
The hydrogeological cycle



Distribution of Water

Lakes, ponds and 
impoundments cover 
>3% of the earth’s 
surface.

• Natural lakes and ponds - 4.2 million km2 
• Large Impoundments - 0.26 million km2 
• Farm ponds cover about - 0.08 million km2
• Downing et al. 2006



IPCC



- Lentic (lakes, ponds,  reservoirs, pools)

- Lotic (creeks, streams, rivers, springs)

Limnology:  the study of 

Inland Waters



LAKE TYPES

A   Seepage

B   Groundwater 

C   Drainage

D   Impoundments 

Residence time
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Water level variation:

Groundwater

Precipitation

Runoff

Inflow/otflow

Evaporation



PHYSICAL CHARACTERISTICS

• Mixing / Stratification

• Lake Depth



LAKE HABITAT  ZONES



Eutrophic Southern Lake

LAKE LITTORAL ZONE

• Functions:

– Intercepts Nutrients

– Refuge from Predators

– Nursery for Fish

Oligotrophic Northern Lake

Clear waters

Secchi disk

Turbid waters



Periphyton

Lake Titicaca
Peru

Stream diatom 
community



Macrophytes





TROPHIC STATE

• Nutrients & Productivity

• Sediment & Accumulation

• Species Shifts

• Species Richness



Eutrophic waters:   Phosphorus causes algae to grow

• P uptake in epilimnion

• P bound with iron in 
epilimnion

• P released in hypolimnion 
via decomposition

• P released from iron oxides 
via redox

• P diffuses from sediments



Defining Eutrophication

Arbitrary scales

transparency



Sardinian

Lakes

and 

reservoirs

- Chl a

- [TP]

- cyanobacteria

and algae



Autochthonous organic matter:  

produced within lakes and 

streams (cyanobacteria, 

diatoms and other algae; 

submerged, floating, and 

emergent macrophytes)

Allochthonous organic matter: 

produced outside of the stream

and imported into the channel.

(includes, but is not limited to

leaves, woody debris, dissolved

organic compounds, dead 

organisms)



Rivers



Indici qualità acque fiumi:

qualità e abbondanza del

macrofitobentos

(alghe Charophyceae, briofite, 

pteridofite, angiosperme)

(+ alghe)



Bioindicatore è una specie:




