
gations of serum neutralization (1) and 
the large amount of data available on 
the natural resistance of C. adamanteus 
to a wide variety of crotalid venoms 
(14) suggest that at least partial neu- 
tralization of other venoms by serum 
albumin may be expected as well. 
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Cartilaginous Dermal Scales 

in Cephalopods 

Abstract. Epidermal scales of the 
squid Cranchia scabra are composed of 
tissue which stains metachromatically 
with toluidine blue, and which is similar 
in appearance to hyaline cartilage. 

The origin of cartilage tissues in the 
vertebrates is a problem whose solu- 
tion would contribute significantly to 
our knowledge and understanding of 
the earliest stages of vertebrate evolu- 
tion. Because of the lack of informa- 
tion concerning the existence of car- 
tilage tissues in early vertebrates, there 
is current disagreement on whether 
car'ilage preceded bone in vertebrate 
evolution or vice versa and on whether 
the earliest fishlike vertebrate ancestors 
had bony or cartilage skeletons, or 
both. Romer (1) first proposed, and re- 

cently (2) reemphasized, that cartilage 
probably arose as an embryonic adapta- 
tion of early vertebrates, which per- 
mitted them to successfully cope with 
the problem of a rigid endoskeleton in 
a rapidly growing and transforming 
embryo. In Romer's view, bone pre- 
ceded cartilage in the evolution of ver- 
tebrates. Denison (3) on the other 
hand, has supported the opposite view. 

Recently, Moss (4) attempted to recon- 
cile these opposing views, as follows- 
"Romer (1964) forcefully states his 

position that cartilage did not precede 
the first appearance of bone (but rather 
is neotenous); others (Denison, 1963) 
adopt a contrary point of view. In eval- 

uating this argument, it seems to me 
that an eclectic position may be held. 
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It seems to be reasonably certain that 
no one seriously contends that any 
ancestral form possessed a cartilagi- 
nous dermal skeleton, and similiarly, 
no one doubts that the earliest Ag- 
natha, as well as their presumed an- 
cestors, possessed a cartilaginous endo- 
skeleton. If these two skeletal sites are 
differentiated, it appears that both 
points of view may be reconciled." 
Moss's suggestion has been accepted by 
many workers as reasonable. 

Until recently most biologists be- 
lieved that cartilage, like bone, was a 
uniquely vertebrate tissue and was not 
to be found in the invertebrates (5). 
However, true endoskeletal cartilage 
does indeed occur in the invertebrates 
(6). Dermal cartilage tissues also exist 
in the invertebrates. In a study of 
cephalopods, Clarke (7) reported a 
squid Lepidoteuthis grimaldii with der- 
mal scales similar in many ways to the 
scales of fish. We now report the exist- 
ence of cartilaginous dermal scales in 
a squid Cranchia scabra from Florida 
coastal waters (8). 

The transparent dermal scales of C. 
scabra are easily seen as individual 
projections (Fig. 1). The scales are 
made of rounded and ovoid cells (some 
apparently recently divided) suspended 
in a relatively homogeneous matrix 
(Fig. 2). Scale components stain meta- 
chromatically with the cationic dye 
toluidine blue, indicating the probable 
presence of acid mucopolysaccharides. 
The histological and histochemical ap- 
pearances of this tissue are typical for 
a variety of hyaline cartilages, both in- 
vertebrate and vertebrate. 

Although this finding does not bear 
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Fig. 1 (left). An excised square of skin W 
of Cranchia scabra showing gross appear- 
ance of cartilage scales. Fig. 2 (right). 
Hematoxylin-eosin stained section through 
a cartilage scale and the connective and muscle tissues beneath. Histologic appearance 
of the scale is that of typical hyaline cartilage. 
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directly upon problems of vertebrate 
cartilage evolution, it is significant for 
study of such problems. By analogy, al- 
though cephalopod eye and brain have 
no direct evolutionary relationships 
with vertebrate eye and brain, the 
cephalopod organs have evolved re- 
markable similarities to the analogous 
vertebrate organs (9). In both classes 
of animals, these organs have also re- 
sponded similarly to ecologic change 
and challenge. For this reason, study 
of cephalopod eyes and brains has con- 
tributed to our understanding of their 
vertebrate counterparts (10). I there- 
fore believe that the existence of der- 
mal cartilaginous scales in cephalopods 
should motivate us to open our minds 
to the possible existence of similar 
structures in the vertebrates. A critical 
reexamination of fossil and living ver- 
tebrates in the above perspective would 
surely be worth the effort (11). 

Note added in proof: M. Moss has 
brought to my attention that some 
workers now believe that the first rec- 
ognizable mineralized tissue in the 
vertebrates was a calcified cartilage in 
the dermal armor of ostracoderms (12). 
Thus, the critical reexamination sug- 
gested in my closing sentence is already 
under way, apparently with positive 
results. 

PHILIP PERSON 

Veterans Administration Hospital, 
Brooklyn, New York 11209, and 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 02543 
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Synaptic Vesicles in Electron Micrographs of 

Freeze-Etched Nerve Terminals 

Abstract. Freeze-etched neuropil of the cat subfornical organ was examined 
with the electron microscope for synaptic vesicles. Round vesicles were found 
exclusively in both unfixed and aldehyde-fixed specimens. Range of diameters 
and histograms failed to differ significantly between freeze-etched and conven- 
tionally prepared material. The mode of distribution of diameters was approxi- 
mately 500 angstroms. Round stomata (approximately 350 angstroms in diameter) 
were found at the outer surface of the plasmalemma of nerve terminals; they are 
interpreted as pinocytotic vesicles. 
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The freeze-etching method, com- 
bined with electron microscopy (1), 
provides highly accurate views of pro- 
files and surfaces of organelles and 
cells in the unfixed frozen state. Its 
application to nerve tissue has been 
particularly successful in the study of 
myelin (2), but no electron micro- 
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graphs of freeze-etched synapses have 
thus far been published. We have ob- 
tained suitable pictures from the cat 
subfornical organ (SFO) which con- 
tains a large number of synapses in the 
neuropil (3). Twenty-eight subfornical 
organs were carefully dissected and 
half were fixed with 3 percent buffered 
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Fig. 1. Freeze-etched neuropil of the cat subfornical organ. Profiles of axon (ax) 
extending into presynaptic nerve terminal (pr). The bouton terminal contains many 
synaptic vesicles (sv) of various sizes. Two large concave spheric reliefs represent 
dark-cored vesicles (dv). Possible synaptic sites are blurred with shadows (sh). Ex- 
ternal surfaces (es) of axonal plasmalemma are characterized by granules and by 
pinocytotic stomata (arrows). One pinocytotic stoma is visible in the profile (double 
arrow). Glutaraldehyde fixation; primary magnification, X 20,000. 
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