiary relicts?373
species
AK
only

Acari -11
Crustacea - 2
Archaeognatha -1
Diplopoda – 1
Chilopoda - 13
Coleoptera - 44
Collembola - 2
Diptera – 137
Ephemeroptera - 2
Hemiptera - 28
Hymenoptera - 84
Mecoptera – 5
Orthoptera - 1
Pauropoda - 9
Phthiraptera - 2
Plecoptera - 2
Protura - 15
Siphonaptera – 1
Trichoptera - 2

3 sites

Chena
Ridge

Chatanika

Nenana

Summary

1) Many examples of probable climate change 
impacts on invertebrates globally

- range shifts (Bombus, butterflies, etc.)
- biomass declines (causes ?)

2) Alaska’s fauna is becoming better known but we 
lack a good pre-warming baseline for most taxa

- non-native species (ticks, earthworms)
- threatened species (alpine & spruce 

associates)
- insect outbreaks (bark beetles, wasps)
- winglength & phenology changes (b’flies)
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