Great Ocean Cﬁnvc}'nr Belt

Fig. 10-11  Schematic of the occan “conveyeor bedt” from Broccker (1991, ( Reproduced with permission of the sllustrator, Joe e Moanber )
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FIGURE 9.3  The main layers of Earth’s
atmosphere are defined according to then
temperature gradients (left). Earth’s weather
svstems develop in the troposphere. This
profile shows mean temperatures at 157 N
Ihe atmospheric pressure decreases
regularly with height (right).
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FIGURE 9.5 Precipitation is greatest near the equator, where warm, mosture-laden air nses, then cools al
agh altitude, and becomes supersaturited with water that falls as rain. This phenomenon causes the tropecal rin
forests, Diry regions lie in subtropical belis north and south of the equator, because here dry ar desconds, becomes
heated, and can then absorb more water vapor. Such conditions Gise evaporition o predominate over
precapritation and o desert climate 8o oxist. ¢ Rata from Cilobal Precipitarian Climiatelogy Project, NOAAD
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FIGURE 9.8  Awmospheric 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
beating reduces its density, and the air rises. At higher altitudes, this air cools, becomes denser, and descends,
forming the subtropical high-pressure belis (deserts) on either 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 norhwestwand. )
Temperate cells form & complementary spiral, creating strong wiest-to-east winds Cold polar air tends o wedge
itself toward the lower [ntitudes and forms polar fronis



FIGURE 0.9 Evaporation creates mujor sources of water for the hydrologic system. Darkest areas
are where evaporation exceeds precipitation, moving grest volumes of maistare into the air. These arcas
are the main sources of witer for the global hydrologse system. Light areas are where precipiuathon
dominutes, returning water from the atmosphere (o the surface. Arrows show the direction of water
movement i the atmosphere as caused by prevailing winds. The graph on the right shows that the two
mapor sources of water for the hydrologic system are the oceans between 107 and 407 north and south of
the espuator. The equatorial occans and the high-latitude oocans do not supply significant water 1o the
global system, ( Madified from L P Peicir amnd M. A, Ketan )
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FIGURE 9.13  Surface currents of the oceans are driven by prevailing winds, which are in turn caused by the
uncven heating of Earth’s surface illustrated in Figure 9.6, 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 i driven by density differences caused by temperature
differences and 1o a lesser extent by differences in sahimity, The coldest bottom water in the Atlantic Qeean
wmbles 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 low
southward.
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AGURE 9.19  The global pattern of occan circolation can be likened tooa huge comvesor belt that carmes
sarface water Lo greal depths and then back agasin Pecp-waler circalation {blue arrows) sereimnites in the North
Atlantic by the sinkine of cold surfuce waters north of Tceland. This wiler Dhows southwiard @ diepth alone Lhe
mesierm side of the ocean basin and into the South Atlantie Ovean. Along the shores of Antarcticn, it s ormed by
e cold sinkine water and then Nows eastward o the deep hasins of the Indian and Pacilic oceans [ilTuse

:qml.-‘“ll‘-_l.' i bl of the oceans returms scme of this waler 1o the surface. Tn sddition, 5 wiarin surzice cumment [rons

fhe Pacific (red crmows ) mav retarn water o the North Atlantic. ( Moified from NOAA )
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Box One
Protostomes and Deuterostomes

Developmental differences between protostomes and deuterostomes
and some representaﬁve eucoelomate taxa

PROTOSTOMIA DEUTEROSTOMIA

Spiral cleavage Radial cleavage

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

becomes the anus)

Mesoderm derived from mesentoblast (usually Mesoderm arises from wall of archenteron
the 4d cell)

Schizocoelous coelom formation Enterocoelous coelom formation

Annelida, Mollusca, Arthropoda, Nemertea, Echinodermata, Hemichordata, Chordata

Sipuncula, Echiura

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 milotic 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 8-cell stages illustrate
the differences in blastomere orientation.
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Figure &

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
& above a solid mass of yolk. D, Periblastula. Blastomeres

im a single cell layer enclosing an inner yolky mass.
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CHAPFTER 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,
Archenteron Pelamination of a cocloblastula to form a double-
layered coelogastrula. 13, Epibaly of a stereoblastula
bt form & stereogastrula. B, Imvolution of a disco-
——Hasiopore Blastula o form a discogastrula,

Entoderm

Archenberon

Ectoderm
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1.PASSIVE MARGINS

VENDIAN TIMES o L i

northeastern Morth America (Laurentia),

'APS OF THE EARTH SOME 620 MILLION YEARS AGO, AT THE BEGINNING OF and nertheastern Siberia were all“passive
Vendian cimes and at the end of the long Precambrian era, show a planet margins.” zones forming the edges of crusal

with an unfamiliar face. Land fills much of the area now covered by the Pacific r:;:;':;?;;“wx:‘w

Ocean, while ancient seas fill the hemisphere where Europe, Asia, and Africa sedimens bullt up on the beds of shallow

now lie. Two main continents dominate the globe: the northern one (northern seas in these lacations in Vendian times.

Gondwana) is made up of what is now India, Antarctica,
and Australia, while the landmass in the south
consists of what is now Africa, the Americas,
and parts of Asia. Areas that are tropical
in modern times, such as West
Africaand parts of South
America, were clustered then
near the South Pole and
were heavily glaciated.

5. WARM NAMIBIAN WATERS
6. DISAPPEARING OCEAN Namibia, new in southwest Africa, lay in
The acean between the northern and southern parts warm shallow equatorial waters for a long
of what would ane day become the supereantinent of period during Vendian times. [t is now one
Gandwana was rapidly narrowing. About 580 millien of the most famous localities in the world
years ago. the northern coast of southern Gondwana for Ediacaran fossil traces (althaugh they
collided with the southern coast of northern are somewhat younger in age. mostly less
Gondwana to form a landmass called Pannotia, which than £00 million years old, than the times

seems to have lasted for only a few million years. shown on this map).

LFLINDERS RANGE,SOUTH AUSTRALIA

Auseralia lay In the northern hemisphere in Vendian times.

It containg excellent examples of the sandstone that is typical

of the peried. originally laid down on a shallow, sandy seafloor
awept by tidal currents Vendian sandstone preserves the best-
Im_wn fossils of the period, the Ediacarans, Thess soft-bodied
animals were named for the Ediacara Hills in the Flinders Range

of South Australia. where they were first found. They thrived in the
shallow seas,anchored to the seabed or burrowed into the sand.

4. NEWFOUNDLAND

The Vendian sandstone rocks of Newfoundland
are finer grained than those of Australia. The
sediments may have been d:ponu.ld by successive
underwater avalanches called turbidity currents,
?m-bly triggered by submarine earthouakes
fdacaran fossils are also found here, at locations
such as Mistaken Paine.

WHOLE WORLD PROJECTION

J.CHINESE STRATA
The Nantuo Formatien in southern China is made from “tillites.”
a mixture of mud, sand, large stones, and rock brought tog:r.her‘
and carried along by ancient glaciars. The presance of tillites in
this region shows that it was glaciated in late Vendian times {20
million years after the situation shown in this map, once sea levels
hoo falian). How much of 2he world was covered by gircoers
Is hotly debated. Some specialists theorize that the Earth was
almost completely frozen over, while others refute this claim.

VENDIAN TIMES (620 MA) m 15
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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-
‘(};—‘ﬂt}l ‘rarmer, more saline waters in the South Atlantic and South Pacific. It also flows along the Southern
ﬂ;::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.





