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WATER 
Water is densest at 4ºc (39º) –

that’s why ice floats and the 

warmest water is at the 

bottoms of frozen lakes.



WATER
*TEMPERATURE

- controls reaction rates
*DISSOLVED OXYGEN

(D.O.)
- most fish require 3-5

ppm minimum



WATER 
*pH - measures water’s acid-

base condition

- logarithmic scale, 7.0 =neutral

- most aquatic life lives in 

range of 5.5 – 9.0



WATER
*TRANSPARENCY-
measured by Secchi disk



WATER 

Water expands an 
additional 1/11 of its 
volume when it freezes





WATER

LAKE EFFECT –
The ability of a large water 
body to affect weather 
conditions over adjacent 
land areas



WATER SOURCES
SURFACE WATER (Runoff)-
• Temperature is controlled by 
the atmosphere

• Can transport relatively 
insoluble nutrients, such as 
phosphorus, attached to clay 
particles



WATER SOURCES
SURFACE WATER
Surface water also can 
carry contaminants such as 
pesticides, road salt, 
industrial and livestock 
wastes, etc.



WATER SOURCES
GROUND WATER
(Springs, wells)

• Very uniform temperature –
about 52-55° F, especially as 
well depth increases



WATER SOURCES
GROUND WATER
• Transports soluble nutrients 
(such as nitrates)

• Usually oxygen-free
• Usually a source of relatively 
clean water
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Ecosystem:

The community of living 
organisms and their non-
living environment

Meet some of the players…



Algae –
Can be free-
floating
(phytoplankton)

Or attached



Macrophytes
(rooted plants)



Zooplankton
(Water Fleas)



Macroinvertebrates
• Insects
• Leeches
• Clams & mussels
• Crayfish
• Sponges
• Bryozoans…and many more



Fish…



…and the
non-living parts -

•Water
•Minerals/nutrients
•Sunlight

•Water
•Minerals/nutrients
•Sunlight



BIOTIC

ABIOTIC
Energy and matter cycle 
between the living and 
non-living parts



The nonliving parts enter 
the biological chain 
through primary 
production, as plants 
combine water, light and 
nutrients into living cells



Primary productivity 
creates the living matter 
that supports the higher 
levels of the
food
“pyramid”



If the efficiency from one 
level to the next is 10% 
(10 lbs. feed makes one lb.
growth), consider a 1-lb.
walleye at the top.  How 
many lbs. forage fish?  
How many lbs. algae? (Click)



Fish populations 
depend upon all 

levels of the 
aquatic 

community



Living
in
the
Aquatic 
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Aquatic 
Ecosystem



PLANKTON –
Mostly microscopic 
plants and animals, 

dependent upon water 
currents for movement



Certain 
phytoplankton, like 

green algae and 
diatoms, are 

important to the food 
web



Blue-green algae, 
like Microcystis and 

Anabaena, cause 
taste and odor 

problems



Plankton
Among the many 
zooplankton groups, a 
few are especially 
important…



•Rotifers

•Copepods

•Cladocerans



Plankton
In early summer, rising 
temperatures,
lengthening
days and nutrient
inflow bring
plankton
levels up
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Plankton
By autumn, grazing
by zooplankton, nutrient 
depletion, falling
temperatures
and shorter days
bring plankton
levels down
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Plankton
Winter brings another peak
as diatoms bloom
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Plankton
As the winter plankton 
community wanes, spring 
recharges the cycle with 
nutrients
and
sunlight
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Plankton
All young fish depend upon 
plankton as
their first
food after
hatching.



Plankton
Tiny zooplankton like 
rotifers are critical – they 
must bloom in abundance 
as larval fish exhaust their
yolk sacs and
begin to feed



Plankton
If small zooplankton 
doesn’t appear in time 
for the feeding transition 
a year class of young fish 
can be lost



Plankton
Plankton also supports the 
forage fish upon which 
predators feed in later life.



BENTHOS –
All the organisms 
living on the bottom
of a lake or stream



Benthos
Benthic organisms are diverse 
and widely distributed, due to 
a variety of:
*Feeding requirements
*Body/behavior adaptations
*Reproductive modes



Benthos
Benthos are more affected 
by environmental changes 
than plankton and fish 
because
they are
less mobile



Benthos
Physical adaptations that 
help survival include:
*Flattened  
bodies – for 
hiding in 
crevasses Water penny



Benthos
*Suckers and hooked 
claws for clinging

Leech

Stonefly



Benthos
*Ballast – shells 
give stability in 
currents and 
protection from 
predators



Benthos
*Gills and hemoglobin, 
to increase oxygen 
uptake

Mayfly nymph
Midge larva 
(bloodworm)



Benthos
Behavior also helps 
survival:

•Hide in burrows or 
vegetation

•Attach to surfaces
•Avoid currents



Benthos
Important groups of benthos 
include:

*Insect nymphs
and larvae

Mayfly



Benthos
*Scuds
(small
crustaceans)

Echinogammarus

Diporeia



Benthos
*Clams and mussels



FORAGE FISH:
Any fish species 

that can be preyed 
upon by other 

fishes



Forage fish
Most large sport and 
commercial fish species 
feed on forage fish
*Concentrated source of 
protein and fats



Forage fish
Many predatory fish 
feed on plankton and 
benthos in first weeks of 
life, then switch to 
forage fish



Forage fish
Forage fish transfer 
energy and nutrients from 
plankton to larger species



A few more terms…A few more terms…



What’s a “species?”
A group of organisms that 
actually interbreed with each 
other – but do not interbreed 
with other such groups
Yellow perch and walleye are
different species



POPULATIONS

Groups of the same kind 
of organisms (species), 
isolated from the same 
species in other lakes.



Within a certain fish 
population, some 

groups may spawn 
together and stay 
somewhat distinct 

within the lake



These are called individual 
stocks.  Examples:

*Maumee River walleye
stock

* Bay of Quinte lake trout
stock



A Great Lake will have a:

• Walleye population
• Black crappie population
• Alewife population
•But not a

“fish population”



COMMUNITY
(sometimes called the biotic 
community):
All the populations 
occupying a common 
habitat and interacting 
with each other



All of the fish 
populations, plant 
populations, plankton 
populations, etc. make 
up a lake or stream’s 
COMMUNITY



We sometimes speak
of individual 
communities – a lake’s

•Fish community
•Plant community
•Invertebrate community, 
etc.



All of these combine 
into the lake’s 

Aquatic community



Physical 
Effects on the 

Aquatic 
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Nutrients
A lake’s productivity is 
limited by the nutrient 
in shortest supply.  In 
fresh water, this usually 
is    phosphorus



Nutrients
Low-nutrient lakes, with 
low productivity and clear 
water are termed

Oligotrophic
Example: Lake Superior



Nutrients
Lakes with moderate 
nutrient levels and 
productivity are called

Mesotrophic



Nutrients
Human activities have 
raised phosphorus levels 
in many waters, from:
Agricultural 
runoff…



Nutrients
…and sewage 
effluents



Nutrients
Lakes with high nutrient 
levels and high 
productivity are called

Eutrophic
Example: Western Lake

Erie



Nutrients
While productivity 
increases, waters 
become turbid, 
often with 
excessive algae 
blooms



Nutrients
Phosphorus is being 
controlled by sewage 
treatment improvements,
conservation tillage and
filter strips on streams, 
but some areas are still 
troubled by nutrient 
enrichment



Temperature
Van t’Hoff’s Law:

For every 10° C  increase 
in temperature, the speed 
of a chemical reaction 
doubles…



Temperature

…and for each 10° C 
decrease in temperature, 
the reaction rate is 
reduced by half



Temperature
This governs the 
metabolic rates of all cold-
blooded organisms



Temperature
The oxygen dilemma:

The ability of water to 
hold dissolved oxygen
increases as the 
temperature goes down



Temperature

…conversely, as the 
temperature of water 
goes up , it holds less  
oxygen



Temperature
But, higher temperatures 
increase organisms’ 
oxygen needs while the 
actual supply of dissolved 
oxygen is decreasing



Temperature
That’s why low-oxygen
stress usually happens in
hot weather



Temperature
Water molecules move apart 

at high temperatures and 

move together at low 

temperatures



warmcold

So, a cup of cold water is 
heavier than a cup of 
warm water – it contains 
more molecules



Temperature
Brisk wind blowing across 
a lake circulates the water, 
mixing it from top to 
bottom Wind



Temperature
In summer, bright sun 
warms the upper portion of 
the water, making it lighter
than the colder, heavier
water below.  A warm layer 
sits atop  a cold layer



Temperature
This is thermal stratification –
a thermocline (narrow zone 
of rapid temperature change) 
separates the warm 
epilimnion from the cold 
hypolimnion

Hypolimnion

Thermocline
Epilimnion



Temperature
Circulating water in the 
warm upper layer is 
unable to dislodge the 
heavy, cold layer.  The 
hypolimnion cannot be 
recharged with oxygen. 



Temperature
The hypolimnion does not 
circulate back to the 
surface until fall 
turnover,
when the lake reaches a 
uniform temperature



Temperature
…allowing autumn winds 
to circulate water from 
top to bottom

wind



Anoxia
Dead plankton, plants and 
other organic material 
settle to the bottom of a 
lake and are decomposed 
by bacteria.  This 
consumes oxygen.



Anoxia
A thick (deep) 
hypolimnion layer 
provides a large reservoir 
of oxygen, supporting both 
decomposition and aquatic 
life



Anoxia
If the hypolimnion is a thin 
layer, decomposition may 
deplete the oxygen supply. 
This is called anoxia, or a
“dead zone”



A healthy, stable lake 
should have:

•Diverse plant and animal 
communities

•Adequate year-around 
oxygen

•A protected watershed
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