Outline

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

Climate change impacts on insects

globally

DereRoikos 3 Climate change impacts on insects and
University of Alaska RS other invertebrates in Alaska
Museum of the North :
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Species Richness

Other Invertebrates ¢, i Flatworms
) Ccridar

Known Animal species " s
(of 1.9 Million)

80% arthropods

if all unknown species are
included

= 96% arthropod

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




Insects as food...

One pair of chickadees feed their young 350 to 570
caterpillars per day —
e

a total of
6,000 — 9,000 %

caterpillars to
make one clutch X

of chickadees

Tallamy, D. 2015. W@_New York Times, March 11




Climate Change

Global Warming — “We're still coming out of the last ice age...”
No, temperatures peaked 5-10k years ago
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The impact of anthropogenic climate change on terrestrial organ-

rate of warming. Yet the biol impact of rising temperatures
Jiso depends on the physiological sensitvity of organisms 1o

ing the thermal tolerance of terrestrial insects from around the

for the next century to estimate the direct impact of warming on
latitude.

10 have the
most deleterious consequences because tropical insects are rela-

close to their optimal temperature. In contrast, specnes at higher

thermal living in climates
m.n are currently cooler than their physmlogn'al optima, so that
‘warming may even enhance their fitness. Available thermal toler-
ance data for several vertebrate taxa exhibit similar patterns,
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Fig. 1. Fitness curves for representative insect taxa from temperate (4) and
6(O

uggesting
Our analyses imply that, in the absence of factors

such as migration and adaptation, the greatest extinction risks
from global warming may be in the tropics, where biological
diversity is also greatest.
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Example of a
species that might
benefit from
warming

Gypsy moth

12% of aspen area

Probability

RESEARGH ARTCLE
More than 75 percent decline over 27 years in
total flying insect biomass in protected areas

Caspar A. Hallmann'*, ', Eelke Jongejans’, ! ,
Werner Stenmans’, al g g
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Greenland, Zackenberg — 85% decline in

Muscidae
1996-2014 (18 years)

Map by Connormah - Own work, CC BY-SA 3.0,

wikimedia.




1996-2014
All

Climate-driven declines in

arthropod abundance

restructure a rainforest food web

Bradford C. Lister™' and Andres Garcia®

“Department of Biological Sciences, Rensselaer Polytechnic University, Troy,

NY 12180; and "Estacion de Biologia Chamela, Instituto e Biologia,

Universidad Nacional Auténoma de México, 47152 Chamela, Jalisco, Mexico
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A number of studies indicate that tropical arthropods should be
le to cl ing. If these predicti

(9,10). While
edh

particularly vulnerabl g1
realized, climate warming may have a more profound impact on
the functioning and diversity of tropical forests than currently
antidpated. Although arthropods comprise over two-thirds of terres-
trial species, information on their abundance and extinction rates
in tropical habitats is severely limited. Here we analyze data on
arthropod and insectivore abundances taken between 1976 and
2012 at two midelevation habitats in Puerto Rico's Luquillo rainforest.
During this time, mean maximum temperatures have risen by 2.0 °C.

in sweep samples had dedined 4 to 8 times, and 30 to
60 times in sticky traps. Analysis of long-term data on canopy arthro-
pods and walking sticks taken as part of the Luquillo Long-Term
Ecological Research program revealed sustained dedines in abun-
dance over two decades, as well as negative regressions of abun-
dance on mean maximum temperatures. We also document parallel
decreases in Luquillo’s insectivorous lizards, frogs, and birds. While El
Nifio/Southern Osdllation influences the abundance of forest arthro-
pods, climate warming is the major driver of reductions in arthropod
abundance, indirectly precipitating a bottom-up trophic cascade and
consequent collapse of the forest food web.

dlimate warming | rainforest | food web | arthropods | bottom-up cascade

on tropical ctions in plant diversity (14), changes|
in plant species composition (15), and increases in tree growth)
mortality, and biomass (16), little s known about the impact of
climate warming on rainforest arthropods (17, 18). Here we analyze]
long-term data on climate change, arthropod abundance, and in.
sectivores within the Luquillo rainforest in northeastem Puerto
Rico, with the aim of determining if increases in ambient temper-
ature may have driven reductions in arthropod numbers and asso.
ciated decreases in consumer abundance.

Results

Climate Trends in the Luquillo Forest. Fig. 1 compare:
mean maximum yearly temperature (MnMaxT) for the El Verde]
Field Station and Bisley Tower meteorological stations, both)
located at an altitude of 350 m. Between 1978 and 2015
MnMaxT at El Verde rose by 20 °C at an average rate of
0.050 °C per year. Between 1993 and 2015, the rate of temper.
ature increase at Bisley Tower was 0.055 °C per year, not sig
nificantly different from the rate at El Verde.

As several authors have pointed out, increased exposure to
extreme temperatures may have a greater impact on fitness than
gradual increases in average temperatures (6, 19, 20). At El
Verde the proportion of maximum daily te; tures equal to
or exceeding 29.0 °C increased significantly between 1978 and|

trends inf

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

“This is one of the most disturbing
articles | have ever read.” “If
anything, | 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.

Mean Biomass (mg) 100 Sweeps™

Fig. 2. Mean dry-weight arthropod biomass per 100 sweeps taken in the
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same sample area in the Luquillo rainforest during July 1976, January 1977,
July 2011, and January 2013. One SE around the mean biomass is shown for
each bar. Total sweeps taken in each period was 800, except for July 1976,
when 700 sweeps were taken. Data for 1976 and 1977 are from Lister (22).
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The University of Alaska Museum

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.

tribution of transpiration, because they do not
consider evaporation from multiple catchment
‘water pools and their connectivity.

isotopic partitioning approaches are sensitive to

‘well as assumptions about interception
larger interception isotopi le
from increased because both fluxes
are often assumed to be unfractionated o

their source waters (6, 20). Because a majority of
evaporation occurs from soils and not open
‘waters, more knowledge is needed of the role of
ecosystem structure and microclimate in deter-
‘mining sub-canopy evaporation rates.

Finally, the partial hydrologic disconnect be-
tween bound and mobile waters, which our es-
timates suggest is substantial and pervasive at
the global scale, has implications for prediction
and monitoring of both water quantity and qual-
ity within streams and rivers. The hydrologic and
‘hydrochemical properties of surface water sys-
tems are strongly influenced by physical flow
paths within the near surface, and the low con-
‘nectivity found here suggests, for example, that
stream biogeochemistry may be less sensitive to
soil zome processes than it would be if hydrologic

CLIMATE CHANGE

Climate change impacts
on bumblebees converge
across continents

Jeremy T. Kerr,'* Alana Pindar," Paul Galpern,” Laurence Packer,” Simon G. Potts,”
Stuart M. Roberts,” Pierre Rasmont,” Oliver Schweiger,® Sheila R. Colla,”

Leif L. Richardson,” David L. Wagner,® Lawrence F. Gall,"

Derek S. Sikes," Alberto Pantoja™t

For many species, geographical ranges are expanding toward the poles in response to
climate change, while remaining stable along range edges nearest the equator. Using
long-term observations across Europe and North America over 110 years, we tested for
climate change-related range shifts in bumblebee species across the full extents of their
latitudinal and thermal limits and movements along elevation gradients. We found
cross-continentally consistent trends in failures to track warming through time at species
northern range limits, range losses from southern range limits, and shifts to higher
elevations among southern species. These effects are independent of changing land uses
or pesticide applications and underscore the need to test for climate impacts at both
leading and trailing latitudinal and thermal limits for species.

a single average connectivity value, connectivity
varies with geography and in time as preferential
flow paths are activated and deactivated through-
out the year (30). Indeed, the relation between the

SCIENCE sciencemag.org

ologi i range expansion toward the poles and higher
‘many species (1) necessitating advancesin | elevations (3-6). Climate impacts could cause

e : =) e e >
(2). In addition to shifts in the timing of | (7), but those losses are infrequently observed (4).
species’ life cycles, warming has cansed | Such responses depend on species’traits, such as
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Overview

Welcome to the University of Alaska Museum Entomology Web Page. The
collection was established as part of a NSF - funded Arctic Archival
Observatory grant in late 2000.

The UAM Insect collection s the northern-most facilty of its kind in the
United States. It has the potential to become a world-class depository for
dry and preserved-tissue samoles of northern arthropods, primarily from
Alaska.

Although 3 young collection, we already have a backiog of

Collection History more than 100,000 insects (mostly aquatics) from Alaska and
other regions, including Canada, Eastern Russia, and the

contiguous United States. The collection is currently in need of

Py significant curatorial attention to make it an accessible and
valuable resource.

Donations

Gl Stay tuned for what will surely be some exciting

Depatment Staf developments in the world of Alaskan insects at the museum!

Links

Ethnology & History Yolunteers

1f you have a few hours a week and would like to volunteer in the Entomology Department please
contact the Curator, Derek Sikes.

Film Center

Fine Art
Donations

Genomic Resources

1f you are thinking of starting a project that will produce insect specimens which you would like to

donate, please contact the Curator to discuss details such as which pins to use if you are pinning

Photo © D. Sik e <pecimens (stinless 43 are highly recommended) and how o record lattude / longitude for your

Herbarium




University of Alaska Museum Insect Collection Largest state
Greatest evidence of climate change
Significant biogeographic complexity (Beringia)

Photo © L. Olson
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Sikes, D.S. etal. 2017. Arctic Science 3: 498-514. Year

uo - E iabili i ticks)

7 native spp
.3 nonnative

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.
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Earthworms (Oligochaeta: Lumbricidae) of Interior
Alaska

L. Bowser, Rabin Andrews!

Abstract

Earthworms in the family Lumbricida in Alaska, which are known from coastal regions
primarly in south-central and south-easter Alaska, are thought 1o be entirely non-native
and have been shown o negatively impact previously earthwormfree ecosystems in study
regions outside of Alaska. Despite occasional collections by curious citizens, there had not
been a standardsed earthworm survey performed in Interior Alaska and no published
records exist of earthworms species from this region. Mustard extraction was used to
sample six locations that differed in elevation, mostly in the College region of Fairbanks,
Alaska. Two of the six locations yiekded eanthworms. There was no relationship between
earthworm abundance and elevation (p = 0.087), although our sample size was smal. Our
samping, combined with specimens in the Universty of Alaska Museu, has documented
four exotic species and one presumed native species of umbricid earthworms in Interior
Aaska

Alaskan Ants pre 1983 vs post 1983
preliminary unpublished results (sies, un, sreed, Nowicki et al)

Comparison of Species’ Latitudes Across Time
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BUTTERFLIES OF ALASKA
A Field Guide

Second Edition

Kenclm W. Philip (Posthumous)
Clifford D. Ferris

Philip, 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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Thesis data — publication in
prep
- winglength changes
- phenology changes

Past 2-yr Summer
Mean Temps

Past Two Summer Temps (°F)

51° Threshold
for Large Outbreaks
on the Kenai

Available
host material
exhausted

Beetle-Kill Acres

New forest becoming
~ T

/ available for beetles
T T t Y T T T

1940 1960 1980 2000 2020 2040 2060 2080 2100

Global climate models from Germany (green), Canada (red) and USA (black) scaled to the Kenai predict that post-
2030 mean summer temperatures will always be above the threshold for spruce bark beetle outbreaks. Observed
temperatures are from the Homer airport since 1932. Lower bar graph shows annual beetle-kill for southern Kenai
since aerial surveys began in 1971 (US Forest Service). Ed Berg graphic.

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

Yellowjacket Related Deaths in

Alaska
Y
Photo © D. Sikes
SR
5 (FATRBANKS) ¢ _vonoar iy Daily News-Miner ' -

2 paily News-

' Wasp sting blamed for second death in Fairbanks

Yellowjacket sting suspected in man’s death

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

Increase in sting reports

average average
Annual Winter 1999-2001 2004-2006 Percent change in insect
Largest temperature |temperature |insectsting |insect sting |sting incidence (X? for
Region Community |Increase* Increase* inci inci trend, p-value)
Northern Barrow 38 6.1 16 119 626% (13, p<0.001)
Southwest | Bethel 3.7 6.9 62 133 114% (8, p=0.005)
Interior Fairbanks 3.6 8.1 333} 509 53% (28, p<0.001)
Southcentral | Anchorage |3.4 7z 276 405 47% (22, p<0.001)
Southeast | Juneau 3.6 6.8 221 279 27% (22, p<0.001)
Gulf Kodiak 15| 1L 437 487 11% (0.1, p=0.75)
Statewide 34 6.3 254 364 43% (54, p<0.001)

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

TANONOMIC REVISION OF THE ROVE BEETLE GENUS PHLAEOPTERLS MOTSCHULSKY,
1853 (COLEOPTERA: STAPHYLINIDAE: OMALINAE: ANTHOPHAG!

Loaax J. Mursx
Univer ks Muscum

Fai
jmulien2galaka cdu

.M. Caurmin
Canadion Nationsl Collection of Insects, Arschrids, and Nemstodes
Ottawa, ON. CANADA

ttp/ougguice.Ret/node/vew/4S8139




Habitat and Ecology

Jenoto: Limunent

“Phlaeopterus Creel

Hatcher Pass, Talkeetna Mountains

“w

~y ; AN i Photo: . sikes
Phlaeapterus'feeding on'arthropod fallout

Shrubification

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

16/

bated-global g-threat
snowpack-water-rocky-mountains-sierra-

nevada-drought

Scalzitt, J., Strong, C. and Kochanski, A., 2016.
Climate change impact on the roles of temperature and
precipitation in western US snowpack variability.

i A Geophysical Research Letters, 43(10), pp.5361-5369.
1.0 3

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

Alpine snowpatches

Arctic and Alpine Research, Vol. 8, No. 3, 1976, pp. 237-245
Copyrighted 1976. All rights reserved.

ARTHROPOD FALLOUT AND NUTRIENT TRANSPORT:
A QUANTITATIVE STUDY OF ALASKAN SNOWPATCHES

Joun S. Epwarps* anp PauL C. Bankot
Institute of Arctic Biology
Upniversity of Alaska
Fairbanks, Alaska 99701

“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)




Beringia shoreline

18,000 years ago
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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

Now. Rewe Ent (N5) |13 [Fase. 2 [p 170187 | s, avibiin 1986

Chionotyphlus alaskensis n.g., n.sp.,
a Tertiary relict

from unglaciated interior Alaska
(Coleoptera, Staphylinidae) (*)

[A. SMETANA
Biosystematics

3Sites

Chena
Ridge
Research Insiute, Agriculure Canada, Otawa KIA 0C6, Carada.

Chatanika

Résumé. — Lauteur décrit Chononphls alaskensi ., nsp. saphylinide eplowphiine

iribu des Neonphi [ A
les autres geares cor mmummwu—nmwwmm-
Vinterieur de 1a tribu sont

i ae cee sopéce st e e du Tere. L't émt desyphéses
st so hitoie n s busadsur e changements cimatges <t forstiques sunnus €n
Alaska.

habitats passés probables et des habitas actuels. Cette espéce est vrisemblablement plus
largement reparte dans a zone intérieure de T'Alaska non érodée lors des demicres
glaciations et dans ls Terioires du Yukon.

Nenana

aveugle dans la zone intéreure de IAlaska, en particulier la possibilte que dauires
populations semblables de Leptotphlinae survivent aussi dans le nord-es de la Sibéric,
dont le passé géologique estsimilaire.

Summary. — Chionopphius alaskensis ng. nsp.,a blind leptoyphlne staphylind. is

s asigned 1o the predominantly New World tribe Neonphin, compared to all known
enera of the tribe and its possible phylogenetic rlationships within the tribe are briely
discussed.

“The species s considered a Tertiary relict. s past history, based on climatic and
vegetational changes in Alaska, i postlaied. It s presumed o be adapted o ocss sois.

widlydissbuted in unglcatd neior Alska and Yokon Teron.

Severl imlcaons restingfom te dicovery of i ind saphyinid i e
ned. paricularly line populations

lar past hisory.

Alaska are mentor the oyt m..mm

Mots.lés. — Coleoptera, Staphylinidae, Leptonphiinae, Chionopphius, noweas gente,
nouvelle espéce, Alaska.

knowledge of Siaphyiinidae.

Summanry,

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)







