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Ninth Edition

Chapter 1

T'he Ocean as a Habitat
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The Changing Marine Environment

Newsflash: Things have changed over the
5 billion year history of the Earth!!!




VVhatchanges7??}
Physically — How?

Chemically — How?

-~ Atmosphere w/ water vapor
-~ Density stratification

Hydrosphere Continental crust 0.1%
(4 km) 35-50 km

Mantle 45.0%

;
,//Atmosphere

~7 (- 30+ km)

G _|1 I Oceanic crust (3—10 km)




What changes???
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World ocean covers nearly
71% of earth’s surface

Average depth???
Guesses???

-~ 3800 meters!!!




Charting the Deep

Departed December 1872
Returned May 1876

Sept
1875 it 18”:&‘ 1875
1873 J
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da Cunha
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The Challenger’'s Voyage
69,000 nautical miles!!L...cgm-




Charting the Deep

-~ The interrelated concepts of continental drift and
plate tectonics have radically changed our view of
the ocean’s structure.

ﬁl‘sluhh‘gamarican Plate
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Layers of the earth

Inner core
Outer core
Mantle

Crust

-~ Lithosphere: crust and
upper mantle

-~ Athenosphere: below
lithosphere (liquid)

@ 2008

2010 Cengage Leaming

nnnnn

- 670 km

- 2,900 km

- 5,150 km



Depth of Earthguake

-~ Earthquakes
= rock!

B - z00km

@ 2005 Brooks/Cole - Thomson

Plate tectonics —

The lithosphere is
broken up into
tectonic plates
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-~ Plates can come together and move apart

Divergent boundary
Trench (constructive)

Transform boundary
(conservative)

@ 2005 Brooks/Cole - Thomson
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Depth (km)

100

200

300

400

A Different View of the Ocean Floor

~  Crust destroyed =  Crust created
Continental Volcanicisland Deep-sea  Ocean  Spreading ocean Ocean
crust arc trench water ridge crust

(wy) ydeg

Fig. 1.6 Cross-section of a spreading ocean floor, illustrating the relative motions of oceanic and
continental crusts. New crust is created at the ridge axis, and old crust is lost in trenches.

& 2009 Jones and Bartlert Publishers, 11O Etﬂ:v jbpub.com)



~ Seafloor spreading — the mechanism of

Lithosphere |

continental drift: occurs at ridges

Warping, stretching of Pangaea

e I;,:‘f;:lh“ll.f -,!".‘- .a-" =
Continental rtas’t-;i-,-—-:‘:' L
N R e e
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Formation of rift valley

@ 2005 Brooks/Cole - Thomson
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South America Young Atlantic Africa

Tl
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[«-Mid-ocean ridge—»|

South America Rlift Atlantic Africa
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Continental Drift

-~ All continents were once part of a
supercontinent — Pangaea — that split and
drifted apart

Africa

South
America

The distribution of glacial features can be best explained
if the continents were part of Pangaea.



A Different View of the Ocean Floor

m ~ About 200 million years ago,
\z RV, @R Pangaea, separated into
Laurasia and Gondwana.
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The World Ocean
Visualizing the World Ocean

-~ Earth’s oceans exist as a large inter-connected system of
mixing seawater.

(%n‘ne Comparative Features of the Major Ocean Basins )
Ocean or Sea Area 3 10°km?  Volume 3 10 km®  Average depth (m) Maximum depth (m)
Pacific 165.2 707.6 4282 11,033
Atlantic 82.4 323.6 3926 9200
Indian 73.4 291.0 3963 7460
Arctic 14.1 1570} 1205 4300
Caribbean 4.3 9.6 2216 7200
Mediterranean 3.0 4.2 1429 4600
Other 18.7 153
Totals (average) 361.1 1370.3 (3795) /
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continental

shelt

o S



The World Ocean
e .
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North America
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- Seamounts, islands, abyssal
hills

Courtesy National Geophysical Data Center/NOAA
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-~ Polar
molecule

-~ Covalent
bond — the
strongest
bond

Two hydrogen atoms . . .

Electron
("1 unit of charge)
| -

@ O

share their electrons
with one oxygen atom . . .

Q o — @

Nucleus
(*1 unit of charge)

to form a water molecule held
together by covalent bonds . . .

© 2005 Brooks/Cole - Thomson

which acts as if it has
negative and positive ends.



Water molecule

Hydrogen bond

~ The
weakest
bond, but
MANY OF
JHEMI!

© 2005 Brooks/Cole - Thomson



Pure Water

Properties of Seawater

[Some Biologically Important Physical Properties of Water

Table 1.2

Property

Comparison with other substances

Importance in biological processes

Boiling point
Freezing point
Surface tension
Density of solid

Latent heat
of vaporization

Latent heat
of fusion
Solvent power

Heat capacity

High (100°C) for molecular size
High (0°C) for molecular size
Highest of all liquids

Unique among common natural
substances

Highest of all common natural
substances (540 cal/q)

Highest of all common natural
substances (80 cal/qg)

Dissolves more substances in greater
amounts than any other liquid

High (1 cal/g/°C) for molecular size

Causes most water to exist as a liquid at
Earth surface temperatures

Causes most water to exist as a liquid at
Earth surface temperatures

Crucial to position maintenance of
sea-surface organisms

Causes ice to float and inhibits complete
freezing of large bodies of water

Moderates sea-surface temperatures by
transferring large quantities of heat to
the atmosphere through evaporation

Inhibits large-scale freezing of
the oceans

Moderates daily and seasonal
temperature changes

Maintains a large variety of substances
in solution, enhancing a variety of
chemical reactions

Stabilizes body temperatures of organisms

J
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Properties of Seawater

1. Highest Viscosity and Surface Tension
of all liquids!

Fig. 1.15 A water strider (Halobates), one of the few completely marine insects, is

supported by the surface tension of seawater.

- @ 2009 Jones and Bartlect Publishers, LLC | - thpub.com)
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Water Temper

-~ 2. Solid
form is less
dense than
liquid form

-~ |ce floats

-~ No large-
scale
freezing!

Density (g/cm®)

ture and Density

Density at 20°C

IIIIII




Temperature (°C)

120 Latent(gjgtojl/\;g%r)ization et .
i, ) !/ " Properties of Seawater
o= 3. High Heat Capacity
0 ~A. High latent heat of
_20— ® fusion
20 100 200 H 400 B 600 780800 ,,..(B ngh |atent heat Of
e vaporization
120 VAPOR PHASE - | =C. High boiling point
100 r ' 1 =D. High freezing point
> 8o |
E LIQUID PHASE
g0 | |
E 40| - = \WVhat does this
Eﬂt ~range of ocean t:amperaturas : mean fOr Water
“[ o 434 24 50UD PrASE | and the “global”
0 200 400 600 800 ocean ’7

Calories of heat energy added & 2009 Jones and Bartlerr Pubhishers, [.li:Q\8’.i|}|."l:|'.l.c::l11|
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Kilogram of seawater

96.5% pure water
3.5% other stuff:
SALTS, also dissolved

gases & organic
___ compounds

Sodium (Na*) 10.556 g

Water 965.6 g

Other components (salinity) 34.4 g

Sulfate (SO,%") 2.649 g

Chloride (CI") 18.980 g Magnesium (Mg®*) 1.272 g
Bicarbonate (HCO47) 0.140 g

Calcium (Ca?*) 0.400 g
Potassium (K*) 0.380 g

-~ Amount of salts = salinity!!!

© 2005 Brooks/Cole - Thomson

Other
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Properties of Seawater

Ocean Salinity

Fig. 1.18 Geographic variations of surface ocean salinities, expressed in parts per thousand (%eo).
@ 2009 Jones and Bartlect Publishers, LLC Bl.ﬁr.jhpula.cmn]



Properties of Seawater

60 [—
Precipitation
% Evaporation
Z 30
<
=
—_
E 0
[4y]
-
£ 30 —
3 Excess evaporation
w
Excess precipitation
0 50 100 150

Evaporation and precipitation, cm/year

Adapted from G. Dietrich. General Oceanography, 1963.

Causes of Variation in
Ocean Salinity

Fig. 1.19 Average north-south variation of sea surface
evaporation and precipitation.

-~ \\Where Is the ocean
more saline? The
tropics or the poles?
Why?

@ 2009 Jones and Bartlect Publishers, LLC 3'.2'.i|:-|11'_|3..:::|11l



- Ihe source of the salts...sort of...
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Salt and Water Balance
in Organisms (Homeostasis)

Reabsorption and secretion in a nephron

e —

"~y Eaﬁ;n;': Proximal tubule Distal tubule
capsule MaCl H:0 Glucose and

Hﬂﬂalﬂmlmad& NaCl HCOs™
N AN
Blmﬁg it 3
Filtrate . Sims | HE
H;O0 ~__ poisons _
Salts (NaCl, etc.) _% s
H% i -
H* R
Urea - i |
Glucose; amino acids
Some drugs

Reabsorption
Active transport =
Passive transport
Secretion -
[active transport)

Urine (to renal pelvis)
@ 2 Jones and Bartlert Fublishers, LLC Bﬂ._v.jhpuh.cnm]



-~ \Which organism can maintain homeostasis
b e tte r? ? ? gl o Freshater

Sea cucumber

Properties of e
Seawater o

Is ((_"___ €| A—

Fig. 1.20 A comparison of the " Y % SOLR I et X
osmotic conditions of a sea ........... ‘)
cucumber and a salmon in —_—— == "
seawater and fresh water. A Dye is dropped into a bow! of water. The dye

molecules diffuse until they are evenly dispersed
waterc @mong the water molecules.
by osmc
~ How does water _J
move??? =N e R
Salt excrete .:"'::'.:- :. .-:- S _..:::"3:: : ..: :. A .": :.: :.: :.: :. ?
There are rUIeS!!! ..... ............. o .-

H

D iffu S i O n ! ! ! drinkingczz?r:; B Red dye and yellow dye are added to a bowl of s

water. Each substance moves according to its own
concentration gradient until all are evenly dispersed.

& Brooks/Cole, Cengage Leaming
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Scattering and reflection

Properties of
Seawater

Sun“i'\ \

Light and
Temperature In
the Sea

Depth at which light
is reduced to 1% of
surface intensity, in m

- Coastal seawater -

- Temperate oceanic seawater -

Fig. 1.21 Fate of sunlight as it
enters seawater. The violet and
red ends of the visible spectrum

are absorbed first.

- Clearest tropical seawater -

& 2009 Jones and Bartleet Publishers, LLC 3@ jbpub.com)



Properties of Seawater

Light and Temperature in the Sea

ﬁ'i?q § & o

S o £ & 3 o
S L Lo 5 & S
S S 8§ 9 kS g &
3 FITE F & X 3

T &I < A q T
nburn | 5, Infrared (IR) light | |
1 nm @ 1um 1 mm 1m 1 km

o

@ Wavelength

=

380 500 600 760
Wavelength, nm

Fig. 1.22 The electromagnetic radiation spectrum. The small portion known as
visible light is passed through a prism to separate the light into its component colors.
@ 2009 Jones and Bartlert Publishers, 1LC 3.%.jh}:tl|a.cmn]



Properties of Seawater

Light and Temperature in the Sea

0

10

Depth, m

20

30

600 700
Wavelength, nm

400 500

Fig. 1.23 Penetration of various wavelengths of light in three different water types: (1)
very turbid coastal waters, (2) moderately turbid coastal water, and (3) clear tropical
water. Note the shift to shorter wavelengths (bluer light) in clearer water.
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186 q 85 Highest natural temperature

e b Properties of Seawater

140 60
136 58 Highest recorded air temperature
130 (Libya, 1922)

o 1 s Light and Temperature in the
Sea

40 Maximum surface temperature

100 in shallow tropical lagoons < H OW d O | a n d a n d Ocea n

90

. [T 30 Surface temperature in tropical lagoons te m pe ratu reS Va ry i n thei r

M

70 W@ oo } +Surface temperature in subtropical regions ra n g e S ?
Ba JJ Surface temperature in temperate regions .
so flf 10 -~ How do organisms deal
40 } Surface temperature in subpolar regions .

0 } Surface temperature in polar regions Wlth th ese te m pe ratu re
a0 = Lowest temperature in seawater

20 (deepest parts of Antarctic basins) fI u Ctu ati O n S ?

-10
-~ Poikilotherms
-80 62 Lowest observed limit for breeding
of the Emperor penguin (Antarctica)
~Ectotherms
-128.56 —89.2  Lowest recorded air temperature

(Antarctica, 1983)
naotnerm e B .
w20 Jones and Bartlect Publishers, LLC 39 jhpub.com)



Properties of Seawater

Light and Temperature in the Sea

Polar

Subpolar

. < Temperate

¥\ Subtropical

'

Subtropical

Temperate

i .

Subpolar

Fig. 1.27 Earth's sea surface temperatures obtained from two weeks of satellite infrared observations July
1984. Temperatures are color coded, with red being warmest and decreasing through oranges, yellows,
greens, blues, and black. The temperature ranges of the labeled marine climatic zones are listed in Figure
1.24 and are shifted slightly northward during the Northern Hemisphere summer.

@ 2009 Jones and Bartlest Publishers, L .1.:4'@-i|?}‘ll|3-fill11'
Image courtesy MODIS Ocean Group, NASA GSFC, and the University of Miami



Properties of Seawater
Ocean Layers

The ocean is layered!!!

How is it layered???

@ 2009 Jones and Bartlert Publishers, 1LC &T.jhpuh.cmn]



By temperature!

Warm surface . Constant mixing
2050
layer by waves and currents
Lo Temperature drops
Thermocline v Sillips el P
| 700 rapidly with depth
i deep 5 Temperature
layer, below 3-5°C :
: relatively constant
= the thermocline

(@)

©2010 Cengage Lea

Thermocline — zone of rapid temperature
Ch a n ge @ 2009 Jones and Bartlerr Publishers, LLC 4\2'.i|‘|'-1-|'.-.n.‘::|1||



By salinity!

Surface layer 32 5%00 Constant mixing
' by waves and currents
32.7% o
Halocline v " Salinity IQFeases
34.2%00 rapidly with depth
Deep water High salinity
(b)

-Halocline — zone of rapid change in salinity

@ 2009 Jones and Bartlert Publishers, LLC ﬁ'.g'.”‘|'-l_|':.n.'::l1ll
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So, the density increases rapidly with depth!

Density
Surface layer 1.0245 g/cm®  relatively
constant
1.0245 g/cm® Density changes
Pycnocline v rapidly with
1.027 g/cm®  depth
Density
Deep water relatively
constant

(€)
“Pycnocline — zone of rapid change in
density; caused by temp. &.salinity.changes



Temperature (°C)

5 1IO 15 20 25

Tropical

Temperate
1,000 —

3,000 —

— 2,000

— 4,000

— 6,000

— 8,000

— 10,000

l [ ] I
40 50 60 70

Temperature (°F)

Depth (ft)

© 2005 Brooks/Cole - Thomson

Thermoclines can
vary with season,
local conditions,
currents, and
many other
factors

@ 2009 Jones and Bartlect Publishers, LLC 415fjhpula.cmu]



Properties of Seawater

Salinity- Temperature-Density Relationships

Salinity, %,
33 34 35 36 37 38 39 40

L]
o

Temperature, °C
o

_—
o

Fig. 1.29 Temperature-salinity-density diagram for seawater. Purple curved lines represent density
values (in g/cm?) resulting from the combined effects of temperature and salinity. Three fourths of
the volume of the ocean is remarkably uniform, with salinity, temperature, and density characteristics
defined by the dark blue area.
@ 2009 Jones and Bartlect Publishers, LLC 46 jhpub.com)



Properties of Seawater

Salinity-Temperature-Density Relationships

Salinity, ppt
35

34 36
I T T
Temperature, °C Density, gfcrna
D o 10 15 20 1.026 1.027 1.028
| | | | L | |
=
— =00\

Fig. 1.30 Variations in water temperature (orange curve) and salinity (blue curve) at a GEOSECS station in
the western South Atlantic Ocean. The resulting density profile is shown at the right (black curve).

@ 2009 Jones and Bartlect Publishers, LLC 4}% jhpub.com)






Percent of Gas in Percent of Dissolved Gas l

Concentration in Seawater

Gas Atmosphere, by Volume in Seawater, by Volume in Parts per Million, by Mass
Mitrogen (M) 78.08% 45% 10-18 ppm

Oxygen (3y) 20.95% 36% 0-13 ppm

Carbon dioxide (CO;) 0.035% 15% 64-107 ppm.

Sowrces: Data from Weihaupt, 1979; Hill, 1963.

* Also present in seawater as carbonic acid, carbonate ions, and bicarbonate ions.
@ 2005 Thomson - BrooksCole

-~ Nitrogen — not exciting
-~ CO, & Oxygen —

photosynthesis & respiration
& CO, as buffer




ATMOSPHERE

CO,
COQ - COQ + H_;_)O et H2003 carbonic acid
(gas) dISSO|V8d
T H+ HCOQ bicarbonate ion
PhotosyntheS|s
Respwahon

“~H*+ COZ carbonate ion

(d|ssolved) Precipitation H Solution

OCEAN BOTTOM CaCO4 carbonate
sediments or
shells

_PH of a solution at a relatively constant point.

ks/Cole - Thomson



Acidic

Basic

Solutions

Solutions

Example
Hydrochloric acid
Lime juice

Acetic acid
Tomato juice

Black coffee

Seawater

Borax solution

Milk of magnesia

Household ammaonia

Lye

Properties of
Seawater

Dissolved Gases
and Acid-Base
Buffering

The ocean is
slightly basic

@ 2009 Jones and Bartlert Publishers, 1LC 5".ﬂ:’.jh|.lll|’3.[ﬂ]1‘l:l



0 0
Ly 4.000
= £
E— 2,000 — 05 CO5 E
o 8,000 £
m 1
~ Oxygen o a
. 3,000 —
Minimum
one =19 000
4,000 —
i1 2 3 4 5 6 -0
S ]I I | 2
44 46 48 50 52 - CO,
Concentration of dissolved gas
in milliliters per liter (mi/l)
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PP S s e P R S S i e R
SURFACE WATER
high light low pressure .
high temperature low nutrient P r'o pe r'tl eS Of
low density high oxygen

Seawater

Dissolved
Nutrients and the
Influence of the
Pycnocline

Fig. 1.33 Contrasting features of
shallow and deep ocean water
resulting in a two-layer system

separated by a pycnocline.
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The Ocean in Motion

The sea is constantly moving, both horizontally
and vertically.

Winds, waves, tides, currents, sinking water
masses, and upwelling all contribute to the
remarkable homogeneity of the world ocean.

@ 2009 Jones and Bartlect Publishers, LLC Sﬁ'-il'-l"l'-l'-'-*-"”“'



The Ocean in Motion
Wind Waves

-~ The character of wind-driven ocean waves depends on
the wind’s speed, duration, and fetch.

Direction of wave traveih

|——— Wavelength (L)

~ —— Heigh Wave crest

Fig. 1.35 Wave form and pattern of water motion in a deep-water wave as it moves to the right
toward a shoreline. Circles indicate orbits of water particles diminishing with depth. There is
little water motion below a depth equal to one half of the wavelength.

& 2009 Jones and Bartlert Publishers, 11O 55 jbpub.com)



The Ocean in Motion

Surface Currents |
Maximum deflection at pole

- (cean surface ne
currentsare @000 _ __ _ _
driven by stable

patterns of L o PR N o
surface winds.
~ Affected by e eeion o) eeuator| 1T

Tnn deflection at equator

A

__________ 30" s

Coriolis Effect —
deflection due to
Earth’s rotation Wemisphess |

~ http:// ---i\i.----
www.youtube.com/watch?v .
— gﬁl\/ll(\.l I.Q1 O Maximwm deflection at pole

60" S


http://www.youtube.com/watch?v=_36MiCUS1ro
http://www.youtube.com/watch?v=_36MiCUS1ro
http://www.youtube.com/watch?v=_36MiCUS1ro

The Ocean in Motion

Coriolis
Effect
causes the
Ekman
Spiral

Fig. 1.36 A spiral of current
directions, indicating greater
deflection to the right (in the
Northern Hemisphere), which

increases with depth due to the
Coriolis effect. The arrow length
indicates relative current speed.

| —45 & :
& T\ sufece D N
] d | i
! . : -
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A4 : E : B
s . { | ' : !
g [ ! | ; /
YO ' 4 ; : '
A ety : : L
- 7 I ] ;
| SO = Gt e O 7
e No water motion

EKMAN SPIRAL IN THE NORTHERN HEMISPHERE

~ Spiraling

currents

Net water
transport
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The Ocean in Motion

The North
Pacific Gyre

U;dn:l L’Jlngi&;‘

'K f———— - -« |

< wind-driven currents
continental boundary currents

The Iargest surface currents are organized
into huge circuits known as gyres

@ 2009 Jones and Bartlect Publishers, LLC 518'.i|:—pu|'.u..:::|11'l



The Ocean in Motion - gyres

(b)

2010 Cengage Learning

North
Westerlles/-ri o
P\\am\c Urrepn 93%;
5\ -
S/
0‘5@@ %\
@ o
2
&
V\QUQIOrya;C
urrent
T~ /Tradd
winds

Equator

Adapted from Pickard, G. L. and W. J. Emory, eds. Descriptive Physical Oceanography. Pergamon Press, 1982
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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.

f' oooooo _'
LN tid :
“nartee  Lowest lows, highest hig
Spring tide S

Smallest change between Iowsgﬁiéhs

Neap tide



Tide height, m

The Ocean in Motion

Ocean Tides

MIXED SEMIDIURNAL

SEMIDIURNAL DIURNAL
Portland, Maine Pensacola, Florida San Diego, California higher
high
3 tide
,high tides - lower
21 ¢/ ‘ high
e tide
1 high tide
i |t e e T T R R I T R R S e e R hightt=—====
_— low
- * ” wer H
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Fig. 1.42 Three common types of tides.
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The Ocean in Motion
Ocean Tides

— Semidiurnal tides — Diurnal tides ===== Mixed semidiurnal tides

Fig. 1.43 The geographic occurrence of the three types of tides described in Figure 1.42.
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The Ocean in Motion

Vertical Water Movements

- \/ertical circulation of ocean water results
from density-driven sinking processes.

@ 2009 Jones and Bartlect Publishers, LLC 61.3'.i|!-|11'_|'.-..:::|11l



The Ocean 1n Motion —
Vertical
Water Mo




Vertical Mixing
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Classification of the Marine Environment

~Energy from the sun:
~\warms the sea’s surface
~creates winds

~\Winds result in a two-layered world ocean,
with:
-~a shallow, well-mixed, warm, sunlit layer overlaying

~a much deeper, cold, dark, high-pressure layer of
slowly moving water below
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Classification of the Marine Environment
-~ The three-dimensional marine environment
can be separated into two broad divisions:

~ the benthic realm of the sea floor (bathyal,
abyssal, hadal)

-~ and the pelaaic water column (neritic. oceanic)
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Classification of the Marine Environment
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Fig. 1.46 A system for classifying the marine environment.
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Adapted from J. W. Hedgpeth, ed. Treatise on Marine Ecology and Paleoecology. 2 vols. Geological Society of America, 1966.
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