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temperature (SST) is the key factor structuring benthic marine vegetation



... it is also the prime effect of the ongoing climate change in marine surface waters



temperature – depth relationship (SST vs depth-specific and average temperature)



salinityremotesensing.ifremer.fr

ocean surface salinity patterns

[psu – practical salinity units, 35 psu = cca 50 000 µS.cm-1]



global ocean nitrogen patterns, close relation to phytoplankton dynamics

Sigman & Hain, 2012, Nature Ed.



global ocean surface phosphate patterns
(tropics vs. polar regions)



global ocean pH
(surface 50 m mixed layer)

The Royal Society, 2005





Dea Baets et al., 2016, Proc R Soc; Di Michele et al., 2014

-298 Ma -260 Ma



vertical zonation – the key local structuring factor in most coastal localities world-wide
(exceptions?, differential proportions of abiotic and biotic factors, pigmental differences, varying productivity)
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strong effects of vertical structure on distribution of taxa – tidal effects in the eulittoral 
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Gómez & Huovinen, 2015, Plos One
tolerance to high UV irradiation rather than photosynthetic 
efficiency may structure the vertical gradient in summer 
polar habitats



Biogeographic areas and distribution of seaweed taxa have been primarily determined 
by surface water temperature

Van den Hoek / Lüning classification - seven phycogeographical areas

simplifed temperature limits:
arctic/antarctic = < 10°C summer isotherm / < 0°C winter isotherm
cold temperate = < 15°C s.i. / < 10°C w.i.
warm temperate = < 25°C s.i. / < 20°C w.i.
tropical



simplifed scheme:
arctic/antarctic = < 10°C summer isotherm / < 0°C winter isotherm
cold temperate = < 15°C s.i. / < 10°C w.i.
warm temperate = < 25°C s.i. / < 20°C w.i.
tropical



Bartsch et al., 2012, Seaweed Biology, Ecological Studies 219





Spalding et al., 2007, BioScience

Marine Ecoregions of the World (Coastal and Shelf 
Ecosystems)

12 realms  62 provinces  232 ecoregions⊇ ⊇
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very simplified three-part classification of macroalgal communities



Eggert, 2012, Seaweed Biology, Ecological Studies 219; https://climatereanalyzer.org

temperature is the first and the single most important environmental factor explaining
differences in species distribution and community structure of different regions



the case study of Saccorhiza polyschides (sea furbelows)
– stenothermal species in temperate zone; N lethal and S reproductive boundaries of distribution area

sporophyte – lethal temperatures 3°C and 24°C
gametophyte – successful fertilization in < 17°C
 
 

in upper subtidal, in open spaces among L. digitata forest
an annual kelp, an opportunist colonising vacant spaces in the forest
unable to compete with the dominant species



the case study of Dictyota spp. (forkweed)
– warm water lineage (tropical/warm temperate), N lethal boundaries (N Am) or N reproductive boundaries (Eu)

winter survival lethal temperature limit cca 1-2°C
summer growth temperature limit 12°C 



the case study of Chondrus crispus (Irish moss, puchratka kadeřavá)
– cold temperate species, S lethal and growth boundaries, N reproductive or growth boundaries

summer temperature survival limit 23-24°C
needs at least 5-7°C in summer for vegetative growth 
needs < 17°C in winter for reproduction of gametophytes



the case study of Bonnemaisonia hamifera
– combined photoperiodic and temperature control of the heteromorphic life cycle and geographic distribution

originates probably from Japan, first detected in Europe (S 
England) in late 19th century

tetraspores (on Trailiella stages) formed only in days with < 11 
hours of daylight and only in temperature 11-18 °C 

Trailiella phase
(tetrasporophyte)



Polar seaweeds – Arctic and Antarctic



Bartsch et al., 2012, Seaweed Biology, Ecological Studies 219



Arctic and Antarctic Sea Ice seasonal timelines
https://www.youtube.com/watch?v=QjFfcPC_4JE
https://www.youtube.com/watch?v=Ymph_i6VWbM
https://www.youtube.com/watch?v=ZkunS0WmYJk

The Arctic Ocean is a ‘‘mediterranean’’ ocean, whereas the Southern Ocean forms a ring ocean around the Antarctic 
continent. The coasts of the Arctic Ocean are continuously connected to the temperate coasts of America and Eurasia, 
whereas the Southern Ocean has had no land bridge to temperate regions since the late Mesozoic when it became further 
separated from the neighbouring continents to the north by the Antarctic Circumpolar Current.
The Arctic Ocean did not develop any permanent sea ice cover until 0.7-2.0 Ma.
The Southern Ocean has had no land bridge to temperate regions since the late Mesozoic and has been further separated 
from the neighbouring southern continents by the Antarctic Circumpolar Current since 26 Ma. During the first major glaciation 
in East Antarctica 14 Ma ago water temperatures decreased and they have been low in the Southern Ocean since then.

Wulff et al., 2009, Bot. Mar; Wiencke & Amsler, 2012,  Seaweed Biology; Wiencke et al., 2007, Rev Environ Sci Biotechnol

https://www.youtube.com/watch?v=Ymph_i6VWbM
https://www.youtube.com/watch?v=ZkunS0WmYJk


Recent (anthropogenic) decline
of Arctic Sea Ice





Arctic region

Rigét et al., 2019, World Seas



very few endemites (Punctaria  glacialis, 
Platysiphon verticillatus, Petrocelis polygyna, 
Chukchia pedicellata, C. endophytica)

in total 150 species

Arctic region
- Arctic macroalgae are of Atlantic and Pacific origin, with 
only a few cosmopolitan or endemic species

- many species with pan-Arctic distributions

- contrary to earlier suggestions that Arctic macroalgae are 
largely of Atlantic origin recent evidence based on molecular 
data for Arctic endemic species shows their Pacific origins

R:B[:G] ratio in the Arctic ecosystems
(+ changes in it as result of vertical gradient)



General temperature limit patterns of Arctic macroalgae:

The southern distribution of Arctic-North Atlantic species is often limited both by the USTs and the upper limit of 
gametogenesis. In the West Atlantic distribution limits are determined by lethal, high summer temperatures, whereas in the 
East Atlantic they are determined by high winter temperatures inhibiting reproduction.
[Examples for species from this group are Laminaria digitata, Chorda filum, and Halosiphon tomentosus.]

sporophytes of the Arctic kelp Laminaria solidungula grow up to temperatures of 15°C with optimum growth rates at 5–10°C and 
an UST of 16°C; gametophytes of this species exhibit an UST of 20°C

the Arctic cold-temperate red alga Devaleraea ramentacea grows at temperatures up to 10°C and exhibits USTs of 18–20°C

multiple important Arctic macroalgae do not have very low temperature optima/limits



seaweeds in (both) polar regions are almost entirely subtidal (or supratidal) because of ice scouring

Heine, 1989; Petzold et al., 2014 
(in the Arctic, the barren zone reaches at least up to 2 m into the upper subtidal)



- diversity patterns: macroalgal species richness dramatically decreases from the western (Atlantic) sector to the eastern (Pacific) 
sector

- Svalbard has at least 70 species; only about 10 species are known from the rocky littoral regions in the Alaskan Beaufort Sea

- distribution of most species extends well into the temperate zone; on the other hand, a number of cold-temperate taxa reach into 
the Arctic

(A) Alaria esculenta in Greenland,

(B) Laminaria solidungula in the 
Beaufort Sea, Alaska (Ken 
Dunton)

(C) Laminaria hyperborea in 
Malangen fjord, Norway (Karen 
Filbee-Dexter)

(D) Saccharina latissima on 
sediment in Russia

(E) Agarum clathratum

(F) mixed Saccharina latissima, S. 
longicruris, Alaria esculenta, 
Laminaria solidungula in Baffin 
Island, Canada (Frithjof Küpper)

(G) Eularia fistulosa Aleutian 
Islands, Alaska (Pike Spector)

(H) Laminaria hyperborea in 
Murmansk, Russia (Dalnie 
Zelentsy)

(I) Laminaria digitata in Svalbard, 
Norway (Max Schwanitz)



basal growth, multiyear blades flat phylloids/blades; Palmariaceae



Neodilsea (Gigartinales) Pantoneura (Delesseriaceae)











Arctic rhodolith beds

dominating in the lower sublittoral (in general below 25 m)

Spitzbergen
– well developed rhodolith communities 27–47 m (max 75 m) consisting of Lithothamnion glaciale and Phymatolithon tenue

Teichert et al.,
2013, Facies



Antarctic region
33% of all seaweed species are endemic to the Antarctic region (Stramenopila 44% > Chlorophyta 18%)
Ascoseirales - the endemic order
endemic browns: Himantothallus, Cystosphaera and Phaeurus
red algae Gainia, Notophycus and Antarcticothamnion
greens: Lambia, Lola

- the only cold region in the world devoid of true kelps; this order is ecologically 
replaced by the Desmarestiales
- typical scarcity of small macroalgal epiphytes compared to temperate regions

- most species occur in the Antarctic Peninsula region and only very few 
species are recorded at the southernmost distribution limit in the Ross Sea 
(77°S).

As a result of the strong effect of the Antarctic Circumpolar Current on the dispersal of seaweed propagules many non-endemic 
species of the Antarctic seaweed flora have a circumpolar distribution.

Among the species also occurring on sub-Antarctic islands and Tierra del Fuego are the red alga Iridaea cordata, the brown alga 
Geminocarpus geminatus and the green alga Monostroma hariotii. Some species, e.g. the red alga Ballia callitricha and the brown 
alga Adenocystis utricularis, even occur in New Zealand and Australia.

At least 20 algal species from the Antarctic are cosmopolitan, e.g. the red alga Plocamium cartilagineum, the brown alga Petalonia 
fascia and the green alga Ulothrix flacca.



Stark et al., 2019, World Seas



Stark et al., 2019, World Seas





macrobenthos under permanent sea ice cover in (relatively) eutrophic conditions...





General temperature limit patterns of Arctic macroalgae:

maximum photosynthetic rates of endemic Antarctic species are at 0°C in a similar range compared to temperate species 
measured at comparatively higher temperatures

northern distribution of endemic Antarctic species is often limited by the temperature demands for growth; endemic Antarctic 
Desmarestiales for example occur only south of the Antarctic Polar Front in areas with maximum temperatures 5°C allowing 
sufficient growth of their sporophytes

multiple important Antarctic macroalgae have very low temperature optima/limits;
i.e. strong adaptation of Antarctic seaweeds to low temperatures

Antarctic Desmarestiales:
sporophytes - grow up to 5°C and exhibit upper survival temperatures (USTs) of 11–13°C
gametophytes - grow up to 10 or 15°C with USTs between 15 and 18°C

Antarctic red algae:
Georgiella confluens, Gigartina skottsbergii, and Plocamium cartilagineum grow at 0°C, but not at 5°C and have USTs as low as 7–
11°C

glacial refugia of Antarctic macroalgae - sub-Antarctic islands and the southern tip of South America



Wiencke & Dieck, 1989





Klöser et al., 1996

supralittoral - Prasiola

eulittoral – ephemerous filamentous algae (Urospora, 
Ulothrix, Spongomorpha, Monostroma, Porphyra, 
Adenocystis

the upper 5–15 m of the sublittoral are exposed to ice floes 
and are often devoid of large, perennial algae; only crustose 
species or developmental stages can
persist here

below this zone, large brown algae dominate the sublittoral in 
West Antarctica: Ascoseira mirabilis and Desmarestia 
menziesii occur in the upper sublittoral, D. anceps in the mid 
sublittoral and Himantothallus grandifolius grows in the lower 
sublittoral

vertical structure of Antarctic pseudokelps



Klöser et al., 1996

D. anceps



Amsler et al., 1995, Phycologia

H. grandifolius with twisted cauloids and complex holdfast 



disjunct amphiequatorial distribution - both in the Antarctic and the Arctic:
Acrosiphonia arcta, Desmarestia viridis/confervoides complex

phylogeographic disjunctions of these species are recent and probably date back to the maximum of the Würm/
Wisconsin glaciation approximately 18 000 years ago
transequatorial transfer – during glacial maximum via currents, resting stages

polar macroalgae with disjunct amphiequatorial distribution

stringy acid kelp
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