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Algae, base of aquatic food webs

Life support functions (ecosystem services). Provisioning: food, fiber and 
fuel. Regulating: climate regulation; water purification. Supporting: primary 

production; nutrient cycling; production of atmospheric oxygen

“Roses are pretty and oak trees are impressive, but no 
other groups of "plants" have done so much, for 

so long, and, for so many as have the algae!” 

Chapman (2013) “Algae: the world's most important "plants“ - an introduction” 
Mitigation and Adaptation Strategies for Global Change 18: 5-12. 

Subtropical flood-pulsed wetlands

 Reservoirs of exceptional biodiversity under threat

 We need to study their food webs, starting with algae to 
create baselines for future comparisons and predictions

Source: Mitsch et al. Wetlands 2011

Okavango Delta

Everglades 
ITCZ: Intertropical 
Convergence Zone
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Theoretical framework

More nutrients and energy = 
higher diversity

Intermediate Disturbance 
Hypothesis: moderate flooding
supports highest diversity

More ecological niches in 
environments with higher spatial 
/ habitat heterogeneity lead to 
higher species diversity

Life history strategies, i.e. 
Competitive, Stress-Tolerant, 
Ruderal (CSR, Grime, 1977)

Hypotheses

1. Richness increases with higher phosphorus (limiting resource) 
concentrations - Species-Energy Theory

2. Algal richness is highest where water depth changes are 
intermediate - Intermediate Disturbance Hypothesis

3. More ruderal (R) taxa in the Okavango due to shorter mean 
hydroperiod - CSR framework

4. [Richness increases in shallower habitats that are more complex 
(3D benthic biofilms) - Habitat Heterogeneity Hypothesis]
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Methods (Okavango 2008-2012; Everglades 2005-2011)

*algal units = cells, coenobia, colonies or filaments

2a) Inverted microscope (UCL, Luca Marazzi); 
>=400 algal units* at 100x - 400x

2b) Compound microscope (FIU, Franco Tobias): 
>=500 algal units* at 1000x

2) Measure hydroperiod and phosphorus concentrations

1a) Algae collected with bottles and tubes 2b) Algae collected with cups - periphyton mats

947 Everglades samples: 
Sep – Dec 2005 to 2011

Grassland

Sedges
Open Water

130 Okavango samples:
April – May 2009 & Feb 2010

Open Water, Marsh / Prairie / Shrubland

Methods: statistical analyses

3) Estimate and map asymptote richness (Chao 1 estimator + GIS) 

4) Parametric / non parametric tests + stepwise multiple regressions 

(SPSS) - Hp.s 1-3

5) Indicator Species Analysis to identify CSR taxa as per  

hydroperiod and phosphorus concentrations (Primer) – Hp. 4

Ecología en Bolivia v.43 n.2 La Paz ago. 2008
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Results 1/7: Algal estimated richness

Codes in the map:
UPH= Upper Panhandle; LPH=Lower Panhandle; 
XAK=Xakanaxa; BOR=Boro; SAN=Santantadibe

Codes in the map: 
LKO=Lake Okeechobee; LOX=Loxahatchee; Out_ENP=Out of 
Everglades National Park; ENP=Everglades National Park; 
WCA=Water Conservation Area

Conductivity 
increases Phosphorus 

increases

Results 2/7: Species Energy Theory

Many more taxa of 
green algae in short 
hydroperiod floodplains

Higher share of diatoms 
and cyanobacteria

Okavango (depth R2
Adj=0.258-0.377)

Everglades (phosphorus R2
Adj=0.110-185) Hypothesis 1) supported, 

especially in the Everglades
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Results 3/7: Intermediate Disturbance Hypothesis

Hypothesis 2) not supported

X
Site-specific algal richness vs

mean water depth change

Results 4/7: Algae’s life history strategies (Okavango)

Pediastrum boryanum

Peridinium sp.

10 µm

Scenedesmus 
falcatus

15 µm

Stauroneis phoenicenteron

30 µm

Eunotia flexuosa
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Results 5/7: Algae’s life history strategies (Everglades)

Hypothesis 3) supported

Nitzschia serpentiraphe 
(photo of N. ftsp 06)

Scytonema sp.
Nitzschia amphibia

Eunotia flexuosa
Lyngbya sp.

Results 6/7: Habitat Heterogeneity Hypothesis

Hypothesis 4) not supported

No statistically significant differences

No statistically significant differences
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Results 7/7: Observed richness 

1) Okavango

2) Everglades

Source: Kelly, M. 2011 FBA news. “Drawing diatoms: the 
challenge of visualising the microscopic, underwater world. 

Algae often form ‘submerged forests’

Sampling both benthic & 
planktonic habitats can give 
most comprehensive results

Take-home messages (minus 1...)

 Taxonomically & functionally diverse algae enhance these 
wetlands’ resilience to environmental change, as complementary 
species make ecosystem functions more efficient

 Nutrient flows and habitats < flood pulse which needs to be 
maintained / restored to support biodiversity of algae & food webs

 Okavango: higher conductivity due to flood-pulse and
evaporation enhance algal richness in shallow floodplains: more
resources = more species (hydrology + nutrients)

 Upstream hydropower plants = impacts on algal communities in the
Okavango (attenuation of flood pulse).

 Everglades: higher phosphorus, due to nutrient loads from
agricultural crops, increases richness, but breaks down the mats.

 Will water quality and flow restoration favor characteristic low P 
benthic algal communities in the Everglades? 



12/09/2016

9

Future directions

1. Common-study design research in subtropical wetlands

2. Measuring habitat complexity to better test habitat effects on richness

3. Develop CSR classifications for benthic and planktonic algae

+ How does diversity scale-up from algae to consumers / predators?

0.5 - 11 algal species per fish species 
0.6 - 6 algal species per bird species 

Junk et al. (2006). "The comparative biodiversity of seven 
globally important wetlands: a synthesis." Aquatic Sciences-

Research Across Boundaries 68: 400-414.

We are raising awareness – “Diatom of the 
month” series: http://floridacoastaleverglades.blogspot.com

10 posts: > 1,000 people reached on Facebook and > 7,000 
impressions on Twitter
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David Williamson’s drawings of 
the Okavango desmids

Science + art raise awareness about algae

Staurastrum prox. sebaldi

Cosmarium pachidermum

Micrasterias tropica

Euastrum spinulosum

Xavier Cortada

Upper and Lower Panhandle: Open Water and Marginal Vegetation

Upper Panhandle with Papyrus

Eunotia pectinalis 

20 µm

30 µm
Cryptomonas sp. 

10 µm

Eunotia rhomboidea

20-30 µm

Pinnularia sp.

20 µm

Phacus longicauda

Anabaena sp.

Stauroneis phoenicenteron (B)

Peridinium sp.

10 µm

20 µm

30 µm

Let’s conserve the Okavango’s algae & habitats!
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Distal reaches: Open Water and Floodplain habitats (Sedgelands and Grasslands)

Floodplain with sedges and grasses 
(e.g. Schoenoplectus and Cynodon)

5 µm

Cosmarium haynaldii    

25 µm

Micrasterias tropica 

Mougeotia sp. 

20 µm

Let’s conserve the Okavango’s algae & habitats!

Scenedesmus 
falcatus

Both planktonic and 
benthic algae attached to 
sand / sediments or plants

15 µm

Euastrum bidentatum
(© Chris Carter)

Pediastrum boryanum

Micrasterias pinnatifida 

Cohesive mats – Shark River Slough / Taylor Slough

Gelatinous mats w. more green algae – Big Cypress Preserve

Floating periphyton mats 
in deeper sites

Periphyton ‘sweaters’ 
in marl prairies

Let’s conserve the Everglades’s algae and habitats!
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Let’s conserve the dominant algae in the Everglades!

Figure 2. Micrographs of the most dominant taxa (the top five in Tables 2-3): Scytonema hoffmanii, Schizothrix sp., Aphanothece sp., 

Gloeothece sp., Mougeotia sp., Encyonema evergladianum (from a permanent slide at 1,000 x magnification), and Mastogloia smithii

(source: Florida Coastal Everglades LTER program database of algal images).

Any questions or comments?

Thank you for your attention!

In the Okavango with N. Siziba (Feb. 2010)

In the Everglades (Oct. 2015)
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Study area 1) the Okavango Delta (NW Botswana)

Ramsar and UNESCO Heritage site, 
hunting now banned…

…but water diversion, global warming and 
mining are real threats

Source: MODIS satellite image.

Flood expansion in Boro (April-May) 2009

Flood recession in Boro (February) 2010

Study area 2) the Florida Everglades (SE USA)

Problems:

Natural habitat 
loss

Eutrophication –
water pollution

Severe floods / 
droughts

Sea level rise

Profound 
ecological 

implications

Pre-drainage Post-drainage
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Pantanal – Brazil Mato Grosso

River corridors, gallery forests, perennial wetlands and lakes, 

seasonally inundated grasslands 

and terrestrial forests

Threats: Deforestation, fertilizers, 

cargos navigation, exotic species

Giant Queen Victoria water lily or Victoria amazonica (UNESCO)

“The site plays a key role in the 
dispersion of nutrients to the 
entire basin and is the most 
important reserve for maintaining 
fish stocks in the Pantanal”. 

http://www.hiddenpousadasbrazil.com/

Kakadu Wetlands – North Australia

Savanna woodlands, open forest, floodplains, mangroves, 
tidal mudflats, coastal areas and monsoon forests 

Aboriginal people lived 

there > 50,000 years

Threats: increased tourism, 

exotic species, mining 

and sea level rise (+150 m 

in the last 18,000 yrs)
Picture: UNESCO


