Great Ocean C;:mvc}'nr Belt

Fig. 10-11  Schematic of the occan “conveyor belt” from Broccker (1991, { Reproduced with permission of the sllustrator, Joe Le Moanier )
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FIGURE 9.3 The main layers of Earth’s
atmosphere are defined according to their
temperature gradients (left). Earth’s weather
svstems develop in the troposphere. This
profile shows mean temperatures at 157 N
The atmospheric pressure decreases
regularly with height (right).
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FIGURE 9.5 Precipitation is greatest near the equator, where warm, morsture-laden air nses, then cools al
high altiude, and becomes supersaturited with water that falls as rain. This phenomenon causes the tropical rain
forests. Dy regions lie in subtropical belts north and south of the equator, because here dry air descends, becomes
heated, and can then absorb more water vapor. Such conditions cause evaporation o predominate over
precapatation and & desert climate to exist. ¢ ata from Clobal Precipitation Climatology Project, NOAA )
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FIGURE 9.8  Atmospheric circalation and prevailing wind patterns are generated by the uneven distribution
of solar radiation in combination with Earth’s rotation, In the equatorial regions, air is intensely heated: the
heating reduces its density, and the pir rises, At higher altitudes, this air cools, becomes denser, and descends,
forming the subtropacal high-pressure belis (deserts) on cither side of the equator. Near the surface, this air then
moves back toward the equator to complete the cyele, causing trade winds. In the Northern Hemisphere, this air is
deflected by Earth’s rotation to flow southwestward. {In the Southern Hemisphere. flow is northwestward. )
Temperate cells form a complementary spiral, creating strong west-to-gast winds., Cold polar air tends 1o wedge
itselfl toward the lower Intitudes and forms polar fronis.



FIGURE .9 Evaporation creates mujor sources of water for the hvdrologic system. Darkest arcas
are where evaporation exceeds precipitation, moving great volumes of moisture into the air, These arcas
are the main sources of water for the global hydrologse system. Light areas are where precipitation
dominites, returning water from the atmosphere to the surface. Arrows show the direction of water
mavement in the atmosphere as causcd by prevailing winds, The graph on the right shows that the two
major sources of water for the hydrologic system are the oceans between 10° and 40° north and south of
the eqquator. The equatorial occans and the high-latitude occans do not supply significant water 1o the
global system, (Madified from J. P Peicit and M. A. Kestani)
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FIGURE 9.13  Surface currents of the oceans arc driven by prevailing winds, which are in turm caused by the
uncven heating of Earth’s surface illustrated in Figure %.6. Most of the currents have crudely circular patterns,
Warm {red ) and cold {blue b currenis are shown.



FIGURE 9.15  Deep circulation of the ocean is driven by density differences caused by temperature
differences and 1o a lesser extent by differences in salimity. The coldest bottom water in the Atlante Qcean
wumbles down the margins of Antarctica and flows northward, reaching points as much as 407 N of the equator
(the latitude of New York and Portugal). Cold waters of the north also sink toward the ocean floor and How
southward,
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FIGLRE 9.19  The globhal pattern of ocean circulation can be likened 1o o huee comvevor belt that carres
sarface waler Lo greal depths and then back again Deep-water circulation (blue arrows) arginates in the North
Atkantic by the sinkime of cold surfiwe waters north of Ieeland. This water Dlows southwird depth along the
meszem side of the occan basin and into the South Atlanie Ocean, Abone the shores of Aniarctica, il is jcnfiedd by
more cold sinking water and then Nows castward into the deep basins of the Indian and Pacilic oceans. Diffuse
gpwelling i all of the oceans returns some of this water 1o the surface. In additon. o warm surface current from

the Pacific (red armows | mav retarn water o the Sorth Aulantic. f W odified from NOAA
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Archen-

A,

Froliferation and subseguent hollowing of a

plate of mesoderm from the archenteron, C, The typical tripartite
arrangement of cocloms in a deaterostome embryo (frontal sec-

Hanl,

Coslam formation by enferocoely (fronfal sections),

teric pouching. B,



Box One
Protostomes and Deuterostomes

and some representative eucoelomate taxa

PROTOSTOMIA

Spiral cleavage
Blastopore becomes the mouth

Mesoderm derived from mesentoblast (usually
the 4d cell)

Schizocoelous coelom formation

Annelida, Mollusca, Arthropoda, Nemertea,
Sipuncula, Echiura

Developmental differences between protostomes and deuterostomes

DEUTEROSTOMIA

Radial cleavage

Blastopore does not become the mouth (often
becomes the anus)

Mesoderm arises from wall of archenteron

Enterocoelous coelom formation
Echinodermata, Hemichordata, Chordata

Note: Some authors include certain noncoelomate taxa in these listings; for example, the flatworms demonstrate all the features of the

Protostomia except the formation of the coelom.
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Fig. 3.6 Dependence of the earth—atmosphere system radiation balance and outgoing ra-
diation on latitude.
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Comparison of radial versus spiral cleavage through the B-cell
stage. During radial cleavage, the cleavage planes all pass either
perpendicular or parallel to the animal-vegetal axis of the em-
bryo. Spiral cleavage involves a tilting of the mitotic spindles,
commencing with the division from four to eight cells. The re-
sulting cleavage planes are neither perpendicular nor parallel to
the axis. The polar views of the resulting B-cell stages illustrate
the differences in blastomere orientation.
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Types of blastulae. These diagrams represent sections along the

animal-vegetal axis. A, Coeloblastula. The blastomeres form a

hollow sphere with a wall one cell layer thick. B, Stereoblastula.

Cleavage results in a solid ball of blastomeres. C, Discoblastula.

Cleavage has produced a cap of blastomeres that lies at the animal

ﬁ. above a solid mass of yolk. D, Periblastula. Blastomeres
a single cell layer enclosing an inner yolky mass.
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CHAFTER FOUR | DEVELOPMENT, LIFE HISTORIES, AND PHYLOGENY

Fipure 7

Forms of gastrulation. A, Invaginstion of 3 coelo-
Ilastula to form a coelogastrala. B, Unipolar ingres-
Entodderm sion of a cocloblasiula to form a3 stereogastrula. C,
Archeneron Pelamination of a cocloblastula to form a dowble-
layered coelogastrula. 13, Epibaly of a stereoblastula
bt form & steresgastrula. B, Imvolution of a disco-
——Masiopore Blastula o form a discogastrula,

Entoderm

Archenberon

Ectoderm
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Modern phytoflagellates
Modern zooflagellates
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utotrophy in eukaryotes)
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Figure 11.13 The ma
driven by
of sites in
Cific ocea

jor thermohaline circulation cells that make up the global ocean conveyor system are
exchange of heat and moisture between the atmosphere and ocean. Dense water forming at a number
the North Atlantic spreads slowly along the ocean floor, eventually to enter both the Indian and Pa-
ns before slowly upwelling and entering shallower parts of the thermohaline circulation cells. Antarctic
ottom Water (AABW) forms adjacent to Antarctica and flows northward in fresher, colder circulation cells be-
ﬂoeath Warmer, more saline waters in the South Atlantic and South Pacific. It also flows along the Southern
ﬂ;\i?n b_eneath the Antarctic Cl'_rcurnpolal" Current to enter the southern Indian Ocean. Warm surface waters
Ng into the western Atlantic and Pacific basins close the great global thermohaline cells.
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Figure 11.5  Average surface salinity of the oceans. High Gulf, the Red Sea, and the Mediterranean Sea. Salinity val-
salinity values are found in tropical and subtropical waters ues generally decrease poleward, both north and south of
where evaporation exceeds precipitation. The highest salin- the equator, but low values also are found off the mouths of

ity has been measured in enclosed seas like the Persian large rivers.
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