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Tropical marine vegetation

12 biotic realms (5 in the tropics) but slightly differently defined 4 phycogeographical regions
(Eastern Atlantic, Western Atlantic, Indo-Western-Central Pacific, Eastern Pacific)

key temperature limits: > SST 20°C February minimum
(maximum levels generally over 25°C, up to 30-32°C in some areas)



very simplified three part classification of macroalgal communities



tropical marine vegetation habitats have the oldest uninterrupted continuity among all the others
[however, their extent was limited a during glacial periods of the Pleistocene]

maximum temperature levels might not have been higher than 35°C during all of the Phanerozoic
(virtually all the recent seaweed lineages have the upper survival limits at about 35-40°C)



R:P index
latitudinal diversity gradients (high diversity regions of the Mediterranean and S Australia)
factors reducing seaweed diversity in tropics: herbivory, spatial competition of corals

Santelices & Marquet, 1998, Divers Distrib



relatively high connectivity of the tropical oceans in the Tertiary (the figure indicates the late Eocene) → westward 
circumglobal tropical current
(Panama land bridge constituting effective migration barrier: 3-4 mya; Panama canal includes freshwater barriers)

thus, there is still a high similarity of the vegetation at the level of genera and higher taxa (Sargassum, Dictyota, 
Padina, Turbinaria, Caulerpa, Halimeda, etc.); species are typically geographically restricted (relatively rapid 
speciation in the tropics)



northern and southern distribution limits of tropical marine vegetation coincide with the distribution of hermatypic 
corals (i.e., the „coral reefs“) 

Sheppard et al., 2018,  The Biology of Coral Reefs
Lücking, 1991, Seaweeds

coral reefs in the Atlantic - impoverished during Pleistocene, Carribean Sea even became landlocked several times 



Sheppard et al., 2018, The Biology of Coral Reefs

minimum temperature limits for hermatypic coral reefs: 20-22°C, optimum 23-29°C





Titlyanov et al., 2017

+ „subfossil reefs“ - those that died off during rapid sea surface increase at the end of the last Glacial
as they were unable to catch the rapidity of the rise and became submerged (ca in 100 m depth)





Knoll, 2003

 Evolution of marine
 calcified reef ecosystems

 the relation with the
 calcite/aragonite
 fluctuations





decline of the Carribean reefs De´ath et al., 2012, PNAS



Titlyanov et al., 2017



1. irreversible bleaching

Decline of coral reefs



3. eutrophication

2. overgrazing



S Florida, decline of hard corals and their substitution by non-calcified macroalgae
(possibly due to the decline of herbivorous fishes)





coral reefs - nutrient-poor ecosystems, nutrient are rapidly turned over (like in tropical forests)
eutrofication leads to increase in ruderal macroalgae and turf cyanobacteria (Lyngbya), turf algae (ephemerals)
[phosphates are also crystal poisons of calcification - possibly therefore no coral reefs in upwelling areas]







Hughes et al., 2018, Nature



Sheppard et al., 2018,  The Biology of Coral Reefs



Zeng et al., 2025, Nature



Bellwood et al., 2004, Nature



non-calcified, erect macroalgae become dominant in the absence of herbivores (fish, echinodermes)
lower limits of reefs regulated by these algae (Sargassum, Udotea, Padina) - overgrowing the corals
upwelling areas - more macroalgae due to less nutrient-limitation

overall most frequent genera: Turbinaria, Sargassum, Laurencia, Caulerpa, Padina, Halymenia



Titlyanov et al., 2017



most algae in the tropics are grazed, most algae in cold regions are decomposed - it is due to absence of
herbivorous fishes (about 20% of fish species in coral ecosystems are herbivores)

[hypothesis - kelps excluded from the tropics by herbivorous fishes]



Littler et al., 2010, Plos One

Saba Bank, Carribean

[the largest submerged atol
in the Atlantic]



Littler et al., 2010, Plos One
Saba Bank, Carribean



Littler et al., 2010, Plos One
Saba Bank, Carribean



Loya et al., 2019,
Mesophotic Coral Ecosystems

Mesophotic coral ecosystems

  - depth < 30 m, up to 150 m
  - low light conditions, fluctuating light limitation of photosynthesis (related to turbidity)



Ballantine et al., 2016, The Mesophotic, Coral Reef–Associated, Marine Algal Flora of Puerto Rico, Caribbean Sea 

seaweeds adapted to low light conditions (CCA, few phaeophytes and green algae)







Halimeda bioherms
 
„carbonate factories“ of the modern biosphere

McNeil et al., 2016, Coral Reefs; Mayakun et al., 2018, Phyc. Res.
Sangil et al., 2018, Botanica Marina; Ballesteros, 1991, Bot. Mar.

CaCO3 production - up to 2200 g/m2/year



Vroom, 2011, J. Mar. Biol.



Coralgal reefs...



McNeil et al., 2020, Depos. Rec.



Sheppard et al., 2018, The Biology of Coral Reefs
Granier, 2012, Geodiversitas

up to 40% of Neogene carbonate sediments are 
due to Halimeda calcification

main marine communities
dominated by calcified taxa:

- coral reefs
- Halimeda meadows/bioherms
- Halimeda draperies
- CCA
- rhodoliths
- coralliths

[tropical rhodoliths - up to 200 m
very old individuals
(30 cm diameter - 500-800 years)
their fields sometimes confused
with „coral reefs“]



Knoll, 2003

 Evolution of marine
 calcified reef ecosystems

 the relation with the
 calcite/aragonite
 fluctuations

approximately 10% of
marine macroalgae are
calcified;
ca 100 genera, 85 reds,
1-2 browns



Global (fast) carbon cycle



Carbonate - Bicarbonate Seawater Buffer System



H. opuntia - up to 90%
of dry weight
constituted by aragonite





MnNicholl et al., 2019, J Exp Mar Biol Ecol



Eastern Atlantic Region

limits: Cape Verde a Mocamedes (Angola), these limits are constituted by two cold currents;
both are then deflected westwards (towards S Am), between them - The Equatorial Countercurrent warms the coast

however, tropical character only up to 50 m, occasional upwellings may even decrease summer temperature to 19°C

dominated by
soft bottoms



diversity decreased for about 70% in comparison with Western Atlantic Region
important missing pantropical genera: Neomeris (Dasycladales), Turbinaria (Sargassaceae)

most species - amphiatlantic, about 25% common with the Indo-Pacific
about 7% endemic taxa (flagship species: Dictyurus fenestratus)

vegetation dominants often also occur outside of the tropics (eurytherm taxa)
[typical genera: Caulerpa, Laurencia, Sargassum, Gelidium, Halimeda, ...]
soft bottoms dominated by Caulerpa spp. and Halodule
 

hermatypic corals scarce - no typical reefs (although they occured until late Pliocene
progressive diversity loss during Pleistocene (SST decrease in Heinrich events during Glacials)

Dictyurus
Caulerpa sertularioides

Halodule

L. ochroleuca - ends in Morocco in 30 m depth
L. pallida in S Hem evolved by L.o. crossing the equator

Cymodocea nodosa - reaches only to Senegalese coast



Ascension Island, Saint Helena Island

a lot of hard bottom volcanic sites
annual temperature: 22-26°C - but no coral reefs...

low diversity, mostly pantropic or „cosmopolitan taxa“ - Sargassum vulgare, Gelidium 
pusillum, Ulva spp.

reasons: low age of the islands, isolation effects



Western Atlantic Region
S Florida to Cape Frio (close to Rio de Janeiro)
S Equatorial Current warms the coast up to Rio
(also called Brazil Current)
Nwards - Guayana Current, up to Carribean,
then as Florida Current transformed into Gulf
Stream warming Bermudas, drift of algal thalli
sometimes up to Carolinas

coral reefs - most typical habitat of this region
when corals absent on hard substrates - dense Sargassum vegetation
soft substrates (N coast of S Am, Amazonas estuary); mangroves - Caulerpa, Catenella, Acanthophora, Bostrychia,
seagrasses (Halophila, Halodule, Syringodium)



Le Moal et al., 2016

Seagrass meadows in the Carribean Sea



Lower sublittoral off the Brazilian coast

Lobophora variegata dominant down to 100 m, in addition: Stypopodium, Dictyopteris, Padina, CCA
deep water kelps: Laminaria abyssalis, L. brasiliensis



Sargasso Sea
floating (not just) Sargassum rafts

Lücking, 1991,
Seaweeds
 

Smetacek & Zingone,
2013, Nature

known since the end of the 15th century

S. fluitans, S. natans - originated either from
Carribean or Tethys Sea ancestors
- no receptacles, no holdfasts, veget. reprod.
 

Tertiary origin, endemic invertebrates
(„dispaced benthos“)

 

specialized fish: Histrio histrio, Antennarius
marmoratus
 

evolution of Sargassum rafts: early Miocene
fossils of specialized fishes and typical
Sargassum air bladders known from Carpathian
parts of Tethys Sea and from Sicily

may include drifts 
of Asc. nodosum 
and F. vesiculosus 
in the NW margins 
of the distribution 
area
 

temperature limits:
20 st. Feb 
isotherm
in the north;
25 st. Feb 
isotherm
in the south



Antigua, 2011

Guadeloupe

21st century Sargassum rafts in
the tropical Atlantic
(„golden tides“)

new source areas...

Langin, 2018, ScienceMag



Indo - Western and Central Pacific Region

the primary centre of benthic marine diversity on the planet

the highest temperature stability - among Malaya, Philip. and N.G. - the highest diversity levels



Eastern Africa - mostly soft bottom
Madagascar, Mauritius, Reunion - Sargassum spp., Cystoseira myrica, Turbinaria spp.,
Hormophysa triquetra (Sargassaceae)

Red Sea - isotherms up to 33 st, salinity up to 42-46 psu - one of the highest in the global ocean
 

typical components - (species-poor) coral reefs, Cystoseira myrica, Caulerpa serrulata, Gelidiella acerosa,
Turbinaria decurrens/elatensis, Padina pavonica, Cymodocea spp., Halimeda spp.



Eastern Arabian Penninsula upwelling

Oman upwelling (5th largest globally) - Ecklonia radiata [?] (close to those from S Australia)

monsoon areas (India, Ceylon, W Indonesia, South China Sea)
 

no significant temperature fluctuations, no daylight fluctuations - but monsoons
wet monsoon brings nutrients but turbidity, algal phenological cycles - adapted to this cycles



coral reefs of the Indo-Pacific
 
high alpha-diversity, possibly relatively low beta-diversity (Maledives coral seaweed communities are relatively
similar to those of Marshall Islands, etc.) 

Euchema - a frequent component of W Indonesian
seaweed communities

GBR - Halimeda bioherms (H. opuntia, other species)

additional frequent taxa: Caulerpa racemosa complex,
Chlorodesmis, Boodlea, Padina, Cystoseira trinodis,
Sargassum, Amphiroa, Laurencia, Thallasia,
Halophila ovalis, CCA, Tydemania



Pacific Islands
decrease in diversity towards west - island isolation theory explains relatively low diversity
of far-away islands (Hawai, etc.)

Easter Island - 80% widely distributed species, affinity to coral ecosystems of the Western Pacific,
 not Southern America, low endemism levels

eastern Pacific barrier -
vast land-less area - "Waterworld"



Eastern Pacific Tropical Region
Southern Baja California to Gulf of Guayaquil
spatially restricted by cold currents
huge tidal amplitude (typically more than 6 m)
relatively high seasonal SST variation - Panama 15-32°C

          (Carribean sea only 24-30°C)
only about 300 traditional species

low diversity coral reefs - fringing reefs in Panama, S Baja, etc.

in general - high similarity of macroalgae to Carribean coasts
at the genus level; species diverging for 3.5 my (Panama bridge)

Galapagos Islands

volcanic, young - only since Pliocene
species-poor coral reefs (only about 32 species of corals,
310 seaweed species)
algae more like warm temperate than tropical, kelps (!)
(Eisenia galapagensis)

Clipperton

the only atol in Eastern Pacific
mostly widely distributed
pantropical species (low endemism)

Buglass, 2019,
Darwin Found.

Charpy, 2009



Global distribution of seagrasses

12 traditional genera, 7 originally from the Indo-Pacific,
3 in Western Atlantic; only 1 also in Eastern Atlantic (Halodule)
 

the genus Cymodocea - originally from the tropics
(tropical Tethyan element in the Mediterranean)
 

Zostera (oldest fossil records from Japan),
originally in Western Pacific, distributed into the Atlantic
by crossing the NW passage (after loosening the Bering passage) 
 

Posidonia - Mediterranean (Tethyan) endemite
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