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An objective of the study is to get new biogeographic information on the modern
polycystine radiolarians from the high-latitude North Atlantic. The quantitative radiolarian
dataset was compiled from publications and own micropaleontological counts from
samples of the bottom surface sediments of the North Atlantic north of 40°N and
Nordic Seas. Standard statistical treatment of micropaleontological data by factor
analysis reveals five radiolarian assemblages which have their highest load at the specific
temperature range in agreement with the oceanographic setting. An occurrence of
radiolarian assemblages reflects extension and interaction of the warm North Atlantic
and cold Polar/Arctic waters. Radiolarian distribution exhibits good correlation with the
climatically averaged summer sea temperature on depth level of 200 m.

Keywords: biogeographic provinces, high-latitude North Atlantic, polycystine radiolarians, marine environments,
summer sea temperature

INTRODUCTION

Siliceous microorganisms, including radiolarians as marine plankton protozoa which range in size
of hundreds to tenths of millimeter, are important agent of the organic carbon cycling in the
World Ocean (Lampitt et al., 2009). Spatial occurrence of living radiolarians reflects primarily
a temperature of the surface to subsurface water (Haq and Boersma, 1998) but combination of
other environmental parameters such as salinity, availability of nutrients, seasonal productivity
regime, etc., may also influence (but with debatable degree of correlation) a radiolarian habitat
(Bjorklund et al., 1998). Area of study—the northern part of the Atlantic Ocean and the Nordic
(Greenland-Iceland-Norwegian) Seas—has a complicated oceanographic regional pattern (Talley
et al., 2011). The massive meridional transport of the warm water by the North Atlantic Current
northward in the colder areas leads to the active interaction of water masses of different origin:
the warm North Atlantic with cold Polar/Arctic ones in the Nordic Seas, and with cold Labrador
and East Greenland ones in the Subpolar Gyre within the southern Labrador Sea and northwestern
North Atlantic. Multiple hydrological frontal borders of irregular configuration together with a
strong seasonal oceanographic variability promote an appearance of the wide spectrum of habitats
for the marine microorganisms (Beaugrand et al., 2001). In this study, we compile our own
and the published available data on the quantitative concentrations of the polycystine (having
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dashed arrows—cold currents.

FIGURE 4 | Distribution of factor loadings. VFS, varimax factor score. Sea surface (0 m) circulation according to Gorshkov et al. (1977): solid arrows—warm currents,

is the warm-water southern Norwegian Sea (Bjorklund et al.,
1998), also the Iceland Basin (Figure 5). In its turn, S. validispina
is not numerous in the Norwegian Sea but common under the
North Atlantic Current and in the eastern North Atlantic (Matul,
1989).

Figure 6 presents distribution of loadings for every factor
(= radiolarian assemblage) against modern temperatures on

stations from our dataset for depths of 0, 100, and 200 m.
Polynomial regressions illustrate a relation between factor
loadings and temperature. The highest loadings of Factors 1
and 2 exhibit fully opposite allocation along the temperature
axis. The sharp boundary between the “warm” North Atlantic
Factor 1 and “cold” Greenland Sea Factor 2 is at 9-12°C
on O0m depth, 7-8°C on 100m depth, and 5-7°C on 200 m
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FIGURE 5 | Distribution of radiolarians (%) with the highest scores (see Figure 4).
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FIGURE 6 | Distribution of factor loadings against temperature. Polynomial equations and functions (red line) are shown.
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depth. Such temperature ranges mark the southern limit of the
Polar/Arctic waters in the Norwegian Sea, and their contact with
the North Atlantic waters in the surface to subsurface horizons.
The Norwegian Sea Factor 3 has the stretched section of its
highest loadings around the temperature boundary of Factors 1
and 2: within 7-13°C on 0m depth, 2.5-10°C on 100 m depth,
and 2-9.5°C on 200 m depth. Probably, temperature linking of
Factor 3 loadings could be explained by intra-annual migrations
of the Polar/Arctic and North Atlantic waters in the Nordic Seas
together with specific temperature preferences of radiolarians
dominated Factor 3. Peak of the highest loadings of the southern
Labrador Sea Factor 4 can be clearly distinguished along the
temperature axis. It is adjacent to the boundary of Factors 1
and 2 from the “warmer” part of the temperature axis: within
11-15°C on Om depth, 7-10°C on 100m depth, and 6-9°C
on 200 m depth. Our radiolarian dataset does not represent the
coldest parts of the Subpolar Gyre. An addition of new samples
from the central to northern Labrador Sea might extend the
highest loadings of Factor 4 toward the lower temperatures.
Distribution of loadings of the eastern North Atlantic Factor 5
is also connected with temperature boundary of Factors 1 and
2. Loadings of Factor 5 start to increase at temperature higher
than 10-12°C on 0 m depth, 7-8°C on 100 m depth, and 6°C
on 200 m depth, but they slightly drop to the “warmest” end
of the temperature axis. It seems to be that the temperature
boundary of Factors 1 and 2, which together provide two-
thirds of cumulative variance of radiolarian information, outlines
an interface between two primary radiolarian assemblages,
the boreal North Atlantic one as “warm” end-member, and
the arctic/subarctic Greenland-Iceland-Norwegian one as “cold”
end-member.

We calculated the Pearson coefficients of linear correlation
between factor loadings and temperature values on different
water depths (Table 1). Distribution of Factors 1 and 2 has
very good correlation with temperature, positive one for Factor
1 with Pearson coefficient of 0.77-0.85, and negative one
for Factor 2 with Pearson coefficient of —0.75 to —0.81.
Correlation coefficients of both factors increase their absolute
values from 0 to 200 m depth. Pearson coefficients for Factors
3-5 have low values because there is no unidirectional change
of factor loadings against the temperature. Our finding of better
correlation of radiolarian distribution in the North Atlantic
with the subsurface but not surface temperature is in good
agreement with previous works of Bjerklund et al. (1998),
Cortese et al. (2003), Cortese et al. (2005) on the Nordic

TABLE 1 | Pearson coefficients of linear correlation of factor loadings and summer
sea temperature.

Depth 0 m Depth 100 m Depth 200 m
Factor 1 0.77 0.81 0.85
Factor 2 —-0.75 —0.80 —0.81
Factor 3 —-0.19 -0.16 —-0.22
Factor 4 —-0.10 —-0.10 —0.09
Factor 5 0.24 0.26 0.25

Seas. However, the Nordic Seas studies demonstrated higher
correlation coefficients for depth of 100 m, whereas our study
can exhibit better correlation for depth of 200 m. Radiolarian
habitat in the Nordic Seas should reflect, in a high degree,
an extent of the Polar/Arctic surface waters which occupy
in average the upper 150m of water column (Johannessen,
1986).

Use of factor analysis allows getting back temperature
estimates from the radiolarian micropaleontological data, and
then we can compare them with measured oceanographic
values. Temperature residuals (estimated minus measured
temperature) for every station (Figure?7) vary between —4
and 4°C. Standard error is £1.45°C for depth of Om,
+1.17°C for depth of 100m, 41.04°C for depth of 200m,
which is comparable with estimate of +1.2°C by Cortese
et al. (2003) for the sea surface summer temperature in the
Nordic Seas. Error of the estimated temperatures obviously

49 0om .
= .
2= ° ° ..' L L « °®
- % o .. . 1) g
0_ -.Q: ° : ..:“‘T ... ° L Q
-2 ) . " ., standard
- ° % - error
L]
4 T — T T
0 5 10 15 20
47 100m
= L]
2 toc. . *
. -LE o2
1 8 . s g LI N~
L[] o 8 ~
Ok R N o
J ® e o"® I .3 L
2 . " standard
R . ° error
[ ]
4 | | T |
0 5 10 15 20
47 200m
— L] . .
o5 2 B o
e ® o i N <
o 0-| ‘ ! g BE®T ! s ° * S
e e . 18, o 1
S, L . « "o standard
2 =g error
g _
=4 T T T T
0 5 10 15 20
temperature, °C
FIGURE 7 | Residuals (estimated minus measured temperature) and standard
errors of estimated temperature. Horizontal axis present measured
temperature from the World Ocean Atlas 2013 (Locarnini et al., 2013).
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decreases from the sea surface to the deeper layers. This
may support better correlation of radiolarian distribution
with environments on the subsurface depths in the North
Atlantic.

CONCLUSIONS

The standard cluster, correspondence, and factor analysis of
the micropaleontological data on polycystine radiolarians in
the bottom surface sediments produce consistent information
about the complicated biogeographic zonation of the North
Atlantic and Nordic Seas in agreement with oceanographic
setting. Distribution and interaction of water masses of different
origin—from the cold Polar to warm North Atlantic—is
reflected in the occurrence of three radiolarian assemblages in
the North Atlantic north of 40°N, and two assemblages in
the Nordic Seas. There are clear temperature limits between
assemblages. The best correlation of radiolarian distribution
and summer sea temperature is found for the depth level of
200 m.
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