
now in progress. While the results of 
this investigation do not establish the 
identity of the chemical substance re- 

sponsible for the conditioned behavior 
of the regenerated animal, they appear 
entirely compatible with the assumption 
that this substance may be RNA. Fur- 
ther histological and biochemical ex- 
plorations of this preparation are need- 
ed to evaluate this possibility adequate- 
ly (14). 
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traction. Although the rate and the grade 
of relaxation are intimately related to both 
the stimulus condition and the muscle 
tension, the latent period of relaxation 
remains constant, except when the tem- 
perature of the bathing fluid is changed. 

It is well known that a muscle exerts 
its tension after a short latent period. 
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tremely sensitive indicator of slack be- 
tween the fixed support at one end of 
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be much information concerning the 
latency before muscle contraction, but 
we do not have much information about 
the latent period of relaxation. The 
probable reason for this lack of infor- 
mation is that we have not been able to 
induce relaxation by easily controlled 
electrical techniques. 

It has been demonstrated that relaxa- 
tion can be produced by applying an 
electrical stimulus to a tonic smooth 
muscle preparation (3) and to a skeletal 
muscle in a state of contracture (4). 
The relaxation is probably due to the 
electrotonic effect of the current applied 
on the mechanical system. Recently we 
have observed in oyster myocardium 
that relaxation can be produced by 
anodal stimulus and contraction by 
cathodal stimulus (5). 

In the present study, we isolated an 
oyster heart in an artificial sea-water 
bath; the atria were ligated and con- 
nected to a bonded strain gauge. The 
other end of the heart was left joined 
to the aorta in order to record the iso- 
metric tension. A 500-p silver-silver 
chloride electrode rested on an atrium 
and the other end was connected to an 
isolator circuit of the electronic stimu- 
lator. A large wick electrode in the sea- 
water bath served as the source of po- 
larity and as the stimulating electrode. 
Because the current-applying electrodes 
were the surface electrodes, the passage 
of the current through the membrane 
is not simple and is difficult to analyze, 
but the effect of reversal of polarity is 
very definite, as is demonstrated by the 
illustration. 

A typical example of cathodal con- 
traction and anodal relaxation is shown 
in Fig. 1A, where the effects of stimu- 
lation during the relaxation phase of a 
heart cycle are shown superimposed 
on a rhythmical heart beat. In Fig. 1, 
A-l represents the normal cycle and 
A-2 and A-3 represent cathodal and 
anodal stimulation, respectively. The 
latency of cathodal contraction is esti- 
mated to be 90 msec, whereas the 
anodal relaxation latency is 300 msec. 
The difference in latency is more than 
threefold. The difference in latency of 
relaxation and contraction can be dem- 
onstrated even more clearly when the 
myocardium is arrested in a state of 
tonic contraction by means of potas- 
sium chloride depolarization (Fig. 1B). 
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spontaneous contraction. We believe 
that the latent period for relaxation is 
independent of the tonic state of the 
myocardium, and independent of the 
intensity of stimulus, although the speed 
and the grade of relaxation are both 
intimately related to the strength of 
stimulus. 

The administration of narcotics, such 
as urethane and ether, or metabolic in- 
hibitors such as monoiodoacetic acid 
and 2,4-dinitrophenol, causes a remark- 
able inhibition of relaxation, but the 
latent period remains constant before 
and after an administration of these 
drugs. The temperature change of the 
external fluid appears to be the only 
condition that will vary the latent pe- 
riod. The higher the external tempera- 
ture, the shorter the latent period. The 
average temperature coefficient is 1.98. 
The latent period of relaxation appears 
to have some relation to the chemical 
process. This relationship is supported 
by the observation of Weber (6) who 
suggested that the adenosine triphos- 
phate splitting is a prerequisite for con- 
traction, and that the relaxation phase 
of muscle is not an active process, but 
simply the end of the adenosine triphos- 
phate splitting. 

Still another theory for the explana- 
tion of the latent period is that there 
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Fig. 1. Tension curves showing latent 
periods of contraction and of relaxation. 
Stimulation was applied at the stimulus 
mark; duration, 1 sec. Time signal, 1 sec. 
A, Latent periods in a spontaneously con- 
tracting muscle: 1) control, 2) cathodal 
contraction, 3) anodal relaxation. B, Latent 
periods in a tonic muscle with 1.25-percent 
KCI solution applied: 1) cathodal con- 
traction, 2) anodal relaxation. A down- 
ward arrow indicates the point at which 
contraction starts and an upward arrow 
shows the point at which relaxation starts. 
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may be a change of electrical charge on 
the cell membrane during cathodal and 
anodal stimulation. The cause of this 
electrotonically induced relaxation 
awaits further study, but this experiment 
presents some indication of the effect 
of electrochemical processes in muscle 
relaxation (7, 8). 

MAKOTO KOBAYASHI 
HIROSHI IRISAWA 

School of Medicine, Hiroshima 
University, Hiroshima, Japan 

References and Notes 

1. A. V. Hill, Proc. Roy. Soc. London B136, 420 

(1949). 
2. A. Sandow, Ann. N.Y. Acad. Sci. 47, 895 

(1947). 
3. E. Biilbring, J. Physiol. London 128, 200 

(1955); C. M. Fletcher, ibid. 90, 415 (1937). 
4. S. W. Kuffler, J. Neurophysiol. 9, 367 (1946). 
5. H. Irisawa, M. Kobayashi, T. Matsubayashi, 

Japan. J. Physiol., in press. 
6. H. H. Weber, in Molecular Biology, D. Nach- 

mansohn, Ed. (Academic Press, New York, 
1960), p. 25. 

7. The research reported in this document has 
been made possible through the support and 
sponsorship of the U.S. Department of the 
Army through its Far East Research Office. 

8. We are indebted to Dr. F. R. Steggerda, 
Department of Physiology, University of Illi- 
nois, for his help in preparing the manuscript. 

17 May 1961 

Environmental Significance of 

Palynomorphs from Lower Eocene 
Sediments of Arkansas 

Abstract. Spores and pollen present in 
sediments of the lower Eocene Wilcox 
group in south-central Arkansas are mixed 
temperate and tropical genera. The source 
area is postulated to have been temperate 
highlands adjacent to a tropical coastal 
plain. A similar interpretation based on 
plant megafossils has been made. Hystrich- 
osphaerids and dinoflagellates found in the 
sediments suggest a depositional environ- 
ment of brackish water. 

One of the most extensively studied 
fossil floras is that present in the sedi- 
ments of the Wilcox group, lower Eo- 
cene in age, in the Gulf Coastal Plain. 
This flora has been studied by paleobot- 
anists including Lesquereux (1), Berry 
(2, 3), Ball (4), and Brown (5). Berry 
conducted the most extensive study, 
describing 543 species from 180 genera 
and 82 families. After considering the 
corrections and additions to Berry's 
work, Sharp (6) listed 137 genera from 
the Wilcox flora ". .. whose taxonomic 
position is known with more or less 
exactness." 

There has been considerable specula- 
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work, Sharp (6) listed 137 genera from 
the Wilcox flora ". .. whose taxonomic 
position is known with more or less 
exactness." 

There has been considerable specula- 
tion about the environmental signifi- 
cance of this lower Eocene flora. Berry 
(2) considered the flora to be tropical 
and noted that there were no strictly 
temperate genera. He speculated, how- 
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ever, that ". .. the Wilcox flora proba- 
bly seemed to be more tropical in 
character than it really was." Berry also 
noted the absence of an accompanying 
brackish water fauna that he believed 
should have developed in the upper part 
of the Mississippi Embayment during 
the lower Eocene. 

Brown (5) and Sharp (6) interpreted 
the Wilcox flora as being more tempe- 
rate in nature than did Berry. They 
pointed out the presence of a number 
of temperate genera in the flora, includ- 
ing Betula, Comptonia, Fagus, Sassa- 
fras, and Staphylea. 

Sharp (6) compared the fossil flora 
of the Wilcox group with the modern 
floras of a number of regions. He found 
that some 60 percent of the genera de- 
scribed from the Wilcox sediments still 

persist in the southeastern United States, 
the area in which Wilcox sediments 
were deposited. Thirty of these genera 
are, however, restricted to Florida. 

Sharp stated that approximately 53 per- 
cent of the Wilcox genera are present in 
the present flora of central and eastern 
China. He found the greatest degree of 

similarity between the Eocene Wilcox 
flora and that now present in eastern 
Mexico, an area of high mesas and 
neighboring coastal plains. Some 68 

percent of the Wilcox genera are pres- 
ent in this area. 

Two genera, Quercus and Pinus, which 
are important elements in the Mexican 
flora, had not been reported from the 
Wilcox sediments when Sharp con- 
ducted his study. Despite the absence 
of these two genera in the Wilcox flora, 
Sharp concluded that the environmental 
conditions in the Gulf Coastal Plain 

during the lower Eocene were essen- 

tially like those of eastern Mexico at 
present. 

A recently completed palynological 
study of sediments from the Wilcox 
group in central Arkansas (7) disclosed 
the presence of 62 spore and pollen 
types, including both Quercus and Pinus. 
The study is based on 60 samples col- 
lected from outcrops of the Wilcox 

group in Pulaski and Saline counties. 
From this area Berry had described 

only 12 genera of megafossils. The pol- 
len of Pinus is a common constituent of 
the microflora, present in amounts 
ranging up to 10 percent of the total 
forms in some samples. Quercus pollen 
is less common but is present in most 

ever, that ". .. the Wilcox flora proba- 
bly seemed to be more tropical in 
character than it really was." Berry also 
noted the absence of an accompanying 
brackish water fauna that he believed 
should have developed in the upper part 
of the Mississippi Embayment during 
the lower Eocene. 

Brown (5) and Sharp (6) interpreted 
the Wilcox flora as being more tempe- 
rate in nature than did Berry. They 
pointed out the presence of a number 
of temperate genera in the flora, includ- 
ing Betula, Comptonia, Fagus, Sassa- 
fras, and Staphylea. 

Sharp (6) compared the fossil flora 
of the Wilcox group with the modern 
floras of a number of regions. He found 
that some 60 percent of the genera de- 
scribed from the Wilcox sediments still 

persist in the southeastern United States, 
the area in which Wilcox sediments 
were deposited. Thirty of these genera 
are, however, restricted to Florida. 

Sharp stated that approximately 53 per- 
cent of the Wilcox genera are present in 
the present flora of central and eastern 
China. He found the greatest degree of 

similarity between the Eocene Wilcox 
flora and that now present in eastern 
Mexico, an area of high mesas and 
neighboring coastal plains. Some 68 

percent of the Wilcox genera are pres- 
ent in this area. 

Two genera, Quercus and Pinus, which 
are important elements in the Mexican 
flora, had not been reported from the 
Wilcox sediments when Sharp con- 
ducted his study. Despite the absence 
of these two genera in the Wilcox flora, 
Sharp concluded that the environmental 
conditions in the Gulf Coastal Plain 

during the lower Eocene were essen- 

tially like those of eastern Mexico at 
present. 

A recently completed palynological 
study of sediments from the Wilcox 
group in central Arkansas (7) disclosed 
the presence of 62 spore and pollen 
types, including both Quercus and Pinus. 
The study is based on 60 samples col- 
lected from outcrops of the Wilcox 

group in Pulaski and Saline counties. 
From this area Berry had described 

only 12 genera of megafossils. The pol- 
len of Pinus is a common constituent of 
the microflora, present in amounts 
ranging up to 10 percent of the total 
forms in some samples. Quercus pollen 
is less common but is present in most 

ever, that ". .. the Wilcox flora proba- 
bly seemed to be more tropical in 
character than it really was." Berry also 
noted the absence of an accompanying 
brackish water fauna that he believed 
should have developed in the upper part 
of the Mississippi Embayment during 
the lower Eocene. 

Brown (5) and Sharp (6) interpreted 
the Wilcox flora as being more tempe- 
rate in nature than did Berry. They 
pointed out the presence of a number 
of temperate genera in the flora, includ- 
ing Betula, Comptonia, Fagus, Sassa- 
fras, and Staphylea. 

Sharp (6) compared the fossil flora 
of the Wilcox group with the modern 
floras of a number of regions. He found 
that some 60 percent of the genera de- 
scribed from the Wilcox sediments still 

persist in the southeastern United States, 
the area in which Wilcox sediments 
were deposited. Thirty of these genera 
are, however, restricted to Florida. 

Sharp stated that approximately 53 per- 
cent of the Wilcox genera are present in 
the present flora of central and eastern 
China. He found the greatest degree of 

similarity between the Eocene Wilcox 
flora and that now present in eastern 
Mexico, an area of high mesas and 
neighboring coastal plains. Some 68 

percent of the Wilcox genera are pres- 
ent in this area. 

Two genera, Quercus and Pinus, which 
are important elements in the Mexican 
flora, had not been reported from the 
Wilcox sediments when Sharp con- 
ducted his study. Despite the absence 
of these two genera in the Wilcox flora, 
Sharp concluded that the environmental 
conditions in the Gulf Coastal Plain 

during the lower Eocene were essen- 

tially like those of eastern Mexico at 
present. 

A recently completed palynological 
study of sediments from the Wilcox 
group in central Arkansas (7) disclosed 
the presence of 62 spore and pollen 
types, including both Quercus and Pinus. 
The study is based on 60 samples col- 
lected from outcrops of the Wilcox 

group in Pulaski and Saline counties. 
From this area Berry had described 

only 12 genera of megafossils. The pol- 
len of Pinus is a common constituent of 
the microflora, present in amounts 
ranging up to 10 percent of the total 
forms in some samples. Quercus pollen 
is less common but is present in most 
of the samples that were analyzed. 

The 62 spore and pollen types found 
in the Wilcox sediments are a mixture 
of temperate, subtropical, and tropical 
genera. These include genera such as 

of the samples that were analyzed. 
The 62 spore and pollen types found 

in the Wilcox sediments are a mixture 
of temperate, subtropical, and tropical 
genera. These include genera such as 

of the samples that were analyzed. 
The 62 spore and pollen types found 

in the Wilcox sediments are a mixture 
of temperate, subtropical, and tropical 
genera. These include genera such as 

Carya, Engelhardtia, Myrica, Manil- 
kara, Symplocos, and Anacolosa. The 
environmental interpretation of a warm, 
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Hole Drilling by Octopus 

Abstract. Octopus bimaculoides and 0. 
bimaculatus can drill holes in the shells of 
their molluscan prey, through which they 
appear to inject a paralyzing venom. 

Octopuses are found among the ma- 
rine littoral fauna throughout most of 
the world. Because of their appearance, 
edibility, and behavior, they are well 
known to maritime peoples. It has long 
been known that a large part of the 
food of the octopus consists of shelled 
mollusks (1). The suggestion has been 
made that the octopus obtains this food 

by exerting greater force than the prey 
can withstand. Bartsch (2), writing of 
Octopus vulgaris Lam., says, "Presum- 

ably he opens a mussel by attaching 
some of his suckers to the two valves 
of the shells and then applying pressure 
until the valves give way." Phillips (3), 
discussing California species of octopus, 
states that "abalone divers tell of oc- 
casionally finding an octopus patiently 
exerting pressure on an abalone. The 
abalone eventually tires, even as an 
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oyster gives in to a starfish. The octopus 
can also open mussels in this manner." 

The investigation reported here was 

prompted by the observation that the 

empty shells of small abalones appear- 
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