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Sea ice extent in the Arctic and Antarctic regions
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ANNUAL MEAN
GLOBAL SEA SURFACE TEMPERATURES
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Sea-surface salinity [PSU]
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Temperature and salinity are related.
Highest salinity in subtropical regions, the lowest in polar regions.

| Southern - Northern
hemisphere Equator hemisphere
| l I PN | ] 38
IO s Jemperature O
” N —
‘ /’~ h1 -120 ¢
) - 2
~ 1.028}- / \ 36 3
% | 3%
% 1.028 Ay 35 :
= \\ > &S0 -
Z 1024 s 34 £
§ ' ; Density °~....” _ s v
° 1022 Salinity T
I i I ) ] |

60 40 20 O 20 40 60 80
OS | oN

» 0O 4 8 12 16 20 24 28
Temperature (°C)




Chemismus morské vody je
velice stabilni, 97.7 %

z celkovych rozpusténych
mineralnich latek pfipada na
latky, které charakterizuji
salinitu. Zbyvajici podil
pripada na dusik a fosfor.
pH 7.8 az 8.4.

Chemical composition of 1 kg seawater with a salinity of 35 %o

dissolved salts (35 g)

Gl {19.35 g}

Na' (10.76 g)
Mg”" (1.30 g)
Ca™ (0.41q)
other (0.91 g)

Concentration Salinity ratio

Constituent mg-at1-! mg 1! mgl1="(%,)""'  Range
Chloride, CI- 535.0 18971 552.8 -
Sodium, Na~* 459.1 10555 307.5 306.1-308.7
Magnesium, Mg* * 52.86 1268 36.95 36.8-37.3
Sulphate, SO; - 27.67 2657 77.42 77.2-77.8
Calcium, Ca* * 10.07 403.9 11.77 1.7-119
Potassium, K~ 10.0 391 11.39 11.2-11.6
Bicarbonate, HCOy 2.33 142 4.138 3.91-4.38
Bromide, Br~ 0.825 65.9 1.920 1.90-1.94
Boron, B 0.421 4.48 0.131 ° 0.123-0.145
Strontium, Sr* * 0.088 7.70 0.224 0.210-0.244
Fluoride, F~ ‘ 0.067 1.3 0.038 0.035-0.050

Teble2.4 CO,;-carbonate system in sea water (34.5% 5 salinity) in equilibrium with air
at 15°C, and the effects of adding and removing 0.1 mmoles of molecular CO; through
biological activity. Carbonate alkalinity = 2.325 meq!~' throughout. All concentrations
arein mmoles 17,

CO; Removal Equilibrium CO; Addition
{Photosynthesis) (Respiration)
New Initial New
Components values AC values AC values
Total CO, ({ECO,) 2.039 - 0.100 2.139 + 0.100 2.239
[CO; + H,CO,) 0.0068 - 0.0058 0.0124 + 0.0138 0.0260
i (0.33%) (0.58%) (1.16%)
[HCO5) 1.73%4 - 0.1888 1.9282 + 0.1728 2.1010
(85.31%) (90.14%) (93.84%)
[Co5 -) 0.2928 + 0.0944 0.1984 ~ 0.0854 0.1120
(14.36%) : (9.28%) (5.00%)
pH 8.46 8.24 : 7.96

Table 2.6 Concentrations of selected minor constituents in sea water (source as for-
Table 2.2),

Mean concentration Typical range of

Element (rg!™") concentration (xg 1~ )
Silicon - 2000 - 0 - 4300
Nitrogen (combined) 280 0-560 ¢
Phosphorus k1] 0-90
Aluminiym 6 0-10
fron 31 0.1-62
Zinc 7.3 1-48.4
lodine 83 48-80
Copper 1.3 05-27
Manganess 1.2 ; 0.2-8.6
Cobalt 0.15 0.005~4.1




POLYNYAS - persisting areas of open water

can persist throughout the whole winter

may occur in the same region over a number of years
recurring polynyas

vary greatly in size from a few square kilometres to huge areas

Laptev Sea

.| pack ice




POLYNYAS - origin and importance

o upwelling of warmer water (sensible-heat or open ocean),
 mechanical divergence of the pack ice (latent-heat or coastal)

Deep water polynya Coastal polynya

i — | S |
A= {

e pathways for heat losses to the atmosphere

e provide open water to birds and sea mammals in winter
* ice edge with enhanced productivity

e Important for seasonal hunting of indigenous people



North Water (NOW) polynya

80 000 km? in northern Baffin Bay, largest Arctic polynya
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Vertical profile of light and productivity

 productivity
changes with
depth as result of
decreasing light
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Ocean Light Zones
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Primary producers of polar oceans
Phytoplankton composed mainly by diatoms, haptophytes
(coccolithophores), dinoflagellates and cyanobacteria.

Polar oceans belong to the most productive marine ecosystems.
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Ice algae and
ice fauna
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‘;.t ble 6.1 Classification of polar plankton based on size and taxonomy.

Femto-  Pico- Nano- Micro- Meso- Macro- Mega-

Taxonomic group <0.2um 0.2-2pm 2-20 pm 20-200pm 0.2-20mm 2-20cm  >20cm

* * F

* Juveniles * Adults

¥ * Juveniles * Adults
* *
* * *
* *

the species are only or mostly in those size class ranges; F indicates that a few species are found



The sun appears over the horizon in April and supplies light to support the growth of ice algae and
phytoplankton. When the sun is at its highest in June, production peaks and the zooplankton thrive
on this superabundance of food. The production gradually declines during the season as the phyto-
plankton use up the nutrients in the water, and when the sun once more sinks below the horizon the

plankton hibernate until the next growing season. From Alexander Keck & Paul Wassmann (1993),
modified by Froydis Strand, NFH, UiT



Polar seas - plankton

phytoplankton maximum

In May, zooplankton

In June, high biomass till zima jaro
the onset of polar night
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Phytoplankton of the Arctic Ocean

« dominance of diatoms (Bacillariophyceae), coccolithophores
(Coccolithophyceae)
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Iron as limiting nutrient: =
mesoscale enrichment expefiments




Iron as [imiting nutrient

* mesoscale enrichment experiments

Nitrate Concentrations in Surface Waters

*A: lronEX |
B: l[ronEX Il
D: SOIREE
*E: EisenEx
G: SEEDS
H: SOFeX
J: Planktos
K: SERIES

z
&
=
E
&
=

{World Ocean Atlas)

e up to 40x increase in phytoplankton biomass




Iron as limiting nutrient

Q.01 0.10 1.0 10.0 50.0 avice
piisun Zeleza (mg/m2/mésic)

Gao et al. 2001



Phytoplankton of the Southern Ocean

Phaeocystis antarcti




Dictyochophyceae

silicoflagellates -
Dictyocha
cold seas,
Involved in global
cycle of silicon
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Ice algae
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Fragilariopsis cylindrus

One of the most abundant diatoms, especially in
the southern polar oceans, is Fragilariopsis
cylindrus (Grunow) Krieger (Bacillariophyceae).
The optimum growth temperature of F. cylindrus
is +5°C (Fiala & Oriol, 1990)

Phylum Bacillariophyta
Family Bacillariaceae

HV Spot| WD Tilt | 8/11/2004 Mag Sig - 5.0pm
10.0kV 30 10.2 mm 0.4 °12:15:16 PM 20000x SE Fragilariopsis Kultur




which can amount to as much as 70 %
of its body mass

 primary food source for Arctic cod,
marine birds and bowhead whales

» mature females feed on ice algae
« offsprings feed on phytoplankton

» developmental stages are perfectly
synchronised with the two distinct algal
bloomsc



Zooplankton of the Southern Ocean

Antarctic krill Euphausia superba
» key species in the Antarctic ecosystem

» probably the most abundant animal
species on the planet in terms of
biomass

« filter-feeding on phytoplankton ‘

pek

e swarms reaching densities
of 10000—30000 individuals
per m3

e length up to 6 cm

e can live for up to 6 years
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Littoral and sublittoral zones

o disturbance by scouring ice

e sublittoral benthos can only develop fully in polar regions out of reach
of scouring sea ice, around 10 m below low tide level

* below these depths an extreme example of severe habitat
transformation is caused by icebergs

 without significant mechanical distubrbance — a productive ecosystem




Vertical zonation of fauna
In the shallow-water
benthic community of
McMurdo Sound.

Zone I 0-15m.

A few mobile animals, but no
sessile forms, are found in
Zone [; the sessile animals in
Zone |l are mostly
coelenterates and those in
Zone lll are predominantly
sponges

Zone II 15-30m.

Zone 111 below 33m.







Benthic macroalgae: maximal depth ?

* below 40 m growth is sparse
e there are records of macroalgae from depths > 100 m

» photosynthetic growth was considered as possible at irradiances
around 1 umol/m?/s

e deep water red algae seem to survive at 0.05 umol/m?/s




The most southern occurrence
of benthic macroalgal
assemblages was described from
Ross Sea (77°30° S.), where sea
iIce Is 2 meters thick and persist
10 months per year.

Characteristic vertical zonation
— 3 dominant species of red algae
prefer different depths>

Iridaea cordata around 3,5 m,
Phyllophora antarctica 12 m
Leptophytum coulmanicum 18 m






The largest seaweeds
can be found around
Subantarctic islands —
thalli of Macrocystis
pyrifera can measure
up to 40 m and have a
significant impact on the
whole littoral zone,
because they act as a
natural breakwater
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Benthos of deep waters

 viewed as a region of low biodiversity.

* however, three coordinated expeditions in the deep Weddell Sea (748-
6348m) have shown this not to be true

e among the 13000 specimens were: 200 polychaete species (81 new),
160 species of gastropods and bivalves, 76 species of sponge (17 new),
674 isopods (585 new), 57 nematode species, and 158 species of

foraminifera




Gigantism

* slow, seasonal growth and delayed maturation
 low water temperatures certainly slow metabolic rates to the extent
that growth rates are slow enough to enable organisms to live longer
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