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Abstract

This paper focuses on the origin of Trichoptera species in Iceland in light of the island biogeography of caddisflies
in the North-Atlantic islands, i.e., Greenland, Svalbard, Iceland, Faroe Islands, Shetland, and Orkney, and adjacent
larger regions, Norway and Britain. Three of the 12 recorded species have circumpolar distribution, the other nine are
Palaearctic. The number of species declines with the distance from the mainland of Europe and is independent of the
island sizes. However, the occurrence of species is stochastic, with only a few species common to the more remote
islands—e.g., Iceland has 12 species and the Faroe Islands 20, but only 4 species are common to both islands. Studies on
phylogeographic patterns of two species, Potamophylax cingulatus and Apatania zonella, show different history based on
genetic markers. Potamophylax cingulatus in Iceland is from a western European lineage, distinct from two eastern and
southern European lineages that may have diverged in southern refugia during the glacial periods of the latest Ice Age.
The ancestors of the Icelandic population have migrated from the Iberian Peninsula up the west cost of Europe to the
Faroe Islands and Iceland. The parthenogenetic 4. zonella in Iceland originated near the Bering Strait, and has migrated
along two routes, one westward through northern Eurasia and the other eastward through North America and Greenland
to Iceland, where the two populations meet. Preliminary phylogeographic studies on two other circumpolar species,
Limnephilus fenestratus and L. picturatus indicate possible interchanges between North America and Europe, but due to
a low number of samples, it is difficult to state where the Icelandic population came from.
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Introduction

The North Atlantic islands have few aquatic invertebrate species, almost no aquatic endemics, but their faunas
are closely related. With the exception of the high arctic island of Svalbard, Iceland presently has the fewest
number of insect species. Sixteen hundred and six species have been recorded (1240 in the last published spe-
cies list, Olafsson 1991, Olafsson pers. comm.) compared with the twenty thousand species in Norway and in
Britain, the largest regions nearest Iceland. This raises the biogeographical question as to when and how the
colonisation of Iceland and the other North Atlantic Islands took place.

The Tertiary climate was warm with relatively small latitudinal gradients and moist climate, and a tropical
to subtropical flora and fauna flourished in Europe, reaching as far north as Svalbard and Ellesmere Islands
(Downes 1988). Towards the end of the Eocene (34 Ma), a cooling trend became evident, first at high latitudes.
The climate warmed again during the Miocene but then progressive cooling set in, culminating in the onset
of the Quaternary ‘Ice Age’ some 2.6 Ma. During the last glacial maximum (22 Ka), ice covered almost all of
Greenland, the present evidence indicating that only isolated nunataks and possibly fragments along coastal
shelves remained ice-free (Brochmann et al. 2003). The late Weichselian ice sheet similarly covered virtually
all of Svalbard, Iceland, Scandinavia, Scotland, and the Scottish isles, extending as far as southern Ireland
and southern England (Brochmann et al. 2003, CLIMAP 1976), but in the Antarctic only the South Island (Te
Waipounamu) of New Zealand and the small islands further south, were affected.

Some northern areas were, however, ice-free during the last cold period of the Weichselian period, due to
low precipitation, and were refugial areas for migration into northern Europe. These were areas on both sides
of the Bering Strait (Brochman et al. 2003) and southern Europe—i.e., Iberian Peninsula, Italy, Hungary, Ro-
mania, Bulgaria, the Balkans, and most of France (Hewitt 2000).
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A recent review (Buckland & Panagiotakopulu, 2010), with special emphasis on the Faroe Islands, indi-
cated that most or all insects colonised the North Atlantic Islands after the latest Ice Age.

Aquatic insects—a review of previous and present studies

The islands of the North Atlantic vary both in distance from the mainland of Europe (Table 1) and in size (Table
2). The distance from mainland North America is generally of less importance because Greenland, being a
high Arctic environment, is a large barrier for the colonisation from the west (Downes 1988). Organisms had
to travel a considerable distance from the mainland of Europe when colonising North Atlantic islands. Stud-
ies on invertebrates in Iceland, with emphasis on their origin, have focused on aquatic insects and crustaceans
(Gislason 2005) and have revealed mostly a European origin.

TABLE 1. Distances (km) between North Atlantic islands.

Svalbard Greenland Iceland Faroes Norway Shetland Orkney
Svalbard
Greenland 400
Iceland 1548 290
Faroes 1790 1025 435
Norway 823 1441 971 582
Shetland 1876 1411 770 284 289
Orkney 2055 1492 850 316 419 78
Britain 2120 1500 823 320 479 166 12

TABLE 2. Extent (x 1000 km?) of ice free areas on North Atlantic islands, Norway, and Britain.
Norway Shetland Orkney Britain Faroe Islands Svalbard Iceland Greenland
322.6 1.4 1.0 242.6 1.4 24.1 94.3 340.0

Aquatic insect groups, such as Ephemeroptera and Plecoptera, are non-existent on Svalbard and the Faroes
and only a single ephemeropteran taxon is found in Greenland. Iceland has a single species for each group
(Table 3), but islands close to Britain, such as Orkney and Shetland have 615 species. Of the Simuliidae
(Diptera) only 2-5 species are found on the islands, whereas Chironomidae are much better represented, with
30-117 species recorded on the islands, compared to the 439 and 505 species recorded in Britain and Norway,
respectively.

TABLE 3. Number of species of aquatic insects on islands in the North Atlantic and Norway (Andersen & Wi-
berg-Larsen 1987; Andrew 2014; Barry 1985; Crosskey 1965; Edington & Hildrew 1995; Elven & Andersen
2019; Hrafnsdottir 2005; King 1890; Naturhistoriska Riksmusset 2018; Nilsson 1996, 1997; Peterson 1977;
Pinder 1978; Pennington 2018a, 2018b; Wallace et al. 1990).

Ephemeroptera Plecoptera Trichoptera Simuliidae Chironomidae

Svalbard 0 0 1 0 58
Greenland 1 0 7 5 117
Iceland 1 1 12 4 80
Faroes 0 0 20 2 72
Shetland 6 2 37 2 30
Orkney 15 13 73 2 ?

Britain 47 34 198 34 439
Norway 46 35 195 45 505
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The number of Trichoptera species varied from 7 to 73 species on all the islands except Svalbard (1 spe-
cies) and Britain (198 species) (Gislason 2005, Barnard and Ross 2012, Andrew 2014) (Table 3). All of the
twelve Icelandic species are found in Scandinavia but only nine in Britain, with none of the three circumpolar
species found in Iceland occurring in the British Isles (Fig. 1). Four of the species are shared with the Faroes,
which in turn has 20 species (Fig. 1). Greenland has a few species in common with the other islands and with
Norway (Fig. 1). All 20 Faroese species are also found in Britain, but only twelve in Norway. The species
common to Greenland and Svalbard and found on the other islands and Norway have a circumpolar distribu-
tion. Other species found in Greenland are related to the North American fauna. The number of island species
decreases significantly with distance from Britain (b = - 0.19 per 100 km, P < 0.002, R2 = 0.975) (Fig. 2)).
Trichoptera species number does not increase significantly with increasing size of islands (Pearson’s r = 0.441,
n =8, p = 0.28 NS), but the size of the islands may not reflect the number of suitable freshwater habitats.
However, precise information of the area of lakes and rivers on the islands is not available, but seem to vary
between 3% (Iceland) and 0.8% (the Faroe Islands). This does not include small waterbodies.

Svalbard
1

Greenland 4
7 12

4 13
2 Faeros

20
15
18 27
1 37
20 51

67

109
. Britain
Figure 1 198

FIGURE 1. Numbers of Trichoptera species on the North Atlantic islands and the numbers of species they have in com-
mon.
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FIGURE 2. Number of Trichoptera species (In) on the North Atlantic islands versus distance from the mainland of Britain
(Greenland excluded).
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FIGURE 3. Phylogeography of Potamophylax cingulatus (Stephens 1837). 3a) Bayesian phylogeny based on the COI
mtDNA haplotypes (barcode region) for Potamophylax cingulatus. Tip labels refer to geographical origin of unique hap-
lotypes. Number at tip labels refer to the frequencies of haplotypes. Numbers at nodes refer to 95% confidence interval to
the time of common ancestor in million years (Ma). Shadings at nodes refer to support or posterior probabilities P: black
=P>0.95, grey =0.7 <P <0.95, white = P < 0.7. 3b) Estimated route of migration. I = Iceland, F = Faroe Islands, N =
Norway, B = Britain, S = Spain, Fr = France, A = Austria, and C = Czech Republic (small letters after capital letters refer
to different sampling locations within the countries) (from Gislason et al. 2015).
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In a study of the caddisfly Apatania zonella (Zetterstedt 1840), an arctic circumpolar, mainly parthenoge-
netic species with only 1-2% males (Corbet 1966; Gislason 1977; Raastad & Solem 1989), specimens were
obtained from different parts of Iceland, Norway, Alaska, northern USA, Canada, and Greenland. The A.
zonella specimens from Iceland, characterised by high genetic variation, originated from more than one coloni-
sation event, with at least one from North America through Greenland and another from Scandinavia (Palsson
et al. 2016). The specimens in NW Iceland were generally more related to Scandinavian specimens, whereas
specimens in SW and S Iceland were more similar to Greenlandic specimens. However, some admixture or in-
terbreeding of the two lineages has occurred in Iceland (Palsson et al. 2016). Another Palaearctic trichopteran
species, Potamophylax cingulatus (Stephens 1837) colonised Iceland in the 20" century and was distributed
in lowlands of East and Northeast Iceland until 1978 (Gislason 1981; Gislason et al. 2015). The species is
now found in all lowland areas in Iceland (Gislason ef al. 2015). The species has diverged into at least three
mtDNA lineages in Europe which may correspond to previously described subspecies, one in middle Europe
(Austria, Czech Republic), a second in southeastern France, and one on the Iberian peninsula. Individuals from
the Iberian population colonised Western Europe along the coast to the British Isles where one group dispersed
to the Faroe Islands and Iceland and another to Scandinavia (Gislason et al. 2015). The Icelandic specimens
are, thus, more closely related to the Faroes and British specimens than to those from Scandinavia (Gislason
et al. 2015). A preliminary study on the genetic relationship of the two other circumpolar Trichoptera species,
Limnephilus fenestratus (Zetterstedt 1840) and L. picturatus McLachlan 1875 indicates that some interbreed-
ing occurred between European and North American populations (Figs. 5. and 6), but more samples are needed
for conclusive results.

Discussion

There is no evidence of land bridges between the islands during the last 20 million years (see e.g., Heezen &
Tharp 1963). The pre-Pleistocene fauna was similar to the present day fauna of North America (Friedrich et
al. 1972), while the contemporary fauna is mainly of Palaearctic origin. As Iceland and the other islands in the
North Atlantic discussed here were covered by glaciers during the last glacial maximum, the patterns in species
composition of the different islands are due to dispersal and colonisation after the latest glaciation event 10—15
thousand years ago. Thus, the present day caddis fauna of Iceland has only a single Arctic species, Apatania
zonella (Fig. 1) (Gislason 1981).

The maximum extent of the ice sheet during the Late Weichselian limited ice-free areas and these were
likely to have been on Andeya in Lofoten and on SW Coast of Norway, with some in the Faroes and on the
Outer Hebrides and NW Scotland. Southern England and Ireland were also ice-free. Iceland and Svalbard were
most likely entirely covered by ice, while according to Brochmann et a/. (2003) some nunataks in Greenland
might have been ice-free. The Trichoptera fauna on the North Atlantic islands has a boreal distribution (Fig.
1), related to the present fauna of continental Norway and northern Britain. Thus, it is neither related to the
pre-Ice Age fauna, nor are there arctic species to any extent, except in the present high Arctic (Svalbard and
N-Greenland), which would be expected if some species had survived the Ice Age.

The number of species of Trichoptera declines with distance from continental Europe (Fig. 2), but not
with island area. Insects, like Trichoptera, do not have life stages that can be transported by birds and usually
disperse on the wing. It is also possible that at the end of the Ice Age, when pack ice covered the Arctic Ocean
as far south as Iceland, a number of insect species were transported by floating ice from Norway and the Brit-
ish Isles to the North Atlantic islands (Buckland et al. 1986). The isolated position of Iceland explains why the
Trichoptera fauna is poorly represented here, making up only 6% of the total Trichoptera fauna of Norway and
Britain. Further, the Trichoptera fauna has also been isolated in relation to colonisation from Greenland, hav-
ing an almost entirely Nearctic origin (Bocher 2002).The importance of relatively recent colonisation is also
supported by the fact that almost all invertebrate species in Iceland (> 95%) have a boreal distribution in the
Palaearctic region, with only a few species with a circumpolar distribution. Only the high arctic species would
have survived the harsh arctic environment. Geological evidence (Geirsdottir et al. 2009, 2013) strongly sug-
gests that ice-free areas hardly existed in Iceland during the coldest period of the Ice-age, making it impossible
for terrestrial invertebrates, or invertebrates with a terrestrial life stage to survive.
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FIGURE 4. Phylogeography of Apatania spp. 4a) A Bayesian genealogy of cytochrome c¢ oxidase subunit I barcode re-
gion (COla) sequences within Apatania zonella (Zetterstedt 1840) and 4 other Apatania species (Apatania auricula Forss-
lund 1930, A4. dalecarlica Forsslund 1942 (in Forsslund & Tjeder 1942), A. forsslundi W. Tobias 1981, and A. hispida
(Forsslund 1930)). The tree was rooted with a sequence from Limnephilus centralis Curtis 1834 and included A. muliebris
McLachlan 1866, A. wallengreni McLachlan 1871, and A4. stigmatella (Zetterstedt 1840) (not shown). The divergence
time of A. muliebris, A. wallengreni, and A. stigmatella from the specimens shown in the tree was in the same order of
magnitude (1.6, 3.6, and 3.9 Ma). Posterior probabilities (P > 0.95) are shown at the nodes. Intervals represent 95% con-
fidence intervals for the time to common ancestor. The unit of the scale bar is Ma. 4b) Estimated route of migration A =
Alaska, Yukon, C = Canada, G = Greenland, I = Iceland, N = Norway, F = Finland, and M = Mongolia (small letters after
capital letters refer to different sampling locations) (from Palsson ef al. 2016).
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FIGURE 5. A Bayesian genealogy of cytochrome ¢ oxidase subunit I barcode region (COla) sequences within Limnephi-
lus fenestratus (Zetterstedt 1840). Only two samples from Iceland were available. (Unpublished records from the BOLD
database).
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FIGURE 6. A Bayesian genealogy of cytochrome ¢ oxidase subunit I barcode region (COla) sequences within Lim-
nephilus picturatus McLachlan 1875. Only one sample from Iceland was available. (Unpublished records from the BOLD
database)).
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This analysis, with the exception of the endemism found amongst crustaceans (Kornobis ef al. 2010) in
subterranean groundwater systems, seems to fit well with a Holocene origin of higher plants in Iceland and on
the other North Atlantic islands (Aegisdoéttir & Thorhallsdottir 2004).
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