
ports, and, in systems considered, from 
bacterial flagella to dolphins and or- 
nithopters. They include physical and 
mathematical models as well as reports 
of kinematic, biomechanical, and hydro- 
dynamic investigations. And, as might 
be expected, they show a concomitant 
diversity in degree of relevance to what 
some might perceive as biophysical real- 
ity. At some points the living world 
seems to serve as a stimulus for the gen- 
esis of physical theory rather than as the 
target of its application. 

The diversity of backgrounds of the 
contributors exacerbates many of the 
deficiencies common in the printed out- 
put of symposia. The papers speak 
many languages. The participants report- 
edly had problems communicating, and 
few readers will totally escape baffle- 
ment. The biologically trained will won- 
der about Stokeslets and vortex sheets, 
the physically adept about the shapes 
and proclivities of the beasts lurking be- 
neath the Latin binomials. But most read- 
ers will find the general lectures of inter- 
est and value, in particular that of Bro- 
kaw and Gibbons on the mechanics of 
cilia and flagella, those of Blake and 
Sleigh on ciliary hydrodynamics, of 
Lighthill, of Weis-Fogh, and of Tucker 
on flight, and of Bone and of Newman 
and Wu on fish swimming. Each has clar- 
ity, simplicity, and perspective, together 
with a well-selected bibliography. The 
bibliographies (which include titles of all 
papers) should prove quite useful, since 
the literature germane to the field is ter- 
ribly scattered and uneven. 

I am struck by the natural division of 
the volumes between cellular phenome- 
na (volume 1) and vertebrates and in- 
sects (volume 2). If these papers reflect 
current concerns, then an enormous void 
exists, one filled in nature by a vast diver- 
sity of actively swimming aquatic in- 
vertebrates, some (squid, for example) 
large but most of sizes and speeds in be- 
tween those of the fashionable animals. 
According to one report here, a copepod 
can accelerate to 200 body-lengths per 
second, probably the present record for 
any swimmer. Clearly there are some ac- 
complished and sophisticated organisms 
still escaping serious scrutiny. 

The principal weaknesses of these vol- 
umes are matters of editing and produc- 
tion. Occasional statements that appear 
unreasonable go unchallenged, a dis- 
service in an area where misinformation 
often becomes widely accepted. In- 
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format and for uniformity of symbols and 
units would have been useful. And it 
might have been of interest to provide 
some information on the background of 
the participants. Finally, is it now impos- 
sible to get for $80 a book with proper su- 
perscripts and subscripts for formulas, 
with a clear separation of figure legends 
from text, and without the unhandy bulk 
of a two-volume typewritten manu- 
script? 

STEVEN VOGEL 

Department of Zoology, Duke 
University, Durham, North Carolina 
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The Pulmonata are the subclass of the 
Gastropoda that includes all the non- 
operculate land snails and slugs and a 
few families of freshwater, brackish-wa- 
ter, and marine snails and limpets, nearly 
all of which respire at least in part with a 
"lung." The land snails are of physi- 
ological interest because they are the on- 
ly mollusks that have successfully forsak- 
en aquatic habitats. This book, a sequel 
to Physiology of the Mollusca, edited by 
K. M. Wilbur and C. M. Yonge (two vol- 
umes, Academic Press, 1964 and 1966), 
is a quite well integrated series of eight 
up-to-date review articles on this and oth- 
er aspects of the biology of the Pulmo- 
nata. (By contrast, the projected con- 
tents of volume 2-on systematics, evo- 
lution, zoogeography, ecology, and 
economic problems-are highly hetero- 
geneous.) 

It has long been known that the Pulmo- 
nata are derived from a marine group or 
groups, but there have been conflicting 
opinions about whether they came from 
the Opisthobranchia or directly from the 
more primitive Prosobranchia. In the in- 
troduction, Fretter favors a prosobranch 
(mesogastropod) origin. She states that 
terrestrial pulmonates probably came 
from the sea via estuarine and freshwater 
habitats (where the primitive pulmonates 
still live). In the chapter on water rela- 
tionships, J. Machin cautions against us- 
ing physiological data to ascertain wheth- 
er this is so. Anomalously, F. Ghiretti 
and A. Ghiretti-Magaldi state that fresh- 
water pulmonates "show various de- 
grees of readaptation to aquatic life." 

Although rich in species, pulmonates 
have a much narrower range of morpho- 
logical diversity than the other two gas- 
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tropod subclasses. Instead, they have 
had to evolve special physiological and 
behavioral adaptations to live progres- 
sively farther from the sea-even under 
extreme desert conditions. Pulmonate 
"lungs" contain varying proportions of 
water and air. Except when in deep wa- 
ter, the freshwater groups mainly have 
air. Thus in this respect they are pre- 
adapted to become terrestrial. In his re- 
view, Machin demonstrates how physi- 
ologically well-adapted some of the pul- 
monates have become to a terrestrial life 
insofar as the conservation of water is 
concerned. In their brief review on respi- 
ration, Ghiretti and Ghiretti-Magaldi re- 
veal how surprisingly little is yet known 
about this subject. C. J. Duncan reviews 
the structure and function of the com- 
plex hermaphroditic reproductive sys- 
tem. Some of the marine species still 
have planktonic larvae; in the terrestrial 
pulmonates larval characters have had to 
be suppressed. 

The other chapters review attributes 
and processes common to most animals. 
The greatest advances in knowledge are 
demonstrated in the chapters on the ner- 
vous system and endocrinology. The re- 
maining chapters are on locomotion, the 
alimentary canal, and embryological de- 
velopment. Most major aspects of the 
functional morphology and physiology of 
pulmonates are skillfully considered or 
are mentioned somewhere in the book. 
There are references (regrettably lacking 
article titles) at the end of each chapter, 
and the volume concludes with system- 
atic and subject indexes (the fact-filled in- 
troduction was not indexed and should 
have been). 

This is the best book on scientific mal- 
acology to be published in several years. 
It will be of interest not only to malacol- 
ogists, physiologists, endocrinologists, 
and embryologists but to biologists inter- 
ested in ecophysiological adaptations. 

ROBERT ROBERTSON 

Department of Malacology, Academy 
of Natural Sciences of Philadelphia, 
Philadelphia, Pennsylvania 

How Roots Work 
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of roots, the second with physiology, 
and the third with root nodule and my- 
corrhizal associations. Attention is given 
to the quiescent center and to cytokinin 
synthesis in roots and its possible role in 
differentiation and cell cycle dynamics, 
reflecting current interest in these topics. 
The part that deals with morphology also 
has interesting chapters on root branch- 
ing, budding, tree root systems, and the 
organization of aquatic and aerial roots. 
The part that deals with physiology is es- 
pecially valuable in summarizing recent 
advances in this area. Clear evidence is 
presented for the presence and acropetal 
transport of indoleacetic acid in roots. 
The acropetal movement of [1-14C]- 
indoleacetic acid as measured in 
roots of Zea mays is strongest in the first 
millimeter at the tip and rapidly dimin- 
ishes only 6 millimeters away. Some ba- 
sipetal movement was also noted for 
each root section analyzed. 

In the chapter on root geotropism L. J. 
Audus gently lays to rest the Choloday- 
Went theory concerning geotropic re- 
sponse in roots and summarizes the evi- 
dence for root tip inhibitors. Not all will 
be convinced. Evidence on the role of 
amyloplasts as statoliths in the root cap 
is strong, however. Amyloplasts are 
readily redistributed in the cell by grav- 
ity, and roots with root caps removed 
lose all sensitivity to gravity, although 
normal elongation continues. It can be 
shown, further, that the renewal of grav- 
ity sensitivity is correlated with root cap 
regeneration and an increase in the for- 
mation of starch grains. In one study the 
number of starch grains in cells of the 
quiescent center increased more than 40- 
fold in the first six hours after decapping. 
Although these organelles may be sensi- 
tive to gravity, how its effect is trans- 
mitted to the cell is still not fully under- 
stood. 

The last part of the book is entitled 
Roots in Relation to Soil Microflora. The 
focus in the chapters on nodules is princi- 
pally developmental, and there are short- 
er chapters on mycorrhizal associations. 

In view of the many ideas and new ap- 
proaches suggested, some readers may 
be disappointed that the editors have not 
included their own comments or perhaps 
some of the discussion from the sympo- 
sium. Small matter, however. The Devel- 
opment and Function of Roots will be a 
very useful reference for both students 
and researchers. It provides a synthesis 
of past results in the light of recent (1974) 
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