
sequent leukocytes, or (ii) damage in 
the GI period to long-lived lympho- 
cytes, the damage not being observed 
as chromosomal abnormalities until mi- 
tosis. The latter may be the more likely 
hypothesis. 
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Swimming Sea Anemones of Puget Sound: Swimming of 

Actinostola New Species in Response to Stomphia coccinea 

Abstract. Swimming as a response of the sea anemone Actinostola new species 
can be elicited as a result of contact with the submarginal surface of another 
swimming sea anemone Stomphia coccinea. However, Stomphia does not swim 
as a result of contact with Actinostola. In all other known respects, swimming 
is caused in both species by the same stimuli, including certain starfishes, a nudi- 
branch, and electrical stimuli. No agent that causes Actinostola to swim has been 
detected in extracts, rubbings, or dried matter from Stomphia. 

Since the observation that the 
sea anemone Stomphia coccinea swims 
in response to certain starfishes (1), a 
number of other circumstances that 
cause swimming have been discovered 
and investigated. These are (i) electri- 
cal stimuli of. the appropriate strength, 
number, and frequency (1, 2), (ii) ex- 
tracts from the aboral surface of one 
of the active starfish, Dermasterias in- 
bricata (3), and (iii) contact with a nu- 
dibranch Aeolidia papillosa (4). 

The swimming sea anemones of 
Puget Sound were first regarded as 
members of a single species, Stomphia 
coccinea. However, it was noted that 
two groups exist, differing from each 
other in size and color, and investiga- 
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tors and collectors referred to these 
groups as "large" and "small" Stom- 
phia. The latter corresponded with pub- 
lished descriptions of S. coccinea (4, 
5). The former has now been identified 
as a new species of Actinostola (6). Be- 
sides differences in appearance and 
morphology, there- are certain differ- 
ences between the swimming move- 
ments of the two forms (6, 7). Both 
anemones belong to the large family 
Actinostolidae. 

We have now discovered that the big- 
ger swimming sea anemone, Actinostola, 
swims in response to contact with the 
smaller Stomphia. Actinostola has no 
such effect on Stomphia, nor does one 
Stomphia cause another Stomnphia to 

swim. This response was obtained in 
more than 50 percent of matched trials 
(Table 1), though it seemed to be a 
more frequent occurrence in some an- 
imals than in others. In some respects, 
swimming of Actinostola is more easily 
evoked by Stomphia than by Dermas- 
terias or Aeolidia. Thus Stomphia 
brought into contact with a single ten- 
tacle of Actinostola will frequently 
cause the latter to swim, but this rare- 
ly happens when one of the active 
starfishes is- brought into contact with 
a single tentacle of Actinostola. 

The surface just below the margin 
of the oral disc of Stomphia is most 
effective in causing Actinostola to 
swim. When ten animals were tested 
against the tentacles, the lower column, 
and I the submarginal region of Stom- 
phia, none swam in response to the 
tentacles, one swam on contact with 
the lower column, but nine of the ten 
Actinostola swam in response to con- 
tact with the submarginal region. Fig- 
ure 1 shows a typical response under 
the most effective circumstances, name- 
ly when tentacles of Actinostola are 
in contact with the epidermis imme- 
diately above the marginal sphincter of 
a partly closed Stomphia. 

Some features of the response have 
emerged from attempts to detect a 
chemical substance in Stomphia that 
causes swimming in Actinostola. Rub- 
bing the active area of Stomphia with 
absorbent objects (such as pipe clean- 
ers or swabs) does not pick up active 
materials as in the case of Dermaste- 
rias or Aeolidia. Sea-water and alcohol 
extracts and freeze-dried powders of 
Stomphia do not elicit swimming of 
Actinostola as corresponding prepara- 
tions of Dermasterias and Aeolidia (3, 
4) do. Nevertheless, since the two ani- 
mals must be brought into contact 
if swimming is to occur, it is reason- 
able to suppose that Actinostola swims 
in response to some substance in 
Stomphia to which it is highly sensi- 
tive. The failure to detect activity in 
extracts and rubbings would suggest 
that this substance is present only in 
small quantities in the animal as a 
whole, and that perhaps it can be de- 
livered locally at high concentrations 
when the two animals -are brought into 
contact in the appropriate way. 

The most obvious functional explana- 
tions for the swimming responses to 
certain starfishes, for example, as es- 
cape reactions, are not consistent with 
certain facts (2, 8). It is even more 
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Table 1. Matched trials of ten single Stomphia tested against ten Actinostola (Actinostola 
closed on eight occasions and not available for testing). 

Swim to Responses of individual Actinostola 

Stomphia 1 2 3 4 5 6 7 8 9 10 

Positive 10 8 0 8 8 7 8 1 3 0 

Negative 0 1 8 2 2 3 2 7 6 8 

Fig. 1. Swimming response of Actinostola new species on contact with Stomphia 
coccinea. (A) Single tentacle (t) of Actinostola in contact with surface above the 
sphincter in semiclosed Storuphia (on Modiolus shell). (B) Actinostola closing [1 second 
after (A)]. (C) Actinostola extending after closure [3 seconds after (B)]. (D) Actinos- 
tola reopened, bnding -An I pro to difting of base b n g 

be visble 3 eod1fe1C)1E eahdAciotl hwngtpclsimn 

(F)cinosol at enSo swimming repneo nsequence, showieong tpconally extene colmn and 

clxonica prtuerane lfrom basoe [22rtu ytes oemns[ seconds after (E)]. 
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difficult to see a functional role for 
the swimming of Actinostola in re- 
sponse to Stomphia. The two anemones 
are rarely collected in the same hauls 
and individuals of both species are 
widely scattered in their natural habi- 
tats in the deeper waters where they 
occur (usually below 100 meters). The 
most acceptable explanation at the 
moment is that this behavior pattern 
is due to the fortuitous existence in 
S. coccinea of some substance closely 
resembling a substance in some other 
organism to which Actinostola has de- 
veloped an escape reaction. 

Before this observation was made, 
the swimming responses of the two 
anemones were thought to occur un- 
der identical circumstances, namely 
upon contact with the starfishes Der- 
masterias imbricata, Hippasteria spi- 
nosa, and H. phrygiana (4); upon con- 
tact with the nudibranch Aeolidia 
papillosa; and in response to electrical 
stimuli of high intensity (2). Evident- 
ly the swimming response of Actinos- 
tola differs in at least one respect, 
since it can be evoked by some agent 
occurring in Stomphia. Moreover, the 
more varied the circumstances that 
cause the swimming response, the more 
reasonable it is to suppose that this 
behavior pattern serves a variety of im- 
portant functions in these anemones 
in their natural habitats. 

The neuromuscular mechanisms that 
release the base and that perform the 
swimming flexions are very complex; 
these are perhaps the most highly co- 
ordinated fast activities so far de- 
scribed in actinians. It would be sur- 
prising if this behavior pattern did not 
have very important functions in the 
lives of these animals. We may have 
to wait for satisfactory explanations 
of these behavior patterns until more 
is known about the behavioral and 
ecological relationships of some com- 
mon animals in deeper waters. 

D. M. Ross 
L. SUTTON 

Zoology Department, University of 
Alberta, Edmonton, Alberta, Canada 

References and Notes 

1. C. S. Yentsch and D. C. Pierce, Science 
122, 1231 (1955). 

2. P. N. Sund, Quart. J. Microscop. Sci. 99, 
401 (1958); D. M. Wilson, J. Exp. Biol. 36, 
526 (1959); G. Hoyle, ibid. 37, 671 (1960); 
D. M. Ross and L. Sutton, ibid. 41, 735 
(1964). 

3. E. A. Robson, ibid. 38, 343 (1961); J. 
Ward, J. Exp. Zool. 158, 357 (1965). 

4. E. A. Robson, J. Exp. Biol. 38, 685 (1961). 
5. T. A. Stephenson, British Sea Anemones 

(Ray Society, London, 1935), vol 2. 

SCIENCE, VOL. 155 



6. This new species of the worldwide genus 
Actinostola has been identified by C. E. Cutress 
of the Institute of Marine Biology, University 
of Puerto Rico. Until it has been formally 
described, a specific name cannot be given. 
We thank Dr. Cutress for permission to use 
his unpublished identification of this species 
in reporting our observations of its behavior, 
observations that were meaningless while the 
animal continued to be wrongly identified as 
Stomphia coccinea. 

7. D. M. Ross and L. Sutton, in preparation. 
8. E. A. Robson, Symp. Zool. Soc. London 16, 

333 (1966). 
9. This work was carried out at the Friday 

Harbor Laboratories of the University of 
Washington. We thank the director, Dr. 
R. Fernald, for hospitality and help. Supported 
by the National Research Council of Canada 
(operating grant A-1445). 

16 December 1966 

Circadian Pattern of Plasma 17-Hydroxycorticosteroid: 

Alteration by Anticholinergic Agents 

Abstract. A tropine, administered to cats just prior to the time of the expected 
circadian rise in levels of 1 7-hydroxycorticosteroid in plasma, blocks this rise. 
Atropine does not alter this circadian pattern when administered at other times in 
the circadian cycle. Results similar to those obtained with atropine have been ob- 
served with short-acting barbiturates. Dibenzyline administered just prior to the 
time of the expected circadian rise is ineffective in blocking this rise. These findings 
support the hypothesis that the circadian pattern of plasma 1 7-hydroxycortico- 
steroid levels reflects activation, by the central nervous system, of the hypothalamic- 
pituitary-adrenal axis during a "critical time period" in the circadian cycle. 

The occurrence of a circadian pattern 
in levels of plasma 17-hydroxycortico- 
steroids (17-OHCS) and in other param- 
eters of adrenal cortical function has 
been well documented in man (1), 
monkeys. (2), rats (3, 4), and mice 
(5). The constancy of this pattern in 
man during illness (6, 7), night work 
(1), and total bed rest (8). as well as 
the difficulty of altering this pattern 
with change in activity-sleep routine (9), 
have been commented upon. Alterations 
i~n this pattern have been reported in 
patients with chronic, diffuse, central 
nervous system disease accompanied by 
impairment of consciousness and by 
delirium or restlessness ,(2). Alterations 
in this pattern have also been reported 
in our studies (10) which described 
such abnormalities in patients with cen- 
tral nervous system disease localized in 
the temporal lobe or in pretectal or 
hypothalamic areas. These observations 
suggest that the central nervous system 
plays a dominant role in determining 
this daily variation in plasma 17-OHCS 
levels. 

The phenomenon of sleep, and its 
accompanying rapid-eye-movement pe- 
riods (11), suggest circadian function 
of the nervous system (12), as does the 
circadian variation of the human elec- 
troencephalogram (13). Central nerv- 
ous system regulation of pituitary 
adrenocorticotropin (ACTH) secretion 
is well established (14). Integrity of 
some portion of the hypothalamus 
seems to be a necessary factor in this 
regard (10, 15). There is preliminary 
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evidence from the mouse (5) and from 
the rat (3) of circadian variation in the 
hypothalamic content of pituitary cor- 
ticotrophic stimulatory factor. 

The nature of the mechanisms initiat- 
ing 'the release or elaboration, or both, 
of hypothalamic releasing factors has 
still to be elucidated. Some workers 
(16) have introduced the concept of a 
"variable set point" component in the 
central nervous system. It is possible 
that this set point, in addition to being 
"reset" by steroid levels, may also be 

reset by a variety of changes in the in- 
ternal or external milieu acting on the 
central nervous system, as well as by 
the state of synaptic activity at the hy- 
pothalamic secretory cell involved. We 
have demonstrated (17) that implanta- 
tion of minute amounts of cholinergic 
and adrenergic agents in certain areas 
of the hypothalamus is capable of elicit- 
ing an abrupt, prompt rise in plasma 
1 7-OHCS levels in the cat. Similar re- 
sults have also been reported by En- 
droczi (18). 

Our hypothesis in the present invesiti- 
gation is that the observed circadian 
pattern in levels of plasma 17-OHCS 
reflects the release of corticotrophic-re- 
leasing factor, and consequently ACTH, 
at one critical period in the 24-hour 
cycle, immediately preceding the period 
when levels of plasma 17-OHCS begin 
their circadian rise. If we accept the 
findings that activity of the nervous sys- 
tem is circadian, and that pituitary 
adrenal activation can be effected by 
synaptically active agents, then it should 
be possible to abolish the circadian rise 
in plasma 1-7-OHCS levels by adminis- 
tering, just prior to the postulated 
"critical period," drugs which can, block 
synaptic transmission and thereby block 
release of corticotrophic-releasing factor. 

This concept is analogous to the 
critical period" described for release 

of luteinizing hormone in the rat (19). 
Such release can be blocked by the ad- 
ministration of anticholinergic and anti- 
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Fig. 1. Effect of atropine administered in different dosages and at different times of 
day on circadian pattern of plasma 17-OHCS in a cat (No. 224). Arrows indicate 
time of administration of drug. Key: 0 0, control day; E1 . .E, atropine, 1.2 
mg subcutaneously (0.4 mg/kg) at 6 p.m.; U - U--- , atropine, 0.6 mgz subcutaneously 
(0.2 mg/kg) at 6 p.m.; 0-- @,atropine, 1.2 mg subcutaneously at 8 n.m. 
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