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Announcements
New research to assess the risk of ticks
and tick-borne pathogens in Alaska
The geographic range of many tick species has expanded
substantially due to changes in climate, land use, and animal and human movement. With Alaska trending towards longer summers and milder winters, there is growing concern about ticks surviving further north. Recent
passive surveillance efforts in Alaska have revealed that
non-native ticks—some with significant medical and veterinary importance—are present in the state. There is a
new collaborative effort between the University of Alaska,
the Alaska Department of Fish and Game, and the Office of the State Veterinarian to understand the risk of
ticks and tick-borne pathogens in Alaska. UAA Professor of Environmental Health, Dr. Micah Hahn, is leading the project, which includes multiple methods for tick
collection. A statewide passive surveillance program, titled the Submit-A-Tick program, asks veterinarians, researchers, and the public to submit found ticks through
the Office of the State Veterinarian. This program will
work in concert with active surveillance of ticks in parks
and recreational areas in Anchorage and the Kenai Peninsula. Additionally, Dr. Frank Witmer, an associate professor of computer science and engineering in UAA’s College of Engineering, and his team are developing a habi-

tat suitability and probabilistic establishment model to discover the climatic limits and probability of tick survival
in Alaska. For more information on ticks in Alaska and
to learn how you can Submit-A-Tick, please visit: https:
//dec.alaska.gov/eh/vet/ticks (website is in development) or contact Dr. Micah Hahn (mbhahn@alaska.edu).

69th Western Forest Insect Work Conference
The 69th Western Forest Insect Work Conference will
be held April 22–25 2019 in Anchorage, Alaska at
the Anchorage Marriott Downtown.
Details are
available at http://wfiwc.org/content/next-meetinganchorage-ak-april-23-25-2019.

Thirteenth Annual Meeting, January or
February 2020
The thirteenth annual meeting of the Alaska Entomological
Society will take place in Anchorage in January or February 2020. Check for updates on our events page as the
meeting date approaches.
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Arthropods potentially associated with spruce (Picea spp.)
in Interior Alaska
doi:10.7299/X7RR1ZJT
by Derek S. Sikes1

Introduction
While curating an enormous volume of specimens derived
from an Alaska Department of Fish and Game (ADF&G)
study on the breeding habitat of Olive-sided flycatchers
(Contopus cooperi) I began to notice a number of insect
species that appeared new to the University of Alaska Museum insect collection. This bird species breeds in sprucerich habitats so I formed the a priori hypothesis that these
insect species likely preferred habitats with spruce. Perhaps it was my upbringing in the primarily deciduous
forests of New England, and my association of tropical diversity with deciduous forests, that caused me to be biased against coniferous forests as a source of invertebrate
species richness, and thus led me to under-sample these
habitats prior to this ADF&G study. This would explain the
prior lack of spruce-associated species in the UAM Insect
Collection.
In any case, given the predicted biome shift away from
spruce dominated mature forests in interior Alaska (Juday
et al., 2015) I thought it would be valuable to see how many
and which species in the University of Alaska Museum Insect Collection are known only from habitats with spruce.
I was unsure how successfully I would be able to answer this question, or how difficult it would be, knowing
that habitat data can be wildly uncontrolled. Some collectors record no habitat data, others group organisms from a
mixture of habitats (e.g. spruce forest, meadow, riverbank),
and searches can yield unintended results if data are structured negatively (e.g. a search for the term ‘spruce’ will
find records with this string “collected in a habitat with no
spruce.”)

Methods
I created a FileMaker Pro v16 (FMP) database on the index
of the Arctos (https://arctosdb.org/) habitat field for
UAM:Ento (provided by Dusty McDonald, the programmer for Arctos). I worked with this index to first tag all
records that had any of these search terms: Spruce, Picea,
P. glauca, P. mariana. Some errors in the index and Arctos
were corrected, e.g. “sprunce” was changed to “spruce”,

“Populas, Picca” changed to “Populus, Picea,” abbreviations like “bl. spr.” were expanded to “black spruce,” etc.
I limited searches to interior Alaska which I defined
by drawing a rectangle using the Google Map search tool
in Arctos with the western edge on and including Kaltag,
the southern edge just north of the northern boundary of
Denali National Park, the eastern edge on and including
Eagle Village, and the northern edge on and including Allakaket. This search only finds records that have been georeferenced with the center of their error radii inside this
rectangle. Fortunately, most (90%) of UAM:Ento Arctos
records are georeferenced. This rectangle corresponds to
the following coordinates (NE lat: 66.59602240341611, NE
long: -141.0853271484375, SW lat: 64.07155766950311, SW
long: -158.7425537109375).
Searches were also limited to UAM:Ento specimens that
had been identified to species with ID formula = A (this unfortunately eliminates ID formula A string records, which
includes all new / undescribed species, but was done to
eliminate all ID formula A ?, of which there are many)2 .
This search found 28,563 specimen records. I made
this Arctos csv file into an Excel file and then into a FMP
database. I made a relationship between the specimen
data database and the habitat data database, based on the
habitat field. I could then easily mark all records with at
least one spruce search term (this could have been done
by searching Arctos 4 times, one for each term, and then
combining the results, but that would have been slower).
Since this list included species that have been found in
habitats without spruce, I wanted to filter the list to retain
only species in which 100% of the specimens have one or
more of the spruce search terms in their habitat field.
I then repeated the above search but asked Arctos to
prepare the results as a specimen summary by taxon. This
generates a species list rather than a specimen list. I used
this file to create a relationship with the prior, specimen
record file, based on scientific name, to mark all taxa with
‘spruce’ which had previously been marked as spruce associates in the specimen file due to their habitat having one
of the aforementioned search terms.
To find species that only have been observed in spruce
habitats, and no habitats lacking spruce, I did the following: In a copy of the specimen record database I deleted
all the spruce records (n = 4, 666) and all records with no
habitat data (n = 11, 266) leaving behind only records that
had habitat data but no mention of spruce. I then made a
relationship between these two databases based on scien-

1 University
2 See

of Alaska Museum, Fairbanks, AK 99775-6960, USA
Arctos’ documentation on ID formulas at http://handbook.arctosdb.org/documentation/identification.html.
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tific name. Any records that had the same scientific name
between these two databases could be easily found and
marked. These are species that have been found in habitats
with and without spruce in interior Alaska. I searched this
marked-up taxon file for species known from spruce habitats but not known from habitats lacking spruce (n = 81).
I then eliminated singletons (species in the prior set
known from only one specimen) because their species cannot exist in more than one habitat. I did this by use of
the Arctos field ‘individualcount’ which was in the original taxon list summary download. This field holds a count
of specimens per record. Because ants and yellowjackets
are colonial, this elimination step was applied to their nests
rather than individual specimens (these species would only
be included if more than one nest was associated with

spruce). This latter elimination removed Vespula consobrina
and Formica glacialis from the final list because both were
known from single nests in spruce habitat.
Identifications were made by various people as detailed in the original data available
at
http://arctos.database.museum/saved/
interiorAKUAMEntospeciesnotnulIDformA2 . All specimens are vouchered in the University of Alaska Museum
Insect Collection. Taxon concepts and taxonomic classification varied by higher taxon, with details provided in the
dataset above.

Results
The results are in Table 1.

Table 1: Forty-eight potential spruce-associated arthropod species known from more than one specimen (or nest, in the
case of social Hymenoptera), from interior Alaska, represented by specimens in the UAM insect collection, identified to
species, known from habitats with spruce, and not known from any habitats lacking spruce (within the same dataset).
Order
Araneae

Family
Linyphiidae

Mesostigmata
Coleoptera

Lycosidae
Macronyssidae
Buprestidae
Cerambycidae

Curculionidae

Elateridae
Laemophloeidae
Latridiidae
Melandryidae
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Subfamily

Scientific Name
Agyneta allosubtilis
Diplocentria perplexa
Pityohyphantes limitaneus
Sisicottus orites
Tapinocyba simplex
Piratula canadensis
Ornithonyssus sylviarum
Buprestinae
Phaenops drummondi
Chrysochroinae Dicerca tenebrosa
Cerambycinae
Callidium cicatricosum
Phymatodes maculicollis
Semanotus litigiosus
Lamiinae
Pogonocherus parvulus
Lepturinae
Pachyta lamed
Pygoleptura nigrella
Curculioninae
Dorytomus parvicollis
Scolytinae
Cryphalus ruficollis
Crypturgus borealis
Dryocoetes autographus
Ips borealis
Orthotomicus caelatus
Phloeosinus pini
Scierus annectans
Scolytus piceae
Agrypninae
Danosoma brevicorne
Dendrometrinae Corymbitodes lobatus
Laemophloeus shastanus
Corticariinae
Melanophthalma helvola
Melandryinae
Orchesia cultriformis
Serropalpus substriatus
Continued on next page. . .

Specimen Count
3
2
3
2
10
2
102
6
2
4
2
3
4
15
2
2
13
8
7
3
10
7
9
8
7
11
2
4
4
3
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Diplura
Diptera
Hemiptera
Hymenoptera
Lepidoptera
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Family

Subfamily

Melyridae
Monotomidae
Mordellidae
Staphylinidae

Dasytinae
Rhizophaginae
Mordellinae
Aleocharinae

Trogossitidae
Campodeidae
Tabanidae
Psyllidae
Vespidae
Hesperiidae
Lycaenidae
Noctuidae
Tortricidae

Staphylininae
Peltinae
Chrysopsinae
Psyllinae
Eumeninae
Pyrginae
Polyommatinae
Theclinae
Noctuinae
Plusiinae
Tortricinae

Discussion
This is a fairly coarse-grained approach to identifying
spruce associated species. Its advantage is speed. A
more thoroughly vetted list could be prepared by crossreferencing all 1,421 species in the original interior Alaska
download with published natural history information
about each species scattered through the scientific literature. Such a process would likely identify spruce associated species absent from Table 1, and might provide
enough information to remove some false positives from
Table 1. For example, one of the butterflies in Table 1,
Glaucopsyche lygdamus, is described to prefer habitats that
are generally open, meadows, forest clearings, and tundra with legumes (Philip and Ferris 2016). It is in Table
1 because specimens of this species have been collected at
two interior Alaska sites, one with a habitat description of
boggy black spruce, and the other of airstrip, spruce, birch,
aspen. Had the search been expanded to include records of
the Kenelm W. Philip (KWP) Lepidoptera collection many
more specimens of this species would have been found in
interior Alaska, but unfortunately none of them have habitat data (as is true for most of the specimens in the KWP
collection). Their geocoordinates could potentially be used
to infer the habitat in which they were collected, using a
niche-modeling approach, but the majority of their coordinates predate GPS technology and have fairly large errors
which limits their value for exploration of such questions.
Another false positive is the one psyllid, Cacopsylla fibulata,
a known Salix associate (Hodkinson, 1978). It is in Table 1
because specimens of this species in interior Alaska were
AKES Newsletter

Scientific Name
Xylita laevigata
Hoppingiana hudsonica
Rhizophagus pseudobrunneus
Mordellaria borealis
Atheta campbelli
Placusa tacomae
Quedionuchus plagiatus
Peltis septentrionalis
Metriocampa allocerca
Chrysops frigidus
Cacopsylla fibulata
Symmorphus cristatus
Erynnis persius
Glaucopsyche lygdamus
Callophrys augustinus
Eurois occulta
Plusia putnami
Clepsis persicana

Specimen Count
3
12
5
2
8
7
3
2
6
2
6
6
11
35
8
14
2
45

collected on the edge of a mixed boreal forest that included
spruce (but also Salix). I chose to leave these species in Table 1 as examples and warnings of how this approach can
generate false positives.
However, all the scolytine weevils in Table 1 are unsurprising and well-known spruce associates, as are most of
the beetles. The skipper in Table 1, Erynnis persius, seems to
actually be at least forest associated, if not strictly spruce,
being known from roads, power line cuts, and other open
sites in taiga (Philip and Ferris, 2016). This investigation
provides an example, and some of the challenges and pitfalls, of how data from both structured, and unstructured
sampling, which are typically mixed in natural history museum data, can be queried to answer general, landscapeecology questions with relevance to climate change.
This list is only a starting point towards an understanding of what appears to be a very distinct community of
spruce-associated organisms in interior Alaska. Juday et al.
(2015), who were studying white spruce in interior Alaska,
stated, “with modest additional warming widespread tree
death will be unavoidable on warmer lowland interior
sites, where persistence of white spruce is unlikely.” As
spruce disappear from interior Alaska it is likely that some
of the species in Table 1 will as well.
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A second Alaska record for Polix coloradella (Walsingham,
1888) (Lepidoptera: Gelechioidea: Oecophoridae), the
“Skunk Moth”
doi:10.7299/X7N29X7K
by David Moskowitz1

chorage, Alaska (61° 11’ 10”N, 149° 46’ 07”W, Figure 1).
The location is a single-family home in a largely residential
area adjacent to a wooded area surrounded by homes (Figure 2). The photograph was submitted to Kenelm Philip
for confirmation and distributional information about the
species in Alaska. His reply on 23 July, 2013 follows.
The ALS collection has one specimen of P.
coloradella, and it’s from Camp Denali in Denali National Park. That’s over 100 miles from
Anchorage just to get to where you can see
the mountain, but I have no idea as to its distance as the crow flies. I doubt this is a rare
species—so few people collect micros that they
are usually far more widespread and common
than one would guess from just the few known
specimens.

Figure 1: Polix coloradella photographed on 3 July, 2013.
On 3 July 2013 I photographed a single individual of
the “Skunk Moth,” Polix coloradella (Walsingham, 1888) on
a wall below a backyard incandescent porchlight in An1 EcolSciences,

The distance from Camp Denali to the Anchorage P. coloradella record is approximately 162 miles and roughly due
south (Figure 3). This record appears to be only the second report for Alaska based on the information provided
by Ken Philip from the Alaska Lepidoptera Survey and the
two moth checklists, which reported the same single Camp
Denali record (Ferris et al., 2012; Pohl et al., 2018). There
are also no Alaska records of P. coloradella in iNaturalist,
BugGuide, or Butterflies and Moths of North America. A
single Alaska record of P. coloradella is listed in GBIF and
reflects a moth collected in 1970 described below. Based
on these databases, information provided by G. Pohl (p.
comm. 15 Feb, 2019) and Scholtens and Wagner (2007), P.
coloradella is widespread across northern North America

Inc. 75 Fleetwood Drive, Suite 250, Rockaway, New Jersey 07866, dmoskowitz@ecolsciences.com
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overlooked. Polix coloradella has also not been found in the
Yukon during recent sampling by G. Pohl (p. comm. 12
Feb, 2019).
Habitat descriptions are quite varied for P. coloradella
ranging from the residential area noted in this observation,
old growth boreal forest (p. comm. G. Pohl, 15 Feb. 2019),
high elevations in GSMNP (Scholtens and Wagner, 2007),
boreal forests (Hodges, 1974) and even farms (Bugguide
contributors, 2019).
The host reports are also varied. Yothers (1942) found
the larvae under torn perennial cankers (Neofabraea perennans) on apple trees and noted, “underneath the torn
canker covering there is usually a mass of debris, composed of the live and dead bodies, cast skins and frass of
numerous insects of several kinds, often all enmeshed in
the tangled webbing of the larva of Epicallima coloradella.”
Hodges (1974) also noted the occurrence of larvae with diseased hosts:
The larva is associated with decaying wood
and cankers caused by fungi on pine, Douglas
fir, alder, hawthorn and apple. The larva might
feed on the fungi or on the dead wood.

Figure 2: Location of photographed Polix coloradella shown
by red teardrop from Google Maps (accessed 13 February,
2019).
The two previous Alaska records of P. coloradella are
from Camp Denali on 28 June, 1970, noted as “wild
caught” by Eric Payne and a second “vague literature
record” lacking data (p. comm. Derek Sikes, 11 Feb, 2019)
that was included in Ferris et al. (2012). These two
records appear to refer to the same specimen (p. comm.
Derek Sikes, 11 Feb, 2019). These two records can be
accessed at http://arctos.database.museum/guid/KWP:
Ento:66510 and http://arctos.database.museum/guid/
UAMObs:Ento:215154. The herein reported 2013 P. coloradella record has also been added to the Arctos database
and can be found at http://arctos.database.museum/
guid/UAMObs:Ento:238005.
Despite being a distinctively-colored and easily recognizable moth, records in the databases are relatively limited, potentially indicating it is uncommon with a patchy
distribution, or as suggested by Ken Philip, that it is just
AKES Newsletter

Other reported larval hosts include Pinus contorta and
Pinus monticola (Robinson et al., 2010), and “dying bark
in the cankers of Gloeosporium perennans” (Wade, 1931).
G. Pohl also reported “specimens reared from logs” in
Alberta, Canada (p. comm. 15 Feb. 2019), and similarly, Lawrence and Powell (1969) reported, “the present
species often emerges from caged logs or in similar
forestry practice situations and has been reared from fungus sporophores during our study.” Matthewman and
Pielou (1971) and Pielou (1966) also reported P. coloradella
adults emerging from the sporophores of the perennial
bracket fungus, Fomes fomentarius, and the sporophores of
the annual bracket fungus, Polyporus betulinus, respectively.
Fungal feeding is well-known for many moth families but
basic data on fungal hosts for most species is commonly
lacking (Rawlins, 1984; Moskowitz and Haramaty, 2012).
Further exploration of the larval hosts of P. coloradella may
help explain its somewhat enigmatic broad and apparently
patchy distribution and the varied habitats reported.
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Figure 3: Map of the updated known distribution of Polix coloradella in Alaska. The map was generated using SimpleMappr
(Shorthouse, 2010).
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Some food items of introduced Alaska blackfish (Dallia
pectoralis T. H. Bean, 1880) in Kenai, Alaska
doi:10.7299/X7H995H7
by Matt Bowser1 , Miriam Bowser, Ethan Bowser, Apphia
Bowser, and Esther Bowser

Introduction
The Alaska blackfish, Dallia pectoralis T. H. Bean, 1880 is native to Alaska’s North Slope, Western Alaska, and Alaska’s
interior, but was introduced to Anchorage in the 1950s
(Chlupach, 1975). The introduced range of blackfish has
expanded since that time so that they occur in the Palmer
area, the Kenai Peninsula (Eidam et al., 2016), and almost
all lakes in the Anchorage area (Stratton and Cyr, 1997).
Blackfish on St. Paul Island are also thought to have been
introduced (Aspinwall, 1965; Mecklenburg et al., 2002).
It is of interest to try to understand how these introduced fish may alter the systems that they invade, especially how blackfish may affect native fish species through
competition for invertebrate prey.
Alaska blackfish prefer to live in vegetated areas of
ponds, lakes, and slow-moving streams. They are opportunistic predators, feeding on diverse invertebrates and, to
a lesser extent, small fish. In previous studies of blackfish
diet (Ostdiek and Nardone, 1959; Chlupach, 1975; Gudkov,
1998; Eidam et al., 2016), the most important prey groups
included cladocerans, ostracods, dipterans, gastropods, trichopterans, and copepods.

Methods
Three blackfish were collected by Jennifer Hester in a minnow trap baited with cured salmon eggs from a small, shallow pond in Kenai, Alaska (60.5688 °N, -151.1902 °W ±
150 m). The trap was set out on October 18, 2018 and collected the following day.
In the laboratory we measured lengths of the blackfish,
dissected out their stomachs, and sorted through stomach
contents under a dissecting microscope. We selected 14
specimens representing a variety of perceived prey species
1 US

and submitted these for DNA barcoding using lifescanner
kits (http://lifescanner.net/).

Results
The blackfish we obtained were two small adults
(KNWRObs:Fish:1 and KNWRObs:Fish:3, both 76 mm long)
and one juvenile (KNWRObs:Fish:2, 31 mm long).
The most abundant prey group that we observed
in blackfish stomachs was Diptera larvae, followed by
Coleoptera, but a variety of arthropods were represented.
We saw only one snail. No prey fish were identified from
blackfish stomach contents. The two 76 mm adults both
contained diverse arthropods; in the 31 mm juvenile fish
we found only ostracods.
We received DNA barcode sequences for 10 of the 14
submitted samples. Sequencing apparently failed for three
specimens. For one specimen (the ostracod) we obtained a
blackfish DNA barcode sequence. Details for all specimens
are provided in Table 1.

Discussion
Our findings are consistent with the diet of blackfish reported by previous studies. We found that smaller blackfish had eaten mostly minute crustaceans while larger fish
had a more diverse diet, a pattern also observed by Chlupach (1975). These results represent only a snapshot of
blackfish diet from a single time and place and so cannot
be considered to be representative of the diet of Alaska
blackfish in general.
The most notable observation from this small project
was that blackfish had consumed several species that are
not particularly aquatic. Some of these species including
Lathrobium washingtoni, Scyletria inflata, and the cicadellid
could have fallen into the water from above, but others including larval staphylinids, larval Bryotropha similis, and
the pseudoscorpion were more surprising to see in blackfish stomachs. Water levels in this small pond and the
stream flowing into it were high at the time the fish were
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collected, so terrestrial species may have ended up in the
water due to flooding.
Metabarcoding methods would be more appropriate
than our Sanger sequencing methods for learning about
the full range of blackfish diet because many more species
could be identified and some measures of relative abun-

dance would be obtained. However, we might have been
suspicious of some of our more surprising identifications
if they had been obtained by high-throughput sequencing
methods. Given what we observed in blackfish stomachs,
we now would believe almost any idenfication of small animal species that coexist in the vicinity.

Table 1: Food items from the stomachs of three Alaska blackfish. Food items are listed below the blackfish specimens from
which they were dissected.
Identifiers

Images

Identifications

KNWRObs:Fish:1,
MOBIL8739-18

Chordata: Actinopterygii: Esociformes: Esocidae: Dallia pectoralis T. H. Bean,
1880)

KNWR:Ento:11289,
MOBIL8742-18

Arthropoda: Insecta: Coleoptera: Staphylinidae: Eucnecosum brunnescens (J.
Sahlberg, 1871)

KNWR:Ento:11307

Arthropoda: Insecta: Coleoptera: Hydrophilidae

KNWR:Ento:11290,
MOBIL8744-18

Arthropoda: Insecta: Diptera: Chironomidae: Metriocnemus sp. BOLD:ACB0600

KNWR:Ento:11288,
MOBIL8753-18

Arthropoda: Insecta: Diptera: Tipulidae: Prionocera turcica (Fabricius, 1787)

KNWR:Ento:11308

Arthropoda: Insecta: Hemiptera: Cicadellidae

KNWRObs:Fish:3,
MOBIL8743-18

Chordata: Actinopterygii: Esociformes: Esocidae: Dallia pectoralis T. H. Bean,
1880)

KNWR:Ento:11310,
MOBIL8996-18

Arthropoda: Arachnida: Araneae: Linyphiidae: Scyletria inflata Bishop & Crosby
1938

Continued on next page. . .
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Identifications

KNWR:Ento:11287,
MOBIL9001-18

Arthropoda: Arachnida: Pseudoscorpiones: Neobisiidae: Microbisium brunneum
(Hagen, 1868)

KNWR:Ento:11309,
MOBIL8995-18

Arthropoda: Insecta: Coleoptera: Staphylinidae: Lathrobium washingtoni Casey,
1905

KNWR:Ento:11311,
MOBIL8997-18

Arthropoda: Insecta: Coleoptera: Staphylinidae: Lathrobium washingtoni Casey,
1905

KNWR:Ento:11312,
MOBIL9000-18

Arthropoda: Insecta: Coleoptera: Staphylinidae: Olophrum consimile (Gyllenhal,
1810)

KNWR:Ento:11313,
MOBIL9002-18

Arthropoda: Insecta: Diptera: Chironomidae: Metriocnemus intergerivus Sæther,
1995

KNWR:Ento:11314,
MOBIL9003-18

Arthropoda: Insecta: Lepidoptera: Gelechiidae: Bryotropha similis (Stainton, 1854)

KNWR:Inv:39

Mollusca: Gastropoda

KNWRObs:Fish:2

Chordata: Actinopterygii: Esociformes: Esocidae: Dallia pectoralis T. H. Bean,
1880)

KNWR:Ento:11315

Arthropoda: Ostracoda
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Two new records of mayflies (Ephemeroptera) from Alaska
Paraleptophlebia strandii (Eaton, 1901)
doi:10.7299/X7CJ8DSH

A

by Matt Bowser1

Lake in Nikiski on the Kenai Peninsula on August 2, 2018.
The specimen was identified as Paraleptophlebia strandii
(Eaton, 1901) by its DNA barcode. The sequence from this
specimen was grouped by BOLD’s BIN algorithm into BIN
BOLD:AAU2089 in which all 12 member sequences were
identified as P. strandii.
Paraleptophlebia strandii was not listed from Alaska by
Randolph and McCafferty (2005) and appears to be unreported from North America in the literature. However, a
private record on BOLD from the Yukon is a 100% match (pdist) with the sequence from Nikiski and is also identified
as P. strandii. The previously known range of this species
includes Fennoscandia to the Russian Far East (Salmela
and Savolainen, 2013; GBIF.org, 2019b).

Sikes et al. (2017) noted that DNA barcode sequences from
mayflies (Ephemeroptera) were poorly represented from
Alaska. While opportunistically collecting and submitting mayflies for DNA barcoding, we at the Kenai National
Wildlife Refuge found that two specimens we collected appear to be new records for Alaska.

Ameletus celer McDunnough, 1934
A single naiad (KNWR:Ento:11230, MOBIL5127-17) was collected from Johnson Creek, northern Kenai Peninsula, at
the bridge where the Gull Rock Trail crosses the creek
on June 8, 2017. The specimen was collected directly
into a lifescanner (http://lifescanner.net/) vial in the
field and identified only by DNA barcoding as Ameletus
celer McDunnough, 1934. The sequence from this specimen was grouped by BOLD’s BIN algorithm (Ratnasingham and Hebert, 2013) into BIN BOLD:AAE5588 in which
89 sequences are identified as A. celer and one sequence is
identified as Ameletus.
Ameletus celer was not listed from Alaska by Randolph
and McCafferty (2005), but this species is widespread in
northwestern North America (Zloty, 1996), including near
the Alaska border in the Yukon (GBIF.org, 2019a).
1 US

subimago or adult specimen (KNWR:Ento:11298,
MOBIL8445-18) was collected from the surface of Daniels
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Changes in soil fungal communities in response to invasion
by Lumbricus terrestris Linnaeus, 1758 at Stormy Lake,
Nikiski, Alaska
doi:10.7299/X77S7P26
by Matt Bowser1

Introduction
It is now well established that European earthworms (Lumbricidae) introduced to forests of North America reduce or
remove preexisting leaf litter and organic layers (Bohlen
et al., 2004; Hale et al., 2005; Suárez et al., 2006), altering
nutrient cycles and the soil carbon balance (Bohlen et al.,
2004; Hale et al., 2005; Resner et al., 2015). Exotic earthworms can also reduce the abundance of soil fungi in general (Dempsey et al., 2011) and affect mycorrhizal fungi
in particular (McLean et al., 2006; Szlávecz et al., 2011),
thereby impacting plants that depend on mycorrhizal relationships (Lawrence et al., 2003).
Although the consequences of exotic earthworm invasion have been demonstrated in formerly glaciated regions
of North America (see Frelich et al., 2006, for a review), less
is known about how earthworms might change Alaskan
forests, where the climate is colder than most other locations where invasive earthworm effects have been studied.
Alaskan forests are also generally at a much earlier stage
of invasion than other formerly glaciated regions where
earthworm populations are now well established, offering
opportunities to learn more about incipient invasions.
Invasive lumbricid earthworm species can be grouped
into three functional types based on their feeding and burrowing habits (Bouché, 1977). Epigeic species live at the
soil surface, feeding on leaf litter. Endogeic species borrow horizontally belowground in mineral soil. Anecic
earthworms excavate vertical burrows. Of these functional
1 US

types, anecic species alter previously earthworm-free soils
more than others (Frelich et al., 2006). By foraging on organic litter at the ground surface, feeding in vertical borrows, and depositing casts that form new mineral topsoil,
anecic worms consume upper organic soil layers and vertically homogenize the soil profile through their burrowing
and mixing.
In Southcentral Alaska the only anecic species known to
be established is Lumbricus terrestris Linnaeus, 1758; other
anecic species including Aporrectodea longa (Ude, 1895) and
Lumbricus friendi Cognetti, 1904 have not been documented
in this region. Outside of developed areas, L. terrestris has
been found at boat launches in this region, likely introduced via “bait abandonment” (Saltmarsh et al., 2016).
Lumbricus terrestris was first documented at Stormy
Lake, Nikiski Alaska in 2012 at a public boat launch (Eskelin and Bowser, 2012). Later it was observed that L. terrestris had already removed the leaf litter layer at this locality, exposing tree roots (Bowser, 2016a,d). Other soildwelling oligochaetes known to be present in this area
were the exotic, epigeic earthworm Dendrobaena octaedra
(Savigny, 1826) (Bowser, 2016d), which is almost ubiquitous
near roads on the Kenai Peninsula (Saltmarsh et al., 2016);
the native, epigeic earthworm Bimastos rubidus (Savigny,
1826) (Bowser, 2016b), and enchytraeids including Fridericia ratzeli (Eisen, 1872) (Bowser, 2016c).
In this small pilot study I sought to learn how invasion
by L. terrestris might change the composition of soil fungal communities—especially mycorrhizal fungi—in Southcentral Alaskan forests where it has been introduced and
subsequently established.
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Methods
Field Methods
At Stormy Lake I selected six sites: three within the infestation of L. terrestris near the boat launch and three on a transect along the boat launch access road (Figure 1). To keep
the habitat as similar as possible I selected sites under cottonwoods (Populus ×hastata Dode), birch trees (Betula pendula subsp. mandshurica (Regel) Ashburner & McAll. or Betula kenaica W.H.Evans), and alders (Alnus viridis A.Gray).
All samples were collected on September 25, 2017. At
each site I used a trowel to take a soil core from the soil
surface to 6 cm depth, enough to fill a 90 ml urine sample cup. Earthworm casts, where present, were included in
and represented a small portion of the soil samples. Field
notes are provided in Bowser (2018).
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Figure 1: Map of sampling locations with the approximate
limit of the Lumbricus terrestris infestation.

Laboratory Methods
Soil samples were stored briefly in a -22° C freezer, then
shipped to RTL Genomics (RTL) in Lubbock, Texas (http:
//rtlgenomics.com/), where they were submitted for RTL
Genomics’ Microbial Diversity Assay with a target of an
average of at least 10,000 reads per sample.
RTL Genomics performed DNA extractions using a Qiagen MagAttract PowerSoil DNA KF Kit. For soil samples,
each whole sample was agitated and a pea-sized amount
was added to the Qiagen MagAttract PowerSoil DNA KF
AKES Newsletter

Kit bead plate. 400 µl of RNase A solution was combined
with 75 ml of PowerMag Bead solution and 750 µl of this
solution was added to each well of the KF plate. 60µl of
warmed lysis buffer was added to each well. The plate
was placed on a TissueLyser for 10 min. at 20 Hz. The plate
was flipped and then shaken for an additional 10 min. at
20 Hz. The plate was centrifuged 10 min. at 2, 700 × g.
The supernatant was moved to a new KF plate, and 450 µl
of IRT solution was added to each well. The plate was
vortexed for 5 s and incubated for 10 min. at 4 °C. The
plate was centrifuged for 10 min. at 2, 700 × g. The supernatant was transferred to a new plate and centrifuged
10 min. at 2, 700 × g. 450 µl of supernatant was moved to
a new plate. 2 ml of resuspended ClearMag Beads were
combined with 45 ml of ClearMag Binding Solution and
mixed well. 470 µl of ClearMag Beads/Clear Mag Binding
Solution was added to each well. The plate was placed on a
KingFisher with 3 ClearMag Wash Plates. DNA was eluted
into 100 µl EB Solution and stored at -20 °C.
Samples were amplified for sequencing in a two-step
process using the ITS3F (GCATCGATGAAGAACGCAGC)
and ITS4R (TCCTCCGCTTATTGATATGC) primer pair (White
et al., 1990; RTL Genomics, 2017), amplifying part
of the ITS2 region.
The forward primer was constructed with the illumina i5 sequencing primer (5’-3’:
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG) and the
ITS3F primer. The reverse primer was constructed with the
illumina i7 sequencing primer (5’-3’: GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG) and the ITS4R primer.
Amplifications were performed in 25 µl reactions with
Qiagen HotStar Taq master mix (Qiagen Inc, Valencia, California), 1 µl of each 5 µM primer, and 1 µl of template.
Reactions were performed on ABI Veriti thermocyclers (Applied Biosytems, Carlsbad, California) under the following
thermal profile: 95 °C for 5 min. then 35 cycles of 94 °C for
30 s, 54 °C for 40 s, 72 °C for 1 min. followed by one cycle
of 72 °C for 10 min. and a 4 °C hold.
Products from the first stage amplification were
added to a second PCR based on qualitatively determined concentrations.
Primers for the second
PCR were designed based on the illumina Nextera PCR (Forward: AATGATACGGCGACCACCGAGATCTACAC[i5index]TCGTCGGCAGCGTC, Reverse: CAAGCAGAAGACGGCATACGAGAT[i7index]GTCTCGTGGGCTCGG). The
second stage amplification was run the same as the first
stage except for 10 cycles.
Amplification products were visualized with eGels
(Life Technologies, Grand Island, New York). Products
were then pooled equimolar and each pool was size selected in two rounds using Agencourt AMPure XP (BeckmanCoulter, Indianapolis, Indiana) in a 0.75 ratio for both
rounds. Size selected pools were then quantified using the
Quibit 2.0 fluorometer (Life Technologies) and loaded on
http://www.akentsoc.org/newsletter.php
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Data Deposition
Sequence data were deposited in GenBank Sequence Read
Archive under Bioproject PRJNA525443.
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To examine fungal communities by guilds, the OTU table was submitted to FUNGuild (Nguyen et al., 2016) at
http://www.stbates.org/guilds/app.php for guild assignments. The resulting guild assignments were regrouped into a six broad groups (endophyte or parasite;
endophyte, mycorrhizal, parasite, or saprotroph; endophyte, parasite, or saprotroph; mycorrhizal; mycorrhizal
or saprotroph; saprotroph; and unknown). Unidentified
OTUs and OTUs for which FUNGuild did not assign a guild
were lumped into the unknown guild category.
Correspondence analyses was performed using the
vegan package version 2.5-3 (Oksanen et al., 2018) in R version 3.5.1 (R Core Team, 2018). For correspondence analyses, OTU abundances in terms of numbers of reads per
sample were log + 1 transformed. Two types of correspondence analyses were run. In a vector fitting analysis the
occurrence data were processed by the cca function, then
the presence of L. terrestris was fitted as an environmental
factor using the envfit function. In a constrained correspondence analysis, the occurrence data were fitted with
the cca function where the presence of L. terrestris was included as a constraint.
Notes from the analyses are included in Bowser (2019b)
and Bowser (2019a).

250

Fungal Community Data Exploration

200

A metagenomic analysis was performed on the USGS Yeti
supercomputer (https://www.usgs.gov/core-sciencesystems/sas/arc) running Scientific Linux 6.7 (https:
//www.scientificlinux.org/). Raw FASTQ files were processed using the PIPITS pipeline (Gweon et al., 2015), which
has been shown to perform well for fungal metabarcoding
(Anslan et al., 2018). In the PIPITS pipeline the UNITE
database version 7.2 (Kõljalg et al., 2013) was used as a
reference library.
The Operational Taxonomic Unit (OTU) table was
filtered using the LULU algorithm (Frøslev et al.,
2017) using the same settings as Anslan et al. (2018)
(minimum_ratio_type = "min",
minimum_match = 97).
OTUs with less than ten sequences per sample and OTUs
identified as not belonging to the kingdrom Fungi were
also removed.

The metagenomic analysis yielded 48,315 reads representing 623 observations of 402 Operational Taxonomic Units
(OTUs). Numbers of OTUs dectected at each site were similar between infested sites, where 95–116 (mean = 103)
OTUs per sample were found and nightcrawler-free sites,
where 74–139 (mean = 105) OTUs per sample were found.
Most fungal OTUs were detected in only one of the
six samples (Figure 2). Nine OTUs were found at all six
sites. These were identified as Mycosphaerellaceae sp.
SH206770.07FU, Mortierella humilis, Solicoccozyma terricola,
Polyporales sp. SH187220.07FU, Pseudeurotiaceae, Nectriaceae, Chalara sp. SH202710.07FU, an unidentified ascomycete, and two unidentified fungi.
Fungal community composition differed between infested and non-infested plots (Figure 3, Table 1). Mycorrhizal fungi made up 21% of reads where Lumbricus
was absent and 6% of reads where Lumbricus was present.
Saprotrophs and fungi with unkown ecological roles represented a larger number of reads at infested sites compared
to non-infested sites.
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Figure 2: Frequencies of occurrence of soil fungal OTUs.
In the vector analysis, unconstrained axes CA1 and CA2
explained 24% and 21%, respectively, of the variation (Figure 4.a) The fitting of Lumbricus presence to the unconstrained analysis was non-significant (p = 0.3) and mostly
aligned with axis CA1. In the constrained analysis where
the presence of Lumbricus was included as the only constraint, the Lumbricus axis explained 22% of the variation
while unconstrained axes CA1 and CA2 each explained 21%
of remaining variation (Figure 4.b). An ANOVA of the constrained analysis found the effect of Lumbricus presence to
be significant (p = 0.001).
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Site 1

Site 2

Site 3

Site 4

Site 5

Site 6

endophyte or parasite
endophyte, mycorrhizal, parasite, or saprotroph
endophyte, parasite, or saprotroph
mycorrhizal
mycorrhizal or saprotroph
saprotroph
unknown

Figure 3: Proportions of numbers of reads assigned to fungal guilds represented in soil samples from the six sampled
sites. Lumbricus terrestris was present at sites 1–3 and absent at sites 4–6.

Table 1: Numbers of reads and percentages of fungal guilds represented in soil samples from within and outside of an
area infested by Lumbricus terrestris.

Category
endophyte or parasite
endophyte, mycorrhizal, parasite, or saprotroph
endophyte, parasite, or saprotroph
mycorrhizal
mycorrhizal or saprotroph
saprotroph
unknown
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Lumbricus absent
n reads Percent
298
1
354
1
5,055
21
5,094
21
839
3
4,137
17
8,822
36

Lumbricus present
n reads
Percent
467
2
487
2
4,254
18
1,443
6
1,021
4
5,455
23
10,589
45
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Figure 4: Biplots of OTUs and sampling sites from correspondence analyses. a: Vector analysis where the presence of L.
terrestris was fitted as an environmental factor. b: Constrained analysis where the presence of L. terrestris was included as
a constraint. Colors of OTU circles correspond to guilds as in Figure 3. Area of circles is proportional to total abundance
of each OTU, with the smallest circles indicating 10 reads and the largest circle indicating 2,851 reads. Red and blue lines
indicate groupings of sites by presence of L. terrestris.
Mycorrhizal species were spread almost evenly among
sites with and without Lumbricus, but read abundances
of mycorrhizal species tended to be higher in sites where
L. terrestris was absent. The four most abundant mycorrhizal species in terms of numbers of reads were all more
abundant at Lumbricus-free sites. These were identified
using the UNITE blastn analysis (https://unite.ut.ee/
analysis.php) as Inocybe borealis J.E. Lange, 1957, Cortinarius casimiri (Velen.) Huijsman, 1955; Helvellosebacina helvelloides (Schwein.) Oberw., Garnica & K. Riess, 2014; and
Oidiodendron pilicola Kobayasi, 1969.

Our results were consistent with the findings of McLean
et al. (2006) and Szlávecz et al. (2011) that exotic earthworms decrease the abundance of mycorrhizal fungi. The
response of plant symbionts to this reduction in mycorrhizal fungi varies by species (Szlávecz et al., 2011); but
consequences for even one plant species can be difficult to
predict (see Lawrence et al., 2003).
It should be noted that none of the sites sampled represented native soil communities because the exotic, epigeic
earthworm Dendrobaena octaedra was present over the entire study area and that even this epigeic species has
been shown to alter soil fungal communities (McLean and
Parkinson, 2000).

Discussion
Effects of L. terrestris on Communities
Despite a small sample size of only six sites, it appeared
that invasion by L. terrestris did alter soil fungal communities at Stormy Lake, decreasing the proportion of the fungal community known to be mycorrhizal. These few data
points add to a growing body of literature documenting
the effects of exotic earthworms, especially the anecic Lumbricus terrestris.
AKES Newsletter

Methodological Issues
At least some of the observed differences between fungal
communities where L. terrestris was present or absent had
to do with the fact that the leaf litter and decomposing organic matter had been all but removed in the three sites
infested by L. terrestris while these layers were intact and
included in soil cores from sites free of L. terrestris. Others
have noted difficulties of comparing earthworm-free soils
with earthworm-worked soils where the soil properties
http://www.akentsoc.org/newsletter.php
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have been greatly altered by earthworms (e.g., Lawrence
et al., 2003).
I recognize that the observed differences in fungal communities may have been due to habitat differences along
the transect and not due to L. terresris. The best way to
separate the effects of L. terrestris would be experimental
methods where earthworms could be added to or removed
from experimental plots so that other sources of variation
could be controlled.
In future studies it would be better to take additional
relevant measurements at each site including litter depth,
other soil characteristics, and the species composition, density, and biomass of earthworms. These measurements
could then be included in community analyses to help understand how important the contribution of L. terrestris is
to determining soil fungal community composition. Alternative fungal primer sets should also be considered, for
example the ITS86F/ITS4 primer pair (Op De Beeck et al.,
2014).

Conclusions
This small pilot study provided some evidence that invasion by Lumbricus terrestris is altering fungal communities
where it is established in Southcentral Alaska. Appropriate next steps would be to better characterize these changes
by using a more robust sampling design, to document in
detail how fungal communities differ in soil profiles, and
to elucidate how changes in soil fungal communities affect
local plant species.
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Review of the twelfth annual meeting
by Alexandria Wenninger1

Figure 1: Members present at the end of the meeting. Back row, from left: Stephen Burr, Giovanni Tundo, Robin Andrews,
Shana Loshbaugh, Steve Swenson, Chris Fettig, Garret Dubois, and Jason Moan. Center row, from left: Julie Riley, Matt
Bowser, Renee Nowicki, and Jessica Rykken. Front row, from left: Dana Brennan, Alex Wenninger, Adam Haberski, Roger
Burnside, and Derek Sikes.
The twelfth annual meeting of the Alaska Entomological Society Meeting was held at the Alaska Department
of Natural Resources building in Fairbanks on February 9,
2019. We are grateful to Stephen Burr of the USDA Forest
Service - Forest Health Protection, for offering us the use
of this space.

Presentations
Stephen Burr gave the highlights of the last year of insect
activity in Alaska’s forests in his talk “Forest Health Conditions Report 2018.” This synopsis included the results of
both aerial- and ground-survey work conducted throughout Alaska by the USDA Forest Service – Forest Health
Protection in conjunction with the AK DNR, Division of
Forestry – Alaska Forest Health Protection Program.
Matt Bowser gave a convincing talk entitled “Large
worms at large: Nightcrawlers change Alaskan Forests,”
in which he showed the detrimental effects of of European
nightcrawlers, particularly Lumbricus terrestris, on the Kenai Peninsula. He ended his talk by leaving the audience
to ponder the question, under what circumstances should
managers intervene to eradicate invasive species?
In his talk, “Climate change in Alaska: Impacts on the
entomofauna,” Derek Sikes addressed some of the con1 USDA

sequences of a rapidly changing climate on our Alaskan
insect species, including current evidence that changes are
already taking place.
The ongoing spruce beetle (Dendroctonus rufipennis) outbreak occurring throughout southcentral Alaska was addressed by Jason Moan in his talk, “Southcentral Alaska
spruce beetle outbreak: Observations from the field.”
This year we were grateful for the opportunity to hear
from guest lecturer, Chris Fettig. Chris is a research entomologist for the USDA Forest Service, currently stationed
at the Pacific Southwest Research Station. He has worked
extensively with bark beetles throughout the United States
and Canada, and has interest in the indirect effects of climate change on invasive bark beetles and their forest habitats. His talk entitled “The effects of climate change on
invasive species and their impacts on forests and rangelands” brought a unique perspective to the AKES meeting,
and we thank him for attending!
Jessica Rykken followed with an overview of the diversity of pollinators present at the Gates of the Arctic
National Park and Preserve, through her talk “Gates of
the Arctic pollinators.” Her talk included wonderful photographs and descriptions of the life history of the several
species of bumble bees, solitary bees, syrphid flies, and
other pollinating insects inhabiting the park.

Forest Service, Anchorage, Alaska, alexandria.wenninger@gmail.com
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We had several fantastic student presentations this year
as well. UAF student Adam Haberski presented the preliminary findings of his Master’s work, “Beetle, spider, and
bumblebee communities differ across an elevational gradient in Denali National Park and Preserve.” Unfortunately
Megan Booysen, a West Valley High student, was unable
to make it to the meeting to present her work “Earthworms
(Oligochaeta: Lumbricidae) of Interior Alaska.” However,
Derek Sikes stepped up to give an overview of the results of her efforts to document the distribution and diversity earthworms in Alaska’s interior. Finally, we congratulate Robin Andrews (UAF, PhD student), recipient of the
2019 Student Presentation Award for her talk entitled “Microarthropod abundance and community structure along
a successional chronosequence within the Tanana River
floodplain.” Through her presentation and responses to audience questions, Robin showed a great depth of scientific
knowledge (and enthusiasm!) for her study organisms, despite the taxonomic and logistical challenges of studying
microarthropods. Congratulations, Robin!

20

Business items—highlights
• New members will now automatically be opted-in to
the listserv when they register (but can opt-out at any
time).
• This year more focus will be put on advertising the
student presenting opportunity/award (both talks
and posters). We discussed sending out emails via
the UAF Biology and Wildlife department listserv
prior to next meeting, and finding a similar mode
of contact through UAA, to increase student participation.
• Prior to the next meeting, set up video conferencing capabilities if there is interest, perhaps through
Google hangouts or Zoom. That way those in Fairbanks or Juneau who are unable to travel could still
participate in the meeting.
• Election results: Alexandria Wenninger (president),
Robin Andrews (vice president), Renee Nowicki (secretary), and Roger Burnside (treasurer).
The minutes from our business meeting will be provided on our website.
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