Life in Water — The Organism’s Environment
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Convricht © The McGraw-Hill Companies. Inc. Permission reauired for reproduction or displav.



The Hydrologic Cycle
 The hydrologic cycle describes how water is
exchanged

- Over 71% of the earth’s surface is covered by water:

* Oceans = 97%. Polar ice caps and glaciers = 2%.
Freshwater in lakes, streams, and ground water = <
than 1%. i

13,000 km*

-

40,000 km

The distribution 1s not - | | _ _
constant! Al e

turns to the ocean

Why l’lOt? . ‘ : . ._ . | = as precipitation.




What effect would global warming have

on the hydrologic cycle?

The atmosphere contains a relatively
small amount of water that is rapidly
renewed through the opposing processes
of evaporation and precipitation.

Almosphere
13,000 km*

¥ 2 o P 3
A A very large quantity of water is tied ')% 40,000 km*/yr evaporated
b up in ice. Melting would raise the = from the ocean + 71,000
oceans enough to flood coastal cities. ~ | km'/yr evaporated from
"N organisms and land surfaces
(= 111,000 km¥/yr)
precipitates onto land.

River flow carres
40,000 km/yr to
the oceans.

—

Groundwater is being rapidly depleted
in many areas by pumping from wells.

S

425.000 km*/yr evaporates
from the ocean's surface.

385,000 km*/yr
returns to the ocean
as precipitation.

Oceans form the largest reservoir
for the global hydrologic cycle.




The Oceans — largest biome on earth!!!
Factors for life in the ocean

» Light

* Temperature — much more stable than on
land!

+ Currents
+ Salinity
+ Oxygen
* Pressure

Tropics stable,

Now, let's look at some cool (mainly
Californian) fishlll :
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Oceanic Circulation
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The Gulf Stream The Kuroshio is a warm- The Oyashio is a cold-water
moderates water current that brings current that cools northeast
temperatures in tropical waters to southern coast of Asia,

northwest Europe. ™ islands of Japan. - =
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Oceans - Geography
- The Pacific is the largest and deepest ocean

* The Atlantic is the second largest
 The Indian is the smallest
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Oceans - Structure

- Littoral Zone (intertidal zone): Shallow shoreline.
- Neritic Zone: Coast to margin of continental shelf.
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Oceans - Structure
Oceanic Zone: Beyond continental shelf.
+ Epipelagic 0-200m
* Mesopelagic200 - 1,000 m
* Bathypelagic 1,000 - 4,000 m
* Abyssal 4,000 - 6,000 M g
+ Hadal 6,000 * m
Benthic: Habitat on
bottom of ocean.
Pelagic: Habitat off the
bottom of the ocean.




Oceans - Physical Conditions
- Light

* Approximately 80% of solar energy striking the
ocean is absorbed in first 10 m.

- Very little, if any penetrates past 600 m.
> 3,400 m left with no light besides...

http://
www.youtube.com/watch?
=T2xh9-UPSIU
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Oceans - Physical Conditions
Temperature — the ocean is layered based on density!

* Density is determine by temperature & salinity
+ warm water floats on top of cooler water.

* Thermocline: Layer of water through which
temperature changes rapidly with depth.

- Creates thermal stratification.

Warm surface & Constant mixing
layer by waves and currents

Temperature drops

Thermocline rapidly with depth

Cold deep
layer, below
the thermocline

Temperature
relatively constant




Oceans - Physical Conditions
Water Movements

* Wind-driven surface currents create gyres that

move right in the Northern Hemisphere and left in

the Southern Hemisphere Wind Driven Upwelling
+ Deepwater currents and wind  ofsworewne
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cause upwelling. C = — = vam
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Oceans - Chemical Conditions
Salinity
* |n the open ocean, salinity varies from about 34
ppt to 36.5 ppt.

- Lowest salinity occurs near equator where
precipitation exceeds evaporation.

- Highest salinity occuirs in subtropics where
evaporation exceeds precipitation.

Evaporation and precipitati




Oceans - Chemical Conditions
Oxygen

* A liter of air = 200 ml of oxygen at sea level
* a liter of seawater = 9 ml of oxygen.
= concentration decreases with depth.
> Minimum usually < 1,000m.

Why does CO, increase?
Why does O, decrease?

4—02

44 46 48 50 52 - CO,

Concentration of dissolved gas
in milliliters per liter (mi/l)



Oceans - Biology
Photosynthetic organisms are limited to upper
epipelagic zone (photic zone).

* Phytoplankton and zooplankton.

+ Due to size, oceans contribute 4 of total
photosynthesis in the biosphere.

Chemosynthesis occurs near undersea hot
springs.http:// ==—
WWW. YOUTU be. com/ WClTCh7 U
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Oceans - Human Influences

For most of human history, vastness of oceans has
acted as a buffer against human intrusion.

New human-induced threats:
* Overharvesting

* Dumping
+ QOil spills




Shallow Marine Waters — Coral Reefs

+ Extremely productive & diverse!
- Islands in the tropical water “desert”

+ Reef Categories | “‘

* Fringing reefs:

TEMPERATE (10-15°C) [I] TROPICAL (>18°C

* Barrier reefs: Stands between open sea and lagoon.

+ Atolls:
http://www.youtube.com/watch?

v=pnDJvhgPn8o

und young As island subsides, cors As island continues to

ging reef. continue to grow upward and subside, coral
outward toward th A, . o
forming a barrier reef. / it has subsided o Lagoon

completely below sea level.

ging reel Barrier reel Atoll Fringing reef Barrier reef Atoll
g
ypes of coral reefs Vertical growth
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= ]

\

Subsidence b Subsidence

Fringing reef Barrier reef Atoll

Time
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Vertical of cor

Evolution of coral reefs


http://www.youtube.com/watch?v=pnDJvhgPn8o

Shallow Marine Waters — Kelp Forests

Very productive and diverse!

Structure similar to terrestrial -

forests.

Found in temperate waters
Canopy at water's surface.
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Marine Shores
Intertidal (littoral) Zone can be divided vertically:

* Upper Intertidal: Covered only during highest
tides.

+ Mid Intertidal
* Lower Intertidal: Uncovered during lowest tides.

+ Subtidal: Covered by water even during lowest
tides.

Intertidal
Zonation - let's @&
look at some cool [
California
intertidal orgs!







I’m Chris
e

Following the mucustrail to paradise...or a good friendship!!!
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Why do they have bits of shell on them?
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The Ocean in Motion - Tides

Tides are the periodic changes in water level
that occur along coastlines.

They are a result of the gravitational pull of the

moon and the sun on the water of the oceans.

ew moon

Lunar tide

Lowest lows, highest hi
(a) Spring tide

First qquarter
moon

Smallest change between Iowégihs

(b) Neap tide



The Ocean in Motion

Ocean Tides
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Estuaries, Salt Marshes, and Mangrove Forests
Estuaries are found where rivers meet the sea.

Salt Marshes (temperate) and Mangrove Forests
(tropics) are concentrated along low-lying coasts

+ Extremely vulnerable to human intrusion
* Very productive — lot of upwelling/detritus from on-
land plant life

Nutrients/detritus from freshwater
%

Freshwater from river

Nutrients from denser
e

Seawater from ocean

92



Salt Marshes & Mangroves

Herb-dominated s
found at mid to high la

ingrove Salt marsh

It marshes are
tudes....

rest
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Freshwater: Rivers and Streams
 Rivers and streams can be divided along three

dimensions:

* Length: Pools, runs, riffles, rapids

» Width : Wetted / active channels

* Vertical: Water surface, column and bottom (benthic)

 Riparian zone is a transition area between the aquatic
and upland terrestrlal envwonments.

Activ

!
# . Wetted ¢ annel o8yt usually flooded at
. b ]
. i . least once each year. |,

4 ‘Wetted channel contains 4
water year-round.




~_Rivers and Streams
* Hyporheic Zone: Transition between surface

water and groundwater.
* Phreatic Zone: Groundwater
+ Stream Order
* First Order - Headwater
+ Second Order - Joining of two first order.
* Third Order - Joining of two second order.

Agquatic organisms live
: from the phreatic #c
¢ water column,

sion require fo reproduction o spiay.
\Water
Qlumn

Active channel is
usually flooded at
Hyporheic ﬁll least once cach year.

zone

Wetted channel ¢

- A4
water year-rou . o A




Rivers and Streams - Physical &

Chemical Conditions
Light

Water Movements

Temperature — close to air temp

Salinity — highest in deserts; lowest in tropics
Oxygen — usually not limiting in rivers

Copyrig

Human Influence | |
Long, intense
history of human E
use.
Transportation,

Irrigation, Waste



Lakes
- Most of the world’s freshwater resides in a
few large lakes.

+ Great Lakes of North America contain
0% of freshwater in the world.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Lakes - Structure

Structure

* Littoral zone (lake shore)
Shallows

* Limnetic zone: Open lake

* Epilimnion: Warm surface
layers.

- Metalimnion: Temperature
changes with depth (the
lake thermociline).

* Hypolimnion: Cold dark
waters.

!’ Littoral zone
o
Sunlight 3% -&3“.1 :

penetrates
and warms

Temper

physical and chemical

oxygen.

Limnetic zone

-
Metalimnion
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Lake Structure

Littoral zone Limnetic zone
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Seasonal Temperature Changes

A i ﬂ‘iM

Temperature of
hypolimnion remains
at approximately 4°C.

By late June, surface
temperatures reach 28°C. 8°C
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throughout water column
facilitate vertical mixing.




Lakes - Chemical Conditions

- Salinity - HUGE RANGE!!!

* Alpine lakes — tiny fraction of ocean salinity

* Great Salt Lake — Over 6 times the salinity of the
ocean!!!

- Oxygen

* Oligotrophic: Low biological production, although
often well oxygenated.

* Eutrophic: High biological production, but may
be depleted of oxygen. .




Lakes - Human Influences
Human populations have had profound,
usually negative effect.
* Municipal and agricultural run-offt.

+ Exotic species — Zebra & Quagga Mussels

http://
www.youtube.com,

Dreissenéa iy is | o

:Aqal size if 19 = - ' —"r‘\
T e - ,.. -‘- 3 , . -\ ‘._\
- e W 1 W)
. Y



http://www.youtube.com/watch?v=q_j9k-ltPis
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