
proach, and a more complete treatment 
of this subject will require filling in of the 
latter. Also lacking in the book is dis- 
cussion of other phenomena that may af- 
fect long-term orbital evolution, such as 
the effect of the nonlinear interplay of 
the secular resonances discovered by 
Williams with close planetary encoun- 
ters. In some cases, further work on 
such phenomena calls into question the 
validity of some of Opik's conclusions. 

These omissions need not be a prob- 
lem, provided the reader regards the 
book as an introduction to the important 
field that Opik pioneered. It may be 
hoped that its availability will result in 
more scientists' becoming his followers. 
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Papers giving information about the 
natural history of the Canary Islands are 
countless and are scattered through peri- 
odicals that are often difficult to obtain. 
A summary of the subject has long been 
desired. Considering the difficulties of 

getting various specialists to write arti- 
cles that together represent a substantial 
part of the disciplines included in 

"biogeography and ecology," the book 
Kunkel has produced is reasonably well 
balanced. Beyond the scope of the title, 
however, are contributions on place 
names and biochemistry. An analysis of 
the economic history of the islands from 
clearing time to tourism time would cer- 
tainly have been more appreciated. The 
volume is attractively got up, with good 
illustrations. Extensive reference lists en- 
hance its value. 

The individual islands are introduced 
at the beginning. Together they form a 
chain that geographically can be consid- 
ered a prolongation of the Atlas range. 
Hypotheses about the origin of the archi- 

pelago are numerous. According to one 
the islands were once part of Africa, lat- 
er breaking away and drifting westward. 
According to another they arose as inde- 

pendent volcanoes from the sea bottom. 
Finds of fossil ostrich eggs and land tur- 
tles seem to imply that land bridges to 
the Continent once existed. Strictly geo- 
logical facts, on the other hand, irrefu- 

610 

Papers giving information about the 
natural history of the Canary Islands are 
countless and are scattered through peri- 
odicals that are often difficult to obtain. 
A summary of the subject has long been 
desired. Considering the difficulties of 

getting various specialists to write arti- 
cles that together represent a substantial 
part of the disciplines included in 

"biogeography and ecology," the book 
Kunkel has produced is reasonably well 
balanced. Beyond the scope of the title, 
however, are contributions on place 
names and biochemistry. An analysis of 
the economic history of the islands from 
clearing time to tourism time would cer- 
tainly have been more appreciated. The 
volume is attractively got up, with good 
illustrations. Extensive reference lists en- 
hance its value. 

The individual islands are introduced 
at the beginning. Together they form a 
chain that geographically can be consid- 
ered a prolongation of the Atlas range. 
Hypotheses about the origin of the archi- 

pelago are numerous. According to one 
the islands were once part of Africa, lat- 
er breaking away and drifting westward. 
According to another they arose as inde- 

pendent volcanoes from the sea bottom. 
Finds of fossil ostrich eggs and land tur- 
tles seem to imply that land bridges to 
the Continent once existed. Strictly geo- 
logical facts, on the other hand, irrefu- 

610 

Papers giving information about the 
natural history of the Canary Islands are 
countless and are scattered through peri- 
odicals that are often difficult to obtain. 
A summary of the subject has long been 
desired. Considering the difficulties of 

getting various specialists to write arti- 
cles that together represent a substantial 
part of the disciplines included in 

"biogeography and ecology," the book 
Kunkel has produced is reasonably well 
balanced. Beyond the scope of the title, 
however, are contributions on place 
names and biochemistry. An analysis of 
the economic history of the islands from 
clearing time to tourism time would cer- 
tainly have been more appreciated. The 
volume is attractively got up, with good 
illustrations. Extensive reference lists en- 
hance its value. 

The individual islands are introduced 
at the beginning. Together they form a 
chain that geographically can be consid- 
ered a prolongation of the Atlas range. 
Hypotheses about the origin of the archi- 

pelago are numerous. According to one 
the islands were once part of Africa, lat- 
er breaking away and drifting westward. 
According to another they arose as inde- 

pendent volcanoes from the sea bottom. 
Finds of fossil ostrich eggs and land tur- 
tles seem to imply that land bridges to 
the Continent once existed. Strictly geo- 
logical facts, on the other hand, irrefu- 

610 

tably favor a purely oceanic origin. Rele- 
vant data are still insufficient, and in this 
volume a comprehensive report, mainly 
stratigraphical and petrographical, on re- 
cent progress in the geology of the is- 
lands takes a cautious attitude. 

Solution of the origin problem would 
offer the biogeographers a firm base for 
discussion of the controversial question 
of how the archipelago received its biota. 
The uncertainties notwithstanding, it is 

generally agreed that the islands became 
refuges for a once widely distributed Ter- 
tiary biota which was largely extermi- 
nated in the Tethyan area as a result of 
catastrophes such as the desiccation of 
the Sahara and the extension of polar ice 
caps. In a paper on endemic vascular 
plants paleobotanical and biogeographi- 
cal arguments are given for this view. 
For example, certain genera and families 
common to the Canary Islands and 
America but now absent from the Medi- 
terranean area are also represented in 
southeastern Asia. Furthermore, primi- 
tive floral features such as higher propor- 
tions of diploids and woody forms are 

typical of the archipelago as compared 
with the Continent, where survivors had 
to evolve in response to more drastic cli- 
matic changes. The island isolation led to 
a biota very rich in endemic species and 
also with many endemic genera. 

Indigenous mammals are absent, but a 
fossil rodent is known. Probably the en- 
tire fauna was once richer than it is 
today. A paper on recent ground beetles 
of laurel forests, a faunal group extreme- 

ly rich in endemics, indicates that volcan- 
ic activity may have been important for 
the development of the fauna. The west- 
ernmost islands, Hierro and La Palma, 
with surface rock from relatively recent 
geological times, are unexpectedly poor 
in species compared with their next 

neighbor island, Gomera, which was un- 
disturbed for a long period. On Tenerife, 
the middlemost island, recent patterns of 
distribution indicate that the fauna of an 
intermediate zone was not too long ago 
exterminated by deposition of volcanic 
material. Through resulting isolation vi- 
cariants evolved in the remaining zones, 
contributing to an especially great wealth 
of forms. 

Other papers in the volume deal with 
climate, the laurisilva flora of Hierro, li- 
chen flora and vegetation, fungus flora, 
bird fauna (rich in species, poor in en- 
demics), amphibian and reptile fauna 
(poor in species, rich in endemics), and 
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The rapidly accelerated influence of 
man on vegetation and soil is accentu- 
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elements and exemplified by a report on 
recent developments on Hierro. In these 
and several of the other papers men- 
tioned it is stressed that certain species 
of plants and animals are on the point of 
being exterminated. Nature con- 
servation is young in this part of the 
world, and the work before ICONA (In- 
stituto Nacional para la Conservaci6n de 
la Naturaleza) is enormous if the islands 
are to keep the character of a unique ref- 
uge. In the last page of text the pious 
hope is expressed that leaders of tourist 
groups could by increasing public inter- 
est contribute to the conservation of the 
biota. Perhaps it would be a good open- 
ing to put the present book in their 
hands. 
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The origins of nonlinear optics are 
linked to the advent of powerful laser 
light sources some 15 years ago. This 
very active and still vigorously growing 
field is concerned with the interaction of 
light with matter at high intensities 
where the material properties, notably 
the dielectric susceptibilities or optical 
refractive indices, are themselves func- 
tions of the light-field strength. Non- 
linear optics has not only led to the dis- 

covery of interesting new effects and phe- 
nomena, it is providing powerful new 
spectroscopic tools to study the struc- 
ture of matter, and it has become the 
basis for an increasing number of techni- 
cal applications and practical devices. 

Although some of the basic concepts 
of nonlinear optics have become stan- 
dard material in textbooks, there re- 
mains a need for up-to-date and in-depth 
reviews of the many research results and 

important details scattered throughout 
the primary literature. Volume 1 of 
Quantum Electronics, a well-organized 
and well-edited collection of reviews of 
selected topics, meets this need admira- 

bly. The emphasis in most of the papers 
is on the nonlinear optical properties of 

crystalline solids. Other important devel- 

opments of much current interest, such 
as nonlinear high-resolution laser spec- 
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troscopy of gases, have been deliber- 
ately excluded. The contributions are au- 
thoritatively written, and most include 
clear introductions and extensive bibliog- 
raphies, with some references as recent 
as 1975. A general introduction by N. 
Bloembergen helps to unify the volume 
and to place the subsequent contribu- 
tions in their proper topical and histori- 
cal context. 

The volume consists of two parts. Al- 
most two-thirds of part A is devoted to a 
discussion of nonlinear susceptibilities, 
which can be used to describe and char- 
acterize any nonlinear optical phenome- 
non in a given material. The rather detailed 
and highly mathematical article by C. 
Flytzanis on the theory of these suscepti- 
bilities covers both the macroscopic phe- 
nomenological aspects and the micro- 
scopic theory, using quantum mechani- 
cal perturbation theory up to third order 
and progressing from rarified media to 
anisotropic solids. The subsequent ar- 
ticle by S. K. Kurtz on the experimental 
determination of these parameters and 
their numerical values in a variety of ma- 
terials is more limited in scope, restrict- 
ing itself essentially to second-order sus- 
ceptibilities in crystals, which are impor- 
tant for sum or difference frequency 
generation or parametric conversion of 
light waves. 

The remainder of part A presents dis- 
cussions of a number of nonlinear optical 
phenomena that are primarily of spectro- 
scopic interest. All these contributions 
achieve a balance between theory and ex- 
perimental material. They include a re- 
view of two-photon absorption spectros- 
copy by H. Mahr, which emphasizes 
electronic transitions in solids, a review 
of stimulated Brillouin scattering in 
gases, liquids, and solids by I. L. Fabe- 
linskii, and a relatively short update on 
stimulated Raman scattering by C.-S. 
Wang, which emphasizes transient ef- 
fects. Some less widely known and used 
spontaneous and stimulated parametric 
scattering processes are discussed in a 
paper by C. L. Tang. 

Readers with more practical interests 
may find part B even more useful. It con- 
sists of three papers on the application of 
nonlinear optical phenomena to the gen- 
eration of coherent light at new 
wavelengths. The first paper, by S. A. 
Akhmanov, A. I. Kovrygin, and A. P. 
Sukhorukov, gives a detailed account of 
the theoretical and practical aspects of 
optical harmonic and sum-frequency gen- 
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quency generation and upconversion. 
The first two papers are notable for a 
valuable collection of equations, dia- 
grams, tabulated data, and references, 
which are sometimes hard to find else- 
where. 

By selecting topics that have reached a 
certain maturity, the authors and editors 
of this volume have minimized the dan- 
ger of instant obsolescence. And by pre- 
senting a few topics in depth rather than 
attempting a general survey of nonlinear 
optics, the volume succeeds not only in 
conveying the spirit of the field to the 
novice or graduate student, but in offer- 
ing valuable reference material to the 
specialist. 

THEO W. HANSCH 

Department of Physics, Stanford 
University, Stanford, California 
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The evolution of a successful flight 
mechanism by insects was one of the 
great events in the development of life on 
Earth. It enabled the group to undergo a 
radiation not equaled before or since 
and to dominate the biological scene 
without rival until the recent advent of 
man. Insects account for three-quarters 
of animal species, living and fossil, and 
are estimated currently to number 1018 in- 
dividuals with a biomass of about 101: 
grams. 

Insect Flight is a collection of a dozen 
articles by as many authors. In these 
days of specialization, the book is unusu- 
al and appealing in its attempt to give a 
broad perspective on the phenomenon of 
flight and its biological implications with- 
out undue sacrifice of sophistication. 
The topics treated range from sensory 
and muscular adaptations (J. W. S. 
Pringle) and central nervous mechanisms 
(B. Mulloney) through navigation (M. 
Lindauer) to population movements and 
atmospheric conditions (R. C. Rainey). 

Among the highlights is an account of 
night migrations given by G. W. Schae- 
fer. Developments in radar technique 
have made possible the detection of indi- 
vidual insects at distances of 3.1 kilome- 
ters (swarms to 70 kilometers) in den- 
sities down to ten per cubic kilometer 
with some species identification from 
wingbeat frequencies. This capability re- 
veals that "great masses of insect mi- 
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grants become airborne after dark, regu- 
larly assume a common orientation re- 
lated to wind-direction or compass 
bearing, climb actively for hundreds of 
meters to reach altitudes of apparently 
optimum temperatures and winds, con- 
tinue to fly for periods of hours, and final- 
ly land after travelling tens or hundreds 
of kilometers, repeating this behavior 
night after night." The extent and gener- 
al biological role of small aerial fauna are 
poorly understood, but such migrations 
are certainly critical in pair formation, 
dispersal, and location of suitable repro- 
ductive and foraging areas and, of 
course, for insect control. 

A thought-provoking resuscitation of 
the gill theory of the evolution of flight is 
offered by V. B. Wigglesworth. The cur- 
rently most widely held theory envisages 
the progressive extension of paranotal 
thoracic "flaps," first as a parachute in 
retarding descent, then as a gliding mech- 
anism, then as movable steering vanes 
during gliding, and ultimately for actual 
flapping flight. After reviewing the struc- 
ture of vibratile gill plates on the abdo- 
men of Ephemeroptera (mayflies), Wig- 
glesworth suggests that similar appen- 
dages on thoracic segments could have 
evolved into wings. The ecological basis 
is viewed as an attempt by aquatic in- 
sects, under seasonal or long-term 
drying conditions, to disperse to damper 
areas. The interesting parallel is in- 
dicated between this theory and Romer's 
theory of the evolution of terrestrial loco- 
motion in fishes, also during the Devo- 
nian. 

T. Weis-Fogh provides an analysis of 
wing aerodynamics and recent devel- 
opments in our understanding of events 
during nonsteady airflow conditions of 
slow and hovering flight. Initiation of lift 
by flow across an airfoil normally in- 
volves establishment of a bound vortex 
and shedding of a "starting vortex." Dis- 
ruption of smooth flow causes stalling, a 
severe problem with a wing that not only 
is moving but must frequently reverse di- 
rection. Two partial solutions, "flip" 
and "fling," are employed by insects. In 
the latter, the wings are pressed together 
at the top of the stroke and peeled apart 
at the leading edge to create two lift-gen- 
erating bound vortices immediately with- 
out any starting vortex. The mechanism 
is independent of size and could also be 
used by birds, in which case it might 
create an audible clap. Such a clap is pro- 
duced at the start of flight by some pi- 
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The volume suffers from some imbal- 
ance. About a third of it is concerned 
with population movements, and in- 
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