
traits has arisen and to compare the success 
of these lineages ~ v i t h  that of their sister 
groups. T h e  relevant phylogenetic tests 
have not been carried out,  but it seems 
quite possible that the  army ant  groups are 
no  Inore successful, ~ v i t h  respect to net di- 
versification ( that  is, contemporary species 
richness), than their generalist sister groups. 
If success is tneasured in terms of ecological 
dominance, then the  true army ants are 
demonstrably important in tnany tropical 
and subtropical habitats, but the other 
groups-the army ant  "\t7annabes"-are 
more limited in distribution, diversity, and 
abundance, and their ecological signifi- 
cance remains unclear. 

T h e  book concludes with a n  appeal for 
Increased efforts toward conservation of 
tropical ecosystems where most army ant 
species-and biological diversity in gener- 
al-reside. Despite their large colony sizes 
and seeming invincibility, army ants and 
their obligate sylnbionts are especially vul- 
nerable to habitat fragmentation. Thls is 
because population (as opposed to colony) 
sizes are rather low and because the  aueens. 
as a,ingless individuals reproducing by col- 
ony fission, are very Door colonizers of iso- , 

lated pieces of landscape. In  reality, our 
rampages endanger army ants much Inore 
than their activities pose a threat to h u m a ~ i  
life or limb. 

Philip S. Ward 
Department of Entomology, 

University of California, 
Dauis, C A  9561 6 ,  U S A  

The WAM Report 

Dynamics and Modelling of Ocean Waves. 
G. J. KOMEN, L. CAVALERI, M. DONELAN, 
K. HASSELMANN, S. HASSELMANN, AND 
P. A. E. M. JANSSEN. Cambridge Univers~ty 
Press, New York, 1994. xxii, 532 pp., illus. 
$59.95 or £40. 

Tha t  water waves are generated bv wind 
c7 

m7as known to the  ancients and proclaimed 
by such polymaths as Leonardo da Vinci 
and Belljamin Franklin, but scientific pre- 
diction of these phenomena has been at- 
tempted only in the  past 50 years. T h e  
complete problem comprises two, essential- 
ly distinct parts: the  prediction of the 1t7inii 
field, which is the  nrovince of meteorolo- ~ ~ 

gists, and the  prediction of the  resulting 
response of the ocean surface, a,hich is the  
province of oceanographers. T h e  present 
monograph, ~vh ich  appears as the  final re- 
port of the  W A M  (Wave Modelling) group, 
provides a state-of-the-art survey of the  lat- 
ter problem. T h e  title page lists six authors, 

but 35 scientists from 12 nations are listed 
as "contributors" and the  WAM-group list 
cornprises 71 individuals. This is manifestly 
an  international effort. 

T h e  first predictive model, developed by 
Sverdrup and Munk (1943-1947) in re- 
sponse to the  need for sea and swell fore- 
casts for the  Allleii invasion of North  Afri- 
ca, was based o n  empirical relations be- 
tween characteristic narameters of the  ~vave  
and wind fields and antedated the  statistical 
description of the  problem by Pierson, Neu- 
mann,  and James in 1955. T h e  starting 
point for subsequent models, including 
those covered in  the  volume under review. 
1s the  Boltsmann-like transport equation. 

a ~ h i c h  governs the  evolution of the surface- 
wave field in space (x)  and time ( t ) ;  F = 
F ( f ,  8; x, t )  is the  t~vo-dimensional spectral 
density in frequency f and direction of prop- 
agation 0, v = v ( f ,  8 )  is the  group velocity, 
S,,, is the  input from the  wind, S,,, is the  
nonlinear transfer through wave interac- 
tions, and Sd,  is the dissipation. This ap- 
proach became practical only in the early 
1960s ~ v i t h  the  theoretical studies of Phil- 
lips (1957) and Miles (1957),  \vhicli pro- 
vided a basis for the  representation of s,,,, 
and the  discovery of resonant interactions 
by Hassellnann (1960) and Phillips (1960),  
which provided the  basis for the represen- 
tation of S,,[; the representation of Sci, was, 
and remains, empirical, ~ v i t h  turbulence as 
an  ineluctable antagonist. 

Models based o n  the  equation given 
above have been described as first-, second-, 
or third-generation, in a,liicli nonlinear in- 
teractions are, respectively, neglected, de- 
scribed in simplified parametric form, or 
incorporated ~vi thin  the linlits of current 
kno~vledge and computing po~ver.  First-gen- 
eration lnodels failed to describe tlie non-  
linear transfer of energy from higher fre- 
i l~~encies ,  ~vhere  wind generation is more 
efficient, t o  lower frequencies, where dissi- 
pation is weaker, and yielded rather mis- 
leading results. Second-generation models, 
which incorporated these effects, although 
not alazays successf~~lly, were described in 
Ocean W a v e  Modeling by the  S W A M P  
(SeaWave Modelling Project) Group, 
a,hich I reviewed in Science (229 ,  377) in 
1985 with the conclusion that "Future 
('third generation') models, already under 
development, will incorporate more sophis- 
ticated parameterizations of S,,, and may 
exploit our theoretical knowledge to ~ t s  
present limits, after which the  lack of a 
rational model of dissipation and the  effects 
of finite, variable depth are likely to present 
barriers to filrther progress." 

T h e  present volume fulfills that promise, 

and, although the  barriers remain, they may 
now be better described as impediments. 
Moreover, ~vhereas tlie S W A M P  book was 
primarily a progress report o n  second-gen- 
eration models, Kolnen et al. proviile full 
expositions of the  basic fluid dynamics, nu- 
merical modeling, and incorporation of 
global satellite measurements. Tlie develop- 
ment  is not seamless, but, considering the 
number of contributors, tlie principal au- 
thors have done a n  admirable job of assem- 
bling a coherent whole and of providing a 
firm base for the  exploration of the  Inany 
challenging problelns that remain. 

John Miles 
Institute of Geophysics and 

Planetary Physics, 
University of California at Sun  Diego, 

La Jolla, C A  92093-0225, U S A  

Visual Perception 

Image and Brain. The Resolution of the Imag- 
ery Debate. STEPHEN M. KOSSLYN. MIT 
Press, Cambridge, MA, 1994. x, 516 pp., illus. 
$45 or £38.50. 

Kosslyn's Image and B ~ a i n  is a tour de force in 
the  analysis of visual perception and imag- 
ery, looked upon from all possible perspec- 
tives. It is a n  examination of ~vork done 
during the past 15 years o n  visual imagery 
by a variety of methods, from chronometric 
measurements to  computer lnodels to  func- 
tional brain imaging, b r i~ ig i~ ig  a systematic 
approach to bear o n  this multitude of data 
to delineate the issues of brain lnechanisllls 
underlying visual perception and imagery. 
Tlie scheme adopted posits a number of 
systeIns and subsystems (for example for 
edge detection and for encoding motion 
relations) that process specific kinds of in- 
formation and that together make for an  
apparently sealliless operation of visual per- 
ception and imagery. This analytical ap- 
proach is open-ended, in the  sense that 
Inore processing stations can be adduceii if 
need or evidence for them arises; it is flex- 
ible, so that rearrangements in processing 
order are allo~ved for; and it is poa,erful, so 
that it can be applied rigorously to complex 
data. Tlie net result is a coherent theory of 
visual perception and imagery in ~vh ich  re- 
sults obtained by a diversity of methodolo- 
gies-observations in normal and brain- 
damaged people, neuroimaging, neurophys- 
iological experiments, and computer mod- 
eling-can be accomlnodated and used to 
explore and fill in gaps in our account of 
observed phenomena. This calculus of pro- 
cesses, as it were, that Kosslyn develops can 
be applied to diverse situations. A n  excel- 
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lent example is its application to the  case of 
a particular brain-darnaged patient, as de- 
tailed o n  napes 276-282. T h e  analvsis here " 

shows not only what the  deficits 
may be in the patient but also what tests 
should be done to elucidate the  situation. 
This brings home another point, namely 
that empirical findings can rarely be inter- 
preted ~vi thout  a theoretical frame~vork. Im- 
age and Brain offers a framework for making 
sense of hugely diverse data o n  visual per- 
ception and imagery that also leads to test- 
able hypotheses and predictions, keeping it 
o n  solid evidential grounil and enabling it 
to evolve as a Inore and Inore sophisticated 
instrument. 

Thus the approach expounded In lmage 
and Bram is a great analytical tool. But is this 
how the braln a,orks? The  exnlanation of a 
complex system's behavior rests heavily on 
the interaction of its components (W. Bech- 
tel, Can. J .  Philos. Suppi. 20, 133 [1994]), and 
brains abound in contextually conditional 
states of affairs. Hence one can hardly give a , - 
global answer to this question; at best the 
ans~ver can differ according to the particular 
processing system or systems involved. 

Moreover, though the  approach of Image 
and Brain has the merit of beine riporous 

c >  " 
and logical, the  mechanisms used by the 
brain to actually solve a problem may not  
rely o n  a comparably logical series of steps. 
Specifically, I arn referring to the possibility 
of "smart" rnechanislns (S. Runeson, Scand. 
J .  Psychoi. 18, 172 [1977]). A n  example is 
the  polar planimeter, a physical device that 
can measure the area of an  irregular shape 
without using any logical steps that one 
a,ould ordinarily employ for that purpose, 
such as using a fine grid. If measuring a n  
area were important for survival, it is possi- 
ble that evolutionary pressure could have 
resulted in a neural operation that could 
likewise have been imnlemented bv a neu- 
ral network without foiloa,ing logical steps. 
Slmilar considerations hold for the  motor 
system, where solutions to pressing prob- 
lems could have been arrived a t  by a long 
evolutionarv nrocess of trial and error rather , L 
than by a succession of logical steps (A .  P. 
Georgopoulos et al., Science 237, 301 
[1987]). For example, movements of the  
arm involve lnovelnents of the joints, 
which are brought about by torques applied 
at the joints produced by contractions of 
muscles. To derive these torques, given the  
desired trajectory of hand in space, is a very 
tedious process of solving what is known as 
the inverse kinematics oroblem. I~naeine 
the magnitude of this problem when, for 
example, the lnovenlent trajectories of four 
limbs have to be coordinated in time and 
space In a locolnotlng quadruped. A n d  yet, 
the splnal cord can acco~npllsh that feat 
alone. O n e  can wrlte down the  loglcal steps 
In a serles of box dlagrarns or In a mathe- 

Vignette: Proper Precautions 

On the tiny dashboard monitor, they had a view looking straight down at the 
powerful body of a Tyrannosaurus rex, as it moved up the game trail toward them. 
Its skin was a mottled reddish brown, the color of dried blood. In dappled sunlight, 
they could clearly see the powerful muscles of its haunches. The animal moved 
quickly, without any sign of fear or hesitation. 

Staring, Thorne said, "Everybody in the car." 
1 -From The Lost World, a novel by Michael C r ~ c h t o n  (Knopf) 

lnatical solution of this problern, but from 
the  fact that the problern is solved by the  
spinal cord it does not  follo\v that it m7as 
solved in that particular ~vay. It is much 
more plausible to suppose that the  spinal 
cord has evolved as a neural network solv- 
ing this problern \vithout the  benefit of 
lnathelnatical or logical sequences. I believe 
that the  answer to the  question of ho\v the 
brain actually does it lies somea,here in 
between, in that different processing sub- 
systems may be involved in a given function 
but a number of them may implement 
"smart" mechanisms. But "smart" mecha- 
nisms are usually invented or discovered 
rather than arrived a t  by a logical process 
and therefore are much Inore difficult to 
find and identify. Keeping our eyes open is 
the smart thing to do. 

As the  book's title suggests, the theory 
developed in Image and Brain has far-reach- 
ing implications, ~ v i t h  regard to the irnagery 
debate. This debate during the  1970s and 
'80s focused o n  ~vhether  visual mental im- 
ages are internally represented exclusively 
by language-like "propositional" represen- 
tations or in part by "depictive" represen- 
tations. In a depictive representation, shape 

resent shape depictively in perception, it 
folloa,s that these areas represent shape de- 
pictively in imagery. This hypothesis is fur- 
ther supported by eviilence that irnagery 
not only activates homologous topographi- 
cally organized areas in the  human brain 
but is impaired ~ v h e n  these areas are dam- 
aged. In  sumlnary, the central issue of the  
imagery debate can no\v be stated in con- 
crete terms: do areas of the  brain that depict 
visual information represent visual mental 
images? "Yes" is an  educated answer. H o ~ v  
are patterns of activation in these areas 
formed, manipulated, and used during im- 
agery? Wi th  its schelnatic approach Image 
and Brain addresses these questions in a 
precise and challenging, yet enjoyable, way. 

Apostolos P. Cjeorgopoulos 
Brain Sciences Center, 

Veterans Affairs Medical Center, 
Minneapolis, M h T  5541 7, USA 
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T h e  experimentally established fact that 

recent findine is that "hi&erH visual areas I Below is information about how to direct orders for I 

many cortical visual areas are topographi- 

feedback connections to "lower," to- books revewed in ths ssue. Afuler 1st of address- 
es of publ~shers represented n Science appears n 

pographically organized areas. Therefore, it the of 26 1995, oaae 220 

cally organized shows that the  representa- 
tions in these areas are depictive. Another Publishers' Addresses 

( that  is, topographically organized) to  rep- I I 

is reasonable to suppose, as Koss ly~~  propos- 
that lnental ilnages are patter,Is of 

activation in topographically organized ar- 
eas that are produced via these feedback 
co~~nec t ions .  Evidence for shared mecha- 
nisms in imagery and perception is obvious- 
ly relevant to the debate about the  nature of 
images: if images brain areas with 
perception, and these areas are hard-wired 
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