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Chironomids form an essential part of the diet of insectivorous birds that feed on emerging aquatic insects in
both riparian areas (Lynch et al. 2002, Beck et al. 2013) and other aquatic habitats, providing an important
trophic link between the aquatic and the terrestrial environment. High altitude lakes in mountain landscapes
are relatively common and valuable habitats that provide vital resources to terrestrial fauna before freezing
over in the winter. Chironomids are known to be a major component of the macroinvertebrate fauna of high
altitude lakes and are perhaps a particularly important food source during cold weather conditions (Boggero
et al. 2006, Fiireder et al. 2006, Bouchard et al. 2006).

High altitude lakes are relatively rare on the Iberian Peninsula (Rieradevall and Prat 1999, Hughes et al.
2012). The Picos de Europa mountain range, situated within the Picos de Europa National Park on the
northern coast of Spain, is part of the Cantabrian Mountain Range, located in the northwest of Spain. The
area, situated in the Eurosiberian biogeographical region, is predominantly calcareous and located within
the Atlantic climate domain which has high levels of precipitation (> 1,000 m) in the autumn and winter,
mild winters, and cool summers (Moreno et al. 2011). The Covadonga Lakes, a system of two permanent
glacial lakes, Enol and La Ercina (1070 m.a.s.l. and 1108 m.a.s.l. respectively) are situated within the
National Park in the eastern Cantabrian Mountain Range, in the Asturias principality. Situated in a small
catchment (1.5 km?), Lake Enol has a surface area of 12.2 hectares and a maximum depth of 22 m. This
landscape, which was previously forested, was cleared by man during prehistoric and historic times to pro-
duce the present day alpine meadows and pastures that are typical of the area (Montserrat and Fillat 1990).

A collecting campaign of the chironomids of the high altitude lakes of central Portugal and northern Spain
was carried out in November 2013. Snow had already fallen and was accumulating at altitudes above 800
m in the Cantabrian Mountains. Collections in Lake La Ercina were not possible as the lake already had a
considerable layer of solidifying ice resulting from compacted accumulated snowfall on the lake surface
(Fig. 1a). No insect activity was observed at the lakeside. In contrast, Lake Enol, only 500 m from Lake La
Ercina, but at lower altitude, had no ice cover at all (Fig. 1b). Collections of exuviae and adults were made
on the leeward shore of Lake Enol indicating actively emerging chironomids at the water surface. Exuviae
were collected from the water surface using a handnet (250 pm mesh) while adults were taken by hand

Figure 1. Lakes Ercina and Enol. a, Lake Ercina (1108 m.a.s.l.) in the Picos de Europa National Park, iced over in
November 2013; b, Lake Enol (1070 m.a.s.1.) with no ice cover in November 2013. Lake Enol is only 500m distant
from Lake Ercina and only ices over for comparatively short periods during the winter.
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from the surface of the snow. All collected material was preserved in situ in 70% alcohol. Immobile adults
were clearly visible resting on snow banks at the lakeside and found up to 100 m away (Fig. 2a, b) from the
lake. No other aquatic insects were observed emerging from Lake Enol during our time collecting along the
shore (23" November 2013). Weather conditions were largely overcast and the ambient temperature was
3°C, with intermittent periods of snowfall and occasional sunshine. Water temperature was 6.4°C. Exuviae
collected from Lake Enol were identified using non-permanent rapid mounts in alcohol. Initial identifica-
tions of exuviae collected from Lake Enol resulted in 10 species, including:

Paratanytarsus bituberculatus (Edwards, 1929)

Tanytarsus gibbosiceps Kieffer, 1922

Corynoneura edwardsi Brundin, 1949

Neozavrelia Pel Langton, 1991 (fuldensis Fittkau, 1954 or luteola (Goetghebuer and Thienemann, 1941))
Microtendipes chloris (Meigen, 1818)

Polypedilum (Pentapedilum) sordens (Wulp, 1874)

Stictochironomus histrio (Fabricius, 1794)

Chironomus plumosus (L, 1758)

Metriocnemus obscuripes (Holmgren, 1869)

Pseudorthocladius cf Pe3 Langton, 1991

Some specimens will require additional treatment to elucidate species. Adults have not yet been identified
and will be included in a future paper.

While collecting, remarkable field observations were made on the feeding behaviour of three overwinter-
ing species of passerines Motacilla alba (White Wagtail), Saxicola rubicola (Common Stonechat), and
Erithacus rubecula (European Robin). Individuals of M. alba, S. rubicola and E. rubecula were observed
actively feeding on chironomids along the leeward shoreline of Lake Enol. Notably, these species used dif-
ferent feeding strategies. Individuals of E. rubecula remained on the lake margins, actively collecting the
recently emerged, resting adult chironomids from the snow surface, which rendered them highly visible to
predators (Fig 2a, Fig 2b).

In contrast, individuals of M. alba and S. rubicola were seen initially observing the lake surface while
perched on rocks along the shoreline, and then would take off to fly in small circuits over the lake surface,
stopping to flutter and hover over the water surface in mid-flight to pluck freshly emerging adult chirono-
mids. Motacilla alba is a bird commonly associated with freshwater habitats. In the case of S. rubicola, this
behaviour is very unusual since this species is associated with predominantly terrestrial feeding habits. We
filmed this behaviour while at Lake Enol (http://www.youtube.com/watch?v=z7y65cCCjmo&feature=you
tu.be).

Figure 2. Recently emerged adult male chironomids (not yet identified) rest completely immobile
on the snow surface on the leeward shore of Lake Enol. They are highly visible to predators and

easily picked off as a result of their immobility.
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Urquhart (2002) describes feeding techniques of S. rubicola in terrestrial habitats. The “aerial sally” de-
scribes a short, steep aerial ascent and pursuit of flying insect prey, while the “aerial glean” technique in-
volves plucking insect prey items from surrounding vegetation whilst in flight. “Perch to ground sallying”
occurs where ground dwelling prey items are observed from an elevated perch and the bird flies to pluck
the prey item from the ground, while “flutter pursuit” is where a bird flies to the prey item and flutters after
it along the ground or above it in the air. Perch to ground sallying was also reported by Greig-Smith (1983).
No scientific papers were found mentioning stonechats feeding over water in the way we observed on Lake
Enol following an extensive online literature search (online searches on Google Scholar 02/12/2013 and
Scopus 02/12/2013). On the British Birds Rarities Committee website, we found only a short note digi-
tized from the British Birds Magazine dating back to 1977 (Available at: http://www.britishbirds.co.uk/
search?model=pdf&id=5180) describing a female or immature stonechat taking food from water. We also
found wildlife photos of stonechats feeding on invertebrates through ice holes on a frozen lake in the UK
on the website of the wildlife photographer Brian Rafferty (Photos available at: http://brianraffertywildlife-
photographer.blogspot.pt/2010/01/stonechats-on-ice-conclusion.html).

During a typical year, Lake Enol is normally frozen over for only 1-3 weeks (Alfredo Nicieza, University
of Oviedo, pers. comm.). Our observations on Lake Enol reveal an apparently rare feeding mode of stone-
chats over open water that appears to be an adaptation and combination of “perch to ground sallying” and
“flutter pursuit”. Observations also emphasise the extreme importance of emerging adult chironomids as a
vital food resource for small overwintering insectivore birds in high altitude lakes that do not freeze over
or freeze for only short periods of time. This emphasises the strong aquatic-terrestrial trophic link in high
altitude ecosystems during the onset of winter when food resources become scarce.
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