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Abstract. Many Quaternary geological exposures in the Yukon have yielded identifiable insect fossils. All groups
occurring in the Yukon today except Apterygota and the pterygote orders Ephemeroptera, Mecoptera, Orthoptera,
Mallophaga, Anoplura, Thysanoptera and Siphonaptera have been recorded as fossils. Coleoptera dominate, with
most beetle fossils being from the Carabidae, Staphylinidae, Curculionidae and sometimes Byrrhidae.

For purposes of discussion the fossils from various sites are grouped according to age. One group includes
Holocene and modern assemblages. Study of modern assemblages of insect fragments provides baseline informa-
tion on taphonomy (the history of postmortal transportation and other events) and preservation. Some of the early
Holocene faunas represent an intense warm period that occurred at high latitudes about 10 thousand years ago.

A second group of fossil assemblages consists of those deposited during the coldest episode of the last glaciation
when large areas of the Yukon were ice free and were part of East Beringia. Some of these samples support the
conclusion drawn from plant and mammal fossils that the environment at the time was steppe-like, with no modern
analogue.

A third group is made up of fossils deposited between about 60 and 30 thousand years ago, an interval commonly
called the mid-Wisconsinan. Some of the assemblages from this time period are very diverse; some contain unusual
fossils, such as heads of noctuid moths and genital fragments of anthomyiid flies or other fossils that are
exceptionally well preserved.

The fourth group—interglacial faunas—includes only 2 sites. The one most accurately referred to the last
interglacial (about 125 thousand years ago) contains a few taxa that do not occur as far north as the site today,
including one beetle that now lives no farther north than Alberta.

Such marked range extensions are more common in the fifth group of assemblages—those representing late
Tertiary time. There are few assemblages of this age from the Yukon, but some are so close to the Yukon border
that they represent the Tertiary fauna of the Yukon. Plant and insect fossils show that 3 million years ago rich
coniferous forests covered at least all of central and northern Yukon and that the climate was less continental than
at present. The insect fauna contained extinct species as well as some taxa now confined to the Palaearctic. The
rich coniferous zone extended from eastern Siberia to Ellesmere Island and Greenland and was the last such forest
connection across the Bering Straits. Subsequent intervals of dry land between Siberia and Alaska were charac-
terized by severe arctic conditions and no forests.

Résumé Insectes fossiles du Yukétusieurs fouilles géologiques a des sites du Quaternaire au Yukon ont révélé

la présence d'insectes fossiles identifiables. Des fossiles de tous les groupes actuels d’insectes du Yukon ont été
trouvés, a I'exception des Aptérygotes et de quelques ordres ptérygotes, Ephemeroptera, Mecoptera, Orthoptera,
Mallophaga, Anoplura, Thysanoptera et Siphonaptera. Les coléopteres dominent et la plupart des fossiles de cet
ordre appartiennent aux familles Carabidae, Staphylinidae, Curculionidae et parfois Byrrhidae.

Pour des raisons d’ordre logistique, les fossiles des différents sites sont regroupés en fonction de I'époque. Un
groupe comprend des fossiles de I'Holocéne et des collections modernes. L'étude des collections modernes de
fragments d’'insectes a permis de tracer les grandes lignes de la taphonomie (I'histoire des déplacements aprés la
mort et d’autres événements) et de la conservation. Certaines des faunes du début de I'Holocene reflétent une période
de chaleur intense qui s’est produite aux latitudes élevées il y a environ 10 000 ans.

Un second groupe de fossiles est constitué de fragments déposés durant la période la plus froide de la derniére
glaciation, période ou d’'importantes zones du Yukon étaient dénuées de glace et faisaient partie de la Béringie
orientale. Certains de ces échantillons appuient I'hypothése basée sur les fossiles de plantes et de mammiféeres et
selon laquelle I'environnement a cette période était de type steppe, sans analogue moderne.

Un troisieme groupe est constitué de fossiles qui remontent a environ-68M000 ans, intervalle générale-
ment reconnu comme le Wisconsinien moyen. Certains groupes de cette période sont trés diversifiés. Certains
contiennent des fossiles remarquables, tétes de papillons noctuides, fragments génitaux de diptéres anthomyiides,
ou d'autres fossiles particulierement bien conservés.
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Le guatriéeme groupe—qui réunit des faunes inter-glaciaires—ne représente que deux sites. Le site daté le plus
exactement remonte & environ 125 000 ans, soit la derniére période interglaciaire, et contient quelques taxons qui
ne vivent plus aussi au nord maintenant, y compris un coléoptere dont la limite boréale de répartition est en Alberta.

Ce type de répartition tres étendu est plus commun parmi le cinquiéme groupe de taxons—représentant la fin
du Tertiaire. Il y a peu d’associations de cette époque au Yukon, mais certaines sont si prés de la frontiére du Yukon
gu’elles sont considérées comme formant la faune du Tertiaire du Yukon. Les fossiles de plantes et d'insectes
indiquent que de riches foréts de coniferes recouvraient au moins tout le centre et le nord du Yukon il y a 3 millions
d’années et que le climat a cette époque était moins continental que de nos jours. La faune des insectes contenait
des espéces maintenant disparues aussi bien que des espéces maintenant strictement paléarctiques. La forét de
coniferes s'étalait alors de I'est de la Sibérie jusqu’a I'lle Ellesmere et au Groenland et constituait le dernier pont
forestier a avoir assuré une continuité de part et d’autre de la mer de Bering. Par la suite, les liens terrestres qui ont
prévalu entre la Sibérie et I'Alaska étaient caractérisés par des conditions arctiques rigoureuses et étaient dénudés
de toute forét.

Introduction

Most chapters in this book concern the composition and distribution of elements of the
existing insect fauna of the Yukon Territory. Fortunately, the availability of insect fossils in
the Yukon makes it possible to present a more comprehensive picture of the fauna, including
the all-important fourth dimension—its change with time. In this chapter we highlight some
of the most important features of the history of the Yukon fauna as presently known,
discussing several key faunas from the Yukon and adjacent areas in Beringia and in the
Arctic Islands of the Northwest Territories (Fig. 1).

It is only possible to discuss insect fossils because the Yukon possesses innumerable
geological sites that contain organic, insect-rich sediments of various ages. The existence of
such sites is due in part to the fact that some of the rivers in the Yukon have cut deeply into
unconsolidated Quaternary age basin-fill sediments, creating excellent exposures of fossilif-
erous sediments. Among the fossils are many fragments of insects, especially Coleoptera.

One patrticular region, the northern Yukon near the present drainages of the Porcupine
and Old Crow rivers, contains literally hundreds of exposures (Fig. 2) because the rivers
there have cut down into a thick sequence of basin sediments that range back in time to the
late Tertiary, e.g. approximately 3 million years before present (3 ma B.P.).

In this report we discuss 3 groups of insect faunas, mostly from the Old Crow region of
the northern Yukon, but including others from sites in adjacent Alaska and the Canadian
Northwest Territories. The first group (Table 1) deals with insect fragments found in modern
sedimentary deposits such as ponds, peatland turf and river floodplains and several fossil
faunas of early Holocene age (e.g. approximately 9000 years old or 9 ka B.P.). The second
group (Table 2) includes taxa identified in selected samples ranging in age from the middle
Pleistocene, e.g. approximately 700 ka B.P., to 20 ka B.P. during the late Pleistocene. The
third group (Table 3) includes those faunas of late Tertiary and earliest Pleistocene age. Most
of the fossils in this last group come from sites other than the Yukon and are millions of
years in age (ma B.P.); nevertheless, they allow some inferences to be drawn concerning the
composition of the Yukon fauna during the late Tertiary.

Methods

The study of Quaternary and late Tertiary insect fossils in sediments has been going on
for over thirty years, starting with the pioneering work of G.R. Coope (Elias 1994).

The insect fossils discussed in this chapter are typical of those from Quaternary deposits.
Most of them refer to Coleoptera and include the heavily sclerotized pronota, heads or elytra
which provide numerous characters critical for identification (though often not the characters
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1=BR, Blow R., Table 1
2 =44, 0Old Crow Basin, Table 1
3 =32a &b, Old Crow Basin, Tables 1 & 2
4=c1&cC2, Ch'ijee's Bluff, Table 2
5 =B1 & B2, Bluefish Exp., Table 2 & Table 3
6 =UP, Upper Porcupine R., Table 2
7 =RR, Rock R., Bell Basin, Table 2
8 =ER, Eagle R., Bell Basin, Table 1
9 =HC, Hungry Crk., Table 2
10 =Mv, Mayo Indian Village, Table 2

11 =RC, Revenue Crk., Table 2

100 km

75°N  A=cD, Cape Deceit, Table 3
B=IR, Ikpikpuk R., Table 1
0 C=Tk, Titilak R., Table 2
D=Ng, Niguanak, Table 3
E=EC, Eva Creek, Table 2

F=LC, Lost Chicken, Table 3

<3
Chukchi

Bering Sea

500 km

G=Mg, Meighen Is., Table 3

H=SF, Beaver peat,
Ellesmere Is., Table 3
1=KK, Kap Kgbenhavn, Greenland.
Greenland, Table 3

Ellesmere Is.

Fic. 1. Sites and localities mentioned in the text. Note that the unglaciated part of the Yukon Territory forms the

eastern part of East Beringia.
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Lake sediments deposited between 30 and 12 ka B.P.

Approx. level o

Fic. 2. Chi'jee’s Bluff (site 4, Fig. 1). The photo shows only a small part of this very important Yukon river bluff
exposure. The section is approximately 60 m high and extends for nearly 4 km. About 20 percent of the exposure
is shown in this photo. Note the indicated level from which come the interglacial insect fossils discussed in this report.

used in keys). Fragments representing other insect and arthropod orders also occur (see
discussion of specific groups), and some of these include such delicate fragments as flight
wings and genitalia. Because of the presence of permafrost in the Yukon, fossil preservation
is usually better than that typical of deposits in other more temperate climate regions.

Throughout this paper we specifically avoid the term “subfossil”, which often is applied
to remains of Quaternary insects. The use of this term is due to the excellent preservation of
the fossils, but we consider it a misnomer. By definition: “A fossil is any remains, trace, or
imprint of a plant or animal that has been preserved in the earth’s crust since some past
geologic or prehistoric time; loosely, any evidence of life” (Bates and Jackson 1984). There
is no qualification as to state of preservation; only the age is qualified and this is left
somewhat indefinite and ambiguous because “historic” time starts at different times in
different regions. For this paper we use the term “fossil” for all remains older than the last
several centuries.

In Tables 1, 2 and 3 fossils are listed either withy “?” or “cf.” designations. The
first indicates that the named taxon is present. The second signifies presence of fossils that
may represent the named taxon but are not adequately preserved for a definite decision. The
“cf.” designation is more complex. In this report, we use it to signify fossils preserved well
enough for identification but for several reasons not positively referred to the named taxon.
They may indicate only that the authors have not examined enough modern reference
material to come to a definite decision or, as in Table 3, that we believe specimens from the
Palaearctic should be examined before a final decision is made. The designation “cf.” is
prevalent in Table 3 containing late Tertiary faunas. This prevalence indicates a hesitancy
on our part to recognize many fossils, though well preserved, as belonging to extant species
unless a large series of specimens has been examined or the fossils represent genitalia or
some other definitive structure. Based on our experience and the now well known slow rate
of evolution of many northern Coleoptera species (Elias 1994), we believe it is likely that
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many of the “cf.” designated fossils will eventually prove to belong to the named taxon. But
late Tertiary faunas also contain clear examples of extinct species and it is quite likely that
with more detailed study and comparisons, or the discovery of new definitive fossils, they
will also prove to be from extinct species, albeit very similar morphologically to their modern
counterparts. The reader is cautioned to note carefully the taxa identified at the “cf.” degree
of certainty and to avoid citing such fossils as belonging definitely to the nominal taxon in
subsequent publications. To do so would potentially obscure important information on the
latest evolution of many Yukon insects.

Present Environment of the Yukon

The present-day environment of the Yukon, including climatic and bioclimatic zones,
is discussed by Scudder (1997). The northern Yukon, where many of the fossils discussed
in this chapter were found, is very near regional treeline. The Old Crow basin itself is south
of treeline, but trees are rare because of the poor drainage of the region. All sites from north
of the British Mountains are located in the low-arctic tundra zone. Those from the central
Yukon are within the subarctic zone, where conifer forests comprised of spreeaspp.),
rarely larch Larix laricina) and jackpineRinus banksiana-as far north as Dawson City)
predominate, except in extensive areas where fires have resulted in deciduous forests of birch
(Betulaspp.) and poplaiPopulug.

The Geological and Palaeoenvironmental Context

The term “Late Tertiary” is generally accepted to refer to the Miocene and Pliocene
periods, i.e. the time from about 24 million years ago (hereafter ma B.P.) to 1.8 ma B.P. The
Pliocene, represented by several of the samples discussed in this chapter, covers the time
from approximately 5 ma B.P. to 1.8 ma B.P. The Quaternary, which is divided into the
Pleistocene and Holocene, includes all of the last 1.8 ma B.P., with the Holocene comprising
approximately the last 10 thousand years. Although the “Pleistocene” is often used inter-
changeably with “ice ages”, major glaciation in the Northern Hemisphere actually began
approximately 2.5 ma B.P., during the late Pliocene. The tempo of glaciations is now known
to be driven mostly by variations in the earth’s orbit and axial tilt and precession. But during
the Pleistocene the tempo changed, from a period of approximately 40 ka B.P. in the early
part of the Pleistocene to an approximately 100 000 year periodicity in later Pleistocene time.
During the late Pleistocene, or the last 400 ka B.P., long glacial phases were separated by
relatively short interglacials during which climate was as warm or warmer than present,
world ice volume was markedly reduced and sea level approached or exceeded that of the
present. The Holocene, e.g. the last 10 ka B.P., is generally considered to be part of an
interglacial like the others of the late Pleistocene.

At the latitude of the Yukon, earth orbital and axial tilt/precession changes caused a
peak of solar radiation at about 125 ka B.P. Over most of the central and southern parts of
North America the next radiation maximum occurred between 6000 and 8000 years ago—the
so-called Holocene hypsithermal. However, at the latitude of the northern Yukon and
northern coast of Alaska and Canadian Northwest Territories, the Holocene solar radiation
maximum occurred at about 10 ka B.P. Not surprisingly, it was at this time that trees, other
plants, insects and related arthropods moved north of their present limit in the Mackenzie
Delta region and northern Yukon (Ritchie et al. 1983), just as they had done during the last
interglacial (see below). One of the sites (Blow River: “BR”, Table 1) discussed later in this
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report represents this early Holocene thermal maximum. There is little or no evidence that
the northern parts of the Yukon were any warmer than at present later in the Holocene during
the “Hypsithermal” of more southern regions.

Even though ice covered much of North America during the Pleistocene much of the
Yukon remained ice-free (Fig. 1). This area, along with much of Alaska and the then
emergent Bering and Chukchi seas, formed an unbroken corridor for exchange of Asian and
North American fauna and flora. This is the region normally called “Beringia”, though that
term is not restricted to any particular time and does not imply any particular state of sea
level. Nevertheless, the fact that Beringia was at times during the Pleistocene (and for much
of the late Tertiary) a dry land connection to Asia has had great impact on the flora and fauna
of both Alaska and the Yukon. During low-sea-level phases of the Pleistocene, the ice-free
areas of Beringia were distributed in such a way as to make easternmost Beringia (the
unglaciated Yukon) biologically more a part of Asia than of North America.

The environment of Beringia during the last major cold period has been a topic of
considerable debate and discussion. The 2 sides of this controversy are best summarized by
Guthrie (1990) and Ritchie (1984). Guthrie discusses a humber of lines of evidence that
require the existence of some type of steppe-like environment—"mammoth steppe”. He
bases his conclusions not only on botanical evidence but on numerous inferences drawn
from the composition of the late Pleistocene mammalian fauna, which included a number of
large grazing herbivores. In contrast, Ritchie’s argument, based almost entirely on palaeo-
botanical evidence, is that the vegetation during the last cold period was a patchy tundra very
much like that found in some arctic regions today. It is noteworthy that such tundra today
supports a very low biomass of large grazers and many believe it could not have supported
the grazers and associated carnivores that are known to have occurred in Beringia 20 000
years ago.

Dating discrepancies on the mammalian fossils, which opponents of the mammoth
steppe cited in concluding that the critical mammals did not live in Beringia during the
maximum of the last glaciation, have been resolved by new dates, particularly a large series
of new Radiocarbon dates from the Bluefish Cave Archaeological site in the northern Yukon
(Cing-Mars 1979). This site shows that a diverse community of mammalian herbivores
(including some very specialized grazers such as the saiga antelope) lived together in the
northern Yukon during the coldest part of the last glaciation. Therefore, an environment
having no contemporary analogue appeared to exist in late Pleistocene Beringia (Anderson
et al. 1989). Some areas probably resembled present-day steppe, although clearly other
regions would have appeared very much like present-day tundra. Furthermore, because the
Bering land bridge was in existence at this time, the steppe-like environment probably
extended well into Asia. In fact, because of the distribution of glaciers during the latest
Pleistocene (Fig. 1), the Yukon was actually the eastern “cul-de-sac” of the mammoth steppe.

It would be logical to assume that a type of mammoth steppe characterized East Beringia
and in particular, the Yukon, during each cold phase of the Pleistocene. However, to a degree
the development of this environment and the exchange of its unique fauna and flora with
other areas must have been mediated by past geographical and glacial conditions. There is
now abundant evidence that the maximum advance of continental glaciers from the mid
continent toward the east front of the Richardson Mountains and extending onto the northern
Yukon coast occurred in latest Wisconsinan time-@BDka B.P.). In fact cogent arguments
show the Mackenzie River in its present form is no older than latest Pleistocene and early
Holocene (Duk-Rodkin and Hughes 1994). Prior to that the Mackenzie River was a relatively
short watercourse originating in the Yukon and most of the water in its present southern
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catchment area drained across northern North America to the Atlantic. Numerous montane
glacial events occurred in the Yukon, some of them separated by intense or long interglacial
periods, but with little or no continental ice extending as far as the present Mackenzie River.
The migration corridor between Beringia and the rest of the North American continent must
have been much more passable during all periods of the Pleistocene than it was during the
latest Pleistocene. In addition to closing the passage into southern North America, late
Pleistocene glaciation in the Yukon and northwestern Northwest Territories also completely
rearranged the drainage system of the northern Yukon.

The Old Crow Basin and several adjacent basins form almost the only lowlands away
from the arctic coast in the northern Yukon. They contain numerous fossiliferous exposures
created primarily by down-cutting that started shortly after the drainage of the Porcupine
river was diverted westward by glaciers moving to the flanks of the Richardson Mountains
(see Laurentide ice limit shown in Fig. 1).

The basin sediments revealed by down-cutting represent times from as old as 2.5 ma
B.P. to the present. The sedimentary record is not continuous, however, and because the
basins were at times flooded by deep oligotrophic lakes, not all of the sediments at these
exposures contain insect fossils. The last of these large lakes occupied the basin during the
last glaciation; consequently, to study insect fossils from this pericelldka B.P.), we
are forced to turn to less informative sites located outside the basins. The result is that in this
review so-called “full-glacial” faunas are touched on only briefly.

None of the Yukon faunas discussed in this chapter is of Tertiary age. Nevertheless
several Tertiary arthropod faunas occur in Alaska and the Northwest Territories, and by
extrapolation and interpolation of these faunas it can be shown what the late Tertiary insect
fauna of the Yukon may have been like. Only a few of these Alaskan and Northwest
Territories Tertiary faunas are discussed in this chapter. Matthews (unpublished) provides
a comprehensive review.

Several of the conclusions drawn in that review need mention here. First, it is now clear
that the earliest interruption of the Bering land bridge in the Pliocene broke the continuity
of a rich coniferous forest ecosystem that extended from the Canadian High Arctic, where
treeline occurred at or north of 80, well into eastern Siberia. In the parlance of Russian
botanists this would be classed as a type of “dark” coniferous forest, much different from
the light coniferous, arix-dominated forest that occurs in east Siberia today. The develop-
ment of light coniferous forest probably postdates the mid-Pliocene (Biske and Baranova
1984). Fossil floras from arctic North America and east Siberia suggest that there was
considerable similarity of the forest flora across Beringia at this time.

Secondly, it now seems clear that the north-south width of the boreal zone in Pliocene
time was considerably greater than it is today. It stretched from approximéatslyo3fbuth
of 60°N. Tundra was limited to the northernmost fringe of the Arctic Archipelago, which at
the time was much less insular than at present. As well, the Alaska Range and St. Elias
mountains were lower than at present (Plafker and Addicott 1976; Plafker et al. 1992). Not
only would this cause interior areas to have less continental climate than at present, but it
also means that the area of alpine tundra was probably much smaller than at present. There
was probably no region where alpine and lowland tundra merged as it does today in the
northern Yukon.

At about 2.5 ma B.P. conditions changed abruptly. Glaciers from the interior part of the
continent first reached the shores of the Arctic Ocean near the present Mackenzie Delta, and
shortly after the Arctic Ocean first developed its perennial ice cover, affecting all of the
marginal lands. The change at 2.5 ma B.P. was a worldwide event because it is evident in
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cores from nearly all of the world oceans. Undoubtedly it was accompanied by a total
reorganization of the existing Pliocene flora and fauna of the Yukon, including extinction
of species of plants and insects.

Taxonomic Content of Northern Fossil Assemblages

Tables 13 present lists of fossil insects and other arthropods from various ages and
from various parts of the Yukon and adjacent regions of Alaska. Of the insect orders that
occur today in the Yukon, all are represented except those in the subclass Apterygota and,
of the Pterygota, Ephemeroptera, Mecoptera, Orthoptera, Mallophaga, Anoplura, Thysan-
optera and Siphonaptera. The absence of some of these groups is undoubtedly due to the fact
that they are not thickly sclerotized and not likely to be preserved except under exceptional
circumstances (e.g. amber). However, Ephemeroptera and Orthoptera have sclerotized body
parts which should preserve as fossils. This is especially true of the Orthoptera which are
represented in the Yukon today by 17 species (Vickery 1997) of which at least one occurs
as far north as Old Crow in the northern Yukon.

Odonata. Despite the thickly sclerotized character of certain parts of adult damselflies and
dragonflies, the only fossils identified to date are the distinctive mandibles. The odonate
mandibles are so distinct that there may be a potential for identification at least to the family
level. Their occurrence in Yukon samples is rare mainly because many of the samples studied
to date represent treeline or tundra environments, not the types of habitat in which dragonflies
and damselflies are abundant. One of the samples from Rock River (Table 2) contains a
fragment of the genital apparatus of an odonate, but such fossils are very rare.

Odonate larvae possess sclerotized and very distinctive mouthparts which one might
expect to preserve as fossils, but to date none has been recovered from Yukon samples.

Plecoptera.About 71 species of Plecoptera occur in the Yukon (Stewart and Ricker 1997)
and other arctic areas of North America (Hynes 1988), but fossils representing this group
are rare in Yukon assemblages. A few nymphal heads are all that have been observed to date,
and strangely even though these occur in what are presumed to be lacustrine sediments, they
come from a sample thought to represent a time of maximum aridity and climatic severity

in East Beringia.

Heteroptera. Many of the better studied sites in the Yukon have yielded a few hemielytral,
head and pronotum fragments of Saldidae. One of the more distinctive fossils found to date
(Fig. 3c) represents a partial pronotum of the spéasephysia foliaceaé~allen)(Tingi-

dae). Fragments of pentatomids, mirids, gerrids and corixids are seen in a few deposits,
depending on the source of the sediments being examined.

Homoptera. Heads of Cicadellidae and Fulgoridae occur in a few Pleistocene samples. In
addition leafhoppers have been found in late Tertiary sediments, such as the 3 ma B.P. site
on Meighen Island (site G, Fig. 1; Matthews etiapublished 2) and the equally old site at

Lost Chicken in east-central Alaska (site F, Fig. 1; Matthews et al. unpublished 1). Usually
it is only the head and occasional hemelytra which are preserved, but many of these provide
suitable characters for identification. Occasionally tergite fragments are found in the finest
fraction of processed organic debris.

(text continues on p. 9%1
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TaBLE 1. Modern fragments and Holocene arthropod fossils found in samples from the Yukon and Alaska. All fossils
are stored at the Geological Survey of Canada, Ottawa. For sites, see footnotes. For further details, see text.

Species Modern Holocene
1 2 32a 44 ER BR IR

INSECTA
Odonata +
Heteroptera
Corixidae
Genus ? +
Saldidae
Genus? +
Homoptera
Cicadellidae
Driotura cf. gammaroides(Van Duz.) +
cf. Memnomia +
Genus? + +
Psyllidae
Genus? +
Coleoptera
Carabidae
Agonum consimil&yll. 1
Agonum quinquepunctatilots. 3 +
Agonum sordenkby 4
Agonunsp. + +
Amara (Celia)sp.
Amara alpinaPayk.
Amara bokoriCsi.
Amara erraticaDuft.
Amara (Curtonotus3p. +
Bembidion (Plataphusp.
Bembidion sordidurkby +
Bembidiorspp. 1 + +
Bembidion transparenSebl. + 13
Bembidion umiatendeth
Blethisa catenari@rown
Blethisa multipunctaté.
Blethisasp. +
Carabus chamissonf&sch. +
Carabus maeandedfisch. 1
Carabus truncaticollig€schz. +
Chlaenius nigeRand. +
Diacheila politaFald.
Dyschiriodes* frigidusviann. +
Dyschiriodes integegroup +
Dyschiriodes nigricornid/ots. 23
Dyschiriodes politugroup +
Dyschiriodessp. + + +
Elaphrus clairvilleikby
Elaphrus lapponicu&yll. 1 +
Elaphrus parvicep¥an Dyke +
Elaphrussp. 1
Harpalus amputatuSay +
Harpalus fulvilabrisMann. cf.
Harpalussp. +
Notiophilus borealigdarr. +
Notiophilus semistriatuSay 1
Notiophilussp. +
Pelophila borealiayk.
Pterostichus agonudorn
Pterostichus circulosusth 3
Pterostichus costatuden.

+ 4+ + o+ + 4+ +

+
+
=
+
+
+

+

+ + + +
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TasLE 1. (continued
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Species

Modern

Holocene

32a

44 ER

BR

Pterostichus haematop ;.
Pterostichus nearcticusth
Pterostichus sublaevisSahlb.
Pterostichus vermiculosien.
Pterostichus (Cryobiusp.

P. (Cryobius) arcticol&Chaud.
P. (Cryobius) brevicorni&by
P. (Cryobius) cariboall

P. (Cryobius) nivalig-.Sahlb.
P. (Cryobius) parasimiligall

P. (Cryobius) pinguedineuEschz.

P. (Cryobius) pinguedineugroup
P. (Cryobius) tareumiusall

P. (Cryobius) ventricosugschz.
Sericoda quadripunctatBeG.

Trichocellus mannerheinit.Sahlb.

Haliplidae
Haliplus strigatusRobys.
Dytiscidae
Agabusspp.
Colymbetesp.
Dytiscussp.
Hydroporus lapponuryll.
Hydroporussp.
Hygrotussp.
llybius sp.
Rantussp.
Genus?
Gyrinidae
Gyrinussp.
Hydrophilidae
Cercyon herceuSmet.
Cercyon marinughoms.
HelophorustuberculatusGyll.
Helophorusspp.
Hydrobius fuscipek.
Hydrophilussp.
Genus?
Hydraenidae
Ochthebiusp.
Staphylinidae
Aleocharinae
Arpediumsp.
Blediussp.

Boreaphilus henningianu.R.Sahlb.

Euaesthetusp.

Eucnecosum brunnescgdsSahib.)

Eucnecosurap.
Eucnecosum tenfeeC.)
Gymnusasp.

Holoboreaphilus nordenskioel@iakl.)

Lathrobiumsp.

Micralymma brevilingu&chigdt.
Mycetoporusp.

Olophrum borealé¢Payk.)
Olophrum consimil&yll.
Olophrum laturm\iakI.
Olophrum marginatunviakl.

cf.

+

10 +

+

Sk

TR RN
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Species

Modern Holocene

1 2 32a 44 ER BR

Olophrum rotundicoll€Sahlb.)
Olophrumsp.
Pycnoglyptasp.
Quediussp.
Stenuspp.
Subfam. undet.
Subhaidasp.
Tachinus brevipenniSahlb.
Tachyporus rulomuBlkw.
Tachyporusp.
Genus?
Micropeplidae
Micropeplus tesserul@urt.
Silphidae
Silphasp.
Thanatophilus lapponicug..)
Thanatophilus saga¥ann.
Leptodiridae
Colonsp.
Genus?
Leiodidae
Agathidiumsp.
Ptilidae
Acrotrichussp.
Scydmaenidae
Veraphussp.
Genus?
Scarabaeidae
Aegialiasp.
Aphodiussp.
Helodidae
Cyphonsp.
Byrrhidae
Byrrhussp.
Curimopsissp.
Cytilus alternatugSay)
Morychussp.
SimplocariatessellatalLeC.)
Simplocariasp.
Genus?
Heteroceridae
Heterocerusp.
Elateridae
Denticollissp.
Hypolithos sanborniHorn)
Negastrius restrictulugMann.)
Genus?
Cantharidae
Podabrus deceptlBrown
Podabrus piniphilusp. group
Anthicidae
Genus?
Cryptophagidae
Cryptophagusp.
Coccinellidae
Genus?
Nephussp.
Lathridiidae
Genus?

+

+
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TasLE 1. (continued

J.V. Matthews Jr. and A. Telka

Species

Modern Holocene

1 2 32a 44 ER BR

Chrysomelidae
Altica sp.

Alticinae, genus?
Chrysolina basilarigSay)
Chrysolinaspp.
Donaciasp.

Hydrothassa boreelleéSchf.
Phratora hudsonic&rown
Plateumarissp.

Curculionidae
Acalyptus carpinHbst
Apionsp.
Ceutorhynchusp.
Dorytomus alaskanuSsy
Dorytomus rufulenMann.
Hyperasp.

Lepidophorus lineaticolli&by
Lepyrus gemellugby
Lepyrus stefanssoflieng)
Lepyrussp.

Notaris aethiop$-ab.
Rhynchaenusiger (Horn)
Rhynchaenuspp.
Sitonasp.

Sitonalarge type
Stephanocleonusp.
Vitavitus thuliuKiss.
Genus?

Scolytidae
Carphoborussp.
Polygraphus rufipenniékby)
Scolytus piceagSwaine)
Genus?

Trichoptera

Phryganeidae
Agrypnia stramine&lagen
Phryganea/Agrypnitype

Limnephilidae
Asynarchusp.
Grammotauliusp.
Grensia praeteritgWalk.)
Phanocelissp.

Diptera

Family?

Tipulidae
Tipulasp.

Chironomidae
Chironomugype
Phaenopsectreype
Glyptotendipesp.
Tanytarsini type
Genus?

Bibionidae
Genus?

Xylophagidae
Xylophagusp.

Hymenoptera

Ichneumonoidea, genus?

+ +

+

L

+ +
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TasLE 1. (continued

Species Modern Holocene
1 2 32a 44 ER BR IR
Formicidae
Myrmicatype + 8
Formicatype 3 + +
Genus? + +
CRUSTACEA
Cladocera
Daphniasp. + + +
Notostraca
Lepidurissp. +
ARACHNIDA
Acari
Oribatida
Ameronothridae
Ameronothruscf. lineatusThorell +
Ameronothrusp. +
Hydrozetidae
Hyrozetesp. +
Ceratozetidae
Trichoribates/Diapterobatetype +
Fuscozetes/Melanozetgpe +
Trichobates polarigiam. +
Mycobatidae
Mycobatesp. +
Punctoribates quadrivertexerbert +
Phenopelopidae
Eupelopssp. +
Propelops canadensidam. +
Archipteridae
Parachipteriasp. +
Oribatulidae
Oribatula tibialis (Nic.) +
Araneae
Lycosidae
Genus? +
Erigonidae
Genus? +

*Formerly Dyschirius.
Sites:
1, several samples from a thermokarst lake in the Old Crow Basin.

2, several samples from marine shoreline sites near the east end of the Tuktoyaktuk Peninsula, Northwest Terri-
tories (Fig. 1). 32a, CRH-32, Old Crow Basin, detrital organics; age816(GSC-1243: Lowdon and Blake
1979).

44, CRH-44, Old Crow Basin, pond sediments; age: 84@0 (GSC-2605) and 82#140 (GSC-1329:
Lowdon and Blake 1979). Numbers show the minimum number of individuals represented by the fossils.

ER, Eagle River, Bell Basin, Yukon Territory. Samples MRA 7-9-80-33 and 7-10-80-10; age: 9970 160
(GSC-3133: Blake 1984) (site 10, Fig. 1).

BR, Blow River, northern Yukon; age: 93600 (TO-328); 937& 70(TO-327) (site 1, Fig. 1) (J. Matthews
1984: unpublished fossil arthropod report ARPT 84-8).

IR, Ikpikpuk River, northern Alaska; age: 9671080 (site B, Fig. 1) (Nelson 1976, 1982).
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TABLE 2. Pleistocene-age arthropod fossils found in samples from the Yukon and Alaska. For sites, see footnotes.
For further details, see text.

Species Inter-glacial  Mid-Wisconsinan Late Wisconsinan (full glacial)
Cl RC HC C2 UP Tk 32b RR MV EC B1

INSECTA
Odonata
Family? + +
Plecoptera
Family? +
Heteroptera
Miridae +
Saldidae
Chiloxanthussp. +
Genus? + + + 2 +
Corixidae +
Gerridae + +
Tingidae
Derephysia foliaceéFallén) +
Family? +
Homoptera
Cicadellidae
Genus? + + + + + +
Psyllidae +
Triozasp. + +
Genus? + 1 +
Coleoptera
Carabidae
Agonum (Europhilus3p. +
Agonum consimil&yll. +
A. quinquepunctaturdots. + +
Agonunsp. +
Amara alpinaPayk. + +
Amarabokori Csi.
Amara colvillensid_th
Amara glacialisMann.
Amarapatruelistype +
Amara (Curtonotus3p. +
Amarasp. +
Asaphidion alaskanuiwick. + +
Bembidion (Peryphanesp. +
Bembidion (Peryphusp. + +
Bembidion (Plataphodesp. + +
Bembidion (Plataphusp. +
Bembidion concoloKby +
Bembidion concretur@sy
Bembidion convexuluiday. +
Bembidion dauricunviots. + + +
Bembidion grapigroup +
Bembidion grapiiGyill. + + +
Bembidion hastC.Sahlb. ? o+
Bembidion intermediurdby +
Bembidion lapponicurtype +
Bembidion morulurheC. +
Bembidion quadrimaculatum
LeC. +
Bembidion sordidurgroup +
Bembidion sordidurkby

+ 0+ +
+

+
N

+

+ -0
+

Bembidion transparernSebl.

Bembidion umiatendeh + +
Bembidionsp. + + +
Blethisa multipunctaté. +
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Species Inter-glacial ~ Mid-Wisconsinan

Late Wisconsinan (full glacial)

C1

RC HC C2 UP

Tk

32b RR MV EC

B1

Bradycellus leconteCsi. +
Carabus chamissonkisch.
Carabus truncaticolli€schz.
Carabussp.
Chlaenius nigeRand.
Cymindis unicoloKby
Cymindissp.
Diacheila politaFald. +
Dyschiriodes sp. +
D. frigidus/subarcticusype
Dyschiriodes laevifasciatus
Horn +
Elaphrus parvicep¥an Dyke
Elaphrussp.
Harpalus alaskensikth
Harpalus amputatuSay
Harpalussp. +
Loricerasp. +
Miscodera arcticaPayk.
Nebriasp. +
Notiophilus semistriatuSay
Notiophilus sylvaticugschz.
Notiophilussp.
Patrobus septentrionisej. +
Pelophila borealiayk.
Pterostichus (Cryobiuspp. +
P. (Cryobius) aurigaall
P. (Cryobius) brevicornis
group
P. (Cryobius) brevicornis
Kby
P. (Cryobius) caribowall
P. (Cryobius) caribouype
P. (CryobiusgerstlensisBall
P. (Cryobius) hudsonicuseC.
P. (Cryobius) kotzebusall
P.(Cryobius) mandibularoides
Ball
P. (Cryobius) nivalis=. Sahlb.
P. (Cryobius) ochoticusubgroup
P. (Cryobius) parasimiligall
P. (Cryobius) pinguedineusschz.
P. (Cryobius) pinguedineggoup
P. (Cryobius) similisubgroup
P. (Cryobius) sopeBall
P. (Cryobius) tareumiuBall
P. (Cryobius) ventricosugschz.
Pterostichus adstrictusschz.
Pterostichus haematopej.  +
Pterostichus nearcticusth
Pterostichus sublaevisSahlb.
Pterostichus vermiculosiden.
Trechus apicali$itsch.
Trechussp.
Trichocellus mannerheimi
R.Sahlb. +
Trichocellussp. +
Dytiscidae
Agabus /llybiugype +

+

+

cf.

cf.

+ + + +

+

cf.

+ +

+ + + +

+
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TABLE 2. (continued

J.V. Matthews Jr. and A. Telka

Species Inter-glacial ~ Mid-Wisconsinan Late Wisconsinan (full glacial)
Cl RC HC C2 UP Tk 32b RR MV EC Bl
Colymbetesp. + + + 1 + +
Dytiscussp. +
Hydroporusspp. + + + + 1
Hygrotus picatugKby) cf.
Hygrotussp. +
Oreodytesp. + +
Genus? + + + 1 + +
Noteridae
Genus? + +
Gyrinidae
Gyrinussp. + +
Hydrophilidae
Cercyon herceuSmet. +
Cercyon marinughoms. + +
Helophorus lacustrisype +
Helophorus oblongukeC. +
Helophorus splendiduSahlb. + + +
Helophorusspp. + + + 1 +
Hydrobiussp. + +
Hydrophilussp. +
Genus? +
Hydraenidae
Hydraenasp. +
Ochthebius kaszabBanss. + +
Ochthebius marinuPayk.) + +
Ochthebiusp. + + + +
Staphylinidae
Acidotasp. + +
Acylophorussp. +
Aleocharinae + + + + + + + +
Arpediumsp. +
Blediusspp. + +
Boreaphilus henningianus
Sahlb. ? + +
Boreaphilussp. ?
Coryphiiniundet. +
Coryphium hyperboreuitMakl.) +
Coryphiumsp. +
Euaesthetusp. ? + +
Eucnecosum/Arpediutgpe +
Eucnecosursp. +
Gymnusasp. + +
Lathrobiumsp. + + + + + +
Micralymma brevilingue
Schigdt. + + + + + +
Micralymmasp. cf.
Olophrum borealéPayk.) + +
Olophrum consimil&yll. + +
Olophrum latumMvakl. + + + + + +
Olophrum rotundicollesahlb.  + + ?
Olophrumsp. +
Omaliumsp. +
Oxytelussp. +
Stenusspp. + + + + + 1 + + + +
Syntomiunsp. +
Tachinus apterugroup +
Tachinusbrevipennis]. Sahlb. + + + + 1 ? + +
Tachinus instabilid1akl. +
Tachinus jacuticu®opp. +
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TaBLE 2. (continued

Species Inter-glacial ~ Mid-Wisconsinan Late Wisconsinan (full glacial)
Cl RC HC C2 UP Tk 32b RR MV EC Bl

Tachinussp. + + + +
Tachyporinae +
Tachyporusp. + + +

Genus? 1

Micropeplidae
Micropeplus laticollis
Makl. +
Micropeplus sculptud_eC.
Micropeplus tesserul@urt.
Micropeplussp. +
Silphidae
Silphasp. + 1 + + +
Thanatophilus tuberculatus
Kby ?
Leptodiridae
Colonsp. ? +
Leiodidae
Agathidiumsp.
Leiodessp. ?
Ptiliidae
Acrotrichussp. +
Scydmaenidae
Veraphissp. ? + ?
Genus? + + +
Scarabaeidae
Aegialiasp. +
Aphodius pectoralis/duplex
type +
Aphodiussp. + + 2 + +
Helodidae
Cyphonsp. +
Byrrhidae
Byrrhussp. + + +
Curimopsis echinatél_eC.) ?
Curimopsis setulosi&lann. +
Curimopsissp. + + + +
Cytilus alternatugSay) + +
Morychus rutilangMots.) +
Morychussp. + + ? + + 7 + + +
Simplocariasp. + + + + 1
Elmidae
Genus? +
Heteroceridae
Heterocerusspp. + +
Elateridae
Ctenicerasjaelandica
(mall.) ? cf. cf.
Denticollis variansGerm. + +
Negastrius extricatu@-all) ?
Genus? +
Cantharidae
Podabrussp. +
Bostrichidae
Genus? +
Anthicidae
Lappussp. ?
Anobiidae

+ +

+
+
+
[
+
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TABLE 2. (continued

J.V. Matthews Jr. and A. Telka

Species

Inter-glacial

Mid-Wisconsinan

Late Wisconsinan (full glacial)

C1

RC HC C2 UP

Tk

32b RR MV EC B1

Caenocarasp.
Genus?

Melyridae
Genus?

Tenebrionidae
Upis sp.

Cryptophagidae
Cryptophaguspp.
Genus?

Coccinellidae
Ceratomegilla ulkei

Crotch
Genus?

Cucujidae
Pediacussp.

Lathridiidae
Genus?

Colydiidae
Genus?

Mycetophagidae
Mycetophagusp.

Chrysomelidae
Alticinae, genus?
Bromius obscurugl.)
Cassida flaveold@hunb.
Chrysolina basilarigSay)
Chrysolinaspp.
Chrysomelasp.
Donaciasp.
Hydrothassasp.
Phaedorsp.

Genus?

Curculionidae
Apionspp.
Ceutorhynchusp.

C. subpubescenkeC.

Connatichela artemisia@nd.

Dorytomus alaskanuSsy

Dorytomussp.

Grypus equisetiFab.)

Hylobiussp.

Hypera casto(LeC.)

Hypera diversipunctat&chr.

Hypera seriatgMann.)

Isochnus arcticugKor.)

Isochnussp.

Lepidophorus lineaticolli&by

Lepyrus gemellusby

Lepyrus stefansso(lieng)

Lepyrussp.

Mecopeltusp.

Notaris bimaculatugFab.)

Notarissp.

PhytobiugLitodactylus
type)

Phytobiussp.

Rhynchaenus niggHorn)

Rhynchaenus rufipékeC.)

Rhynchaenusp.

+

+

cf.

+

cf.

41 + + +
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TABLE 2. (continued

Species Inter-glacial ~ Mid-Wisconsinan Late Wisconsinan (full glacial)
Cl RC HC C2 UP Tk 32b RR MV EC Bl

Sitonasp. (large group)
Sitonasp. (small group)
Stephanocleonusp. ? +
Vitavitus thuliuiss. + +
Genus? +
Scolytidae
Carphoborus carriSwaine + +
Carphoborussp.
Orthotomicus caelatugich.)
Phloeotribus picea&waine
Phloesinus pinBwaine
Pityophthorus opaculuseC.
Scolytussp. + +
Genus? + +
Trichoptera
Brachycentridae +
Brachycentrugype +
Genus? +
Lepidoptera
Noctuidae +
Agrotiphila staudingeri
(Mosch.) +
Euxoa churchillensi@McD.) + +
Family? + + +
Diptera
Tipulidae +
Tipulasp. + +
Genus? + + + 1 + +
Chironomidae
Chironomusgype + +
Glyptotendipesp. +
Genus? + +
Xylophagidae
Xylophagussp. + + + +
Bibionidae
Genus? + +
Cyclorrhapha undet. +
Anthomyiidae +
Delia hudsonicariffiths +
Hymenoptera +
Symphyta
Tenthredinidae ? ?
Genus? + +
Family? +
Apocrita
Family? +
Braconidae
Chelonussp. +
Ichneumonoidea + + +
Ichneumonidae
Genus? + + + + 2
Formicidae
Camponotusp. + +
Formicaspp. + + + + +
Myrmicasp. + +
CRUSTACEA
Notostraca
Lepidurissp. + + 4 +

o+ o+ o+

+
+
+

+ o+ + 4+ +
+
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TABLE 2. (continued

Species Inter-glacial ~ Mid-Wisconsinan Late Wisconsinan (full glacial)
Cl RC HC C2 UP Tk 32b RR MV EC Bl

Cladocera
Daphniasp. + +
ARACHNIDA
Acari +
Oribatida
Cepheidae
Cepheusp. + +
Damaeidae
Epidamaeusp. + +
E. cf. tenuissimusiam. +
Hydrozetidae
Hydrozetesp. +
Family? + +
Araneae
Lycosidae
Genus? + +
Erigonidae
Erigonesp. + + + + +
Family? +

*Formerly Dyschirius

Sites: C1, Several interglacial levels at the Ch'ijee’s Bluff section (Matthews et ah)1@9t 4, Fig. 1); ap-
proximate age: 125 ka B.P.

RC, Revenue Creek, JJO-05-07-89-P1 to P3 (L. Jackson in prep.) (site 11, Fig. 1); approximate age 125 ka B.P.
(A Telka 1995: unpublished macrofossil reports MFRT 94-101 to 94-108).

HC, Hungry Creek, Unit 2b, sample 35 (Hughes et al. 1981) (site 9, Fig. 1); 40 ka B.P., interglacial or inter-
stadial (see text).

C2, sample A from Chrijee’s Bluff (Matthews et al. 189((site 4, Fig. 1); age: 52 ka B.P and younger than
125 ka B.P.

UP, Upper Porcupine River sample MRA6-19-75-8 and MRA 6-19-75-5, Bell Basin, Yukon Territory (site 6,
Fig. 1); age: mid Wisconsinan, i.e. approximately-38 ka B.P (37438490 yrs B.P.—T0-394; 368&B90

yrs B.P.—T0O-218). Note: these dates supercede previous dates grea"tﬁt ttaange published in Lowdon

and Blake (1980).

RR, Rock River exposure, Bell Basin (site 7, Fig. 1); age: approx 25 ka B.P. £29B6-TO-291).
Note: this date supercedes previous dates greatejr"thaange on the unit from which the sample comes
(Blake 1984).

32b, CRH-32 (site 3, Fig. 1), from organic residue associated with dated sample GSC-1191§30306.
B.P.) (Lowdon and Blake 1979). Numbers show the minimum number of individuals represented by the fossils.

Tk, Titilak River, Alaska sample 7D15 (Nelson 1982) (site C, Fig. 1); approximate age: 30-31 ka B.P.
MV, Mayo Indian Village section, interior Yukon (Matthews et al. 1998ite 10, Fig. 1); age: 26.9 ka B.P.
EC, Eva Creek sample 3-3C (Matthews 1968) (site E, Fig. 1); age: 24.6 ka B.P.

B1, Bluefish exposure samples REM 76-113, REM -112, REM 75-76 and REM 75-75, (site 5, Fig. 1); age:
approximately 20 ka B.P. based on date of 23D (GSC-3946) from sample REM 76-113 (Blake 1987).
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TaBLE 3. Insect and other arthropod fossils from late Tertiary sites in Canada, Greenland and Alaska. For sites, see
footnotes. For further details, see text.

Species Alaska YT NT Grn.
CcD LC Ng B2 Mg SF KK

INSECTA
Odonata
Family? + + +
Heteroptera
Lygaeidae
Genus? +
Pentatomidae
Elasmochasp. +
Saldidae
Chiloxanthus stellatuCurt.) +
Saldulasp. +
Teloleucasp. +
Tingidae, genus? +
Family? +
Homoptera
Cicadellidae
Athysanellasp. +
Deltocephalusp. +
Oncopsisp. +
Genus? + + + + + +
Fulgoridae
Bruchomorphasp. +
Psyllidae
Genus? +
Aleyrodidae, genus? +
Aphididae
Genus? +
Neuroptera
Sialidae
Sialissp. + +
Coleoptera
Cicindelidae
Cicindelasp. +
Trachypachidae
Trachypachusp. + +
TrachypachugibbsiLeC. +
Trachypachusf. holmbergiMnh. + +
Carabidae
Agonuncf. albipes(Fab.) +
Agonuncf. exaratumMann. + + +
Agonuntf. bicolor Dej.
Agonumcf. cincticolle Say
Agonuncf. consimileGyill.
Agonumsp.
Amara(Curtonotus sp.
Amara alpinaPayk. + + cf.
Amara bokoriCsi. ?
Amaracf. carinatalLeC.
Amaracf. colvillensisLth
Amaracf. glacialis Mann. + +
Amara hyperbore®ej. ? cf.
Amarasp. +
Asaphidion alaskanuw/ick. + + +
Asaphidion yukonendgpe A +
Bembidion (Chrysobracteosp. + +
Bembidion (Hirmoplataphusp. +

+ o+ + + +

+ +
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TaBLE 3. (continued

Species Alaska YT NT Grn.

CD LC Ng B2 Mg SF KK

Bembidion (Peryphanespp. +

Bembidion (Plataphodesp. + +

Bembidion (Plataphuspp. +

Bembidion (Trepanedorisp. + + +

Bembidiorcf. bimaculatumkby + +

Bembidion dyschirinurheC. + + cf.

Bembidion grapigroup + +

Bembidion grapiGyll. + cf.
Bembidiorcf. hastiC.R.Sahlb.
B. honestum-lapponicutype
Bembidiorcf. lapponicumZett.
Bembidion litorale/levettdype
Bembidiorcf. mckinleyiFall
Bembidion metallingroup
Bembidiorcf. nigripesKby +
Bembidion nigrungroup

Bembidiorcf. nitidum Kby +
B. Notaphus-aquiliferurtype +
Bembidion planaturheC. + cf.
Bembidiorcf. planiusculumMann. +
Bembidion sordidurgroup +

Bembidion sordidurkby cf.
Bembidion transparerSebl. +
Bembidiorcf. umiatense-th +

Bembidiorspp. + + + + +
Blethisacf. catenariaBrown + + +
Blethisacf. multipunctatal_. +

Blethisasp. + +

Carabus (Diocarabus3p. +

Carabus (Pancarabusp. +
Carabuscf. chamissonigisch. +

Carabuscf. nemoralistype A +

Carabuscf. nemoralistype B +

Carabuscf. taedatusFab. +

Carabus truncaticolli€schz. +

Carabuscf. vietinghoffiAdams

Carabusspp.

Chlaeniussp. +
Diacheila matthewdBdcher + +
Diacheila politaFald. +

Dromius piceu®ej. cf. +
Dromiussp. + +
Dyschiriodes* frigidugvlann. +

Dyschiriode<f. laevifasciatudHorn +

Dyschiriodes nigricornid/ots. +

Dyschiriode<f. variensFall +

Dyschiriodessp. + + + + +
Elaphrus americanugroup +

Elaphrus angusticolliSahlb. +
Elaphrus clairvilleikby + cf.

Elaphrus lapponicu&yll. + cf. cf. +
Elaphrus leconteCrotch +
Elaphruscf. olivaceusLeC. +
Elaphrus ripariuggroup +

Elaphrus sibiricusMots. +
Elaphrus tuberculatusakl. +
Elaphrussp. + + +
Harpaluscf. amputatusSay +

+ +
+ + + +

+
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TaBLE 3. (continued

Species Alaska YT NT Grn.

CD LC Ng B2 Mg SF KK

Harpaluscf. cordifer Not. +

Harpalussp. +

Harpalobrachyssp. +

Leistussp.

Miscodera arcticaPayk. +

Nebriacf. rufescensStrom +

Nebriasp + +

Notiophiluscf. aeneudHbst + +

Notiophilus aquaticuk. +

Notiophiluscf. bigutattusFab. +

Notiophiluscf. directusCsy +

Notiophilus semistriatuSay +

Notiophilussp + + + +

Opisthiuscf. richardsoniKby +

Patrobus septentrionide;. +

Patrobuscf. stygicusChaud. +

Patrobussp. + +

Pelophilacf. rudis LeC. +

Platidioluscf. vandykeiKurn. +

Platynus decentiSay +

Platynus mannerheinDej. +

Platynussp. +

Pterostichus (Derusyp. ?

Pterostichus (Lyperopherusp. + +

P. cf. adstrictusEschz. +

Pterostichu<f. circulosusLth +

Pterostichus costatuden. +

Pterostichus haematop ;. + + cf. +

Pterostichus patrueliBej. +

Pterostichus puctatissim&&and. +

P. cf. sublaevis].Sahlb. +

Pterostichus vermiculosiden. + cf. + + cf.

Pterostichus (Cryobiuspp. + + + + + +

P. (Cryobius) aurigdall +

P. (Cryobius) biocryuBall +

P. (Cryobius) brevicornigroup + +

P. (Cryobius) brevicornigby + cf.

P. (Cryobius)f. hudsonicud.eC. +

P. (Cryobius) kotzebu@all + cf.

P. (Cryobius) mandibularoideBall +

P. (Cryobius)f. middendorfiJ.Sahlb. +

P. (Cryobius) nivali$.Sahlb. + cf.

P. (Cryobius) pinguedinel&schz. +

P. (Cryobius) similidMann. +

P. (Cryobius) tareumiuBall + cf.

P. (Cryobius) tiliaceoradiBall +

P. (Cryobius) ventricosusschz. +

P. (Cryobius) ventricosugroup +

Pterostichusp. +

Haliplidae
Haliplussp. + +
Dytiscidae

Agabusct. affinis (Payk.) +

Agabuscf. anthracinusMann. +

Agabus bifariugKby) + + +

Agabus clavicornis/serricorniype +

Agabussp. ? + + +

Colymbetesp. + + +
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TaBLE 3. (continued

Species Alaska YT NT Grn.
CD LC Ng B2 Mg SF KK
Hydroporuscf. morio Aubé +
Hydroporussp. + + + + +
Hygrotussp +
llybius angustiolgroup +
llybius sp. ? +
llybiuscf. vittiger Gyll. +
Neoscutopterusf. horni LeC. +
Noterus crassicornigMull.) +
Oreodytes alpinus/laevigpe +
Oreodyte<f. sanmarki(Sahlb.) +
Oreodytesp. + + +
Genus? + + +
Gyrinidae
Gyrinussp. + +
Hydrophilidae
Cercyoncf. herceusSmet. +
Cercyonsp. +
Helophoruscf. frater Smet. +
Helophoru<f. nigerJ. Sahlb. +
Helophorus splendiduSahlb. +
Helophorus tuberculatusyll. +
Helophorusspp. + + + + +
Hydrobius fuscipetype +
Megasternum obscurufiviots.) +
Genus? + +
Hydraenidae
Limnebiussp +
Ochthebiusp. + + +
Georyssidae
Georyssusp. + +
Staphylinidae
Acidotasp. + + + +
Aleocharinae + + + + +
Arpediumsp. + + +
Athetasp. cf.
Blediussp + + + +
Boreaphilussp + + +
Carpelimussp. +
Coryphium hyperboreuiMékl.) +
Euaesthetusp. + +
Eucnecosump. + +
E. cf. brachypterum(Grav.) +
Gymnusap. + + + +
Holoboreaphilusp +
Lathrobiumsp. + +
Micralymma brevilinguéchigdt. + + +
Micralymmatype + + + +
Mycetoporusp. +
Olophrum boreal¢Payk.) +
Olophrumcf. consimileGyll. cf. +
Olophrumcf. rotundicolle(Sahlb.) +
Olophrumsp. + + +
Omaliinae, Coryphiini? + + +
Omaliinae, genus? + +
Oxytelinae, genus + +
Philonthussp. +
Pycnoglypta luridgGyill.) +

Pycnoglyptasp. + + + +
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TaBLE 3. (continued

Species Alaska YT NT Grn.
CD LC Ng B2 Mg SF KK

Quediusspp. + + + +
Q. (Raphirus) aenescegsoup +
Stenusp. + + + + + + +
Tachinus brevipenniSahlb. + +
Tachinusf. acuticusPopp. +
Tachinussp. + + + + + +
Tachyporuf. nimbicolaCamp.
T. cf. rulomusBlackw. +
Tachyporusp. + + + + +
Micropeplinae
Kalissus nitidus.eC. +
Kalissussp. A +
Micropeplus nelsonM&k. +
Micropeplus sculptuseC. +
Micropeplus tesserul@urt. +
Pselaphidae
Genus? + +
Elmidae
Genus? +
Silphidae
Phosphugaf. atratal. +
Pteroloma forsstroentiGyll.) +
Silphacf. opaca +
Silphacf. ramosaSay + +
Silphasp. +
Thanatophilusp. +
Leptodiridae
cf. Catopssp. +
Colonsp. +
Leiodidae
Agathidiumsp. + +
cf. Anisotomasp.
Genus? + + +
Ptiliidae
Acrotrichussp. +
Scydmaenidae
Genus? + + +
Histeridae
Platysoma (Cylister3p. +
Scarabaeidae
Aegialiacf. sabuleti(Panz.) +
Aegialiasp. + + + + +
Aphodiussp + + +
Helodidae
Cyphonsp. + +
Byrrhidae
Byrrhussp. + + +
Curimopsissp. +
Cytilus alternatugSay) +
Morychussp. + + +
Simplocaria elongat®ahlb +
Simplocariasp. + + + + +
Genus? +
Buprestidae
Genus? + +
Heteroceridae
Heterocerusp. +
Elateridae

+

+

+
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TaBLE 3. (continued
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Species

Alaska

YT

NT

Grn.

CD

LC

Ng

B2

Mg

SF

KK

Ctenicerasp.

Hypolithuscf. sandborniHorn)

Hypnoidussp.
Genus?

Cantharidae
Podabrus alpinugPayk.)
Podabrussp.

Anobiidae
Hadrobregmusf. pertinax(L.)
Genus ?

Bostrichidae
Genus?

Melyridae
cf. Amecocerus

Salpingidae
Genus

Anthicidae
Anthicussp.

Genus?

Cucujidae
Pediacussp.

Coccinellidae
Ceratomegillasp.
Genus?

Lathridiidae
Genus?
cf. Corticaria sp.
Stephostethusp.

Colydiidae
Bitomasp.

Cerambycidae
Genus?

Chrysomelidae
Cassida flaveoldhunb.
Chrysolina basilari{Say)
Chrysolina cavigergSahib.)
Chrysolinasubsulcatagroup
Chrysomelasp.

Donaciacf. distincta-subtilisgroup

Donaciasp.

Donaciinae
cf. Galerucasp.
cf. Graphopssp.
Hydrothassap.
Phaeodon cyanesce8$il
Genus?

Curculionidae
Apionsp.
Ceutorhynchusp.
C.cf. subpubesceriseC.
Cylindrocopturussp.
Dorytomussp.

Dryophthorus americanuBed.

Grypus equisetiFab.)
Homorosomap

Hylobiussp.

Hyperasp.

Lepidophorus lineaticolli&by

+ + + 4+

cf.

cf.

cf.

cf.

cf.

cf.
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TaBLE 3. (continued

Species Alaska YT NT Grn.
CD LC Ng B2 Mg SF KK

L. cf. pumilisBuchanan +
Lepidophorusp cf. +
Lepyrusspp. + +
Lixellussp. +
Magdalussp. +
Notaris aethiop&ab. +
Notaris bimaculatuntype + +
Notaris flavipilosuChitt. +
Notarissp. + + +
Otibazosp. +
cf. Otiorhynchusspp. +
Phyllobiussp. +
Pissodesp. + cf.
Rhynchaenusp. + + +
Rhyncolusp.
Sitonasp.
Stephanocleonisp. + +
Vitavitus thuliuiss. + +
Vitavitussp. + +
Genus? + +
Scolytidae
Pityophthorussp. +
Scierussp. + +
Scolytusp +
Genus? + +
Lepidoptera
Family? +
Trichoptera® +
Hydropsychidae
Arctopsychef. ladogensigKol.) +
Limnephilidae
Arctoporacf. pulchella(Banks) +
Hydatophylasp. +
Limnephilus subcentraligrp +
cf. Limnephilus +
Limnephilini, genus? +
Calamoceratidae
Heteroplectrorcf. americanum(Walk.) +
Molannidae
Molannacf. uniophilaVorh. +
Family?? +
Diptera +
Tipulidae
Tipula (Vestiplexyp. +
Tipulasp. + +
Chironomidaé
Abiskomyiasp. + +
Chironomudype + +
Corynocera ambiguZett. cf.
Diamesasp
Endochironomusp.
Microspectrasp.
Orthocladiinae, genus?
Orthocladiussp
Psectrocladiusp.
Sergentissp +
Tanypodinaeindet.
Tanytarsiniundet. +

+

+ + + +

++ + ++++ o+

+
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Species

Alaska

Grn.

CD LC Ng

KK

Genus?

Brachycera?
Cyclorrhapha
Schizophorap.
Xylophagidae
Xylophagus abdominallsoew
Xylophagusp.

Family?

Hymenoptera®

Symphyta

Tenthredinidae
Dolerussp.

Nematusp.
Genus?

Siricidae
Uroceruscf. gigas (L.)
Family?

Apocrita

Ichneumonoidea

Braconidae
Agathidinae
Chelonus (Microchelonusp.
Chelonussp.
Ichneutesp.

Meteorussp
Rogassp.

Ichneumonidae
Anomalinae
Atractodessp.
Banchinae, genus?
Bathythrixsp.
CampopleginaeSinuphorusp.
Cremastinae
Hyposoteisp.
Ichneumorsp.
Mesochorusp.
Phygadeuorsp.
Orthocentrinae, Genus?
Pimplinae, Genus?

Chalcidae
Genus?

Torymidae
Megastigmusp.

Pteromalidae
Pteromalini
Genus?

Eurytomidae
Eurytoma gigante&Valsh

Megaspilidae
Conostigmus

Diapriidae
Belytinae, genus?
Genus?

Formicidae
Camponotusf. herculeanugL.)
Formicatype
Myrmica alaskensig/pe*
Myrmicasp.

+ 0+ 4+

+ +

+

+ o+ o+ +
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Species

Alaska

YT

NT

Grn.

CD LC

Ng

B2

Mg

SF

KK

Genus?
Apidae
Bombussp.
Pyrobombusp.
Genus?
CRUSTACEA
Cladocera
Daphnia (Daphniapp.
Daphniasp
Notostraca
Lepidurissp.
ARACHNIDA
Acari
Mesostigmata
Gamasida (Hypoaspidinae)
Hypoaspisp.
Trachytidae
cf. Trachytessp.
Prostigmata
Oribatid&
Camisiidae
Platynothrus peltife(C.L. Koch)
Cepheoidea
Cepheus coradacot
Cepheusp.
Tritegeuscf. major Gol. & Karp.
Tritegeussp.
Damaeidae
cf. Epidamaeusp.
Epidamaeus arcticolugdam.)
E. fortispinosusiam.
Damaeidae undet.
Megeremaeidae
Megeremaeus keewath-P.
Eremaeidae
Eremaeusp.
E. translamellatugiam.
Proteremaeus macleaBi-P.
Astegistidae
Astegistesp.
Metrioppiidae
Ceratoppia bipiligHerm.)
Ceratoppia rotundirostri©rouk
Ceratoppia quadridentatgHam.)
Metrioppia helvetic&Grandi.
Tectocepheidae
Tectocepheus velat(iichael)
Hydrozetidae
Hydrozetespp.
Limnozetidae
Limnozetespp.
L. lustrumB.-P.
Zetomimidae
Heterozetesp.
Ceratozetidae
Ceratozetesp.
Diapterobatesf. variabilis Ham
Melanozetes meridiangzlin.

+ o+ o+ o+

D+

cf.

+

+ + + +

+

cf.

cf.
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TaBLE 3. (continued

Species Alaska YT NT Grn.
CD LC Ng B2 Mg SF KK
Fuscozetesp. +
Neogymnobatesp. +
Sphaerozetesp. +
Sphaerozetes piriform{dlic.) +
Sphaerozetes castanddiam +
Trichoribatessp. + +
Trichoribates polarigHam. + +
Mycobatidae
Mycobates conitudam. +
Mycobatesp. + +
Punctoribatesp. +
P. cf. hexagonuserl. + +
?

P. quadrivertexderbert
Phenopelopidae

Eupelopssp. + +

E. cf. occultus(C.L. Koch) +

Propelops groenlandicuSelln. +
Achipteriidae

Achipteriaspp. + +

Achipteriacf. latiteca(Berl.) +

Parachipterasp +

Parachipteracf. nivalis Ham. +
Tegoribatidae

Lepidozetesp. +

Tegoribates americanugam. +
Galumnidae, genus? +
Araneae
Lycosidae

Genus? +
Linyphiidae

Erigonesp. +

*Formerly Dyschirius

Sites:
CD, Cape Deceit Formation, Cape Deceit site (site A, Fig. 1), western Alaska; age: 1.8 ma B.P.?

LC, Lost Chicken site (site F, Fig. 1), east central Alaska; age: 3 ma B.P. (late Pliocene).

Ng, Niguanak exposure (site D, Fig. 1), Alaska North slope; age: Pliocene?

B2, Bluefish exposure, Old Crow region of Yukon (site 5, Fig. 1); age: Pliocene?

SF, Beaver pond deposit, Strathcona Fiord (site H, Fig. 1), Ellesmere Is., Northwest Territories; age: Pliocene?

Mg, Meighen Island, Queen Elizabeth group (site G, Fig. 1), Northwest Territories; Combination of sites ap-
prox. 3 ma (late early Pliocene) (Matthews et al. unpublished 2).

KK, Kap Kgbenhavn site (site I, Fig. 1), northern Greenland; age:532ma B. P. (late Pliocene). For a com-
plete list with extended comments see Bocher (1995).

!|dentified by N. Williams, Scarborough College, University of Toronto, Ontario.

2 |dentified by I. Walker, Queens University, Ontario.

% |dentified by W. Mason, Biosystematics Research Institute, Ottawa, Ontario.

4|dentified by André Francoeur, Université du Québec a Chicoutimi, Chicoutimi, Québec.

5 |dentified by V. Behan-Pelletier, Biological Resources Division, Centre for Land and Biological Resources
Research, Agriculture Canada, Ottawa, Ontario.
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A few Psyllidae are represented in fossil assemblages by flight wings and some can be
identified to genus on the basis of wing venation. The tiny heads of the psyllids are much
rarer.

Only in exceptional instances are fossils of aphids found, and none of the sites is from
the Yukon. However, the deposits on Meighen Island show that in certain contexts, aphid
fossils as old as 3 ma B.P. (Fig. 3h) occur. Of course, they are not preserved as well as aphids
found in amber.

Neuroptera. The distinctive mandibles of alderflieSidlis) have been seen in a few
subarctic northern samples and can be expected to occur eventually in Yukon assemblages,
particularly those representing warmer-than-present climates. None has yet been found in
Yukon assemblages.

Coleoptera. Beetles dominate most fossil assemblages largely due to the fact that their
bodies are thickly sclerotized. The fragments represent all parts of the coleopteran body with
pronota, heads and elytra providing the best characters for identification.

On rare occasions, beetle fossils are preserved as nearly whole individuals, allowing the
examination of genitalia and potential studies of gut contents and other soft tissues. This
type of preservation is typical of specimens from autochthonous peats. Even the Yukon
fossils that consist of disarticulated fragments exhibit excellent preservation because the
prevalence of permafrost in the Yukon assures that most of them have probably been frozen
since shortly after their deposition. The protective aspects of burial in permafrost are
undoubtedly responsible for some examples of exceptional preservation of isolated frag-
ments. At one site in western Alaska, many of the elytra of the staphylinid Daetlimus
apteruscontained the flight wing attached to the underside. This condition occurred in
samples ranging from early Pleistocene to late Pleistocene, enabling the documentation of
flight-wing reduction over a span of some 2105 million years (Matthews 1974, 1975).

Fossils of beetle larvae are relatively rare, though they do occur in most assemblages
where a great number of fossils have been examined. The most commonly encountered larval
fossils are mandibles and fragments of heads. At the late Pliocene Lost Chicken site near the
Alaska/Yukon border (site F, Fig. 1), nearly complete silphid larvae occur in an
autochthonous peat that also contains articulated fossils of adult beetles. Such good preser-
vation of larvae is a rarity, even for autochthonous peats, and may be due to the fact that the
peat in question is partly cemented (Matthews et al. unpublished 1).

Coleopteran fossils occur in almost every sample studied to date. The composition of
the fossil assemblages is dictated largely by the origin of the sediments in which the fossils
occur and by taphonomy (postmortal history of transportation, degradation, burial, etc.).
Autochthonous peats, as the name implies, contain mostly insects and other arthropods that
occupied the site of peat formation, but in many instances the abundance of fossils is low
compared to allochthonous deposits, such as river alluvium, which potentially can contain
fossils representing all of the biotopes or environments within the drainage basin. Fossil
assemblages from alluvium are usually dominated by local taxa, i.e. those that presently live
on river banks and adjacent habitats; however, taphonomic factors may also skew their
composition. For example, some of the fossils in any assemblage may be rebedded from
older sediments deposited when climate conditions were different from those prevailing
during deposition of the majority of fossils. Secondly, some fossils have shapes which cause
them to be readily sorted when transported by water. The wepidophorus lineaticollis
lives along sandy floodplains beneath willows where it likely feeds on roots. Because of this
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Fic. 3. a, Right elytron of moderksaphidion yukonens&ickham (Coleoptera: Carabidae) compared with fossil
elytron (b) from the Lost Chicken mine (site F, Fig. 1)—note the less developed bare patch on the Lost Chicken
specimen, which also has microsculpture, unfkeyukonensec, Derephysia foliacegFallén) (Heteroptera:
Tingidae), pronotal fragment, Bluefish exposure (site 5, Fig. 1), late Pleistocene; d, Whitefly (Homoptera:
Aleyrodidae), Beaver Peat (site H, Fig. 1), Ellesmere Island, Pliocedgyretjphila staudingeri(Mdschler)
(Lepidoptera: Noctuidae), head, Upper Porcupine site (site 6, Fig. 1), mid Wisconsinan (e.g. approx. 38 ka B.P.);
f, Euxoa churchillensigMcDunnough) (Lepidoptera: Noctuidae), head, Upper Porcupine site (site 6, Fig. 1), mid
Wisconsinan; gQtibazosp. (Coleoptera: Curculionidae), head showing slightly developed eye, Lost Chicken (site
F, Fig. 1), Pliocene (3 ma B.P.); h, Aphididae (Homoptera), ventral view of nearly whole specimen, Meighen Island
(site G, Fig. 1), Pliocene (approx. 3.2 ma B.P.). Scale bars 0.5 mm.

habit, its fossils are abundant in most Yukon assemblages derived from alluvium; but in
some, heads dominate; in others elytra or pronota dominate.

Trichoptera. Nancy Williams (e.g. Williams and Morgan 1977) has been at the forefront
in showing that fossils of larval head capsules of caddisflies can be identified, often to genus
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and species. Such fossils occur rarely in Yukon samples, probably because most of the
samples studied to date do not come from lacustrine sediments, and larval fragments are
unlikely to be buoyant enough to be flushed into alluvial systems. There are mountain-stream
species (Wiggins 1997), but that biotope is rarely represented in the fossil record.

Fossil caddisfly cases occur more commonly than the frontoclypeal fragments. Some
of these cases can be identified tentatively to family or superfamily groups. To date fossils
of adult caddisflies have not been observed except in recent samples (see Table 1 and below).

Lepidoptera. Many Yukon samples contain nondescript mandibles of larval Lepidoptera,
but identifiable fragments, of either larvae or adults, are rare. One exception to this statement
are the delicate yet well preserved head&auxdoa(Fig. 3f). While they lack scales, the heads
nevertheless retain delicate structures such as the pilifers. The noctuid fossils from one of
the sites show that it is not always necessary to obtain species determinations in order to
derive palaeoenvironmental data. For example, all of the noctuid fossils from the upper
Porcupine sample (site 6, Fig. 1; Table 2) have ellipsoid eyes, a character typical of tundra
species (Lafontaine and Wood 1988). One of them (Fig. 3f) can definitely be referred to the
treeline specieguxoa churchillensisA few samples contain an unusual abundance of
lepidopteran larval mandibles; the most notable of these is the sample from the late
Pleistocene part of the Bluefish exposure (site 5, Fig. 1; Table 2). Noctuids (cutworms) are
known to undergo plague-like outbreaks, even in northern areas, and this may be what is
indicated by the abundance of mandibles in some samples.

Diptera. The tables show that Yukon fossil assemblages almost always contain some
fragments of Diptera. Chironomid larval head capsules are usually present, but with rare
exceptions and not in the numbers typical of lake sediments. More informative chironomid
faunas come from lake cores, such as those collected for pollen analysis. None of the
assemblages discussed here comes from cores and in general the study of chironomids from
lake sediment cores in the Yukon has not progressed as far as at more southern sites, e.g.
British Columbia (Walker 1987).

Ovipositors of crane flies or the caudal plates of the larvAglophaguccur in many
samples. Many samples also contain a few puparia. Some sediments associated with frozen
carcasses and bones contain literally thousands of calliphorid puparia. In atleast one instance
(Guthrie 1990) the absence of such puparia around a frozen carcass provides as much
information on the history of the carcass as their presence. Most calliphorid puparia seen in
carrion-related samples are empty. A few, however, contain the remains of unemerged
flies—either the calliphorid adults or possibly even tachinid parasites. Such fossils remain
to be studied in detail by dipterists.

Some samples from pond and alluvial sediments contain a few fragments of other
Diptera—heads and flight wings of bibionid flies and thoracic and head fragments of higher
flies. An exceptional fossil is the male hypopygium with well preserved gonostyli and
mesolobus of the anthomyiid fRelia hudsonicdGriffiths 1993).

Hymenoptera. Heads, mandibles and thoracic fragments of Formicidae occur in almost
every sample, and some of these can be identified by appropriate experts. Also present in
most samples are heads and thoracic fragments of ichneumonids and braconids, and rarely
other families such as the Diapriidae. There is great potential for identification of such fossils
when studied by appropriate specialists. As with all of the groups mentioned here, once
Hymenopteran fossils are studied in detail, they too will reveal distributional and taxonomic
surprises.
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Arachnida. A few of the sites discussed in this chapter contain fossils of spiders, usually
parts of the cephalothorax. In rare instances male palps have been found, potentially enabling
specific determinations. More detailed study of the finer fractions of samples would
undoubtedly result in discovery of more spider fossils, but they will always be rare compared
to the other major arachnid group represented by fossils—oribatid mites.

Study of fossil oribatids is well advanced in Russia (Golosova et al. 1985; Krivolutsky
and Druk 1986). Such efforts are in their infancy on this continent. Nevertheless, the oribatid
fossils (identified by V. Behan-Pelletier, Biological Resources Division, Agriculture Can-
ada) listed in the tables clearly reveal the potential for such studies in arctic and subarctic
regions. In particular, the find &froteremaeus macleafriom a late Tertiary sample in the
arctic (Behan-Pelletier and Ryabinin 1991) shows that oribatid fossils have the same
potential as do fossil Coleoptera for revealing major, and sometimes totally unexpected,
distributional changes through time.

In addition to oribatid mites, rare finds of other types of mites have been made, mostly
from sites located outside the Yukon. One of the most spectacular finds is a nearly complete
gamasid mite (Mesostigmata) from the43ma B.P. Beaver Peat site on Ellesmere Island
(site H, Fig. 1) (Matthews unpublished). Though much rarer than oribatid mites, fossils
representing other mesostigmatid mites have been found at some sites quite near the Yukon.
One such fossil comes from the Niguanak site (site D, Fig. 1).

Selected Faunas

A complete recounting of all available data on fossil insects from the Yukon is beyond
the scope of this chapter. Instead we discuss selected faunas of different ages and origins.
Many of the faunas come from riverbank exposures such as the one in Fig. 2. Such sites are
abundant in the northern Yukon due to its unique geological history.

Because this book is concerned primarily with the extant fauna, the discussion will
proceed from the extant fauna backwards in time rather than from oldest to youngest as is
the norm for geological studies. The starting point of the discussion is the extant fauna, or
rather the way in which the extant fauna is represented in the modern sedimentary record.

Extant Faunal Remains.lt is important to emphasize that the study of fossils cannot be
conducted without an adequate knowledge of the present-day fauna. A step removed from
the modern fauna is the modern fauna as represented in a postmortal state. It can be very
enlightening for understanding fossil assemblages to begin by examining recently dead
insects, after they have become disarticulated, setae and scales fallen off and all soft,
lightly-sclerotized tissues decayed. Such fragments occur in many modern sediments such
as recently deposited river alluvium.

During the past decade an important part of our study of the environmental history of
the Yukon and adjacent areas of Alaska and the Northwest Territories has been the collection
and study of insect and plant fragments found in recently deposited sediments. The insect
fauna from 2 such samples is shown in Table 1. Sample 1 comes from the organic detritus
along the shoreline of several thermokarst or “thaw lakes” in the Old Crow Basin. The second
(sample 2, Table 1) represents finely disseminated debris occurring along a marine shoreline
east of the Tuktoyaktuk Peninsula in the Northwest Territories.

Thaw lakes or thermokarst lakes, such as the one that yielded sample 1 in Table 1, are
a special type of aquatic environment that is prevalent in regions underlain by permafrost.
The combination of ice-rich organic sediments and shallow-water wave action causes parts
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of the lake shoreline to be littered with wave-washed debris derived from the eroded
sediments. The process gives thaw-lake fossil faunas and floras very distinctive charac-
teristics. They may contain a few fossils of aquatic insects, but are dominated by terrestrial
forms that lived on or in the terrain that the thaw lake has eroded. The number of strictly
aquatic organisms is low because of the abundance of terrestrial fossils entering the system
plus the fact that thaw lakes are normally turbid and freeze to the bottom, limiting the
diversity of the resident aquatic community. Sample 1 in Table 1 exemplifies a typical
thaw-lake assemblage.

Thaw-lake samples are worthy of examination by entomologists studying the modern
fauna of a region, because the sorted debris represents many square metres of a terrestrial
environment and some samples contain rare species. For example, the fauna of sample 1
contained an elytron of the ground be@&ldaeniusniger, a species not previously known
to occur in the Yukon (Lindroth 196569).

Holocene FaunasThe Holocene interval encompasses approximately the last 10 000 years
(10 ka B.P.) and is considered to represent an interglacial warm period similar to but certainly
not identical to the other interglacial periods of the Quaternary.

Northern Yukon and Alaskan Coastal Plaimfwo of the samples in Table 1 (BR and IR,

locs. B and 1, Fig. 1) represent the early Holocene on the arctic coastal plain about 9600 years
ago. As discussed earlier, that was a time when solar insolation peaked at latithde 60
(Ritchie et al. 1983; Ritchie 1984). Treeline expanded somewhat and pBolpudu$ grew

as far north as the northern coast of Alaska and the Yukon. The few isolated poplar stands
that remain there today are probably relicts of this early Holocene warm period.

Nelson (1987) tabulated more than 1000 individual beetles, representing more than 100
taxa (60 named species) at the Ikpikpuk site. It resembles the BR assemblage, containing a
few of the same southern species. Unlike the lkpikpuk assemblage, the Blow River list
includes a number of non-coleopterous fossils such as larval Trichoptera, the larval chiro-
nomidGlyptotendipegFig. 3), adult leafhopper®fiotura and possiblyMemnonid as well
as a large number of hymenopteran fragments.

Old Crow Basin.Sample 44 in Table 1 (site 2, Fig. 1) comes from autochthonous deposits
of a wet depression that formed between 8.2 and 8.5 ka B.P. The numbers listed in the Table
are the minimum number of specimens of each taxon in the sample. Even though the total
number of Coleoptera individuals is much smaller than in the Ikpikpuk fauna, the aquatic
and near-aquatic nature of the sediments is clearly shown by the abundance of beetles such
as Euaesthetus, Stenus, Gymnusa, Dyschiriodes nigricamd88embidion transparens
Rarer are the carabBembidion sordidurand the weevilLepidophorus lineaticollishoth
beetles that live near river margins. Most of the species in the assemblage occur today both
within and outside treeline; though a few, such as the bdé#iesocerus, Micropeplus
tesserulaand Agonum quinquepunctatuare more common within forested regions and
show that treeline was probably close by. This conclusion is not so clearly indicated by the
plant fossils, which are dominated by seeds of shrub birch. Like some of the others in Table
1, the 44 assemblage contains a few fossils of rare beetles. Two important examples are the
carabidsPterostichus circulosusndCarabus maeandeEither these species are rarer now
than they were 8000 ago or they are simply rarely collected today.

Sample 32a (site 3, Fig. 1) is also from the Old Crow basin and is approximately the
same age (8 ka B.P.) as sample 44. Its fauna is much less diverse. Only half of its taxa
(minimum of 36 species) also occur in the 44 assemblage, which is only several hundred



946 J.V. Matthews Jr. and A. Telka

years older. However, many of these are species or genera typical of drier sites. Among the
2 samples are several fossils of bark beetles, which undoubtedly means that trees were
growing near the site, a fact confirmed by the presence of many spruce fossils. Both samples
32a and 44 accumulated in a former lake basin which was already partly dissected by an
early version of the Old Crow River. If wetlands existed, they were the type normally
associated with permafrost phenomena such as thaw lakes and other wet sites formed where
ice wedges grow and melt. The difference between the 2 sites may be as subtle as one being
located near a grove of conifers in a largely treeless region, a common condition today, while
the other was in an open tundra-like site well away from trees. Alternatively, site 32a may
have been closer to or within regional treeline, whereas site 44 was beyond treeline. Pollen
data from the 2 sites show marked differences in the percentage of spruce. Pollen and plant
macrofossils from other sites near the Old Crow basin confirm that 8 ka B.P. was a time of
expanding treeline (Ovenden and Brassard 1989; Cwynar 1982).

Eagle River.Like sample 32a, the Eagle River assemblage (ER, Table 1) is a small sample
collected primarily fot“C dating. The sediments represent organics deposited in a depres-
sion formed partly by local thawing starting around 9 ka B.P. The entire 10 metres of fill of
this depression is available for study, but so far only the basal organics have been examined
(Blake 1984). In general, the insects agree with the plant macrofossils in portraying a poorly
drained depression which was occasionally filled with water (note several dytiscids and
Gyrinug. The importance of this sample is that it represents the time immediately before
the movement of spruce into the region. Detailed study of an entire suite of samples from
this site could potentially reveal the same type of differential climatic response by plants and
insects as was shown in the classic report by Coope and Brophy (1972). The plants from the
ER site hint that a detailed study of the insects might yield some surprises. Among the plant
fossils are achenes Bidens a weed considered by most botanists to be introduced (e.g.
Hultén 1968).

Late Wisconsinan.The samples grouped under the heading “Late Wisconsinan” (Table 2)
refer to the time between approximately 30 ka and 10 ka B.P. and represent the transition
from interstadial, or moderately warm climates of the Wisconsinan glacial period, to the
maximum cold of about 20 ka B.P. Sample Tk (Table 2; site C, Fig. 1) is from the North
Slope of Alaska, the same region from which the Holocene IR sample (Table 1) comes (see
Fig. 1 and Nelson 1976, 1982). Its age is approximatehBBka B.P.

Northern Yukon.Sample 32b (Table 2; site 3, Fig. 1) comes from the same Old Crow Basin
section as 32a (Table 1; Fig. 1, site 3). Although the number of individuals represented in
32b is small, fragments of one species of wedwdphidophorus lineaticollisdominate
Comparison of the plant macrofossil assemblages reveals even greater differences: virtually
no spruce fossils occur in 32b, but they are abundant in 32a.

The Rock River section (RR, Table 2; site 7, Fig. 1) is only one of several in the Bell
Basin that have yielded abundant insect fossils. A nearby site is the “Upper Porcupine
Section” from which comes one of the richest insect assemblages yet discovered in the
Yukon (see below: Mid-Wisconsinan assemblages). Though most of the Upper Porcupine
fossils discussed here are of mid-Wisconsinan rather than late Wisconsinan age, one
fossiliferous level at Upper Porcupine is dated at 13.5 ka B.P., which places it at the end of
the late Pleistocene—a time when climate was starting to warm rapidly and shrub birches
were again growing in the northern Yukon. Only a summary of insects (grouped as ecological
categories) from that level has been published (Hughesl&&l; Matthews 1982, 1983),
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and even though the use of such ecological groups for interpretation of fossil insect data is
subject to certain biases (Elias 1994), ecological composition of the 13.5 ka B.P. material
shows clearly that it lacks a modern analogue. Apparently it represents a dry, possibly cold
environment that was almost steppe-like in places. Plant macrofossils from the sample
support this conclusion. Among them are seeds of various grass species as well as several
representing the chenop@brispermumbugseed), a dry-site plant that is very rare in the
present-day Yukon.

Another important late Wisconsinan site from the Yukon is the Bluefish section in the
Bluefish Basin near Old Crow (B1, Table 2; site 5, Fig. 1). The sediments were deposited
by a low-gradient stream emptying into the glacial lake that occupied Old Crow and Bluefish
Basins during the late Pleistocene. The assemblage of fossil insects in this sample is rich,
including fragments representing groups such as the Plecoptera and noctuid moths. As with
other late Pleistocene assemblages, fossils of the byrrhid Bleetlehussp. and the weevil
Lepidophorus lineaticollislominate, indicating prevalence of dry local conditions. What is
most interesting about this particular sample is that the associated plant fossils provide the
best evidence available for existence of steppe-like conditions in East Beringia. The sample
is unique, for example, in containing floretsAotemisia,some of which match those of
A. frigida. Modern Artemisia frigida grows exclusively on south-facing slopes and is
considered to be a relict of former steppe-lands of late-Pleistocene Beringia (Yurtsev 1982).
Among the other plant fossils are abundant see@sehopodiunand other taxa that might
be expected to grow in a dry, scantily vegetated environment.

One of the unique insect fossils from this unit is a pronotum of the ladedraghysia
foliaceae(Fallén) (Heteroptera: Tingidae) (Fig. 3c). This species was found only recently
in North America (Lattin 1987). It has been collected in alpine meadows in western Oregon.
The fossil find shows that this species was probably distributed through Beringia during the
late Pleistocene, and this is the time and the route for its most recent arrival in western North
America. Furthermore, its occurrence today in alpine meadows is intriguing, because such
meadows may be the one habitat that comes closest to mimicking the extinct steppe-like
habitat that we believe existed over parts of Beringia during the late Pleistocene (Guthrie
1990).

Central Yukon.The Mayo Indian Village assemblage (MV, Table 2; site 10, Figt*T),

dated at 26.9 ka B.P., is also comprised of fossils deposited as detritus in a river. Its taxa do
not display the obvious incongruities of the Rock River and Upper Porcupine assemblages
and probably, like the associated plant fossils, represent a time when climate was too cold
for forests in the region. Aside from this, the assemblage is of limited entomological interest
because of its low diversity. Though the diversity of insect fossil assemblages can be
expected to be partly a function of climatic severity, it does not follow that all samples from
times known to be severely cold will be equally impoverished. For example, a fossil fauna
from Alaska (Eva Creek : EC, Table 2; site E, Fig. 1), is much richer in species than the
Mayo Indian Village fauna, but represents a time when climate was equally cold and limiting
(Matthews 1968). The higher diversity probably results from the fact that the Eva Creek
sediments represent a greater number of local habitats or biotopes than Mayo Indian Village
beds.

The carabid subgenu@ryobiuscontains a number of very similar species that are
the predominant ground beetles in arctic regions (Ball 1963, 1966). Fossils of this group
occur in almost every insect assemblage from the Yukon and Alaska. The diversity of species
is particularly high at Alaskan sites, such as the late Wisconsinan Eva Creek sample
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(EC, Table 2), and the 12 ka B.P. Cape Deceit fauna (Matthews 1974). Eva Creek fossils
accumulated in a different manner than most of the fossils in assemblages from the Yukon.
However, this difference probably is not the complete explanation for the difference in
diversity ofCryobiusat Yukon and Alaskan sites. During glacial periods, the Yukon was a
cul-de-sac for dispersing organisms. The unglaciated parts of the Yukon are predominantly
upland. In contrast, unglaciated landscapes in Alaska were more varied, signifying a greater
diversity of tundra-like environments than existed in the Yukon. This distinction may also
explain other differences between Alaskan and Yukon late Wisconsinan faunas.

Carcass SamplesSeveral fossil insect faunas from the Yukon and adjacent Alaska are
associated with the remains of Pleistocene mammals. In one instance, the fossils are in the
sediments containing bones of a mammoth which, accorditfigtdating, likely died of
old age more than 39 900 years ago. Abundant fly puparia and the presence of fragments of
carrion feeders such &fpha lapponicahow that the carcass was available for scavenging
for some time after death of the old mammoth. In contrast, none of the insects from the
famous mid-Wisconsinan “Blue BabBison(Guthrie 1990) were carrion feeders, support-
ing other evidence that shows the animal died in winter and was buried and frozen prior to
the following summer. Other insect faunas have been recovered from the cranial cavity of a
bison which was believed to have drowned in the lake occupying Old Crow basin 12.1 ka B.P.
Archaeological sites have also yielded informative insect faunas, some sites providing
very rich assemblages that include elements of the fauna that normally are rare. The only
such site in the Yukon at which insects have been studied is Bluefish Cave in the Old Crow
region (Cing-Mars 1979). The fossils in that small assemblage appear to indicate the same
type of arid cold conditions that are suggested by the “mammoth fauna”. One of the dominant
taxa is the byrrhidMorychussp, which in east Siberia is considered an indicator of steppe
conditions. Along witiMorychusthe Bluefish Cave fauna included remains of the weevil
Vitavitus thulius another beetle typical of very dry sites, such as fell-field, today (Anderson
1997). It probably inhabited a type of steppe-meadow during the late Pleistocene. As
mentioned earlier, numerotfC dates on bones from the caves (J. Cing-Mars, pers. comm.
1994) show that the members of the complex “mammoth fauna” actually did live together
in East Beringia. The small insect fauna associated with the bones is also of the type expected
of a cold dry steppe-like site.

Mid-Wisconsinan AssemblagesThe mid-Wisconsinan covers the interval of time from
about 80 ka B.P. to a little less than 30 ka B.P. It was a time of variable climate. Overall, it
was warmer than during the previous and following (late Wisconsinan) cold intervals, but
seldom, if at any time, as warm as the present and certainly not as warm as the last interglacial.
The variability of climate over the 50 000 years of this interval has resulted in distinctly
different and rich fossil insect faunas and floras. Some of the these faunas are among the
most taxonomically diverse seen from any Quaternary site in the Yukon or Alaska.

Chijee’s Bluff. Ch'ijee’s bluff (C2, Table 2; site 4, Fig. 1) is an important fossil locality

near Old Crow (Fig. 2). It has yielded important palaeoenvironmental information including

a number of rich fossil insect assemblages. Some of these come from an autochthonous peat
of probable mid-Wisconsinan age (e.g. approximately 60 ka B.P.) (Matthews et &l). 1990
Among a number of fossils, it contains the distinctive caudal plates of larGtero€era
sjaeandica,an elaterid beetle. Such fossils of immature insects, especially the thickly
sclerotized parts, occur in a few Yukon insect assemblages.
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Upper Porcupine LocalityOne of the richest fossil insect assemblages from the Yukon
comes from a section on the Upper Porcupine River in the Bell Basin (UP, Table 2; Fig. 1,
site 6) dated at approximately 38 ka B.P. As with many of the assemblages discussed here,
the fossils are allochthonous, having accumulated in river sediments. According to both
insect and plant macrofossils (Matthews unpublished data), the environment at the time of
deposition was a spruce parkland with numerous dry treeless openings. Although the dry,
treeless openings were not true tundra, they may have harboured a number of tundra insects.
Some of them, e.g. noctuid moths, have rarely been seen as fossils (Fig. 3e, f).

Another unique fossil from this assemblage represents tBelig hudsonicariffiths
(Anthomyiidae). This find in particular is interesting both because it shows that this species
existed in Beringia as part of the Beringian fauna, well west of its present known limit
(Griffiths 1993), but also because of the unusual nature of the fossils. The fossil consists of
a “male hypopygium with gonostyli and mesolobus well preserved” (G.C.D. Griffiths, pers.
comm. 1993). Preservation of such delicate fossils is rare in most Yukon assemblages, but
not the ones from the Upper Porcupine locality. For example, in spite of the fact that the
deposits are water-lain, some of the fossils are articulated—even possessing antennal
fragments, while others, such as some of the weevils, still possess the scales which clothe
the animal in life. For example, while weevil fossils are common in Yukon and Alaskan
Pleistocene faunas, the fossils seldom preserve the delicate scales that often clothe weevils.
Many specimens from the UP assemblage possess such scales.

Hungry Creek. Another relatively rich mid-Wisconsinan insect assemblage from farther
south in the Yukon comes from the Hungry Creek section (HC, Table 2; site 9, Fig. 1). The
fossiliferous sediments have been variously referred to a mid-Wisconsinan interstadial and
the last interglacial, a difference of up to 90 000 years. All that is known for certain is that
they are definitely older than 39 900 years (Hughes et al. 1981) and hence clearly not of late
Wisconsinan full-glacial age.

The HC fossils come from what appear to be deltaic sediments deposited near the shore
of a large lake; consequently, the fossil assemblage is diverse, representing many different
biotopes. It contains a mixture of arctic and boreal forms, much like the Upper Porcupine
locality.

Presence of fossils of arctic insects does not rule out the possibility that climate was
warmer than present. It probably means only that open, well drained sites were abundant,
unlike present boreal forest. Such conditions might be promoted by a climate warm enough
to cause significant degradation of permafrost. Fossils of beetles sGbiteasius niger,
Notiophilus sylvaticus, Gyrinus, Syntomium, Micropeplus laticollis, Hylolsind,Car-
phoborusin the HC assemblage indicate strongly that climate was as warm or warmer than
at present. The fact that climate can warm drastically yet habitats still persist that are suitable
for arctic insects is perhaps a clue as to why some Coleoptera have evolved so slowly. Even
during periods when regional climate was unfavourable, almost any area would have
contained a few sites suitable for survival of species not otherwise expected to occur in the
region. Of course this would not be the case for phytophagous insects that were linked to a
particular plant. One might expect to see evidence of evolution within those groups, even
during the Quaternary.

Fossils of the carabid beelmtiophilus sylvaticuat Hungry Creek are a great surprise.
Today, this distinctive species has a coastal distribution, but ascends to alpine sites (Lindroth
1961-69; Lindroth 1969). It probably disappeared from the central Yukon as a result of late
Pleistocene climate. The late Pleistocene with its severe climate was undoubtedly a severe
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Fic. 4. Selected arthropod fossils from the interglacial beds at Ch'ijee’s Bluff (site 4, Fig. 1). a, Pronotum of
Bradycellus leconteCsiki (Coleoptera: Carabidae) (GSC-98847)—the small white dots on the pronotal surface
mark post-mortal pits that characterize the degradation of insect cuticle; b, Fused elytra of the bark beetle
Pityophthorus opaculuteConte (Coleoptera: Scolytidae); ¢, Right elytron frBfrloesinus pini(?) Swaine
(Coleoptera: Scolytidae); d, Pronotum of the be@dlimbidion quadrimaculatutreConte (Coleoptera: Carabidae);
e, Nearly complete individual of an oribatid miEgidamaeusf. Epidamaeus tenuissimt&mmer (Acari: Damaei-

dae) (GSC-98844). Scale bars 0.5 mm except e, 0.25 mm.

bottleneck to survival in Beringia of many insects, perhaps even more of a threat than warm

climate was for tundra species. However, as Guthrie (1990 ) has shown using mammals, late
Pleistocene Beringia was not as uniformly bleak and unproductive as some authors have
suggested.

Last Interglacial

Chijee’s Bluff. Only one sample of all of those from the northern Yukon is unequivocally

of the last interglacial (C1, Table 2; site 4, Fig. 1), i.e. approximately 125 ka B.P. in age. It
comes from the same Ch’ijee’s Bluff mentioned previously (Matthews &8a(s) and

shown in Fig. 2. We know the age of the critical beds so precisely because of the combination
of ¥C dates and the fact that they are underlain by Old Crow tephra, a volcanic ash whose
date of eruption pre-dates the last interglacial by only several tens of thousands of years.
Thus, by default, the only time that the C1 assemblage could represent is the peak of the last
interglacial.



Insect fossils from the Yukon 951

The C1 fauna is quite diverse. A few of the fossils are shown in Fig. 4. In contrast to
other rich faunas like Upper Porcupine and Hungry Creek, none of the beetle species from
the Ch'ijee’s Bluff interglacial deposits is today an obligate tundra inhabitant. Moreover,
some of these species now have northern limits well south of the site (Fig. 5). These are the
ways in which true interglacial insect faunas from the Yukon can be expected to differ from
those of mid-Wisconsinan age.

Revenue CreekAnother possible interglacial site is located in the southern Yukon near
Carmacks (RC, Table 2; site 11, Fig. 1). Fossils come from the base of a 13 m placer-mine
exposure comprising approximately 3 m of fluvial deposits. The age of the RC beds is not
known with as much certainty as the Ch’ijee’s C1 interglacial beds; we cannot unequivocally
state that RC is interglacial; however, limited evidence suggests they are about the same age
(L. Jackson, pers. comm. 1995). Because the RC site is much farther south than Ch'ijee’s
Bluff, well within the boreal forest, its fossils are less valuable for showing response to
climatic warming than the more northern Ch'ijee’s Bluff site, which is presently situated
very near northern treeline. Indeed, unlike the Ch’ijee’s C1 assemblage, all of the insects
from the RC site live in the Carmacks area today.

The combined plant and insect fossil evidence from Revenue Creek suggests that the
environment, at the time of deposition, was a spruce forest with dry treeless openings. The
assemblage contains insect fossils of scolytids and bostrichids as well as many specimens
of the forest-leaf-litter mit€epheusThe insect fossil assemblage contains 2 tundra ground
beetles Pterostichus (Cryobius) caribcandPterostichus (Cryobius) nivalifRather than
posing a special interpretational problem, they probably indicate, as for the Hungry Creek
assemblage, that open sites superficially similar to tundra existed within the forests of the
time (A. Telka 1995: unpublished macrofossil report MRPT 94-108).

Late-Tertiary Faunas. Except for unusually rich assemblages such as the one from the
Upper Porcupine locality or the warm, interglacial fauna from Ch'ijee’s Bluff, fossil insect
assemblages from the Yukon tend to be very similar to one another. Nearly all of them
contain abundant fossils of carabids, chiéfgrostichusand Amarg an abundance of
omaliine staphylinids (2 to 3 genera), some byrrhids and dytiscids and many fragments of
weevils, most of which represent some combination of the geeeidophorus, Lepyrus
andVitavitus.In contrast, late Tertiary assemblages, even at sites well north of the Yukon,
are dramatically richer. As well they contain a few extinct species and many of the taxa do
not occur today in the Yukon. A few are not even resident in North America today.

To date, late Tertiary beds at the Bluefish exposure (B2, Table 3; site 5, Fig. 1) in the
northern Yukon, are the only ones that have yielded insect fossils. The age is not known
exactly, but is probably Pliocene (Matthews and Ovenden 1990; Matthews unpublished)
(see below).

A number of late Tertiary sites in Alaska and the Canadian Northwest Territories have
insect fossils. Some of them, such as Lost Chicken, are so close to the Yukon that they can
be taken to represent Yukon faunas. Others, such as Meighen Island and Kap Kgbenhavn
(Fig. 1), are much more distant, but even so, their faunas provide valuable hints on the
probable character of the Yukon fauna during the late Tertiary.

Table 3 is modified from a recent review of Tertiary floras and insect faunas in the North
American arctic (Matthews unpublished). For additional details on the sites listed below see
that review. Appendix 2 of that paper is the most up-to-date list of arthropod fossils from
late Tertiary sites in Alaska, the Yukon and arctic Canada.
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Fic. 5. Present distribution of some of the insects from the interglacial beds at Ch'ijee’s Bluff (site 4, Fig. 1).
Although these four taxa form only a small part of the rich assemblage, they show, by their present northern limit
(dashed line), that the climate at the time was likely warmer than at present (see Matthews ef)al. 1990

Cape Deceit FormationAccording to recent evaluations (McDougall 1995), the Cape
Deceit fauna (CD, Table 3; site A, Fig. 1) from the Cape Deceit Formation at Cape Deceit
in western Alaska is approximately 1.8 million years old. This places it in the earliest part
of the Pleistocene, within an interval that was mostly as warm or warmer than today
(Repenning and Brouwers 1992). The Cape Deceit Formation insect fauna is extremely
diverse, probably due to the unusually large volumes of sediment that were sampled and
processed. For the most part, it represents low-arctic tundra similar to that at the site today.

The Cape Deceit fauna is one half to nearly a million years younger than the Kap
Kgbenhavn fauna from northern Greenland (Bdcher 1995). Both represent treeline sites, but
the Cape Deceit fauna contains no obvious extinct species. The only potential evidence that
the Coleoptera of that region have evolved over the last 1.8 million years is that fossils of
one of the staphylinid beetles show slightly different elytral proportions compared to their
modern counterparts, a difference related to non-functional flight wings being slightly longer
in the fossils (Matthews 1974).

Another intriguing characteristic of the Cape Deceit fauna is that it lacks fossils of the
weevilLepidophorusone of the most common genera in late Pleistocene assemblages. This
absence may mean that the species did not evolve and become a common weevil of northern
dry sites until after the early Pleistocene. The hypothesis needs testing, because if confirmed
it would make fossils df. lineaticollisvery important for dating early Quaternary deposits.

Of interest is that despite the thousands of fossils recovered at Kap Kgbenhavn, Bdcher
(1995) does not record the presencéeagidophoruslt is true that some of the other late
Tertiary assemblages from Alaska and the Northwest Territories contain the odd head or
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elytral fragment of.epidophorugMatthews unpublished), but none of the fossils is clearly
from L. lineaticollis

What would an early Pleistocene insect fauna from the Yukon look like? It would
probably contain some of the species seen at Cape Deceit though be much lesd/idiserse.
if not all, of the Yukon at 1.8 ma B.P. was probably densely forested; whereas, some lowland
tundra existed in Alaska, at least near the Bering land bridge and possibly also along the
arctic coast. This difference would have caused early Pleistocene faunas in the Yukon to
deviate even more from those at sites in western Alaska.

Lost Chicken.As indicated above, the Lost Chicken site (LC, Table 3; Fig. 1, site F) is
located so close to the Yukon that its fossils essentially constitute a Yukon fauna. As such
it is a valuable window on the character of the Yukon insect fauna 3 million years ago during
the early part of the late Pliocene. At that time the central Yukon would have been part of a
latitudinally broad boreal zone stretching from a southern limit south of the central Yukon
to at least 8N on the Arctic Islands (at that time much less insular) where treeline occurred
(Matthews and Ovenden 1990; Matthews unpublished). The boreal forest in central Yukon
3 ma B.P. was much richer in plant species than today. Instead of the current 2 species of
sprucel arix laricina, Pinus contortaandAbies(at higher elevations), the lowland conifer-

ous flora consisted of a 2-needle pine, probably from a species simiarctmtorta a
5-needle pine more closely related to some now growing in Asia than to any in North
America, lowlandAbies 2 types of spruce and an extinct speciekanix. Fossils of the

latter L. groenlandiBennike) have been found at many arctic sites of late Tertiary age.
Among the flowering plants were many taxa that occur in the Yukon today in addition to
extinct plants such as a species very closely relatddiytica gale 2 extinct arums, the
closest relative of one of which now grows in tropical regions, and other plants such as
elderberry $ambucusthat were well north of their current range.

The presence of plants like elderberry and fossils of unusual spe@gsadnums
evidence that climate was not as continental in the late Tertiary as it is at present. The reason
for this is that the mountain barrier between the Yukon and the Pacific was hundreds of
metres lower in the late Pliocene (Plafker and Addicott 1976; Plafker1&xo4l).

The LC insect fauna is rich. It is made up mostly of Coleoptera, but includes a few fossils
of tingids and cicadellids, and many oribatid mites (Matthews et al. unpublished 1). Several
of the LC insect fossils provide hints as to the character of the Yukon fauna during the late
Pliocene.

One of these represents the nearly blind, soil-inhabiting wédibazo.Today the
genus is found only in Japan. Its presence at Lost Chicken shows that we should expect the
middle-Pliocene fauna of the Yukon to have included a few taxa that are now restricted to
the Palaearctic region—perhaps ewtibaza Other sites listed in Table 3 support this
conclusion, because most of them are north and east of the Yukon and also contain fossils
of Palaearctic plants and/or insects.

Another significant fossil from Lost Chicken represents an extinct species closely
related to the contemporary subarctic caraksdphidion yukonens@he Lost Chicken
fossil elytron A. yukonensgype A, Table 3; Fig. 3b) clearly shows the bare (impunctate)
patches that characterize the extant species (Lindroth-1969) but the patches are less
developed and elytral microsculpture better developed than in the extant.Jpessis
similar to Asaphidion yukonensecur at other late Tertiary sites from the arctic but some
of those are even more primitive with respect to elytral characteristics than the Lost Chicken
species. Though the relationships of these extisaphidiorspecies and. yukonenseould
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be interpreted in various ways, one alternative is to consider them as stages in the evolution
of a single lineage. If so, the fossils not only are of interest because of what they show about
the rate of evolution of some carabids; they also have value for dating and correlation—the

traditional geological use of fossils.

Several well preserved elytra and head fragments from Lost Chicken represent an extinct
species closely related to the mesic-tundra carf@lzdheila polita.Apparently the same
speciesoccurs in the Kap Kgbenhavn fauna in northern Greenland (Bécher 1995). Bocher
has described them &8acheila matthewsi. D. matthewsccurs at a number of Tertiary
sites, including the Niguanak site on the northern Alaskan coast (see below and Matthews
unpublished); hence it almost certainly once lived in the Yukon. The Lost Chicken record
of D. matthewsis significant because the associated plant fossils indicate that the species
lived within dense forest, quite unlike its modern counterpart. Similar examples of contem-
porary tundra beetles having close extinct relatives that occupied lowland forests (e.qg.
Carabuscf. truncaticollisfrom Lava Camp in western Alaska: Matthews 1979) hints at the
origin of at least some elements of the modern tundra insect fauna. Other elements likely
had alpine origins.

Oribatid mites from Lost Chicken have been studied by Alexander Druk (Matthews et
al.unpublished 1). They represent an unusual fauna quite different from any that exists today
in the present subarctic region.

Bluefish. The Bluefish site (B2, Table 3; site 5, Fig. 1) has yielded extinct plants as well as
other plants such @&ambucusndBraseniathat do not occur in the Yukon today. These
plant fossils establish that the site is late Tertiary in age, but also that it represents a climate
much less continental and most likely warmer than at present.

The fossil arthropod assemblage from the Bluefish Tertiary beds has a distinctly more
modern cast than the 3 ma B.P. Lost Chicken fauna. In fact, the only insect fossils that suggest
a pre-Quaternary age are an elytron similar to that of the carabid Mettphilusaeneus
a species now confined to the eastern part of North America, and a pronotal fragment similar
to pronota of the extinct hydrophilid beelelophorus meighens{atthews 1976).

Niguanak. Like Lost Chicken, the Niguanak site (Ng, Table 3; site D, Fig. 1) in Alaska on
the North Slope of the Brooks Range, is also close enough to the Yukon to serve as a proxy
for the late Tertiary northern Yukon fauna. The plant fossils include a 5-needle pine that may
have been similar to the Asian shrub piR&us pumila The same pine species probably
grew throughout the present North American arctic region during the late Tertiary (see below
and Matthews unpublished).

The Niguanak fauna is not precisely dated, but it is certainly no younger than late
Pliocene, and may be as old as the early Pliocene. Associated plant fossils provide us with
a hint of what the Pliocene might have been like in the northernmost Yukon. Clearly, it was
forested (though perhaps with open forests in some areas), and the forests probably included
a number of conifers not found in contemporary boreal forest, among them 2 or more species
of Tsuga(R. Nelson, pers. comm. 1989). That climate was both warmer and less continental
than at present is suggested by fossilsasficera(honeysuckle).

Niguanak insect fossils remain to be studied in detail, but preliminary examination
reveals an unusual fauna. For example, it contains the leafhOgtteicephalusthe
mesostigmatid mitdrachytesthe extinct carabi®iacheila matthewsiBécher 1995) and
some specimens of the hydrophilid gefiedophorusthat probably represent an Asian
species group. This last characteristic suggests that when the Niguanak fauna is better studied



Insect fossils from the Yukon 955

it will exhibit some of the same Asian affinities as seen in other late Tertiary insect faunas
and floras.

Taglu and Kumak Boreholes, Mackenzie Deltétn 1992 the Geological Survey of
Canada with industry support drilled 3 geotechnical boreholes in the Mackenzie Delta. The
sediments of each have been sampled and analyzed for arthropod and plant fossils.
Some of the samples, though small by comparison with most of the others discussed here,
contain an abundance of fossils (not listed in Table 3; see “Fossils” section of the
multimedia CD presentation of the Mackenzie Delta Borehole Project: Dallimore and
Matthews 1997).

Two of the boreholes, Kumak and Taglu, extend into the late Tertiary and therefore
provide additional hints on the Tertiary fauna of the adjacent areas of the northern Yukon.
The plant fossils show, like other sites, that late Tertiary forests, though coniferous, were
more diverse than at present. The Taglu borehole contains fodsal$gfAbies Piceaand
both 2-needle and 5-needle pines. According to the Taglu borehole sequence, the extinct
carabid Diacheila matthewsBo6cher probably lived in the delta region during the late
Pliocene. Because fossils of this species have been found at such widely spaced sites as Lost
Chicken and Kap Kgbenhavn, this is really not surprising. What is more remarkable is a
single elytron of the beetlteroloma(Agyrtidae) from the Taglu borehole. This taxon has
not been encountered before in Alaskan or Yukon assemblages and it is not a resident of the
modern fauna. Bdcher (1995) records the boreo-alpine European $pdorsstromiifrom
the Kap Kgbenhavn beds in northern Greenland (see below). The Taglu fossil is not well
enough preserved for a specific determination.

Meighen Island.Meighen Island at 80 is located so far north of the Yukon Territory that

one might wonder why its fauna bears mentioning in a book on Yukon insects. But the
Meighen Island sites (Mg, Table 3; site G, Fig. 1) are reliably dated at about 3 ma (Matthews
et al.unpublished 2; Fyles et al. 1991), which makes them about the same age as the Lost
Chicken site. And since Meighen Island was very near the northern limit of trees 3 million
years ago, it and the Lost Chicken site delimit a boreal zone much broader latitudinally than
today. South-to-north climatic and species-diversity gradients must have been much less
steep than now, which means that virtually all of what is today the northern Yukon probably
had an insect fauna similar to that at Lost Chicken.

Meighen Island deposits are part of the widespread sedimentary unit known as the
Beaufort Formation (Fyles 1990). Nearly all Beaufort deposits contain plant and insect
fossils, but those on Meighen Island are especially rich. To date, approximately 215
arthropod taxa have been identified. Even though these taxa are predominantly Coleoptera,
the assemblage also includes fossils of Hymenoptera, Cicadellidae and other Homoptera,
Diptera, Trichoptera, Heteroptera and oribatid mites.

Many of the insects and oribatid mites from Meighen Island display biogeographical
affinities similar to those shown by plants, e.g. an abundance of taxa closely related to
present-day subarctic and low-arctic tundra species with an admixture of fossils whose extant
relatives occur now only in eastern North America or in east Asia. One of the leafhoppers—
Athysanella—is an extreme example of Asian affinities because its closest living relative is
now found in the Himalayan region (K.G.A. Hamilton, pers. comm. 1972).

Beaver Peat, Strathcona Fiord, Ellesmere Islardthough the Meighen Island arthropod
flora is one of the richest yet recovered from northern Canada, the so-called “Beaver Peat
site” (SF, Table 3; Fig. 1, site H) at Strathcona Fiord on Ellesmere Island offers a more
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complete picture of the total biota because in addition to arthropods and plants and even a
few molluscan fossils, it also includes fossil vertebrates. The site is positioned high on a
valley side, probably higher in elevation than at the time of deposition. It pre-dates the
formation of the existing system of fiords, inlets and passages of Ellesmere Island. Although
its exact age is not known, some of the plant fossils and vertebrate fossils point to its being
slightly older than Meighen Island deposits, e.g. older than 3.3 ma B.P., but clearly younger
than the late Miocene at 5 ma B.P.

The Beaver Peat sensu stricto is a mass of semi-autochthonous peat, compact enough
to form a vertical wall within the alluvial deposit. Other organic deposits, probably of about
the same age but not deposited in the same manner, occur within a kilometre. When their
fossils are combined with those from the Beaver Peat, they provide a very detailed picture
of the flora and fauna (arthropod and vertebrate) of Ellesmere Island during the late Tertiary.

Although the macrofossil and arthropod assemblages from the several Beaver Peat sites
include a few species that are now found far to the south, even south of the boreal-forest
zone, the overall composition of the flora and fauna is similar to that of a forest-tundra site.
Among the beetle fossils are several that are common in tundra regions, such as the ground
beetleCarabus truncaticollis Treeline may have crossed Ellesmere Island at the time of
deposition, representing a significantly warmer climate than at present.

Like many late Tertiary organic sites, those associated with the Beaver Peat contain
oribatid mites and one of thefroteremaeus maclearis a species previously known only
from Asia (Behan-Pelletier and Ryabinin 1991). In ABianacleanis found in habitats
dominated byinus pumilaand remarkably, one of the sites associated with the Beaver Peat
contains seeds and leaved?ofoumilaor a closely related (extinct?) species.

Some of the organic deposits associated with the Beaver Peat contain fossils of insects
that are seldom seen in fossil assemblages. One particular pond deposit contains many
specimens of whiteflies (Aleyrodidae). The same sediments also yielded a nearly complete
specimen of the gamasid mikéypoaspis While such finds have little importance for
predicting the composition of the Yukon fauna of the early Pliocene, they do show that rare
deposits can provide a more diverse picture of a former arthropod fauna than most of those
discussed here.

However, the Beaver Peat fauna does allow some potential characteristics of a Yukon
fauna of the same age to be predicted. Like many of the others, including Lost Chicken, it
has an Asian component. The same can be expected of a Yukon fauna of the same age,
especially since the Bering land bridge was in existence at that time. Some of the Beaver
Peat fossils, e.g. the small bedilicropeplus nelsonialso show that the early Pliocene
Yukon fauna probably contained taxa whose modern counterparts occupy the mountains of
the North American Pacific Northwest (Campbell 1989).

Kap KgbenhavnThe Kap Kgbenhavn insect fauna (Bécher 1995) comes from the Kap
Kgbenhavn site (KK, Table 3; site 1, Fig. 1) in northernmost Greenland. Its estimated age
is approximately 22.5 ma B.P. At the time of deposition regional treeline nearly reached
the northern coast of Greenland (Bennike 1990). Much of the rest of Greenland and perhaps
large areas of what are today the Arctic Islands of Canada probably were also forested, most
likely with larches predominating. However, fossils from at least one site, on Ellesmere
Island, slightly south of the latitude of Kap Kgbenhavn, show that tundra did exist in some
parts of the arctic (Fyles et al. 1997).

No arctic arthropod fauna has been treated in as much detail as the one from Kap
Kgbenhavn (Bécher 1995), and this will likely be so for years to come, making the Kap
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Kgbenhavn fauna a reference against which all others from the arctic are compared. An
interesting aspect of the Kap Kgbenhavn flora and fauna is that they postdate the first
major glaciation in the arctic region. If repeated Northern-Hemisphere glaciation was one
of the primary forces in the formation of the present-day impoverished fauna and flora,
then we should expect the Kap Kgbenhavn assemblages to be less diverse than those from
older sites at the same latitude. Indeed, this appears to be so. The Beaufort Formation
on Meighen Island is older than Kap Kgbhenhavn only by about 500 to 700 thousand
years, but it pre-dates the first major glaciation in the arctic region. The environmental
conditions on Meighen Island were probably similar to those at Kap Kgbenhavn, so
differences between the 2 faunas are probably due to the deleterious effects of the first glacial
climatic event. The differences between the 2 faunas are subtle but exactly of the type
expected. For example, one result of a climatic crisis such as regional cooling and glaciation
would be depletion of faunal diversity. The Kap Kgbenhavn fauna is slightly less diverse
than that from Meighen Island. Some important groups, e.g. histerid beetles, are present on
Meighen Island, but not at Kap Kgbenhavn. Furthermore, the Meighen Island fauna appears
more archaic, i.e. it has more fossils that presumably represent extinct species. Meighen
Island, for example, contains several species of the deanabus one of them probably
extinct. No specimens @farabushave been found at Kap Kgbenhavn. The Kap Kgbenhavn
assemblages contain remains of the tiny bdétléssus nitidus Fossils ofKalissusalso

occur on Meighen Island, but they are clearlyatitidusand probably represent an extinct
species.

There are other distinctions (Bécher 1995), but these alone show that the Meighen Island
assemblages have a more archaic character than those from Kap Kgbenhavn. In other words,
the arctic insect fauna, though quite diverse compared to present at aBdutria B.P.,
had already suffered some depletion as a result of the first glaciation of the region. Even
though much of the northern Yukon was never glaciated, we can expect that the climatic
changes associated with the initial glacial events also had a depleting effect on the late
Pliocene Yukon fauna.

The Yukon Insect Fauna and the History of Beringia

A Reconstructed Yukon Pliocene FaunaThe faunas mentioned above allow us to make
some reasoned assessments of the character of the Yukon insect fauna during the late
Pliocene. First, itis clear that 3 ma ago the Yukon was within a broad boreal zone stretching
from near 80N to south of 68N. It was characterized by a much richer coniferous and
angiosperm flora than exists in the boreal region today, and because the mountain barriers
to the west were significantly lower, climate was not only warmer but much less continental.

Judging from sites like Lost Chicken, the central Yukon would have had an insect fauna
made up of many of the genera seen in the boreal region today, in addition to other species
whose present relatives are today restricted either to the more southern parts of North
America, east and west, or to eastern Asia. Absence of permafrost would have promoted a
much richer soil fauna.

At 3 ma B.P. there would have been no lowland tundra in the Yukon and the only areas
that might have supported a nascent tundra fauna would have been some upland areas, but
it is doubtful that many of these uplands were high enough to develop significant tracts of
alpine tundra. Thus the present tundra fauna did not exist, though the progenitors of some
current tundra species probably lived either in the Pliocene forests or in alpine areas. The
extinct beetl®iacheila matthewss an example of a forest species that even in the Pliocene
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was living near sites that mimic present-day tundra, and its probable extant sister species (or
descendant) is currently found almost exclusively on tundra.

In many respects the rich Pliocene boreal forests growing in central and northern Yukon
represent the “true” boreal forest—a biome in which plant and animal communities had
developed over millions of years. The start of major Northern Hemisphere glaciations, about
2.5 million years ago, severely disrupted the biome, causing extinction of some species and
radically changing the distributions of others. The disappearance of a connection with Asia
only a short time before the first glacial events must have placed further strain on the fauna
and flora of the Yukon and Alaska (see below). Warm periods occurred after the initial
down-turn of climate—as witnessed by Kap Kgbenhavn—but they were brief compared to
the long time over which the biome had developed, and by the latter half of the Pleistocene
drastic climatic changes occurred with a frequency of only 100 000 years or less. However,
it would be wrong to assume that the diversity of the East Beringian fauna (which includes
the Yukon) declined by an equal amount during each cold phase. Judging from sites like
Cape Deceit, the change to an essentially modern fauna was complete by 1.8 ma B.P. Thus
even as early as 1.8 million years ago, the Yukon insect fauna had become a pale imitation
of what existed there during the late Pliocene.

The only hint that the elements of the original boreal fauna might have persisted longer
comes from the boreholes in the Mackenzie Delta which suggest thatlanch hay have
been more common when forests reached that area during the Pleistocene. Unlike modern
boreal forest, some of these treeline forests in the Mackenzie Delta region (and possibly the
northern Yukon) may even have contaiddiles(Matthews and Telka 1997). If such fossils
are proxies for other as yet undocumented differences in Pleistocene forests, then we must
assume that the insect fauna of the time also differed from that of the present.

Beringia—Its Early History. The Yukon is currently the eastern end of Beringia—Iloosely
defined as the land and shelf areas stretching between the Mackenzie River on the east and
the Lena River on the west. While it is well known that the Bering land bridge between
Alaska and Siberia existed up until the Pliocene and intermittently thereafter in response to
eustatic changes, our knowledge of what the Pliocene land bridge was like has been vague.
Entomologists seeking to explain distributional and taxonomic patterns in the Holarctic
region have simply assumed that the land bridge was in existence and that it must have been
suitable for the transfer of the organisms under study, regardless of their probable habitat
requirements.

Some of the late Tertiary faunas and floras mentioned above allow us to be more precise
in defining the character of Beringia at various times of the late Tertiary. For example, though
it is remote from Beringia today, the Beaufort Formation flora and fauna from Meighen
Island adds to our knowledge of the character of the late Pliocene land-bridge environment.
Hopkins et al. (1971) postulated that cool climates and treeless vegetation existed on the
land bridge in late Miocene time (Hopkins et 71), creating a barrier to migration of
forest forms. This filter was proposed to explain what appeared in 1971 to be distinct and
long-standing differences between the arboreal floras on either side of the Bering land bridge.
But fossils, particularly macrofossils, from Tertiary sites in Alaska and many of the Canadian
sites discussed here have refuted that hypothesis. The fossils show that diverse coniferous
forests existed as far north asM@uring the mid-Miocene, and that similar forests existed
on the eastern and western doorsteps to the land bridge as late as 3 ma B.P., making it difficult
to argue that a tundra barrier blocked continuity of Tertiary forests between Siberia and
Alaska. The Bering land bridge existed as a dispersal corridor for forest insects until it was
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breached by a seaway in the Pliocene. Thereafter, the land bridge was in place intermittently
in response to lowered sea level during periods of cold climate, meaning that the forests on
the land bridge just before the final breach 3 million years ago were the last ones to occupy
the land bridge, i.e. it was the last time for exchange of obligate forest insects between East
Asia and Alaska and the Yukon.

Pliocene forests on the Bering land bridge may have resembled those which grew at the
Lost Chicken site. If so, the Pliocene Bering land bridge contained not only spruce and larch,
but also 2- and 5-needle pines and possibly é&ees They would have been the type of
forests that Russian botanists class as “dark coniferous”. In Siberia the present northern limit
of dark coniferous forests is far south of the land-bridge region. According to some workers
(Laukhin 1993), light coniferous forest, dominated by larch, first appeared in eastern
Siberia in the latter part of the early Pliocene, prior to the generally accepted time of
formation of a major seaway across Beringia. Thus the breach in the land bridge, though it
almost certainly interrupted continuity of forests, may only have punctuated a partitioning
of the Holarctic coniferous realm that was already well underway by the late Pliocene.
Evolution of the North American spruces and some of the other northern North American
species that currently have no representatives in East Siberia may have started well before
a seaway developed with a retreat of the dark coniferous realm to the southwest in Asia and
to the east in Alaska.

A corollary to the above conclusions concerning Pliocene forests on the Bering land
bridge is that tundra did not start to form in that region (or in the Yukon) until after the land
bridge had been breached, possibly not until about 2.5 ma B.P. (Repenning and Brouwers
1992). Contrary to statements in some reviews (Laukhinl)988 definite evidence exists
from North American sites of a tundra phase at the Miocene/Pliocene boundary. Some
Russian scientists believe tundra is indicated by pollen data from East Siberia, but plant
macrofossils from both Russian and North American sites clearly suggest that during
Miocene/Pliocene time (about 5 ma B.P.), eastern Siberia and Alaska possessed diverse
conifer forests.

Mid-Miocene floras from the Canadian arctic (about 16 ma B.P.), especially those from
northern and southern Banks Island (Fyles et al. 1994; Matthews unpublished) contain
northern hardwood plants such &gylansand Liriodendron Mid-Miocene floras from
approximately the same latitude as the Bering land bridge contain even more such species
(e.g.Quercu3 (Leopold and Liu 1994; White and Ager 1994). Clearly this implies that the
land bridge itself was probably suitable for more temperate-adapted insects than the boreal
forms that would have used the land bridge during the Pliocene. The Yukon would have
been one of the regions in which these temperate insects lived, even though we have very
little fossil evidence of their presence.
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