Chapter 14
Russian Drifting Stations on Arctic Ice Islands

Igor M. Belkin and Sergey A. Kessel

Abstract A summary of Russian discoveries of Arctic ice islands — peculiar tabular
icebergs — is presented, complete with a chronological account of drifting stations
installed on ice islands. Of 40 ‘North Pole’ drifting stations established from 1937
through 2013, six were set up on five ice islands: North Pole-6, 18/19 (same ice
island), 22, 23, and 24. These ice islands served as reliable long-term research plat-
forms as evidenced by the extensive bibliography of scientific publications based on
observations made from manned ice island stations. Studies were conducted of
structure and morphology of ice islands; under-ice biota; deep Arctic Ocean ben-
thos; meteorology and climate; and oceanography. Biological collections from
these ice islands are still being analyzed.

Keywords Ice island ¢ Arctic Ocean ° Ice shelf ¢ Canada Basin ¢ North Pole drift-
ing stations ® NP-22

14.1 Introduction

The first observations of ice islands by Russians might have been made centuries
ago. In the sixteenth to seventeenth centuries, Russian fishermen, hunters, traders,
and surveyors began to explore Russia’s northern seas. In the early sixteenth cen-
tury, the first ethnic Russian group to colonize the coasts of the White and Barents
seas, the so-called pomors began hunting walrus and seals off Novaya Zemlya, and,
probably, Svalbard (Yurchenko 2005). Gradually, Russians advanced eastward from
the Barents Sea, exploring the Kara Sea, Laptev Sea, East Siberian Sea, and the
Chukchi Sea, up to Bering Strait.

While exploring the newly discovered coasts and coastal seas, they sighted what
appeared to be distant offshore lands whose reality seemed unquestionable at the
time. Over the next centuries, many expeditions tried in vain to reach these lands,
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hence dubbed “phantom lands”. These “phantom lands” are now believed to have
been made largely of ground ice which were subsequently destroyed by thermal
erosion (Gavrilov et al. 2003; Giinther et al. 2015).

The number of such sightings grew with time until 1946 when, independently,
the U.S./Canadian and Soviet polar aviators on ice reconnaissance flights into the
Arctic Ocean discovered unusual tabular icebergs with a characteristically corru-
gated (undulating) upper surface that have become known as ice islands (Koenig
etal. 1952; Burkhanov 1954). The first-ever manned drifting station on an ice island
was established by the U.S. in 1952. By that time, the Russians already had exten-
sive experience with a series of long-term drifting stations known as ‘North Pole’
(NP), which were set-up on ice floes. The first-ever drifting station NP-1 operated
for 9 months in 1937, followed after World War II by NP-2, 3,4, and 5 (1950-1956).
It was a matter of time for Soviet sea ice reconnaissance to find an ice island suitable
for a manned drifting station, which happened to be NP-6. Since then, the Soviets
set up five more stations on four ice islands: NP-18/19 (same island), 22, 23, and 24.

This chapter is a brief account of Russian discoveries of Arctic ice islands and a
summary of scientific studies conducted from the North Pole drifting stations NP-6,
18, 19,22, 23, and 24. The references include mostly English-language publications
that could serve as entry-points to the relevant Russian-language literature. Two
Russian-language books by Kessel (2005) and Dremlyug and Kessel (2007) are
dedicated exclusively to ice islands and their history, while the English-language
monograph by Frolov et al. (2005) and the Russian-language compendium by
Kornilov et al. (2010) sum up multi-disciplinary studies conducted from all manned
drifting polar stations established by the USSR/Russian Federation in the Arctic
Ocean.

14.2 Early Discoveries of Arctic Ice Islands

14.2.1 Ferdinand Wrangell: Possible Discovery of Ice Islands
in 1821

In 1820-1824, Lieutenant Ferdinand Petrovich Wrangell led a Russian expedition
along the Arctic coast of Northeastern Siberia, conducting offshore surveys east of
the Kolyma River mouth. Wrangell’s observations were first published by Professor
Friedrich Parrot, to whom Wrangell gave his materials (Parrot 1826; Wrangel 1826).
Later, slightly different versions of Wrangell’s full account were published in
French, German, English, and Russian in 1839-1841 (e.g., Wrangell 1841) so that
this account became well-known among scientists and polar explorers as evidenced
by Charles Darwin’s citation of Wrangell’s book (Darwin 1873).

The most complete version of Wrangell’s account contains tantalizing descrip-
tions of peculiar ice formations; some of them might have been ice islands or their
fragments. On April 4, 1821, traveling along the coast of the East Siberian Sea, the
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expedition traversed huge conical ice hills (up to 27 m high), with long valleys in-
between; these hills were utterly different from the previously encountered immense
“winter hummocks” (up to 24 m in height). The conical hills consisted of dark ice,
described as “smooth and even, its colour varying from whitish grey to black: it had
a perfectly fresh taste, and was large-grained and opaque” (Wrangell 1841, p. 142).
These ice formations might have been remnants of grounded ice islands. Based on
the above description, Wrangell might reasonably be credited as a possible discov-
erer of the Arctic ice islands even though in the original English-language account
(Wrangell 1841) the term ice-island is only used once to describe a common ice
floe, upon which Wrangell and his people drifted across a coastal polynya, and not
atrue ice island defined in this chapter as a tabular iceberg with a corrugated (undu-
lating) surface.

14.2.2 The Modern Era: Arctic Aviation and Ice Islands

The most credible observation of an ice island before the advent of polar aviation
was made by the Russian schooner Krestianka in summer 1934 in the Chukchi Sea.
There the crew saw an island-like feature, described it, determined its coordinates,
and reported their findings by radio (Dremlyug and Kessel 2007, p. 9). Based on the
radio report, Soviet hydrographers put Krestianka Island on a map. Tragically, on
return passage Krestianka and all aboard perished in October 1934 during a storm
in the Okhotsk Sea (Bollinger 2003, p. 58). Yet, Soviet hydrographers were confi-
dent enough to send the expedition vessel Smol’nyi to the Chukchi Sea in 1943 to
search for Krestianka Island. Even though search conditions were good, with almost
no sea ice and good visibility, the island was not found and was removed from nauti-
cal charts. If Krestianka Island indeed was a drifting ice island, then its disappear-
ance from the original location can be easily explained by its drift.

From mid-September until October 12, 1937, the personnel of the Soviet polar
station on Henrietta Island (77°06’N, 156°30’E; the northernmost island of De Long
Islands), repeatedly observed what seemed to be an ice island to the northeast of
Henrietta Island. Drawings were made of the ice island (Burkhanov 1954, his
Fig. 3), with two characteristic hills. Later, a large tabular iceberg with two hills was
observed in the same area by pilot L.I. Cherevichny and navigator V.I. Akkuratov;
the iceberg was slowly moving to the north, then northwest. This “phantom land”
was alternatively named “Mukhanov Land” (after the station leader) or “Polyarniks
Land” (Burkhanov 1954, his Figs. 1 and 3).

In the late 1930s before World War II, numerous sightings of drifting ice islands
were reported by Soviet ice reconnaissance north of Kotelny Island (part of the New
Siberian Islands or Novosibirskie ostrova) and east of Severnaya Zemlya (Burkhanov
1954). In March 1941, a large ice island was observed at 74°N north of Bear Islands
(Medvezhyi Islands) in the East Siberian Sea. This ice island was quite different
from the aforementioned ice islands observed north of Henrietta Island and
northwest of Kotelny Island. It had undulating surface, with several frozen streams
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and lakes clearly visible; even the most experienced Russian ice observers could
hardly tell it from Arctic tundra. Later this ice island was observed drifting to the
north and was named Andreev Land after the Russian explorer Stepan Andreev who
reported seeing a land north of Bear Islands in 1764 (Burkhanov 1954).

One of the most experienced Russian ice specialists, oceanographer
P.A. Gordienko reported close encounters with — and even visiting — tabular ice-
bergs (possibly, ice islands) during ice reconnaissance on icebreaker Anastas
Mikoyan in the late 1930s and through the 1940s in the East Siberian and Chukchi
seas (Burkhanov 1954). One of these ice islands spotted north of Wrangell Island
was surveyed on August 23, 1947 by aboat team from Mikoyan led by P.A. Gordienko.
After approaching the ice island, oceanographer A.L. Sokolov made close-up draw-
ings of the ice island’s walls with well-defined horizontal layers, 2-20 cm thick
(published by Kessel 2005, his Fig. 6). A brief account of this survey appeared in
Polar Record in May 1955 (Anonymous 1955), apparently based on Admiral Vasily
Burkhanov’s first public presentation of Soviet discoveries of ice islands (delivered
on February 18, 1954) and his subsequent article (Burkhanov 1954) described
below.

Another ice island encountered by icebreaker Mikoyan on September 21, 1948 in
the central East Siberian Sea was examined by P.A. Gordienko and the ship’s cap-
tain who boarded the ice island. According to Gordienko’s account, the ice island’s
upper surface featured gentle hills up to 6 m high, with frozen streams in-between;
the ice island’s walls had bluish color and consisted of exceptionally strong ice that
the icebreaker could not crush (Burkhanov 1954).

During ice reconnaissance in De Long Strait in 1939-1942 P.A. Gordienko
repeatedly observed strange cube-shaped ice blocks, up to 20 m across, and up to
7 m higher than the surrounding ice floes. These blocks consisted of monolith ice of
peculiar light-to-deep-blue colour. As determined by subsequent chemical analysis,
the ice was absolutely fresh. Similar ice blocks were also observed by N.A. Volkov
in 1935-1937 in the Bering Strait (Burkhanov 1954).

The advent of polar aviation accelerated the Arctic Ocean exploration. In 1946—
1950, extensive airborne ice reconnaissance by the U.S./Canada and USSR led to
independent, practically simultaneous discoveries of three large ice islands. These
discoveries remained classified for several years in all three countries involved. In
November 1950, the U.S./Canadian discoveries and observations of these ice islands
(named T-1, T-2, and T-3) were made public at the First Alaskan Science Conference
in Washington, D.C. (Fletcher 1950; Koenig et al. 1952). On February 18, 1954
Admiral Vasily Burkhanov made presentation at Moscow Branch of Geographical
Society of the USSR, in which he revealed the hitherto classified Soviet observa-
tions of the same ice islands (T-1, T-2, and T-3) that have been independently dis-
covered and reported by Soviet sea ice reconnaissance pilots; therefore, Burkhanov
referred to these ice islands using the respective Soviet pilot’s last name as “Kotov
Island” (T-1), “Mazuruk Island” (T-2), and “Perov Island” (T-3) (Fig. 14.1, repro-
duced from Burkhanov 1954, Fig. 6). This presentation was publicized by Russian
newspapers, whose detailed accounts were summed up by Polar Record (Anonymous
1955). Numerous Russian publications on ice islands and their putative associations
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Fig. 14.1 Sightings and drift of ice islands reported by Russians in 1939-1953. Transliterations
and translations of Russian names, with comments: “o. Kpectbsinka (T-1)" (“ostrov Krestianka/
Krestyanka”), Krestianka Island (also known as Kotov Island) identified with T-1; “o. Ma3ypyka
(T-2)” (“ostrov Mazuruka”), Mazuruk Island identified with T-2; “o. ITepoBa (T-3)” (“‘ostrov
Perova”), Perov Island identified with T-3; “YepeBuunbiii Akkyparos”, sightings of ice islands
made by pilot Cherevichny and navigator Akkuratov in 1939, 1940, 1941, and 1948; “Kpy3ze”
(Kruze), sighting of Krestianka Island by pilot L.K. Kruze; “negokon Mukosin” (“ledokol
Mikoyan”), sighting of an ice island from icebreaker Mikoyan; also shown are three Russian sight-
ings of ice islands between 100°E and 123°E made in 1945, 1950, and 1953 (observers unknown).
LI Cherevichny, I.S. Kotov, L.K. Kruze, I.P. Mazuruk, and V.M. Perov were among the most expe-
rienced pilots in the Soviet sea ice reconnaissance, while V.I. Akkuratov was a famed navigator
(Reproduced from Burkhanov (1954, Fig. 6) with permission)

with “phantom lands” followed; some articles were promptly translated into English
(e.g., Zubov 1955).

Beginning in spring 1946, Soviet sea ice observers on reconnaissance flights
across the Chukchi Sea northeast of Wrangell Island, at 75°N-76°N, reported
numerous sightings of ice islands, whose height and appearance were markedly dif-
ferent from the surrounding ice floes. In March 1946, pilot I.S. Kotov spotted what
he believed was Krestianka Island northeast of Wrangell Island at 76°N, 165°W. It
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Fig. 14.2 Drawing of Kotov Ice Island made by navigator V.I. Akkuratov on March 19, 1947. The
4-km scale bar in the bottom left corner is for the island size only, not for the wave pattern, which
is shown highly schematically, with the wave length (crest-to-crest distance) exaggerated many
times (see text; also cf. Koenig et al. 1952, Fig. 6). North is at the fop. Dendritic patterns are frozen
streams that drain meltwater in summer. The hatched area east of the ice island is fast ice. The ice
island was surrounded by ice floes except for open water (white) in its wake as the ice island was
drifting WNW. The drift direction is shown with arrow at the top, where “IIpeii¢” means “Drift”
(Reproduced from Burkhanov (1954, Fig. 7) with permission)

measured 25 km x 30 km, with an area of 520 km?. In retrospect, this identification
of Kotov Island with Krestianka Island seems highly dubious given the time span of
12 years between these sightings of drifting ice islands in 1934 and 1946. On March
19, 1947 pilot L.K. Kruze spotted the same ice island that pilot I.S. Kotov saw in
March 1946 but it was now at 76°N, 173.5°W — 200 km west of the original sight-
ing. Evidently, this was a drifting ice island. A drawing made during that flight by
navigator V.I. Akkuratov and first published by Burkhanov (1954, his Fig. 7) shows
a heart-shaped feature with a characteristic undulating surface pattern (Fig. 14.2).
U.S. Air Force pilots independently discovered this same ice island, later termed
T-1, measuring 28 km x 33 km and in a shape resembling an arrowhead or a chick-
en’s heart, on August 14, 1946 at 76°15'N, 160°15'W (Koenig et al. 1952).
Burkhanov (1954) identified T-1 with Kotov Island (Fig. 14.1). It must be noted
here that Akkuratov’s sketch has grossly exaggerated the wavelength of the corru-
gated surface of this ice island. Indeed, his sketch shows 11 waves (hence, an aver-
age crest-to-crest distance of 3 km), while a low-altitude photo of the same island
(T-1) taken on August 1, 1951 (Koenig et al. 1952, their Fig. 6) shows >40 parallel
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Table 14.1 Russian ice island sighting dates, dimensions and other characteristics

373

Mean distance (m) between
Ice First and last sighting | Dimensions | Thickness waves (ridges) on the upper
island (month/year) (km) (m) surface
NP-6 04/1956 — 09/1959 13.8x 8.3 6-12 No waves
NP- 04/1968 — 04/1973 12.6 x 6.7 32-36 210
18/19
NP-22 04/1973 — 04/1982 4.8x%2.0 22-30 220
NP-23 08/1975 - 11/1978 7.5%3.0 6-18 170
NP-24 03/1978 — 11/1980 16.0 x 6.5 15-40 280

Data from Grishchenko and Simonov (1985, their Table 1), Dremlyug and Kessel (2007, foldout
table pp. 100-101), with corrections, and from Sychev (1961, 1962) for NP-6

troughs filled with meltwater. As we know today, the wave-like pattern of most ice
islands and ice shelves of the Arctic Ocean has a length scale of a few hundred
metres, between 170 and 280 m according to Grishchenko and Simonov (19835, their
Table 1; Table 14.1).

In April 1948, at 82°N, 170°E, pilot I.P. Mazuruk observed an ice island with a
characteristic undulating surface measuring 28 km x 32 km. In May 1950, Soviet
pilots reported to have seen the same island at 87°N, 155°E (Dremlyug and Kessel
2007, pp. 28-29; Burkhanov 1954, his Fig. 6; Fig. 14.1). On July 21 1950, U.S.
pilots independently discovered and reported this same ice island measuring 31 km
x 33 km at 86°40'N, 167°00'E, and termed it T-2 (Koenig et al. 1952). Burkhanov
(1954) identified T-2 with Mazuruk Island (Fig. 14.1).

In March 1950, pilot V.M. Perov discovered an ice island with an area of 100 km?
northeast of Herald Island at 74.5°N, 169°W (Burkhanov 1954; Fig. 14.1). The
U.S. Air Force pilots independently discovered this same ice island on July 29, 1950
at 75.4°N, 173°W (Koenig et al. 1952). It measured 16.6 km x 8.3 km, had a kidney
shape, and was termed T-3. Later, it was realized that U.S. pilots had observed T-3
much earlier, on April 24 and 27, 1947 north of Ellef Ringnes Island and on July 9,
1948 off the west coast of Prince Patrick Island (Koenig et al. 1952). Burkhavov
(1954) identified T-3 with Perov Island (Fig. 14.1).

Burkhanov’s identification of Russian vs. U.S./Canadian ice islands remains
uncontested to date, even though no comparative study of Russian and U.S./
Canadian discoveries of these islands has ever been published in the scientific
literature.

Numerous Russian publications on ice islands were summed up by Kessel (2005)
and Dremlyug and Kessel (2007), who also compiled sightings of small ice islands
in the East Siberian and Chukchi seas reported by Soviet airborne ice reconnais-
sance and observers from naval icebreakers in the 1930s—1940s. No Soviet reports
of ice islands observations exist between 1950 and April 1956, when an ice island
was discovered on which NP-6, the first Soviet ice island station, was established,
thereby opening an era of Soviet/Russian scientific exploration and exploitation of
ice islands, described in the next section.
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14.3 North Pole Manned Drift Stations on Ice Islands

In 1956-1980, six Russian manned stations were set up on five ice islands that
drifted in the Beaufort Gyre and Transpolar Drift (Fig. 14.3).

NP-6 In April 1956, at 74°24'N, 177°10'W, pilot V.I. Maslennikov discovered an
ice island measuring 13.8 km x 8.3 km. The first Soviet station on an ice island,
North Pole-6 (NP-6), was soon established and was occupied for 3 years (Sychev
1961, 1962) (Fig. 14.4).

Relative to other ice islands, this ice island was rather thin, with its thickness
ranging from 6—12 m (Sychev 1961, 1962). Despite being relatively thin, this ice

Fig. 14.3 Dirift tracks of Russian North Pole stations established on ice islands. Drift data from the
Arctic Climatology Project (Environmental Working Group 2000a) are mapped with the Ocean
Data View software (Schlitzer 2016). The beginning and end of each track are marked with circles
and squares, respectively. NP-19 was set up on the same ice island as NP-18 (both shown in black),
with a 6-month break in-between (black dashed line)
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Fig. 14.4 Ice island NP-6. Acronyms: A/ airstrip in April-May 1957, A2, airstrip in June—August
1957, A3 airstrip since September 1957, F/ multiyear fast ice with hummocky surface, /2 multi-
year fast year with ice hummocks smoothed, F'3 2-to-3-year-old fast ice with old and young ice
hummocks (Adapted from Kessel (2005, Fig. 20, after Sychev 1962))

island survived intact for the entire duration of the manned station NP-6, from April
1956 up to September 1959. Ice studies by Cherepanov (1964) revealed a very pecu-
liar structure and properties of this ice island that set it apart from other ice islands.
In particular, the crystalline structure of NP-6 markedly differed from that of other
ice islands studied before and also of the ice shelf of northern Ellesmere Island.
Therefore, Cherepanov (1964) stressed that NP-6 is not a typical ice island.

NP-18 On April 19, 1968 a roughly rectangular ice island was found at 71°36’'N,
163°00’W, measuring 13.6 km x 7.4 km (Dremlyug and Kessel 2007, foldout table
between pp. 100 and 101; yet 12.6 km x 6.7 km according to Grishchenko and
Simonov 1983, their Table 1), with an area of 82 km? and an estimated thickness of
35 m. The drifting station NP-18 set up on this ice island became operational on
October 9, 1968. On May 9, 1969 the NP-18 station was relocated to an ice floe
230 km northeast of the ice island (Kornilov et al. 2010, p. 245), but the ice island
was later used as a platform for the next station, NP-19; therefore, we refer to this
ice island as NP-18/19 (Fig. 14.5).

NP-19 This station was set up on the same ice island as NP-18 and began regular
observations on November 7, 1969. In January 1970, the ice island grounded on
shoals off De Long Islands and lost 19 km? or ~20% of its area. The station survived
the break-up. NP-19 closed on April 14, 1973. The drift of NP-19 is described by
Chilingarov et al. (1972, 1986, 2014).



376 I.M. Belkin and S.A. Kessel

Fig. 14.5 Ice island NP-18/19. Aerial photo from an altitude of 10,000 m on April 19, 1968, when
this ice island was discovered by the Russian sea ice reconnaissance (Adapted from Kessel (2005,
Fig. 23, after Chilingarov et al. 1972, photo on p. 5))

NP-22 This ice island was discovered on April 6, 1973 (Kessel 2005, his Table 1
on pp. 29-32). The drifting station NP-22 (Figs. 14.6 and 14.7) was manned without
interruptions for 8%2 years, from September 13, 1973 until April 8, 1982 (Romanov
etal. 1997) — the longest continuously occupied drifting station ever. After complet-
ing a full circle around the Beaufort Gyre, NP-22 escaped from the gyre into the
Transpolar Drift. Owing to the island’s longevity, successive NP-22 crews expanded
and upgraded NP-22 facilities and conducted diverse studies of the ice island and its
environment.

NP-23 In August 1975, an ice island measuring 7.5 km x 3.0 km was found north-
east of Wrangell Island, at 72°45'N, 176°05'W (Kessel 2005, his Table 1 on
pp. 29-32). It was chosen as a platform for NP-23 (Fig. 14.8) that remained in
operation from December 5, 1975 until November 1, 1978. The ice island’s thick-
ness varied spatially from 6-18 m and averaged 15 m. In summer 1977, the island
lost 1.5-2.0 m of ice from its upper surface because of intense ablation (Kessel
2005, pp. 62-63).

NP-24 This station was set up from icebreaker Sibir on June 23, 1978 at 76°45’'N,
163°00’E on an ice island found on March 9, 1978 at 75°12'N, 172°00'E (Kessel
2005, p. 63; Fig. 14.9). This ice island was first observed in the northern Chukchi
Sea in 1977: visually in August, then with airborne side-looking radar in December
(Kornilov et al. 2010, p. 391). The ice island dimensions were 17 km x 6 km (Kessel
2005; 16.0 km x 6.5 km according to Grishchenko and Simonov 1985, their Table 1).
Its thickness varied spatially from 15-40 m (Kessel 2005). NP-24 was occupied
until November 19, 1980 (Romanov et al. 1997).

NP-24 was the last Russian station thus far established on an ice island. A pause
in the disintegration of the Ward Hunt Ice Shelf — the main supplier of ice islands in
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Fig. 14.6 Aerial photo (nadir view) of ice island NP-22 in 1979 (Adapted from Kessel (2005,
Fig. 28, from V.K. Yakimyuk’s personal archive)) The ice island dimensions are 4.8 km x 2.0 km
(Grishchenko and Simonov 1985; Table 14.1). The main complex of several interconnected pre-
fabricated huts is in the centre of the ice camp (for its close-up photo see Fig. 14.7) surrounded by
individual huts. Photos of the stand-alone hut on the /eft taken before and after the 1977 melt sea-
son are shown in Figs. 14.10 and 14.11 respectively. Air strips were prepared each season anew as
previous air strips were destroyed by summer melt. Faint surface manifestations of older air strips
are still visible in this photo

the Arctic (Jeffries 1992) — was the main reason for the absence of ice-island-based
stations.

A summary of key parameters of the Russian ice islands (Table 14.1) is based
mostly on Grishchenko and Simonov (1985, their Table 1) and Dremlyug and Kessel
(2007, foldout table between pp. 100 and 101), with corrections, while data for
NP-6 are from Sychev (1961, 1962); included are only those ice islands on which
North Pole manned drifting stations were set up. Dimensions and thickness were
usually measured early during the occupation of each ice island. In case of NP-22,
its attrition was studied over several years (Grishchenko 1980; Grishchenko and
Simonov 1985). Thickness is observed to decrease with time due to the upper
surface ablation and the bottom surface scouring by currents. For example, NP-22
thinned by ~1 m year~! while occupied.
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Fig. 14.7 Main complex of several interconnected prefabricated huts on drifting station NP-22 in
May 1977. Developed by Russian designers Kanaki and Ovchinnikov, these comfortable mobile
huts were officially termed PDKO after them, with PD standing for polyarny dom (in Russian) or
polar house. The complex included mess room, kitchen, food storage, recreation room, and sauna.
The sign reads: “NP-22 Vladivostok Square” after icebreaker Viadivostok, which together with
M/V Captain Kondratiev delivered supplies, including the huts, for the first party of 10 in
September 1973. The huts were assembled onboard before the ice camp was set up on the ice
island (Photo by Igor Belkin)

Fig. 14.8 A sketch of Ice Island NP-23 (Adapted from Kessel (2005, Fig. 34))



14 Russian Drifting Stations on Arctic Ice Islands 379

Fig. 14.9 Ice Island
NP-24 (nadir view with
airborne side-looking
radar). The ice island
dimensions are 16.0 km x
6.5 km (Grishchenko and
Simonov 1985; Table 14.1)
(Adapted from Kessel
(2005, Fig. 35))

A comparison between ice island stations and other stations set up on ice floes
(Romanov et al. 1997; Frolov et al. 2005, pp. 29-33, their Tables 1.1 and 1.2;
Kornilov et al. 2010) illustrates the substantial benefits conferred by ice islands.
First, the longevity of ice islands far exceeds that of ice floes. Therefore, as obser-
vational platforms, ice islands are more useful than ice floes. Second, ice islands are
solid enough to withstand landings of relatively large aircraft, thus allowing heavy
and bulky scientific equipment to be delivered. On the balance, the ice islands turned
out to be superior platforms as evidenced by the number and duration of studies
conducted from these islands and briefly described in the next section.

14.4 Scientific Observations from the Russian Ice Islands

Scientific investigations conducted from the Russian drifting stations are described
by Frolov et al. (2005) and Kornilov et al. (2010), including all six stations estab-
lished on five ice islands: NP-6, NP-18/19, NP-22, NP-23, and NP-24. Many inves-
tigations conducted from ice islands were similar to the studies conducted from
drifting stations on ice floes, especially if the emphasis was on standard meteoro-
logical and oceanographic observations. There were, however, studies for which ice
islands played a key role, e.g., the biology of the under-ice and benthic realms,
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Beaufort Gyre oceanography, and others. Finally, glaciological studies of the ice
islands were quite specific — if not unique — since the ice islands’ structure and mor-
phology differ from that of ice floes. Below we review a few fields, where the ice
islands played the most important role.

14.4.1 Ice Island Structure and Morphology

Stratigraphic studies are especially important in helping to determine ice island
source, thereby providing clues to its drift pattern after calving. Three ice islands —
NP-6, NP-18/19, and NP-22 — were studied by ice specialists, using various means,
including ice coring and scuba diving (Cherepanov 1964; Legen’kov 1973;
Legen’kov and Chugui 1973; Legen’kov et al. 1974; Grishchenko 1980; Grishchenko
and Simonov 1985). The most extensive observations of ice island structure and
morphology were conducted from NP-22, owing largely to its longevity.

NP-6 The first Russian studies of ice island stratigraphy and crystallography were
conducted by N.V. Cherepanov using data collected on NP-6, where six pits were
dug in the 10-12 m thick ice island (Cherepanov 1964). This study yielded the
first-ever data on the structure of very thick sea ice growing up to 12 m thick under
natural conditions. The ice island’s structure was quite peculiar and different from
that of previously studied ice islands and ice shelves. Therefore, Cherepanov (1964)
stressed that this ice island is a rare ice formation in the Arctic. At the same time, he
noted that such ice formations are encountered in the Arctic quite often, featuring a
flat even upper surface, a rather low freeboard of 0.5-1.0 m, a moderate size of less
than 0.5—1.0 km, and lack of terrestrial debris. The crystalline structure of NP-6 was
unusual for multi-year sea ice in that ice crystals were uniformly shaped and their
optical axes were uniformly oriented (aligned). Below the top surface 30-50 cm
layer with numerous inclusions (sediment debris), the ice was completely uniform
down to 8.5 m depth, with a distinct fibrous (sponge-like) structure of drainage
channels traceable all the way to the bottom surface. The ice salinity increased from
0 at the upper surface to 3 ppt at 2 m depth and remained constant between 2 and 6
m, then decreased to 2.5 ppt at 8.5 m depth. The vertically-averaged salinity was
2.26 ppt, similar to that of multi-year ice, e.g., the NP-4 ice floe (2.2 ppt). Based on
ice texture, crystalline structure, salinity and density, Cherepanov (1964) concluded
that the NP-6 ice island was of marine origin.

NP-18/19 The morphology, stratigraphy, temperature regime, and thermally
induced stresses and deformations of this ice island were documented by Legen’kov
(1973), Legen’kov and Chugui (1973), and Legen’kov et al. (1974). The ice island
was composed of two very different strata (Legen’kov et al. 1974): the upper 0—16 m
stratum consisted of fresh ice while the stratum between 16 and 32.5 m (bottom
surface) consisted of saline ice whose salinity was approximately 8 ppt. According
to Kessel (2005, p. 53), stratigraphic studies conducted by another group of research-
ers revealed three strata: 0—17 m, glacier ice (which could be ‘iced firn’ - a meteoric
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ice type that forms from snow and rainfall (in situ accumulation) discussed in the
early Ellesmere ice shelf literature; for a review see Jeffries(1992)); 17-25 m,
infiltration-congelation ice (from sea water and wet snow); and 25-36 m, congela-
tion ice (from sea water). The close-up fixed-location stratigraphic inspection of a
1-m thick stratum between 5.25 and 6.25 m depth from the upper surface of the ice
island revealed a series of fine layers, 10—14 cm thick (average, 12 cm), apparently
formed by annual accumulation; thus, the maximum thickness of 36 m corresponds
to 300 years of accumulation (Legen’kov and Chugui 1973).

The upper surface of the ice island featured parallel undulations, with a crest-to-
crest distance of 200-300 m (Legen’kov and Chugui 1973), with an average dis-
tance of 210 m (Grishchenko and Simonov 1985, their Table 1). The summer
ablation was most pronounced (up to 50 cm) on the island’s topographic highs,
thereby gradually smoothing its undulating relief (Kessel 2005, p. 53).

Annual variations of ice temperature decreased with depth: While at the upper
surface the ice temperature ranged from —29°C in February to 0°C in August, at
13 m depth the magnitude of seasonal variations was just 0.8°C, decreasing to 0°C
at 32.5 m depth (near the bottom surface). Below 20 m, ice temperature was nearly
constant throughout the year, increasing with depth from —7°C at 20 m to —1.8°C
at 32.5 m (bottom surface) (Legen’kov et al. 1974).

NP-22 Morphological and structural characteristics of this ice island and its attri-
tion were studied by Grishchenko and Simonov (1985). In 1974, the ice island’s
parameters were: maximum length 4.8 km; maximum width 2.0 km; mean free-
board 3.4 m; mean draft 25 m; mean thickness 29 m; mean distance between ridges
220 m. During the summer of 1974 (June 18—September 10), the surface ablation/
melt averaged 40—45 cm across the ice island, whereas the surrounding ice floes lost
26-30 cm to surface melting. The bottom ablation/melting continued even after
September 10.

During the anomalously warm melting season of 1977 Igor Belkin and Igor
Afanasyev surveyed the entire freeboard (approximately 12 km in length) of NP-22
and counted 16 streams draining meltwater into the ocean. As a result of the excep-
tionally sunny and warm late spring and early summer of 1977, NP-22 has lost to
ablation about 1 m of ice from the ice island’s upper surface because of intense
surface melt (Figs. 14.10 and 14.11). This is comparable to the loss of 1.5-2 m of
ice observed during that same season from another Russian ice island, NP-23 (see
below).

Scubadivers surveyed NP-22 from September 1974 until April 1975 (Grishchenko
1980; Grishchenko and Simonov 1985). They found that ice accretion on the ice
island’s sidewalls was only observed near the surface; the accretion rapidly
decreased with depth and vanished at 5 m depth. Below 5 m, both along the island’s
sidewalls and on its bottom surface, ice erosion by currents dominated in the ice
island’s ablation. Ice loss due to bottom ablation (scouring by currents) was 47 cm
year~'. Thus, the total decrease of the ice island thickness due to the combined
effects of surface melt and bottom erosion was ~1 m year~'. The ablation rate at the
bottom and sidewalls correlated strongly with mean monthly water temperature in
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Fig. 14.10 Triple-hut complex housing a laboratory and living quarters for three people on drift-
ing station NP-22. This photo was taken before the 1977 melt season (compare with Fig. 14.11
taken after the melt season). Geophysicist Alexander Baranov is standing in front of the entrance,
accompanied by Toros (the dog) (Photo by Igor Belkin)

Fig. 14.11 The same triple-hut complex as in Fig. 14.10 but after the 1977 melt season (Photo by
Igor Belkin)
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the upper 0-25 m layer and with mean monthly drift speed of the ice island
(Grishchenko and Simonov 1985, their Fig. 3).

Throughout its thickness, this ice island consisted of fresh glacier ice. The ice
island’s stratigraphic structure included two layers of fine-grained mineral inclu-
sions of aeolian origin at depths of 10 and 23 m below the ice island’s upper surface.
Annual layers were pronounced throughout the entire thickness of NP-22. In the
upper 10-m stratum, the annual layers consisted of blue ice (10-12 cm) separated by
whitish ice (1-3 cmy; its colour ascribed to numerous air bubbles); hence, the annual
accumulation was approximately 13 cm, similar to 12 cm on NP-19 (Legen’kov and
Chugui 1973). Below the top 10-m stratum, the annual layers were thicker, com-
posed of 20-30 cm of blue ice and 5 cm of whitish ice.

14.4.2 Marine Biology

Biological studies conducted from ice islands included phytoplankton, zooplank-
ton, benthos, nekton, and cryobiota (Frolov et al. 2005; Kornilov et al. 2010).
Historically, first investigations based on observations and collections from drifting
ice stations, including ice islands, focused on zooplankton (Brodsky and Pavshtiks
1976) and fishes, particularly gadoids (Andriashev et al. 1980). Multidisciplinary
studies based on collections from Russian manned drifting stations, including those
set up on ice islands, comprised the first-ever monograph on the biology of the cen-
tral Arctic Basin (Vinogradov and Melnikov 1980a, b). Extensive observations on
the Arctic sea ice ecosystem, including the NP-22 and NP-23 ice islands, were made
by Melnikov (1989).

During the drift of NP-22 in 1976-1977 across the hitherto unexplored northern
and eastern parts of the Canada Basin, Afanasyev (1978) made 50 hydrobiological
benthic stations over the Canadian Abyssal Plain, in a water depth between 2600
and 3550 m. According to Afanasyev (1978), only 13 deep stations (>3000 m) were
made in the Arctic Basin prior to 1977. Thus, the biological collections from
NP-22 in 19761977 resulted in a step-like four-fold increase of the Arctic Ocean
deep water data base. The Afanasyev dataset is still the only one yet collected in the
eastern Canada Basin, available from the Census of Marine Life’s Arctic Ocean
Diversity Project database, http://www.arcodiv.org/Database/Plankton_datasets.
html.

Bluhm et al. (2011) pointed out that the largest data gaps in sampling Arctic
deep-sea (>3000 m) invertebrate benthos exist in the eastern Canada Basin. It is
precisely the eastern side of the Canada Basin that NP-22 drifted across, enabling
sampling of the hitherto unexplored region (Afanasyev 1978) and allowing the
biology of the Canada Basin to be comprehensively studied for the first time
(Vinogradov and Melnikov 1980a, b). Biological collections made in the 1970s
from NP-22 and NP-23 were promptly described in a series of papers (Afanasyev
and Filatova 1980 (benthic fauna); Averincev 1980 (polychaetes); Belyaeva 1980
(phytoplankton); Geinrikh et al. 1980 (copepods); Jirkov 1980 (polychaetes);
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Kamenskaya 1980 (amphipods); Kondakov et al. 1980 (octopodes); Kosobokova
1980 (copepods); Moskalev 1980 (benthic fauna); Pasternak 1980 (sea pens);
Pavshtiks 1980 (zooplankton); Tsynovsky 1980a, b (fishes); Tsynovsky and
Melnikov 1980 (snailfish); Vinogradov and Melnikov 1980b (pelagic ecosystems);
Zezina 1980 (brachiopods); Levenstein 1981 (polychaetes), and Kosobokova 1982
(zooplankton)). Most of these papers comprised the Russian-language monograph
“Biology of the Central Arctic Ocean” (Vinogradov and Melnikov 1980a, b); some
of these papers have been translated into English (see References).

Collections made from NP-22 and other ice islands were later used in numerous
studies; a partial chronological list of selected papers (with just a few representative
papers by the same author) includes Margulis 1982 (siphonophores); Kussakin
1983 (isopods); Markhaseva 1984 (calanoid copepods); Vasilenko 1988 (cumaceans);
Kruglikova 1989 (radiolarians); Petryashov 1989 (mysids); Stepanjants 1989
(hydrozoans); Vassilenko 1989 (cumaceans); Petryashov 1993 (mysids); Malyutina
and Kussakin 1995a, b, 1996 (isopods); Markhaseva 1996 (calanoid copepods);
Kosobokova and Hirche 2000 (zooplankton); Jirkov 2001 (polychaetes); Sirenko
2001 (invertebrates); Bjgrklund and Kruglikova 2003 (radiolarians); Buzhinskaja
2004 (polychaetes); Petryashov 2004 (mysids); Sirenko et al. 2004 (deep-water
communities); Rogacheva 2007 (holothurians); Salazar-Vallejo et al. 2007 (poly-
chaetes); Kruglikova et al. 2009 (radiolarians); Sanamyan et al. 2009, 2016 (sea
anemones); Kosobokova et al. 2011 (zooplankton); Jirkov and Leontovich 2012
(polychaetes); Zasko and Kosobokova 2014 (plankton radiolarians) and a special
volume on invertebrates (Gebruk et al. 2014). Massive sampling of bottom fauna
from the previously unexplored abyssal depths of the Canada Basin contributed
greatly to zoogeographical studies of the Arctic Basin (Vinogradova 1997). A com-
prehensive up-to-date bibliography of biological studies based on collections from
ice islands is yet to be compiled.

14.4.3 Oceanography and Meteorology

The drift of NP-22 supported sustained oceanographic and meteorological observa-
tions in the Canada Basin and northern Beaufort Gyre. Other ice islands (NP-6,
18/19, 23, and 24) drifted mostly in the southern Beaufort Gyre or in the Transpolar
Drift. The data collected from these stations, infer alia, shed a new light on the dis-
tribution of the Atlantic and Pacific waters in the central Arctic Basin (Rusanov
et al. 1979; Frolov et al. 2005). Meteorological, climatological, and radiosonde
observations from these ice islands filled data gaps in the most remote parts of the
Arctic, thereby enhancing climatological summaries of various observables (e.g.,
Kahl et al. 1999; Warren et al. 1999). Oceanographic and meteorological observa-
tions from the Russian stations on ice islands have comprised an important part of
the database used in the atlases published under the aegis of the Arctic Climatology
Project (Environmental Working Group 1997, 2000a, b). At the same time, the orig-
inal oceanographic data collected from these ice islands have not made it yet to the
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Fig. 14.12 Oceanographic data distribution map illustrating data paucity in the eastern Canada
Basin (ECB) and over the nearby continental shelves of the Canadian Arctic Archipelago. Shown
are all oceanographic stations with temperature and salinity measurements (both Nansen bottle
data and CTD) available at the National Oceanographic Data Center (NODC; presently National
Centers for Environmental Information, NCEI/NOAA) as part of the World Ocean Database 2013
(Boyer et al. 2013) and mapped with the Ocean Data View software (Schlitzer 2016)

publicly available World Ocean Database (WOD), which for the last half-century
has been maintained by the National Oceanographic Data Center of the National
Oceanic and Atmospheric Administration (now — since 2015 — part of the National
Centers for Environmental Information, NCEI). As a result, the northern and eastern
parts of the Canada Basin feature the sparsest data coverage in the entire Arctic
Ocean (Fig. 14.12).

The legacy collections and data sets from ice islands also serve as valuable
benchmarks, against which future changes in the Arctic could be evaluated.
Comparisons with observations from NP-22 made in the 1970s and early 1980s
revealed drastic changes of Arctic ecosystems, including those of sea ice; some of
the ecosystem changes are deemed to have resulted from the long-term decrease of
multi-year fraction of sea ice cover and its replacement with seasonal ice (Melnikov
2005; Melnikov and Semenova 2013). Future changes in the warming Arctic Ocean
(Wassmann et al. 2011; Arrigo 2014) are expected to include range expansion of
various species, including benthos (Renaud et al. 2015).

14.5 Conclusions

With the world’s longest coastline facing the Arctic Ocean between 30°E and 170°E,
Russia was traditionally at the forefront of Arctic exploration, including the search
for “phantom lands” that have been sighted numerous times over centuries. There is
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little doubt that most sightings were of real objects (islands or “lands™) yet all
attempts to reach these lands turned out to be fruitless, thus giving rise to the term
“phantom lands.” Some of these “phantom lands” were likely islands partly com-
posed of ground ice, which explains their eventual disappearance as a result of ther-
mal erosion due to climate amelioration and mechanical erosion due to actions of
waves and sea ice (Gavrilov et al. 2003; Giinther et al. 2015). Other “phantom
lands” were probably drifting (or temporary grounded) icebergs, including ice
islands.

One of the first explorers of the Siberian coast, Ferdinand Petrovich Wrangell led
an expedition in 18201824 (Wrangell 1826, 1841; Parrot 1826) that made observa-
tions of strange ice formations that were drastically different from regular ice floes,
hummocks, or pressure ridges. In retrospect, these ice formations could have been
remnants of what we now call ice islands.

With the advent of polar aviation in the twentieth century and ever-increasing
shipping activity along the Northern Sea Route, pilots and navigators of the Soviet
Ice Reconnaissance Service reported numerous sightings of ice islands in the Soviet
sector of the Arctic Ocean and beyond, although those reports have not been made
publicly available. The growing importance of the Arctic has justified the establish-
ment of manned drifting stations on ice floes (Frolov et al. 2005; Kornilov et al.
2010). Five large ice islands discovered by Russians since 1946 were chosen as
platforms for drifting stations North Pole-6, 18/19, 22, 23, and 24 that operated
much longer than other stations thanks to the superior thickness (between 10 and 40
m) of these ice islands and their near indestructibility. Indeed, these stations com-
bined served 23 years as reliable platforms and were the objects of various studies.
Of particular importance was the 8Y2-year trajectory of NP-22 — the longest continu-
ously occupied drifting station ever — that facilitated studies of physical and biologi-
cal oceanography of the Beaufort Gyre and Canada Basin.

Until this day the Canada Basin remains poorly explored, especially its northern
and eastern parts. Notwithstanding the ongoing warming in the Arctic and the atten-
dant long-term attrition (shrinking and thinning) of the Arctic ice cover, the multi-
year pack ice in the eastern part of the Canada Basin still presents a formidable
problem even for modern icebreakers. Similarly, research submarines would typi-
cally circumvent this area since the thick ice pack would prevent emergency surfac-
ing while deep keels of ice hummocks would present a constant hazard. The
Submarine Arctic Science Program (SCICEX) scientific cruises of U.S. Navy’s
nuclear submarines in 1993-2003 carefully avoided the eastern Canada Basin
(SCICEX Science Advisory Committee 2010).

The data paucity in the Canada Basin is particularly notable with regard to bio-
logical collections and sediment sampling (e.g., Bjgrklund and Kruglikova 2003;
Jirkov and Leontovich 2012; Hunt et al. 2014; Xiao et al. 2014; Zasko and
Kosobokova 2014; Bluhm et al. 2015; Wassmann et al. 2015). Therefore, the legacy
collections from Russian ice islands, especially NP-22, remain indispensable.
Numerous new species of pelagic and benthic fauna were discovered in the Canada
Basin thanks to the collections from NP-22 and other ice islands. More species
likely await discovery in these collections.



14 Russian Drifting Stations on Arctic Ice Islands 387

Acknowledgments The splendid record of the Russian manned drifting stations on Arctic ice
islands owes everything to the courage, determination, skill, and vision of Russian polyarniks —
specialists in all things polar — seafarers, airmen, ice observers, and scientists — who devoted their
lives to Arctic exploration and research. We are deeply indebted to all of them and particularly to
the crew members of the North Pole drifting stations who worked under the most trying environ-
mental conditions to collect unique scientific data. Logistical support provided by the Arctic and
Antarctic Research Institute (AARI), St. Petersburg, during our work in the Arctic is greatly appre-
ciated. We are especially thankful to Martin Jeffries for suggesting this chapter and to Derek
Mueller and Luke Copland, editors, for encouraging us. The manuscript has been substantially
improved thanks to numerous edits and comments by William Althoff, Derek Mueller, Daphne
Johnson, Nikolai Kornilov, Zalman Gudkovich, Eduard Sarukhanian, Yuri Gorbunov, Vladimir
Radionov, Vasily Smolyanitsky, Andrey Glazovsky, Igor Melnikov, Ksenia Kosobokova, and Yuri
Yakovlev, while Alexander Merkulov, Igor Jirkov, Elena Markhaseva, and Yuri Rudyakov provided
hard-to-get Russian papers. Maps in Figs. 14.3 and 14.12 were created by Daphne Johnson using
the Ocean Data View software (Schlitzer 2016). Permission to reproduce figures from the
“Problems of Geography” series was kindly granted by its Editor-in-Chief, Vladimir Kotlyakov.
The series is freely available online courtesy of the Russian Geographical Society. For 6 months in
1977, Igor Belkin worked together with Igor Afanasyev on the best drifting station of all time —
North Pole-22 — under the cheerful leadership of Igor Simonov. This chapter is dedicated to his
memory, as well as the memory of Valentin Dremlyug, who inspired Sergey Kessel’s interest in ice
islands.

References

Afanasyev, I. F. (1978). Studies of the deep-sea benthic fauna of the central part of the Arctic
Ocean. Oceanol, 18(5), 621. Originally published in Okeanologiya 18(5), 950-951. [in
Russian].

Afanasyev, I. F., & Filatova, Z. A. (1980). To the investigation of the deep-sea benthic fauna of the
Canada Basin of the Arctic Ocean. In M. E. Vinogradov & 1. A. Melnikov (Eds.), Biology of the
central Arctic Basin (p. 219-229). Moscow: Nauka. [in Russian].

Andriashev, A. P., Mukhomediyarov, B. F., & Pavshtiks, E. A. (1980). On great amounts of cryo-
pelagic gadid fishes (Boreogadus saida and Arctogadus glacialis) in near-pole Arctic regions.
In M. E. Vinogradov & I. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 196-211).
Moscow: Nauka. [in Russian].

Anonymous. (1955). Soviet reports of “ice islands” in the Arctic Ocean. Polar Record, 7(50),
416-417. doi:10.1017/S0032247400046556.

Arrigo, K. R. (2014). Sea ice ecosystems. Annual Review of Marine Science, 6, 439-467.
doi: 10.1146/annurev-marine-010213-135103.

Averincev, V. G. (1980). Chauvinelia arctica, sp. n. (Acrocirridae, Polychaeta) from the Canada
Basin. Explorations of the Fauna of the Seas, 25(33), 57-62. [in Russian].

Belyaeva, T. V. (1980). Phytoplankton of the drift area of North Pole-22 station. In M. E.
Vinogradov & I. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 133—142). Moscow:
Nauka. [in Russian].

Bjgrklund, K. R., & Kruglikova, S. B. (2003). Polycystine radiolarians in surface sediments in the
Arctic Ocean basins and marginal seas. Marine Micropaleontology, 49(3), 231-273.
doi: 10.1016/S0377-8398(03)00036-7.

Bluhm, B. A., Ambrose Jr., W. G., Bergmann, M., Clough, L. M., Gebruk, A. V., Hasemann, C.,
Iken, K., Klages, M., MacDonald, I. R., Renaud, P. E., Schewe, 1., Soltwedel, T., & Wlodarska-
Kowalczuk, M. (2011). Diversity of the Arctic deep-sea benthos. Marine Biodiversity, 41(1),
87-107. doi:10.1007/s12526-010-0078-4.


http://dx.doi.org/10.1017/S0032247400046556
http://dx.doi.org/10.1146/annurev-marine-010213-135103
http://dx.doi.org/10.1016/S0377-8398(03)00036-7
http://dx.doi.org/10.1007/s12526-010-0078-4

388 .M. Belkin and S.A. Kessel

Bluhm, B. A., Kosobokova, K. N., & Carmack, E. C. (2015). A tale of two basins: An integrated
physical and biological perspective of the deep Arctic Ocean. Progress in Oceanography, 139,
89-121. doi:10.1016/j.pocean.2015.07.011.

Bollinger, M. J. (2003). Stalin’s slave ships: Kolyma, the gulag fleet, and the role of the west.
Westport: Greenwood Publishing Group.

Boyer, T. P., Antonov, J. 1., Baranova, O. K., Coleman, C., Garcia, H. E., Grodsky, A., Johnson,
D. R., Locarnini, R. A., Mishonov, A. V., O’Brien, T. D., Paver, C. R., Reagan, J. R., Seidov,
D., Smolyar, I. V., & Zweng, M. M. (2013). World Ocean Database 2013, NOAA Atlas NESDIS
72. Silver Spring: National Oceanic and Atmospheric Administration (NOAA).

Brodsky, K. A., & Pavshtiks, E. A. (1976). Plankton of the central part of the Arctic Basin (based
on collections of the North Pole drifting stations). Problems of Geography [Voprosy Geografii],
101, 48—157. [in Russian]. http://lib.rgo.ru/reader/flipping/Resource-4322/vg_101/index.html.
English translation: Polar Geography, 1(2), 143-161. doi:10.1080/10889377709388621.

Burkhanov, V. F. (1954). Origin of ice islands in the Arctic. Problems of Geography [Voprosy
Geografii], 36, 3-29. [in Russian]. http://lib.rgo.ru/reader/flipping/Resource-4190/002_R/
index.html

Buzhinskaja, G. N. (2004). Two new genera of the pelagic family Yndolaciidae (Polychaeta) from
the Arctic Ocean with an addition to the description of Yndolacia lopadorrhynchoides
Stgp-Bowitz. Sarsia, 89(5), 338-345. doi:10.1080/00364820410002604.

Cherepanov, N. V. (1964). Structure of sea ice of great thickness. Proceedings of the Arctic and
Antarctic Research Institute, 267, 13—18. [in Russian]. Translation T 448 R, Directorate of
Scientific Information Services, Defence Research Board Canada, January 1966.

Chilingarov, A., Yevseyev, M., & Sarukhanyan, E. (1972). Life on an ice island [Pod Nogami
Ostrov Ledyanoi] (pp. 160). Moscow: Molodaya Gvardiya. [in Russian]. English translation:
Chilingarov, A., Sarukhanyan, E., & Yevseyev, M. (1975). Life on an ice island (NTIS Product
No. ADA018072, Cold Regions Research and Engineering Laboratory, pp. 208). Hanover:
U.S. Army Corps of Engineers.

Chilingarov, A., Yevseyev, M., & Sarukhanyan, E. (1986). Life on an ice island [Pod Nogami
Ostrov Ledyanoi] (2nd ed.). Leningrad: Gidrometeoizdat. [in Russian].

Chilingarov, A. N., Yevseyev, M. P., & Sarukhanyan, E. 1. (2014). Life on an ice island [Pod
Nogami Ostrov Ledyanoi] (3rd ed.). Moscow: Paulsen.

Darwin, C. (1873). Origin of certain instincts. Nature, 7(179), 417-418. doi:10.1038/007417a0.

Dremlyug, V. V., & Kessel, S. A. (2007). Enigmatic Arctic Islands [Ostrova — Zagadki Arktiki]. St
Petersburg: GeoGraf Press. [in Russian].

Environmental Working Group. (1997). In L. Timokhov & F. Tanis (Eds.), Environmental Working
Group Joint U.S.-Russian atlas of the Arctic Ocean. Boulder: National Snow and Ice Data
Center. doi:10.7265/N5H12ZX4.

Environmental Working Group. (2000a). In F. Tanis & V. Smolyanitsky (Eds.), Environmental
Working Group Joint U.S.-Russian Arctic sea ice atlas. Boulder: National Snow and Ice Data
Center. doi:10.7265/N5C82766.

Environmental Working Group. (2000b). In F. Fetterer & V. F. Radionov (Eds.), Environmental
Working Group Arctic meteorology and climate atlas. Boulder: National Snow and Ice Data
Center. doi:10.7265/N5SMS3QNJ.

Fletcher, J. O. (1950). Floating ice islands in the Arctic Ocean. Tellus, 2(4), 323-324.
doi:10.1111/.2153-3490.1950.tb00346.x.

Frolov, I. E., Gudkovich, Z. M., Radionov, V. E., Shiroshkov, A. V., & Timokhov, L. A. (2005). The
Arctic Basin: Results from the Russian drifting stations. Berlin: Springer-Praxis.

Gavrilov, A. V., Romanovskii, N. N., Romanovsky, V. E., Hubberten, H. W., & Tumskoy, V. E.
(2003). Reconstruction of ice complex remnants on the eastern Siberian Arctic Shelf.
Permafrost and Periglacial Processes, 14(2), 187-198. doi:10.1002/ppp.450.

Gebruk, A. V., Thiel, H., & Thurston, M. (Eds.). (2014). Deep-sea fauna of European seas: An
annotated species check-list of benthic invertebrates living deeper than 2000 m in the seas
bordering Europe: Introduction. Invertebrate Zoology, 11(1), 1-2.


http://dx.doi.org/10.1016/j.pocean.2015.07.011
http://lib.rgo.ru/reader/flipping/Resource-4322/vg_101/index.html
http://dx.doi.org/10.1080/10889377709388621
http://lib.rgo.ru/reader/flipping/Resource-4190/002_R/index.html
http://lib.rgo.ru/reader/flipping/Resource-4190/002_R/index.html
http://dx.doi.org/10.1080/00364820410002604
http://dx.doi.org/10.1038/007417a0
http://dx.doi.org/10.7265/N5H12ZX4
http://dx.doi.org/10.7265/N5C82766
http://dx.doi.org/10.7265/N5MS3QNJ
http://dx.doi.org/10.1111/j.2153-3490.1950.tb00346.x
http://dx.doi.org/10.1002/ppp.450

14 Russian Drifting Stations on Arctic Ice Islands 389

Geinrikh, A. K., Kosobokova, K. N., & Rudyakov, Y. A. (1980). Seasonal variations in vertical
distribution of some prolific copepods of the Arctic Basin. In M. E. Vinogradov & I. A.
Melnikov (Eds.), Biology of the central Arctic Basin (p. 155-166). Nauka: Moscow. [in
Russian]. Translated as: Can Transl Fish Aquat Sci, 4925. Translation Bureau, Department of
the Secretary of State of Canada, Ottawa, 1983. http://www.dfo-mpo.gc.ca/Library/19332.pdf

Grishchenko, V. D. (1980). Surface morphology of ice in the Arctic Basin. In M. E. Vinogradov &
1. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 33-55). Moscow: Nauka. [in
Russian].

Grishchenko, V. D., & Simonov, I. M. (1985). Morphological and structural features of the drifting
ice island NP-22. Problems of the Arctic and Antarctic, 59, 60—68. [in Russian].

Giinther, F., Overduin, P. P., Yakshina, 1. A., Opel, T., Baranskaya, A. V., & Grigoriev, M. N.
(2015). Observing Muostakh disappear: Permafrost thaw subsidence and erosion of a ground-
ice-rich island in response to Arctic summer warming and sea ice reduction. The Cryosphere,
9(1), 151-178. doi:10.5194/tc-9-151-2015.

Hunt, B. P. V., Nelson, R. J., Williams, B., McLaughlin, F. A., Young, K. V., Brown, K. A., Vagle,
S., & Carmack, E. C. (2014). Zooplankton community structure and dynamics in the Arctic
Canada Basin during a period of intense environmental change (2004-2009). Journal of
Geophysical Research, 119(C4), 2518-2538. doi:10.1002/2013JC009156.

Jeffries, M. O. (1992). Arctic ice shelves and ice islands: Origins, growth and disintegration, physi-
cal characteristics, structural-stratigraphic variability, and dynamics. Reviews of Geophysics,
30(3), 245-267. doi:10.1029/92RG00956.

Jirkov, 1. A. (1980). Toward the Polychaeta fauna of the abyssal of the Canada Basin. In M. E.
Vinogradov & I. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 229-236). Moscow:
Nauka. [in Russian].

Jirkov, I. A. (2001). Polychaeta of the Arctic Ocean (p. 633). Moscow: Yanus-K. [in Russian].
http://www.twirpx.com/file/1941820/

Jirkov, I. A., & Leontovich, M. K. (2012). Biogeography of Polychaeta of the Eurasian North Polar
Basin. Invertebrate Zoology, 9(1), 41-51. http://www.nature.air.ru/invertebrates

Kahl, J. D. W., Zaitseva, N. A., Khattatov, V., Schnell, R. C., Bacon, D. M., Bacon, J., Radionov,
V., & Serreze, M. C. (1999). Radiosonde observations from the former Soviet “North Pole”
series of drifting ice stations, 1954-90. Bulletin of the American Meteorological Society,
80(10), 2019-2026. doi:10.1175/1520-0477.

Kamenskaya, O. E. (1980). Deep-sea amphipods (Amphipoda, Gammaridea) from collections
made during the expedition on the drifting station “North Pole-22”. In M. E. Vinogradov &
1. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 241-251). Moscow: Nauka. [in
Russian].

Kessel, S. A. (2005). Arctic ice islands [Ledyanye Ostrova Arktiki] (pp. 153). St Petersburg:
Otechestvo Foundation [in Russian].

Koenig, L. S., Greenaway, K. R., Dunbar, M., & Hattersley-Smith, G. (1952). Arctic ice islands.
Arctic, 5(2), 66-103. doi:10.14430/arctic3901.

Kondakov, N. N., Moskalev, L. I., & Nesis, K. N. (1980). Benthoctopus sibiricus Lgyning, an
endemic octopod of the Eastern Arctic. In A. P. Kuznetsov (Ed.), Ecological investigations of
the shelf (p. 42-56). Moscow: P.P. Shirshov Institute of Oceanology, USSR Academy of
Sciences. [in Russian, with English summary].

Kornilov, N. A., Kessel, S. A., Sokolov, V. T., & Merkulov, A. A. (2010). Russian scientific studies
on the Arctic drifting ice [Rossijskie issledovaniya na drejfuyushchih I’dah Arktiki]. St.
Petersburg: Arctic and Antarctic Research Institute [in Russian].

Kosobokova, K. N. (1980). Seasonal variations in the vertical distribution and age composition of
Microcalanus pygmaeus, Oithona similis, Oncaea borealis and O. notopus populations in the
central Arctic Basin. In M. E. Vinogradov & 1. A. Melnikov (Eds.), Biology of the central Arctic
Basin (p. 167-182). Moscow: Nauka. [in Russian]. Translated as: Can Transl Fish Aquat Sci,
4926. Translation Bureau, Department of the Secretary of State of Canada, Ottawa, 1983.
http://www.dfo-mpo.gc.ca/Library/61095.pdf


http://www.dfo-mpo.gc.ca/Library/19332.pdf
http://dx.doi.org/10.5194/tc-9-151-2015
http://dx.doi.org/10.1002/2013JC009156
http://dx.doi.org/10.1029/92RG00956
http://www.twirpx.com/file/1941820/
http://www.nature.air.ru/invertebrates
http://dx.doi.org/10.1175/1520-0477
http://dx.doi.org/10.14430/arctic3901
http://www.dfo-mpo.gc.ca/Library/61095.pdf

390 .M. Belkin and S.A. Kessel

Kosobokova, K. N. (1982). Composition and distribution of the biomass of zooplankton in the
central Arctic Basin. Oceanology, 22(6), 744-750.

Kosobokova, K., & Hirche, H. J. (2000). Zooplankton distribution across the Lomonosov Ridge,
Arctic Ocean: Species inventory, biomass and vertical structure. Deep-Sea Research Part I,
47(11), 2029-2060. doi:10.1016/S0967-0637(00)00015-7.

Kosobokova, K. N., Hopcroft, R. R., & Hirche, H. J. (2011). Patterns of zooplankton diversity
through the depths of the Arctic’s central basins. Marine Biodiversity, 41(1), 29-50.
doi:10.1007/s12526-010-0057-9.

Kruglikova, S. B. (1989). Arctic Ocean radiolarians. In Y. Herman (Ed.), The Arctic seas:
Climatology, oceanography, geology and biology (p. 461-480). New York: Van Nostrand
Reinhold.

Kruglikova, S. B., Bjgrklund, K. R., Hammer, O., & Anderson, O. R. (2009). Endemism and spe-
ciation in the polycystine radiolarian genus Actinomma in the Arctic Ocean: Description of two
new species Actinomma georgii n. sp and A. turidae n. sp. Marine Micropaleontology, 72(1-2),
26-48. doi:10.1016/j.marmicro.2009.02.004.

Kussakin, O. G. (1983). The first new isopod species from the abyssal of the Canada Basin of the
Arctic Ocean. Marine Biology [Biologiya morya], 3(1), 13—17. [in Russian, with English
summary].

Legen’kov, A. P. (1973). Thermal stresses and deformations of the drifting ice island North Pole-
19. Oceanology, 13(6), 804—808.

Legen’kov, A. P., & Chugui, I. V. (1973). Morphological measurements of the drifting ice island
North Pole-19. Problems of the Arctic and Antarctic, 42, 44-48. [in Russian]. Translated as:
Results of morphometric measurements of the ice island of the Severnyi Polyus-19 drifting
station. In A. F. Treshnikov (Editor-in-Chief), Problems of the Arctic and Antarctic, 42, 53—60.
Translated and published for the Office of Polar Programs, NSF by Amerind Publishing in col-
laboration with Oxonian Press, New Delhi, India, 1976.

Legen’kov, A. P.,, Chuguy, I. V., & Yeremin, N. N. (1974). Temperature measurements of the drift-
ingiceislandNorthPole-19.Oceanology, 14(4),495-498.d0i:10.1109/OCEANS.1974.1161384.

Levenstein, R. Y. (1981). Some peculiarities of the distribution of the family Polynoidae from the
Canada Basin of the Arctic Ocean. Proceedings of the Institute of Oceanology [Trudy Instituta
Okeanologii], 715, 26-36. [in Russian, with English summary].

Malyutina, M. V., & Kussakin, O. G. (1995a). Addition to the Polar Sea bathyal and abyssal
Isopoda (Crustacea). Part 1. Anthuridea, Valvifera, Asellota (Ischnomesidae, Macrostylidae,
Nannoniscidae). Zoosystematica Rossica, 4(1), 49-62.

Malyutina, M. V., & Kussakin, O. G. (1995b). Addition to the Polar Sea bathyal and abyssal
Isopoda (Crustacea, Malacostraca). Part 2. Asellota: Desmosomatidae. Zoosystematica
Rossica, 4(2), 239-260.

Malyutina, M. V., & Kussakin, O. G. (1996). Addition to the Polar Sea bathyal and abyssal Isopoda
(Crustacea, Malacostraca). Part 3. Asellota: Munnopsidae. Zoosystematica Rossica, 5(1),
13-27.

Margulis, R. Y. (1982). A new siphonophore Rudjakovia plicata gen. n., sp. n., (Coelenterata,
Hydrozoa) from the Polar Basin and some notes on other siphonophores. Zoological Journal
[Zoologichesky Zhurnal], 61(3), 440—-444. [in Russian].

Markhaseva, E. L. (1984). Aetideidae copepods (Copepoda, Calanoida) of the eastern sector of the
central Arctic Basin. Oceanology, 24(3), 391-393.

Markhaseva, E. L. (1996). Calanoid copepods of the family Aetideidae of the World Ocean.
Proceedings of the Zoological Institute of the Russian Academy of Sciences, 268, 1-331.

Melnikov, I. A. (1989). The ecosystem of the Arctic Sea ice [Ekosistema arkticheskogo morskogo
I’da] (pp. 191). Moscow: Nauka. [in Russian]. (Translated as: Melnikov, I. A. (1997). The
Arctic Sea ice ecosystem (pp. 221). Amsterdam: Gordon and Breach Science Publishers.

Melnikov, I. A. (2005). Sea ice—upper ocean ecosystems and global changes in the Arctic. Russian
Journal of Marine Biology, 31(Suppl. 1), SI-S8. doi:10.1007/s11179-006-0010-8.


http://dx.doi.org/10.1016/S0967-0637(00)00015-7
http://dx.doi.org/10.1007/s12526-010-0057-9
http://dx.doi.org/10.1016/j.marmicro.2009.02.004
http://dx.doi.org/10.1109/OCEANS.1974.1161384
http://dx.doi.org/10.1007/s11179-006-0010-8

14 Russian Drifting Stations on Arctic Ice Islands 391

Melnikov, I. A., & Semenova, T. N. (2013). Cryopelagic fauna of the present sea ice cover of the
central Arctic Basin. Problems of the Arctic and Antarctic, 98, 14-25. [in Russian]. http://www.
aari.ru/misc/publicat/paa/PAA-98/PAA-98-02-(14-25).pdf

Moskalev, L. 1. (1980). Benthic fauna of the outer shelf of the Chukchi Sea. In A. P. Kuznetsov
(Ed.), Ecological investigations of the shelf (p. 73—79). Moscow: P.P. Shirshov Institute of
Oceanology, USSR Academy of Sciences. [in Russian, with English summary].

Parrot, G. F. (1826). Bemerkungen des Herausgebers iiber die Nordlichte. In F. von Wrangel (Ed.),
Physikalische Beobachtungen des Capitain-Lieutenant Baron von Wrangel wdhrend seiner
Reisen auf dem Eismeere in den Jahren 1821, 1822 und 1823 (p. 61-99). Berlin: Reimer.

Pasternak, F. A. (1980). Pennatularia Umbellula encrinus (L.) from the Canada Basin of the Arctic
Ocean. In M. E. Vinogradov & 1. A. Melnikov (Eds.), Biology of the central Arctic Basin
(p- 236-239). Moscow: Nauka. [in Russian].

Pavshtiks, E. A. (1980). Some patterns in the life of the plankton of the central Arctic Basin. In
M. E. Vinogradov & 1. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 142-154).
Moscow: Nauka. [in Russian]. Translated as: Can Transl Fish Aquat Sci, 4917. Translation
Bureau, Department of the Secretary of State of Canada, Ottawa, 1983. http://www.dfo-mpo.
gc.ca/Library/64564.pdf

Petryashov, V. V. (1989). Arctic Ocean Mysids (Crustacea, Mysidacea): Evolution, composition,
and distribution. In Y. Herman (Ed.), The Arctic seas: Climatology, oceanography, geology and
biology (p. 373-396). New York: Van Nostrand Reinhold.

Petryashov, V. V. (1993). Deep-water Mysids (Crustacea, Mysidacea) of the Arctic Basin.
Explorations of the Fauna of the Seas, 45(53), 70-89. [in Russian].

Petryashov, V. V. (2004). Mysids (Crustacea, Mysidacea) of the Eurasian sub-basin of the Arctic
Basin and adjacent seas: Barents, Kara, and Laptev seas. Explorations of the Fauna of the Seas,
54(62), 124-145. [in Russian].

Renaud, P. E., Sejr, M. K., Bluhm, B. A., Sirenko, B., & Ellingsen, I. H. (2015). The future of
Arctic benthos: Expansion, invasion, and biodiversity. Progress in Oceanography, 139, 244—
257. doi:10.1016/j.pocean.2015.07.007.

Rogacheva, A. V. (2007). Revision of the Arctic group of species of the family Elpidiidae
(Elasipodida, Holothuroidea). Marine Biology Research, 3(6), 367-396.
doi:10.1080/17451000701781880.

Romanov, 1. P.,, Konstantinov, Y. B., & Kornilov, N. A. (1997). “North Pole” drifting stations
(1937-1991) [Dreyfuyushchie Stantcii “Severnyy Polyus” (1937-1991 gg.)] (2nd ed., p. 213).
St Petersburg: Gidrometeoizdat. [in Russian]. English translation: https://web.archive.org/
web/20070930224455/http://www.aari.nw.ru/projects/Atlas/Meteorology/HTML/HISTORY/
COLLECTION/NPhistory.htm

Rusanov, V. P, Yakovlev, N. 1., & Buynevich, A. G. (1979). Chemical oceanography of the Arctic
Ocean. Proceedings of the Arctic and Antarctic Research Institute [Trudy AANII], 355, 1-144.
[in Russian].

Salazar-Vallejo, S. L., Gillet, P., & Carrera-Parra, L. F. (2007). Revision of Chauvinelia, redescrip-
tions of Flabelliseta incrusta, and Helmetophorus rankini, and their recognition as acrocirrids
(Polychaeta: Acrocirridae). Journal of the Marine Biological Association of the United
Kingdom, 87(2), 465-477. doi:10.1017/S0025315407054501.

Sanamyan, N. P., Cherniaev, E. S., & Sanamyan, K. E. (2009). Bathyphellia margaritacea
(Cnidaria: Actiniaria): The most northern species of the world. Polar Biology, 32(8), 1245—
1250. doi:10.1007/s00300-009-0685-3.

Sanamyan, N. P., Sanamyan, K. E., & Grebelnyi, S. D. (2016). Two poorly known Arctic sea anem-
ones, Cactosoma abyssorum and Halcampa arctica (Actiniaria: Halcampidae). Invertebrate
Zoology, 13(1), 1-14. doi:10.15298/invertzool.13.1.01.

Schlitzer, R. (2016). Ocean Data View. http://odv.awi.de. Accessed 1 Sept 2016.

SCICEX Science Advisory Committee. (2010). SCICEX (submarine Arctic science program)
phase 1l science plan, part I: Technical guidance for planning science accommodation mis-
sions (p. 76). Arlington: US Arctic Research Commission. http://purl.fdlp.gov/GPO/gpo13693


http://www.aari.ru/misc/publicat/paa/PAA-98/PAA-98-02-(14-25).pdf
http://www.aari.ru/misc/publicat/paa/PAA-98/PAA-98-02-(14-25).pdf
http://www.dfo-mpo.gc.ca/Library/64564.pdf
http://www.dfo-mpo.gc.ca/Library/64564.pdf
http://dx.doi.org/10.1016/j.pocean.2015.07.007
http://dx.doi.org/10.1080/17451000701781880
https://web.archive.org/web/20070930224455/http://www.aari.nw.ru/projects/Atlas/Meteorology/HTML/HISTORY/COLLECTION/NPhistory.htm
https://web.archive.org/web/20070930224455/http://www.aari.nw.ru/projects/Atlas/Meteorology/HTML/HISTORY/COLLECTION/NPhistory.htm
https://web.archive.org/web/20070930224455/http://www.aari.nw.ru/projects/Atlas/Meteorology/HTML/HISTORY/COLLECTION/NPhistory.htm
http://dx.doi.org/10.1017/S0025315407054501
http://dx.doi.org/10.1007/s00300-009-0685-3
http://dx.doi.org/10.15298/invertzool.13.1.01
http://odv.awi.de
http://purl.fdlp.gov/GPO/gpo13693

392 .M. Belkin and S.A. Kessel

Sirenko, B. I. (Ed.). (2001). List of species of free-living invertebrates of Eurasian Arctic seas and
adjacent deep waters. Explorations of the Fauna of the Seas, 51(59), 1-132.

Sirenko, B., Denisenko, S., Deubel, H., & Rachor, E. (2004). Deep water communities of the
Laptev Sea and adjacent parts of Arctic Ocean. Explorations of the Fauna of the Seas, 54(62),
28-73.

Stepanjants, S. D. (1989). Hydrozoa of the Eurasian Arctic seas. In Y. Herman (Ed.), The Arctic
seas: Climatology, oceanography, geology and biology (p. 397-430). New York: Van Nostrand
Reinhold.

Sychev, K. A. (1961). On drifting ice island (pp. 112). Moscow: Morskoi Transport. [in Russian].

Sychev, K. A. (1962). On drifting ice island. In V. F. Burkhanov (Ed.), On Ice Island (pp. 7-52).
Moscow: Geografgiz. [in Russian].

Tsynovsky, V. D. (1980a). Fishes collected from the drifting station “North Pole 22” in the winters
of 197879 and 1979-80. In N. N. Parin (Ed.), Fishes of the open ocean (p. 110-112). Moscow:
P.P. Shirshov Institute of Oceanology, USSR Academy of Sciences. [in Russian].

Tsynovsky, V. D. (1980b). On the ichthyofauna of deep-sea basins of the Central Arctic Ocean. In
M. E. Vinogradov & I. A. Melnikov (Eds.), Biology of the central Arctic Basin (p. 214-218).
Moscow: Nauka. [in Russian].

Tsynovsky, V. D., & Melnikov, I. A. (1980). About the finding Liparis koefoedi (Liparidae,
Osteichthyes) in waters of the central Arctic Basin. In M. E. Vinogradov & 1. A. Melnikov
(Eds.), Biology of the central Arctic Basin (p. 211-214). Moscow: Nauka. [in Russian].

Vasilenko, S. V. (1988). A new deep-sea species Hemilamprops canadensis sp. n. (Crustacea:
Cumacea) from the Canada Basin of the Arctic Ocean. Zoological Journal [Zoologichesky
Zhurnal], 67(6), 945-949. [in Russian].

Vassilenko, S. V. (1989). Arctic Ocean Cumacea. In Y. Herman (Ed.), The Arctic seas: Climatology,
oceanography, geology and biology (p. 431-444). New York: Van Nostrand Reinhold.

Vinogradova, N. G. (1997). Zoogeography of the abyssal and hadal zones. Advances in Marine
Biology, 32, 325-387. doi:10.1016/S0065-2881(08)60019-X.

Vinogradov, M. E., & Melnikov, I. A. (Eds.). (1980a). Biology of the central Arctic Basin (pp. 260).
Moscow: Nauka. [in Russian].

Vinogradov, M. E., & Melnikov, I. A. (1980b). The study of the pelagic ecosystem of the central
Arctic Basin. In M. E. Vinogradov & 1. A. Melnikov (Eds.), Biology of the central Arctic Basin
(p. 5-14). Moscow: Nauka. [in Russian]. Translated as: Can Transl Fish Aquat Sci, 4098.
Translation Bureau, Department of the Secretary of State of Canada, Ottawa, 1983. http:/
www.dfo-mpo.gc.ca/Library/14842.pdf

von Wrangel, F. (1826). Physikalische Beobachtungen. In F. von Wrangel (Ed.), Physikalische
Beobachtungen des Capitain-Lieutenant Baron von Wrangel wdhrend seiner Reisen auf dem
Eismeere in den Jahren 1821, 1822 und 1823 (p. 11-31). Berlin: Reimer.

Warren, S. G., Rigor, I. G., Untersteiner, N., Radionov, V. F.,, Bryazgin, N. N., Aleksandrov, Y. L.,
& Colony, R. (1999). Snow depth on Arctic sea ice. Journal of Climate, 12(6), 1814-1829.
doi:10.1175/1520-0442.

Wassmann, P., Duarte, C. M., Agusti, S., & Sejr, M. K. (2011). Footprints of climate change
in the Arctic marine ecosystem. Global Change Biology, 17(2), 1235-1249.
doi:10.1111/.1365-2486.2010.02311.x.

Wassmann, P., Kosobokova, K. N., Slagstad, D., Drinkwater, K. F., Hopecroft, R. R., Moore, S. E.,
Ellingsen, I., Nelson, R. J., Carmack, E., Popova, E., & Berge, J. (2015). The contiguous
domains of Arctic Ocean advection: Trails of life and death. Progress in Oceanography, 139,
42-65. doi:10.1016/j.pocean.2015.06.011.

Wrangell, F. P. (1841). Narrative of an expedition to the Polar Sea in the years 1820, 1821, 1822
and 1823 commanded by lieutenant, now Admiral Ferdinand Wrangell, of the Russian imperial
navy (pp. 302). New York: Harper and Brothers. Reprinted in 2008 as: Wrangel, F. P. (1842)
Narrative of an expedition to the Polar Sea in the years 1820-23 (pp. 306). Whitefish: Kessinger
Publishing.


http://dx.doi.org/10.1016/S0065-2881(08)60019-X
http://www.dfo-mpo.gc.ca/Library/14842.pdf
http://www.dfo-mpo.gc.ca/Library/14842.pdf
http://dx.doi.org/10.1175/1520-0442
http://dx.doi.org/10.1111/j.1365-2486.2010.02311.x
http://dx.doi.org/10.1016/j.pocean.2015.06.011

14 Russian Drifting Stations on Arctic Ice Islands 393

Xiao, W. S., Wang, R. J., Polyak, L., Astakhov, A., & Cheng, X. R. (2014). Stable oxygen and
carbon isotopes in planktonic foraminifera Neogloboquadrina pachyderma in the Arctic
Ocean: An overview of published and new surface-sediment data. Marine Geology, 352, 397—
408. doi:10.1016/j.margeo0.2014.03.024.

Yurchenko, A. (2005). Pomor. In M. Nuttall (Ed.), Encyclopedia of the Arctic (p. 1680-1682).
New York: Routledge.

Zasko, D. N., & Kosobokova, K. N. (2014). Radiolarians in plankton of the Arctic Basin: Species
composition and distribution. Zoological Journal [Zoologichesky Zhurnal], 93(9), 1057-1069.
[in Russian].

Zezina, O. N. (1980). On a deep sea find of brachiopods in the Arctic Basin. In M. E. Vinogradov
& 1. A. Melnikov (Eds.), The biology of the central Arctic Basin (p. 240-241). Moscow: Nauka.
[in Russian].

Zubov, N. N. (1955). Arctic ice islands and how they drift. Priroda, 2, 7-45. [in Russian].
Translated as: T-176R. Ottawa: Defence Research Board, 1955, p. 1-10. http:/www.dtic.mil/
dtic/tr/fulltext/u2/682865.pdf


http://dx.doi.org/10.1016/j.margeo.2014.03.024
http://www.dtic.mil/dtic/tr/fulltext/u2/682865.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/682865.pdf

	Chapter 14: Russian Drifting Stations on Arctic Ice Islands
	14.1 Introduction
	14.2 Early Discoveries of Arctic Ice Islands
	14.2.1 Ferdinand Wrangell: Possible Discovery of Ice Islands in 1821
	14.2.2 The Modern Era: Arctic Aviation and Ice Islands

	14.3 North Pole Manned Drift Stations on Ice Islands
	14.4 Scientific Observations from the Russian Ice Islands
	14.4.1 Ice Island Structure and Morphology
	14.4.2 Marine Biology
	14.4.3 Oceanography and Meteorology

	14.5 Conclusions
	References


