
though Arabic numerals are used for 
other species, including nowadays the 
human. 

The description of the later stages 
contains much useful information and 
many illustrations of organogenesis, al- 
though, as in the rest of the book, the 
reproduction of photographs is not of 
high quality. The least satisfactory por- 
tion of the book is that pertaining to 
the early stages, which admittedly have 
not yet been fully depicted in the hu- 
man. Furthermore, quite a number of 
the criteria used for the early stages 
are far from clear, and it would scarce- 
ly be practicable for a reader to assign 
a new embryo to its appropriate stage. 
A clearer indication is needed through- 
out the book that a number of the top- 
ics mentioned are still imperfectly un- 
derstood and that several of the desig- 
nated stages are quite provisional. 

Chapters on reproduction and labo- 
ratory procedures and a succinct ac- 
count (by Houston) of the placenta 
are included. The treatment of the fetal 
period is limited to a series of tables 
and graphs relating to measurements. 

This book summarizes much infor- 
mation that is of interest not only to 
primatologists per se but also to em- 
bryologists and teratologists in general. 
It is an interesting book despite its 
deficiencies, and a need exists for fur- 
ther monographs based on the staging 
of other vertebrate embryos. 

R. O'RAHILLY 

Department of Embryology, Carnegie 
Institution of Washington, Baltimore 
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Invertebrate Photoreceptors. A Compara- 
tive Analysis. JEROME J. WOLKEN. Aca- 
demic Press, New York, 1971. xii, 180 pp., 
illus. $9.50. 

Jerome Wolken has been studying 
photoreceptors for over ten years in an 
attempt to understand photobehavior 
through investigation of photorecep- 
tor structure and pigment molecules. 
This book is a summary of his group's 
research and his current ideas, similar 
in content to his earlier book Vision 
(Thomas, 1966) but reorganized, up- 
dated, and improved. Wolken describes 
and illustrates photoreceptors of twice 
as many animals as were shown in the 
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effort to determine evolutionary trends. 
He explores photoreceptor evolution 

by considering the protozoan eyespot- 
flagellum system as a primitive "reti- 
nal" cell. This interesting idea is de- 
veloped in a chapter devoted to a de- 
tailed discussion of the "photomotion," 
morphology, and pigments of Euglena 
gracilis. The following chapters con- 
tain well-illustrated descriptions of the 
compound eyes of ten species of in- 
sects and Crustacea and of the refract- 
ing eyes of squid and cuttlefish. Wolken 
has expanded his discussion of the re- 
markable scanning eye of the copepod 
Copilia to include a second species and 
to show that a posterior lens attached 
to the open rhabdom functions to in- 
crease the light-collecting efficiency by 
a factor of five. 

He reviews knowledge of structure 
and pigment of the vertebrate rod, to 
which he compares the invertebrate 
systems. This includes a detailed chap- 
ter on the visual pigments that con- 
tains many graphs of absorption spectra. 

Wolken finds no smooth phyloge- 
netic development from eyespot to 
ocellus to compound eye to refract- 
ing eye because of wide variation 
among species of the same phylum. 
To him, the two most important ob- 
servations from these studies are that 
all photoreceptors employ closely 
packed membranes and that they all 
contain a common photopigment mol- 
ecule-a carotenoid or its degraded 
derivative. 

Some of the common features of 
photoreceptors suggested by Wolken 
are natural and interesting, but a few 
of his generalizations are forced and 
possibly misleading. He states that in 
all compound eyes adjacent rhabdo- 
meres have perpendicular microtu- 
bules. This untenable conclusion is 
based on inconsistent use of the term 
"rhabdomere," which is defined as the 
photoreceptor of a retinular cell. He 
states that the fly ommatidium has 
seven rhabdomeres when it actually 
has eight, as has been shown by Tru- 
jillo-Cenoz, and that the bee and wasp 
have four, whereas they are known 
to have eight, one for each retinular 
cell. Also, he compares the amphibian 
rod outer segment to the fused rhab- 
dom, and although there is a superfi- 
cial resemblance there is an important 
functional difference: several retinular 
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I am pointing" is a quotation from 
the late W. S. McCulloch found on the 
dedication page. Having looked, one 
may perhaps be permitted a nibble or 
two. 
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