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Coccolithophores 
Olivia, Mary, Nicole 



Me 
What am I?  

Unicellular eukaryotic phytoplankton 

Size : range from 5- 50 µm across 

● Live in large numbers throughout upper ocean 

Shape: flagellated spherical cells covered with coccoliths  

○ Coccoliths: protective microscopic disk shaped plates of 
calcium carbonate 

○ Surround themselves with at least 30 of these “scales”    
■ Scale size: three one-thousandths of a millimeter 

in diameter.  
■ Color of Scales: white 
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Presentation Notes
In other words, they’re a one celled plant like organism Often compared to the shape of hubcapCalcium carbonate - same thing limestone + chalk is made fromFun Fact: large chalk deposits like those found at the Cliffs of Dover in England are made from accumulated coccolithophore shellsMilky white color can brighten waters if they explode into massive bloomsPicture from August 2016, the waters off British Columbia, CanadaPossible hypothesis for function:  defence against grazing by zooplankton or infection by bacteria or viruses; maintenance of buoyancyScale size: 2-10 micro meters



Me in the ocean 
Found in upper layers of ocean in still, nutrient-poor, mild temp waters 

● Don’t live in areas of upwelling for nutrients like most phytoplankton  

 

 

Emiliana huxleyi 

Gephyrocapsa 
oceanica Florisphaera profunda 

Umbellosphaera irregularis 
Umbellosphaera tenuis 

Presenter
Presentation Notes
Phytoplankton but don’t live in places many other phytoplankton live Often thrive in areas where competitors are starving - this is good because they are not good competitorsPhotic Zone (rely on photosynthesis) Subpolar regions, which is colder than others 90 species in Pacific ocean 



Me in the food web  
Major primary producer 

What eats me:  

● zooplankton (Calanus helgolandicus,                                                             Pseudocalanus 
elongatus, Centrapoges                                                                           typicus, Acartia 
tonsa) 

Why am I important:  

● major primary producer 
● Leading calcite producer from dumping of coccoliths, dump more than 1.5 billion tons of calcite a year 
● Dimethylsulfoniopropionate (DMSP) 
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Presentation Notes
1989 bloom in Gulf of Maine: accounted for 0.5% of primary productivityMajor primary producer → converts dissolved CO2 in oceans to CaCO3NASA Earth Observatory: “Each time a molecule of coccolith is made, one less carbon atom is allowed to roam freely in the world to form greenhouse gases and contribute to global warming. “Descend rapidly in marine snow and fecal pellets & other aggregate particles → prevents dissolution below calcite compensation depth , white cliffs of DoverCoccolith oozeCoccolithophores are intense producers of a chemical called dimethylsulfoniopropionate (DMSP). Important part of the sulfur cycle.
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Diatoms 
Olivia Aswad, Isabela Trumble, Laura DiRoberts  

 



Characteristics 
• Unicellular microalgae 
• Most diatoms are between 2 microns to 500 microns  
• Silicate Frustule 

• Epitheca and Hypotheca 
• Bilateral (pennate) or Radial Symmetry (centrate) 
• Solitary or colonial 
• Sexual and Asexual Reproduction 

Presenter
Presentation Notes
Epitheca: larger halfHypotheca: smaller halfCentrate diatoms: Coscinodiscineae (no polarity in symmetry), Rhizosoleniineae (unipolar symmetry), Biddulphiineae (bipolar symmetry)Pennate diatoms: Fragilariineae (no raphe), Bacillariineae (with raphe)



Role in the Environment 
• 20%-25% of global carbon fixation (AKA 1˚ 

Production) 
• CO₂ → O₂ (photosynthesis) 

• Grazed by zooplankton and other 1˚ Consumers 
• Supply food for entire ocean food chain 
• Diatoms → Zooplankton → Fish → Whales 

• Approximately 12,000-30,000 species worldwide 

Presenter
Presentation Notes
Carbon fixation → diatoms turn co2 to o2 through photosythesis, creating a lot of the air we breathe Diatoms use sun’s energy → autotrophs, so zooplankton eat them, then small fish, then whales 



Why are they important? 
• Provide basis for food chain 
• Important to Global Carbon 

Fixation 
• Major source for atmospheric 

oxygen 
• Siliceous Ooze 
• Climate Change Models 
 

Picture Credit (Encyclopedia of Puget 
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Presentation Notes
-Diatoms are important because…	-Autotroph/ basis of food chain	-Play a huge role in carbon fixation via photosynthesis		-provides oxygen	-Play a large role in si cycle by being the main ingredient in siliceous ooze, detritus settles @ bottom where it is redisolved and recycled into the photic zone.	-Climate change models are increasingly needing accurate data on the current state of pps and specifically diatoms.		-nutrient cycle big concern in climate impact predicitons 
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Who am I? 
• Eukaryotic microplankton 

(20 – 200 µmol) made up 
of over 2,000 species and 
125 genera  

• Only half of dinoflagellates 
are photosynthetic. 

How do I look? 
• Armor plates made up of 

cellulose 
• 2 flagella for movement 
• Some have chloroplast 

and/or bioluminescence  
 

 

Where am I found? 
• They can be found in both 

freshwater and marine 
environments.  

• More significant component of 
the phytoplankton in warmer 
waters.  

• Dominate nutrient-rich, surface, 
stratified, waters in temperate 
zones during the spring. 

Dinoflagellates 

    



What do I eat? 
• Autotrophs make their own 

food through photosynthesis 
making them the bottom of the 
food chain. 

• Heterotrophs eat diatoms, fish 
eggs, algae, zooplankton even 
other dinoflagellates.  

Role in global primary 
productivity 

Half of the primary productivity on 
planet Earth occurs in the oceans and 
is conducted by phytoplankton. 
Difficult to quantify primary 
productivity of dinoflagellates 
because: 
1. Many types of phytoplankton. 
2. Symbionts of dinoflagellates are 

also photosynthesizers. 
3. Blooms cause for random spatial 

and temporal distribution of 
dinoflagellates.  

  



Why am I important？ 

• Ocean disaster 
• Harmful Algal Blooms (HABs)  
• Coral bleaching 

• Ecological value 
• Primary producers 
• Diverse ecological roles 

• Economic value 
• Medical value 
• Impacts on aquaculture 

 



Prochlorococcus and 
Synechococcus 

A review of two of the world’s most abundant Cyanobacteria  
         

           
    

   

 

By: Emma Chamberlain, John Sullivan, & Hayley Goss 

Synechococcus from Oceans at MIT Prochlorococcus from the Joint Genome Institute 



General Characteristics & Location 

- Syncechococcuss size varies from 0.8 to 1.5µm 
- Found to thrive in well lit oceanic surface waters, with 

concentrations ranging from 1,000 to 200,000 cells per ml. Most 
commonly found in the euphotic zone (except in Antarctica). 
Nutrient rich waters lead to higher numbers per ml.  

- Unicellular, circular shape 
- Being a simplistic organism; composed of a cell wall, cytoplasm and 

nucleic material. 
- Prochlorococcus size ~0.6µm 
- Most abundant photosynthetic organism, with a yearly count at 

about 2.8-3.0x10^27. These cyanobacteria thrive in oligotrophic 
regions of the ocean 

- Possess a higher ratio of chlorophyll-b to chlorophyll-a. 
- Part of the base of the marine food chain. 
- Survives from 100 to 150 meters, with colder waters being the 

limiting factor.  



● Annual mean global abundances of Prochlorococcus and Synechococcus are 2.9 ± 0.1 × 
1027 and 7.0 ± 0.3 × 1026 cells ( Flombaum) 

● Synechococcus thrives in a wider range of environments and can range from  5 x 102 to 1.5 
X 106 cell whereas Prochlorococcus  can occur at abundances of 105 cells per ml 
throughout much of its distribution area. (F. PARTENSKY) 

● In nutrient rich areas Prochlorococcus may be 100 times denser     
   and account for 22 times more carbon than Synechococcus (F. PARTENSKY)  

Rates of Grazing and Mortality  

❏ Despite a rapid doubling time these species stay relatively stable, due to the population 
being controlled by both grazers and cell mortality due to viruses (Flombaum) (Guillou) 

❏ Prochlorococcus and Synechococcus are the main food source for many grazers smaller 
than 5 micrometers, mainly protozoan (Guillou) (Belnap) 

❏ It is currently hypothesizes that the preferential feeding rates of grazers on these organisms 
may be partially responsible for their distribution patterns (F. PARTENSKY ) (Guillou) 

 

 

Primary Production and contribution to the Food Web  

Presenter
Presentation Notes
The populations levels of Prochlorococcus and Synechoccus remains relatively constant despite their fast doubling time due to grazing activities and cell death by viruses. It would appear that due to their relative size most mesoplankton cannot feed on these organisms and they are primarily fed upon by grazers smaller than 5 micrometers such as ciliates and flagellates. Studies show that these organisms have preferential feeding tendencies, Flagellates in the study appeared to grow better when feeding on Prochlorococcus but that prefer Synechococcus. This preferential grazing may also be responsible for their distribution patterns. In areas where Prochlorococcus can be found it is extremely productive, whereas Synechococcus is less limited and is found in lower densities. Because of its wider distribution Synechococcus does contribute to more biomass overall than Prchlorococcus. First microfossils found 3.5 million years ago and these organisms are responisible for creating a large quantity of O2 during early atmospheric formation.  



Why are these species important?  
● Most abundant phototrophs on Earth (Mella-flores 2012) 

○ Account for up to half of all primary production at any given location (Bagby 2015) 

■ Provides oxygen and base for food web. 
● Cyanobacteria appeared 3.5 BYA -partially responsible for of oxygen in early atmosphere 
● Prochlorococcus currently provides 13-48% of oxygen in the atmosphere (Prochlorococcus) 

● Biogeochemical Significance  
○ Determine elemental composition of seawater and oceanic particulates (Bertillson 2003) 

■ Create variations from Redfield ratio in low latitude marine biomes (Bertilson 2003) 

■ Affect availability of N, P, and other limiting nutrients (Bertilson 2003) 

■ P limited so they create higher than Redfield C:P and N:P ratios (Bertilson 2003) 

○ Contribute to global carbon cycle  
■ Responsible for up to 50% of fixed C in marine systems (Fu 2007) 

■ Prochlorococcus produces Transparent Exopolymer Particles (TEP) (Iuculano 2017) 

● Made up of acidic polysaccharides (Iuculano 2017) 

● Export carbon to deep waters (Iuculano 2017) 

● Stress from solar radiation promotes production of TEP (Iuculano 2017) 

○ Prochlorococcus more prone to succumb to UV stress than Synechococcus (Mella-flores 2012) 
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Presentation Notes
TEPs  form “marine aggregates” which export carbon to deeper waters by enhancing sedimentation of particles. In oligotrophic waters stress from solar radiation promotes the production of TEP by killing off phytoplankton blooms. Prochlorococcus’s poor reaction to UV induced oxidative stress is because it’s a niche specialist. It reacts to this stress by shutting down key metabolic process until the stressful period is over. Synechococcus is a generalist and is able to efficiently deal with UV radiation and oxidative stress by altering its photochemical processes. Perhaps this is why Synechococcus contributes less TEP to the global carbon cycle.
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Nano & Picoeukaryotes 
BI 423, Rose, Gretchen, and Elena  



General Characteristics 

❖ Nano → 2-20μm 
➢ Includes members from all the algal groups, as well 

as many diatoms, and flagellates.  
❖ Pico → 0.2-2.0 µm 

➢ Although very small, they are commonly found in 
Prasinophyceae (a kind of green algae) and the 
Haptophyceae. 

➢ Cyanobacterial photosynthetic picoplankton are 
also a common group.  

➢ Picoeukaryotes are a common topic of interest in 
studying the evolution of larger eukaryotes as well 
as the evolution of green plants.  

❖ Due to such large diversity and minimal work with 
these organisms, specifics on cell structure, cell 
walls, and life/reproductive characteristics regarding 
nano and pico plankton are understudied.  



Kirkham (2013) The ISME Journal 

Worden (2015) Science 

Picoeukaryote Biogeography Integration into marine food web 

• Ubiquitous globally and throughout water column 
• Variations in species abundance and richness 
• Specific distribution patterns for PE classes 

• Autotrophic PE 
• Heterotrophic PE 

• Key bacteriovores 
• Prey on specific organism, not size 

class 
• Degrade organic matter 

• PE Consumers, preferential = Zooplankton 
• Protists: Dinoflagellates, Ciliophora 

• Population control mechanism depends on 
specific ecosystem 



Primary Productivity and Importance 

❖ Abundance doesn’t directly imply large impact 
❖ Phototropic Picoeukaryotes 

➢ Along with picoprokaryotes form picophytoplankton 
➢ 80-90% of phytoplankton biomass in open sea, ~ 

10% in most productive systems 
➢ Dominate picophytoplankton: 60-80% biomass and 

primary production 
❖ Heterotrophic Picoeukaryotes 

➢ Bacteriovores 
➢ Keep bacteria levels stable 
➢ transfer dissolved organic matter to higher trophic 

levels 
➢ Recycle nutrients 
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Trichodesmium 
Alia Al-Haj and Kendal McPherson 



Trichodesmium spp. (a.k.a sea sawdust) 

• Bloom forming 
cyanobacteria 

• 5-8 species 
• Filaments called 

trichomes 
 

McKinna, 2015 Capone, 1997 

Presenter
Presentation Notes
Slide 1-What is Trichodesmium?/CharacteristicsAlso called “sea sawdust” (wikipedia)A type of planktonic marine cyanobacteria (Bergman et al., 2013)5-8 different species described in literature (McKinna, 2015; Hynes et al., 2012)What does it look like?Fusiform or Radial (Capone, 1997)2-5mm (Capone, 1997)Made of Tiny filaments called trichomes (Capone, 1997)



Range 

Westberry and Siegel, 2006 

• 20 °N and 20 °S in the eastern Pacific  
• 40 °N and 40 °S in the Atlantic, western Pacific, and Indian Oceans  
• Temp: 20 - 34 °C  
• Depth: 0 - 100 m 

Olson et al., 2015 

Presenter
Presentation Notes
Where am I found?Largest blooms found in south pacific gyre and around equator (Bergman et al., 2013)Blooms can form between 20 °N and 20 °S in the eastern Pacific and between 40 °N and 40 °S in the Atlantic, western Pacific, and Indian Oceans (Bergman et al., 2013)Trichodesmium is found primarily in water between 20 and 34 °C and is frequently encountered in tropical and sub-tropical oceans in western boundary currents (Capone, 1997)Mostly found in surface waters, but has been found at up to 100 m depth in the Atlantic (Olsen et al., 2015)



Ecological Importance 
• Grazed by tunicates, copepods, 

and fish  
• Blooms home to many 

organisms 
• N-fixers (30-50% of global 

marine N-fix) 
• 7.9-47% of primary production 

in the North Pacific and North 
Atlantic  

http://www.whoi.edu/page.do?pid=1
10417&cid=45906&cl=32132&article
=53146&tid=5782 
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Fixes Nitrogen (Capone, 1997)Grazed by tunicates, copepods, and fish (Bergman et al., 2013)Aerobic, while most Nfixers are anaerobic or form heterocysts (Capone, 1997; Bergman et al., 2013)N-fix occurs in diazocytes (Bergman et al., 2013)Migrate in the water column to scavenge P and Fe from lower depths for N-fixation (Bergman et al, 2013)Mostly made of C and N but limited by P and Fe (Bergman et al., 2013)Trichodesmium introduces the largest fraction of new nitrogen to the euphotic zone in the tropical and subtropical North Atlantic (WHOI) 60-80 Tg N/yr (Bergman et al., 2013) (Global marine N-fix is 100-200 Tg N/yr)This is very important because it allows for further CO2 fixation by the remaining non-diazotrophic phytoplankton community (WHOI) Trichodesmium are the most significant cyanobacteria primary producers (fixing ~165mg CO2/m2/day) (WHOI)7.9-47% of primary production in the North Pacific and North Atlantic (Carpenter et al., 2004)



Sargassum 
Katherine Galeas, Shuhui Lui, and Yuhua Situ 



My general characteristics 
-highly branched thallus 
-hollow berrylike floats 
(pneumatocysts) 
-fronds (small and leaf-like) 
 

Where am I found? 
Abundant in the ocean 
Shallow coastal tropical and temperate marine 
waters  
In the north atlantic ocean 
Temperate and Boreal waters 
 

Productivity 
0·20 g Cfm 2/day or 72 g 
C/m2/yr 

181-1, 234 C gdry /g h mass 

Presenter
Presentation Notes
(left) Sargassum natans and (right) Sargassum fluitans. Each square represents 1 square centimeter. Credit: A. N. S. Siuda



What eats me? 
-herbivorous fishes 
-echinoids 
-human 
 

Why am I important? 
Carbon Sink 
Provide homes for juvenile fish, 
camouflaging invertebrates, nurseries for 
many fish like mahi-mahi 
Potential in the medical and 
pharmaceutical fields.Serves as biofuel 
and land fill.    

 

Histrio histrio 
Sargassum fish 



SaWS 
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WoRMS - World Register of Marine Species - Scyllaea Pelagica Linnaeus, 1758, www.marinespecies.org/aphia.php?p=taxdetails&id=141425. 

 

Pictures: 
https://eos.org/features/sargassum-watch-warns-of-incoming-seaweed 
http://optics.marine.usf.edu/projects/SaWS.html 
http://www.alamy.com/stock-photo-loggerhead-turtle-hatchlings-taking-refuge-among-sargassum-weed-caretta-25159936.html 
 
 

http://www.eattheweeds.com/sargassum-not-just-for-breakfast-any-more-2/
http://www.alertdiver.com/?articleNo=1108
https://eos.org/features/sargassum-watch-warns-of-incoming-seaweed
http://optics.marine.usf.edu/projects/SaWS.html
http://www.alamy.com/stock-photo-loggerhead-turtle-hatchlings-taking-refuge-among-sargassum-weed-caretta-25159936.html


Underwater Solar City 
(a.k.a. kelp) 
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● Found in a wide range of places but mostly in the pacific along rocky shore lines 
○ Love cold and nutrient rich environments 

● 2 - 30 meters (but can grow up to 175 feet!)     so many people live in me 

● 1 - few year lifespan 

● Protista kingdom 

● Laminariales order 

● 30+ genera 

● Brown algae 

● Fastest growing boi 

● Clear water only 

“I love cold 
nutrient rich” 

Instead of roots, anchors 
kelp to ocean floor 

stem 

:protection 

“I would have scoliosis 
without my pneumatocyst” 

“When I grow up, I’m 
gonna have so many 
kelp friends” 

Presenter
Presentation Notes
Wide ranges all over the world – mostly pacific ocean along rocky shore lines, cold nutrient rich2-30 meterslife span: 1-few years Pnuematocyte at the base of each kelp bladeGas bladders to remain upright, and rise to surface (pneumatocysts)Use blades as protectionHoldfats at bottom (roots), stem (stipe), leaves (blades) Protista kingdom30> genera



kelp bed is 400-1900 grams of 
carbon per meter sq per year 
among 3 diff forest in so cal – mpp 
avg 0.42-2.38 kg of dry mass per 
meter sq per year 
 

Presenter
Presentation Notes
*kelp bed is 400-1900 grams of carbon per meter sq per yearamong 3 diff forest in so cal – mpp avg 0.42-2.38 kg of dry mass per meter sq per yearFood web: producers for primary consumers (sea urchinsEats: anemones, crabs, jellyfishproved food source for birdssea urchins eat through kelp forest holdfats



● Giant and bull kelp dominate the world 
● Vitamin C, B5, K rich 
● Inhabitants: invertebrates ~ brittleworms, sculp, snails, brittle stars, sea stars, anemonies, crabs, 

jellyfish 
● In times of trouble: whales hide in it, sea turtles live in it, sea lions hunt in it; 

○ Protection from storms and waves since kelp makes currents weaker 
● Biodiverse af - almost more than any other ocean thing 

Presenter
Presentation Notes
Brittleworm, sculp, snails, brittlestarsVitamin c and B5 (pantophenic acid)nurseries/habitatssea lions hunt in it, sea turtles live in it, whales during storms higher diversity plants and animals than almost any other ocean ecosystem/habitatgiant kelp and Bull kelp dominate



Pics (in order of appearance): 

http://www.surfscience.org/articles/kelp  

https://kelpforestwebsite.weebly.com/food-chain.html  

http://spongebob.wikia.com/wiki/Kelp_Shake  

http://www.conniemclennan.com/p/my-former-life.html  

http://www.surfscience.org/articles/kelp
https://kelpforestwebsite.weebly.com/food-chain.html
http://spongebob.wikia.com/wiki/Kelp_Shake
http://www.conniemclennan.com/p/my-former-life.html


Seagrass 
Beatrice Cheung, Saloni Shah, and Mackenzie Knox 



Seagrass are underwater plants 
with extensive root systems. They 
flower and produce seeds and fruit. 

Seagrass is found in clear, shallow, 
well lit waters. They prefer spots 
protected from strong currents and 
wave action. 

Presenter
Presentation Notes
What and where



 

 
Seagrass are foundational to 
coastal food web systems.  

fungi and 
bacteria 

Presenter
Presentation Notes
Productivity and what eats me



Seagrass are vital to ocean productivity 
since they produce 10% of ocean’s total 
C storage. 

Seagrass are important because they 
stabilize muds and sands and provide 

shelter for an ecosystem of fish, bacteria, 
mammals, and more. 

Presenter
Presentation Notes
Why am I important
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stock. Retrieved from https://www.nature.com/articles/ngeo1477 
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https://seagrassmeadow.weebly.com/sea-grass-animals-and-characteristics.html
https://seagrassmeadow.weebly.com/sea-grass-animals-and-characteristics.html
https://www.nature.com/articles/ngeo1477
https://www.livescience.com/20462-seagrasses-store-carbon-forests.html
https://www.livescience.com/20462-seagrasses-store-carbon-forests.html
https://academic.oup.com/bioscience/article/56/12/987/221654
http://www.ioseaturtles.org/Education/seagrassbooklet.pdf
http://ocean.si.edu/seagrass-and-seagrass-beds
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http://ocean.si.edu/seagrass-and-seagrass-beds
http://ocean.si.edu/seagrass-and-seagrass-beds
http://ocean.si.edu/seagrass-and-seagrass-beds
http://ocean.si.edu/seagrass-and-seagrass-beds
http://ocean.si.edu/seagrass-and-seagrass-beds


Salt Marshes 

Amy Green, Christopher Reyes, and Grace Chu 



General Characteristics 

● Coastal wetlands 

● Middle to high latitudes 

● Diverse communities 

● Productive ecosystems 



Food Webs Productivity 
● High Productivity 

○ Above ground 

■ Marsh Grass and phytoplankton 

○ Below ground 

■ Mud algae 

● Nitrogen is a limiting nutrient 

● High productivity in low and intertidal marshes 



Importance 

● Nursery for fish, crustacea, and insects 

● Wave protection 

● Protection against sea level rise 

● Mosquito control 



Mangroves 

Ena Miculinic, Nicolas Colletier, Ellen Laaker 



Mangrove Characteristics  
❖ Three main types of mangroves: Red, Black, and White 
❖ Found in tropical and subtropical regions around the world covering about 160,000 sq. km 
❖ Thrive in low-oxygen soils and can tolerate wide ranges of salinity 

 



Mangrove Productivity 

● Mangrove forests occupy only 2% of the world’s coastal ocean area, yet they 
account for about 5% of net primary production 

● Net primary production  estimated to be 218 ± 72 Tg C a-1  
● Mean NPP rate is 11.1 Mg C ha−1 y−1 

○ Higher than salt marshes (8.34), seagrasses (1.04), macroalgae (3.8), 
and coastal phytoplankton (1.7) 

○ Similar to that of coral reefs (10). 



Mangrove Importance 

❖ Coastal Protection- Mangrove trap sediments to stabilize coastlines and protect coral reefs and seagrass meadows 
from being smothered by sediment. They also protect coastlines from erosion by waves and storms 

❖ Fisheries- Mangroves act as a nursery habitat for juvenile fish, crab, shrimp, and mollusc species, offering protection 
from predators 

❖ Timber and plant products- used by indigenous communities 
❖ Carbon Sinks 



http://www.youtube.com/watch?v=aoMrLYJOdA4


Citations 
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   4. http://www.mesa.edu.au/aboutMESA.asp 
   5. http://wwf.panda.org/about_our_earth/blue_planet/coasts/mangroves/mangrove_importance/ 
 
 

http://www.mesa.edu.au/aboutMESA.asp
http://wwf.panda.org/about_our_earth/blue_planet/coasts/mangroves/mangrove_importance/
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