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ABSTRACT

The burrowing Sea anemone, Calamactis praelongus, 
was found to react to photic stimuli with characteristic 
responses, some of which are coordinated by nervous ac
tivity, Local illumination of the column causes local 
contraction and bending toward the illuminated area. More 
general illumination produces column shortening and tentacle 
extension. General illumination can also evoke through- 
conducted nerve net pulses accompanied by column contrac
tions and coelenteron pressure changes. Rapid contractions 
are initiated by short bursts of two or three pulses 
while slow contractions are associated with longer bursts, 
The.pulses appear.to be triggered by light-stimulated pace
makers located around the margin of the oral disc, the 
only area where pulses can be evoked by local illumination.

Isolated circular and parietal muscles contract 
with light and electrical stimuli but do not produce rapid 
contractions; Retractor muscles produce rapid contractions 
with appropriate electrical stimulation but do not respond 
to light,

A preliminary model for light responses in 
Calamactis is proposed which combines the results from 
intact anemones and isolated muscles. The nature of
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vii
electrical activity, effects of MgCl^ and poststimulation 
responses are examined, A technique for transferring 
recorded pulse sequences between animals and a method for 
monitoring muscular activity via.coelenteron pressure are 
also. described,.



INTRODUCTION

The photic responses of actinian polyps are limited 
by their primitive neuromuscular organization, lack of 
complex sense organs (Pantin 1952) and general insensi
tivity to light (Ross 1966). However, Bohn (1906) had 
shown that local illumination of the column of Metridium 
senile produces parietal muscle contractions and bending.in 
the illuminated area. - Additional studies of this response 
were made by Batham and Pantin (1954) , North (1957) and 
North and Pantin (1958) who found the entire body to be 
photosensitive with the maximum sensitivity near 500 mu.
This bending response is influenced by light and dark 
adaptation and involves lengthy reaction times. More general 
behavioral responses were only rarely observed in Metridium;

After this work had been completed, techniques ' 
were developed for recording electrical activity from the 
surface of coelenterates. In particular, Josephson (1966) 
devised a method for recording from relatively unrestrained 
anemones using flexibly mounted suction electrodes. Sub
sequently this method has been employed in studies of 
neuromuscular systems in several anemones including 
Calliactis polypus (Josephson 1966) , Calliactis parasitica
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2
(McFarlane 1969, 1974b) and Calamactis praelongus (Pickens 
1969, 1974).

The present study was undertaken to investigate 
possible electrical as well as behavioral responses to " 
light in the burrowing anemone Calamactis praelongus. This 
anemone inhabits the tidal sand flats of the Gulf of 
California. When submerged by the tide, the tentacles, oral 
disc and a small portion of the upper column extend above 
the sand and are exposed to the ambient lighting. Cal
amactis has a white column and no apparent colored pig
mentation. The translucent tentacles and transparent oral 
disc are flecked with small white spots. Batham (1965), 
using silver stains, found an increased nerve net density 
in the tentacles, oral disc and retractor muscles of the 
burrowing anemone Mimetridium cryptum Hand. Electrical 
recordings indicate a similar neuronal distribution in 
Calamactis. Steven (1963) and Millott (1968) observed 
that dermal photosensitivity may accompany nerve net con-. 
centrations within or below exposed translucent skin. It 
was postulated that if this photosensitivity existed in 
Calamactis, then light stimuli could be used as an aid in 
studying nervous and sensory organization as well as the 
role of the nerve net. in controlling behavior. This paper 
is a report of such a study.



MATERIALS AND METHODS

The specimens of Calamactis used in these experi
ments were collected, from.Cholla Bay, Sonora, Mexico. They 
were kept at 19°C in a circulating sea water system (Instant 
Ocean) and exposed to 12 hours, of fluorescent light per day. 
They burrowed down almost to their oral discs in the 25 cm 
of sand provided in their tank. Most experiments were 
conducted with the anemones in 1000 ml beakers of sea water 
filled to within 2 cm of the top with sand. The beakers 
containing the anemones were returned to the tank between 
experiments. In some cases, anemones were placed in a 1.7 
cm diameter glass tube fastened vertically in a battery 
jar of sea water. The open top of the tube was 2 cm below 
the surface of the water. The bottom was connected to a 
syringe through a flexible hose, both filled with sea
water. In this manner the anemone could be adjusted hy- 
draulically to the desired level within the glass tube.
This arrangement permitted observation and ..illumination 
of the entire animal. Tungsten filament lamps were used 
unless otherwise noted.

Muscular activity in intact anemones was monitored 
indirectly by measuring the resulting changes in coelenteron



pressure. A 1.5 mm diameter glass tube was inserted ver
tically into the coelenteron through the mouth and pharynx 
which provided an excellent pressure seal against the 
relatively high pressures encountered in this narrow 
burrowing anemone. The glass tube was connected to a 
pressure transducer by a flexible plastic tube. The 
pressure signal was then displayed on an oscilloscope. 
Provision was made for artificially adjusting coelenteron 
pressure by another connection to the plastic tube through 
which water could be added to or withdrawn from the coelen
teron. The anemones accepted this arrangement for long 
periods, contracting and expanding normally and even feeding 
under these conditions. This method permits the noniso- 
baric effects of muscular action to be monitored continu
ously with minimal restraint or disruption of behavior. 
Previous measurements of coelenteron pressure in anemones 
were made by Chapman (1949) , Batham and Pantin (1950a) , •• 
Trueman (1966) and Ansell and Trueman (1968) using different 
techniques involving cannulation of the column.

Isolated circular, parietal and retractor muscles 
displayed different characteristics when exposed to light 
and electrical stimulation. The responses of these muscle 
preparations were measured as isometric changes in tension 
using an E & M type B myograph. Careful preparation



obviated the need for anesthetics in any of the experiments 
thus eliminating the possibility of their influence on the
results. . . .....

Electrical activity was monitored, usually from 
the tentacles, with flexible plastic suction electrodes.
The signal was amplified by an ac-coupled differential 
preamplifier, displayed on an oscilloscope simultaneously 
with the pressure and event markers and recorded photo
graphically. Electrical stimulation was administered 
through suction electrodes in 1 msec rectangular, pulses.



RESULTS

Column Bending 
Illumination of a portion of the exposed column 

of a dark adapted Calamactis will cause the column to bend" 
toward the illuminated area. The first response is an in
crease in coelenteron pressure followed in several seconds 
by the onset of bending. The pressure rises to a maximum 
and then decreases toward the resting level as the column 
returns to its original shape (Fig. la). The prompt re
duction in pressure following bending occurs even during 
continued illumination (Fig. lb) and is consistent with 
the response of isolated muscles as discussed below. The 
bending will follow a spot of illumination as it is slowly 
rotated around the column.. The pressure changes during 
column bending are somewhat smaller than those associated 
with many endogenous activities or other light responses.

The reactipn time, i.e., the interval from the 
onset of illumination until the.response begins, decreases 
from, approximately 12 sec at the threshold illuminance to . 
7 sec at 30 times threshold. Increasing the illuminance 
beyond this value does not further reduce the reaction time 
for bending. The reaction time for Calamactis, and most 
other animals with dermal photosensitivity consists of a
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Fig. 1. Bending response.
(a) Bending (B) and return (R) to upright position fol
lowing a 3 sec light stimulation (L). (b) Response to ex
tended (64 sec) illumination. (c) Sensitization period (S)
of 1.5 sec followed by a 6.5 sec latent period (LP). (d)
Response to 0.5 msec electronic flash. R shown only in
(a) and (b). Scale: (a,b) 10 sec markers, (c,d) 1 sec
markers.



sensitization period during which the required light is 
received followed by a latent period when additional stimu
lation is not necessary for a response (Fig. 1c). The 
sensitization period for a given illuminance is the minimum 
interval of stimulation necessary to produce the response. 
Sensitization periods at least as short as the 0.5 msec of" 
Fig, Id occur in Calamactis without degradation of the 
response. The responses are similar whether the illumina
tion is continued throughout the entire reaction and 
response times as in Fig. lb or by powerful illumination of 
very brief duration (Fig. Id).

The column is the only region in which light will 
excite the bending response. Illumination or electrical 
stimulation of the oral disc or tentacles does not evoke 
column bending. No electrical activity related to il
lumination or bending of the column has been observed. 
......  Column bending apparently results from local con
traction of the parietal muscles while the.circulars make 
the major contribution to pressure changes. The parietals 
in Calamactis are located along the inside of the body 
wall from the oral disc to the physa. They are. relatively 
isolated from the strong retractors which run parallel to 
them down through the coelenteron. Parietal and circular 
muscle preparations were obtained by excising longitudinal 
and circular strips of column. These muscles are sensitive



to light along their entire lengths, responding locally 
with one or occasionally two contraction-relaxation cycles 
(Fig. 2a,b). The reason for the second cycle, which may 
also appear in intact anemones, is unknown. Reaction times 
and latent periods in isolated muscles are considerably 
longer than those for the bending response of an intact 
anemone. This may be caused by the disruption of co
ordinating mechanisms in the isolated muscle preparations. 
The shape and duration of the tension curves! in the photic 
responses of isolated muscles (Fig. 2) correspond to the 
pressure responses during column bending in Fig, 1. The 
circulars respond to moderate photic stimulation about 
two seconds faster than the parietals (reaction times of 
15 sec vs. 17 sec). This may explain why the pressure 
begins to rise several seconds before the bending starts 
(Fig. 1).

A refractory period is present for responses to 
strong photic stimuli. A second light stimulus' applied 
while the response to the first is still underway produces 
little or no additional effect (Fig. 2d,e), A normal second 
response cannot be evoked until about a minute after the 
first response has subsided. The presence of a refractory 
period may be explained by the bleaching of a photosensitive 
pigment. As in column bending, the responses were similar
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for brief or extended illumination periods. There is no 
evidence of electrical activity in the circulars or 
parietals.

Tentacle Extension 
Caiamactis exhibits a characteristic response to 

overall illumination of the exposed upper portion of the 
anemone. After a reaction time of 3 to 7 sec (mean 5 sec) 
there is an irregular increase in tentacle activity (Fig.
3) lasting several seconds accompanied by a simultaneous 
rise in coelenteron pressure. The tentacles then unfold 
outward toward the plane of the oral disc and a uniform 
parietal contraction causes the upper column to shorten.
The shorter reaction time for this response may result 
from more widespread stimulation of the coordinating 
system which was only partly activated by the local illumi
nation required for bending. This response can occur even 
if the tentacles and oral disc are initially contracted and 
enclosed by the column. Dark adaptation usually produces 
a more pronounced response. No localized center for 
initiating the response was found and if the illuminated 
area is significantly reduced, the response becomes sporadic. 
There is no accompanying change in the electrical activity- 
recorded from the tentacles.
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Electrical Activity 

A variety of electrical events can be recorded 
from the surface of Calamactis as a consequence of nervous 
and muscular activity. Some of these reflect the anemone's 
spontaneous activities and others are evoked by external 
stimuli, including photic stimuli. The photic responses 
to be discussed below are associated with through-conducted 
electrical pulses in the nerve net.

A nerve net pulse (NNP) is transmitted without 
decrement throughout the nerve net of the tentacles, oral 
disc, upper column epidermis and retractor muscles. These 
pulses have compound waveforms characteristic of the region 
from which they are recorded. NNP1s recorded from a 
retractor muscle and a tentacle are shown in Fig. 4 a,b 
respectively. The tentacle pulse appears to be composed of 
the action potentials from neurons within the suction 
electrode superimposed on the initial portion of a slower 
muscle potential. The slower component is absent in the 
retractor muscle pulse presumably because facilitation of 
neuromuscular junctions by a second NNP is required
(Josephson 1966). NNP's may arise spontaneously or.be....
evoked by photic or other stimulation.

Other prominent types of electrical activity ob
served in intact, buried Calamactis are illustrated in 
Fig. 4c~e. The sequence of NNP1s in Fig. 4c is associated



14

SA
(b)(a)

50 yUV r.:T,
<-L-i >~

(c)

30

(d) (e)

Fig. 4. Representative electrical activity.
Recordings from retractor muscle (a) and tentacles (b-e). 
(a) Details of a nerve net pulse (NNP) from a retractor 
muscle, (b) NNP from a tentacle. SA (stimulus artifact),
(c) Sequence of NNP1s evoked by illumination (L) between 
arrows. RGB (rapid contraction burst with accompanying 
muscle action potential). (d) Local spindle shaped po
tential associated with tentacle motion. (e) Local po
tentials recorded simultaneously from two tentacles. (d) 
and (e) are not affected by light. Scale: (a,b) 10 msec
markers, (c-e) 10 sec markers.
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with light stimulation. The local spindle shaped potentials 
of Fig. 4d are associated with individual tentacle movement 
and occur every few minutes even in severed tentacles.
The slow local pulses in Fig. 4e were recorded simultaneously 
from two tentacles. They appear to be muscle potentials 
and occur occasionally after mechanical disturbance. Light 
has little if any effect on the activities of Fig. 4d~e.

- Nerve Net Response.
There is a second response to the illumination of 

the upper part of the anemone which can occur in addition 
to the more consistently evoked tentacle extension response. 
This nerve net response includes electrical as well as 
muscular activity (Fig. 5). The electrical response is a 
series of NNP1s which commence from 3 to 25 sec (mean 15 
sec) after the start of illumination of a dark adapted 
anemone. The NNP1s occur in slow contraction bursts (2-4 
sec pulse separation), rapid contraction bursts (250-500 
msec pulse separation) and occasionally as individual 
pulses. The slow contraction bursts of Fig. 5a,c appear 
only as the result of light stimulation. These bursts 
are apparently triggered by light stimulated pacemakers and 
are so arranged that one burst does not overlap another.
The coelenteron pressure begins to increase as it did for 
the tentacle extension response but the pressure curve 
becomes more complex and remains high for about six
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Fig. 5. Nerve net response.
Electrical activity (recorded from a tentacle) and 
coelenteron pressure during nerve net responses. The 
slow contraction bursts in (a) and (c) occur only during 
nerve net responses. (a) Response with single rapid con
traction burst (RGB) and the corresponding pressure spike 
(PS). (b) Relation of tentacle extention response (TER)
to overall nerve net response. Arrows indicate small 
pressure spikes associated with single NNP1s and tentacle 
contractions. SP (spindle potential). (c) Response con
taining two rapid contractions. L (light stimulation). 
Scale: 10 sec markers.
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minutes. Small pressure spikes (Fig . 5"b) coinciding with 
individual NNP1s are sometimes superimposed on the larger, 
more gradual pressure changes. These small spikes ap-̂  
parently result from tentacle, contractions initiated by 
single NNP’s which can be heard on the audio monitor. It 
is interesting that in some cases the tentacles respond 
to these NNP1s and at other times they do not. These 
responses may be contrasted with those of the retractor 
muscles which do not react to single pulses but consistently 
produce rapid contractions after two NNPls separated by 
less than about one and a half seconds (Pantin 1935, Pickens 
1969).

Among the NNPls in a nerve net response, a dis
tinctive group always appears in association with rapid 
contractions. This burst of either two or three NNP * s 
functions to produce a rapid contraction of the retractor 
muscles (Fig. 6). The second pulse in the rapid contrac
tion burst follows the first by about 300 msec. Pickens 
(1969) found that this is approximately the greatest in
terval between two NNP's that would produce a maximum 
retractor muscle contraction. This second pulse is fol
lowed in about 15 msec by a positive pressure spike with a 
mean amplitude of 4 cm of water and a mean duration of 
400 msec. When three pulses occur (Fig. 6b) the third 
follows the second by about 300 msec and enhances the
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pressure spike initiated by the second- The second and 
third pulses are accompanied by large muscle potentials 
which make rapid contraction bursts easily recognizable 
among the remaining single NNP1s of the nerve net response 
(Fig. 5). Apparently the rapid contraction burst is pro
duced as a unit and is not the result of a random combina
tion of NNP1s- The NNP1s produced during a nerve net re
sponse occur closer together than the 2 sec shown in Fig- 5 
only in rapid contraction bursts - Extending the illumina
tion for the duration of the response may result in addi
tional rapid contractions (Fig - 5c). Prolonged illumination 
will occasionally evoke a number of nerve net responses 
separated by periods of relative inactivity.

The rapid contraction causes the column to shorten 
and partially or totally enfold the oral disc. Rapid 
contractions are produced only by the retractor muscles 
responding to NNP1s.separated by less than about 1.5 sec.
The retractors are not sensitive to light. Circular or 
parietal muscles have not been observed to produce rapid 
contractions under any conditions, including those which 
produce them in the retractor muscles.

In addition to rapid contractions, the nerve net 
response (Fig, 5) differs from the previous responses (Fig. 
1, 3) in having NNP * s and -a longer, more irregular pressure 
increase. The NNP1s and extended pressure response may be



related by the fact that isolated circular and parietal 
muscles were found to contract when stimulated by nerve 
net pulses. Although no NNP’s or other electrical activity 
has been detected in these muscles, there appears to be a 
well developed conduction system since NNP1s evoked by 
electrical stimuli applied to the tentacles are fully 
effective in evoking contractions (Fig. 7a). The dif
ference between light and electrical responses in isolated 
muscles may help explain the differences in pressure 
patterns observed in intact anemones. It will be recalled 
that the light response is composed of a rather brief . 
increase in pressure or tension followed by a refractory 
period during which light was ineffective as a stimulus.
For electrical stimulation, however, there is no refractory 
period. Repeated electrical stimulation will result in a 
sustained response even during the refractory period for 
light. A response to electrical stimulation during the 
refractory period for photic stimulation is shown in Fig.
7b. Combining electrical and photic stimuli produces a 
greater initial pressure or tension response than for either 
applied alone. Thus it is suggested that the initial 
pressure rise in a nerve net response is due to the com
bined effects of the light and evoked NNP’s while the 
remaining pressure pattern is maintained by the nerve net' 
pulses.
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The nerve net response then, seems to consist of 

an initial tentacle extension response combined with more 
sustained activity directed by light stimulated pacemakers 
and coordinated by the nerve net and the column conducting 
system of the circulars and parietals. The portion of the 
response governed by pacemakers can be demonstrated by the 
following experiment. First the NNP sequence from a nerve 
net response is recorded on magnetic tape. Then this 
recording is used to trigger a stimulator to duplicate 
the original NNP sequence in the same or in other anemones. 
Pulses from the stimulator are applied to a tentacle with 
a suction electrode and the resulting NNP's and coelenteron 
pressure changes are recorded as usual. Since the recorded 
NNP sequences can be administered in the dark, this tech
nique effectively isolates the response produced by pace
maker, generated NNP's from the local light responses.
The exact nature of a response is influenced by the physio
logical state of the anemone at the time of stimulation and 
may involve considerable variation. Closely spaced stimu
lations are more likely to produce similar, responses than 
widely spaced ones or stimulations in different animals. 
Consecutive responses (23 min separation) to a sequence 
originally recorded from a different anemone are shown 
in Fig. 8a,b. Both pressure responses in Fig. 8, which were 
recorded in the dark, show pressure drops after the rapid
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contractions. In the three light stimulated nerve net 
responses of Fig. 5 the pressure continues to increase 
during this time, presumably because of the tentacle ex
tension response.

This technique also provides the opportunity to 
observe the effects of experimental modifications to the 
stimulating sequence. Preliminary results for such experi- 
ments have been obtained but are not reported her8''.

Origin of NNP1s 
In the nerve net response NNP’s were evoked by 

illuminating the entire upper portion of the anemone.
In order to locate the sites of pulse initiation with 
greater precision, a light source focused to a one mm 
diameter spot was used to stimulate the anemone. With this 
light, occasional NNP’s could be evoked from the outer 
margin of the oral disc, but from no other area on the 
anemone. These pulses were obtained with less reliability 
and after considerably longer exposure times than with 
illumination of the entire oral disc. The experiment shown 
in Fig. 9a was performed to verify that the NNP’s did 
indeed originate at the point of illumination on the oral 
disc and. were not generated spontaneously elsewhere.
Suction electrodes were attached to two tentacles (A and 
B) on opposite sides of the oral disc. The outputs were
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displayed simultaneously on two channels of a storage scope. 
One mm diameter spots on the oral disc at the bases of 
tentacles A and B were alternately illuminated long enough 
to evoke one pulse per illumination period. The differences 
in arrival times of the pulses were recorded. When these 
times are plotted, they constitute a distinct time period 
for each stimulus location corresponding to transmission 
times over the two different pathways to the suction elec
trodes (Fig. 9b). This experiment shows that single NNP1s 
can be photically evoked at arbitrarily chosen small areas 
on the margin of the oral disc. The distribution of 
photosensitivity is suggestive of that encountered for 
photoreceptors in medusae. More general illumination is 
required to evoke extensive electrical or muscular re
sponses.

It is possible that NNP1s can be initiated by 
stretch or pressure receptors and thus be the result of 
muscular activity rather than a photochemical event in the 
nerve net. This possibility was investigated by arti
ficially raising the coelenteron pressure 15 cm of water 
above the ambient pressure for periods of several minutes. 
The increases in pressure caused slight distensions in 
the column but evoked no NNP1 s'. Moderate mechanical 
stimulation of the tentacles, oral disc and column with a 
glass rod produces only occasional NNP1s.
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Poststimulation Response 

Occasionally light or electrical stimulation will 
trigger a series of NNP1s which begin after the stimula
tion has ended (Fig. 10a). In most cases, there is no 
accompanying movement. The pulse sources can be seen to 
shift position irregularly by taking the pulse arrival time 
from one tentacle as a reference and plotting the relative 
arrival times for pulses from the opposite tentacle (Fig. 
10b). Sometimes' the pulses are accompanied by a slow 
column contraction until the oral disc is below the 
surface of the sand. The relative pulse delay times 
associated with this type of activity are more organized, 
sometimes taking a sinusoidal shape (Fig. 10c). This 
sinusoidal curve indicates a rotating source for the 
NNP*8, probably in the oral disc or upper column.

Effects of MgClg

Excess magnesium ions have a paralyzing effect on 
both intact Calamactis and isolated muscles. Magnesium 
is commonly used to block nerve net conduction, apparently 
acting at synapses. (Prosser 1973) as well as at the neuro
muscular junctions. A solution of % sea water and % MgClg 
isosmotic with sea water causes the spindle activity of 
Fig. 4d to stop immediately in an intact buried anemone. 
Endogenous pressure changes and the remaining electrical
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S ûj or coa! SOyUV .____________

(a)
30 —
20 —

•••u
UJ
CO5

-10 —coLU5 -20 
H 403020100
<> NNP NUMBER

(b)tr<
CL 30 —zz 20LU>

LUtr

-10
201510

NNP NUMBER 
(c)

Fig. 10. Poststimulation NNP sequences.
(a) NNP1s between arrows were evoked individually with 
electrical stimuli 15 sec apart. They produced withdraw1 
and the second group of NNP1s which continued for more than 
an hour. Light stimulation is also effective. (b) Se
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activity decrease to zero in about an hour. During this 
time there are rapid contractions every few minutes. Once 
the slow Component of pressure change has ceased it cannot 
be revived by light or electrical stimulation. Increasingly 
diminished NNP1s (Fig. 11a) can still be evoked electrically 
for several hours. The number of action potentials and the 
magnititude of the muscle potential are both reduced from 
those of the normal NNP shown in Fig. 4b. Although reduced 
in size they effectively produce rapid contractions when 
they occur less than about 1.5 sec apart.

Slowly increasing the magnesium ion concentration 
by adding isosmotic MgC^ to a preparation of circular or 
parietal muscles initially in sea water causes the magni- 
titudes of both light and electrical responses to decrease 
and the reaction times to increase (Fig. 11b). Ross (1960) 
also found that excess magnesium ions depress the size and 
increase the latency of the response to electrical stimula
tion in Metridium before the preparation becomes inexcit- 
able. As the magnesium concentration is slowly returned 
to that of sea water the effects are similar to those ob
served during the increase.

Mackie and Passano (1968), working with hydromedusae 
found that conduction in nonnervous tissues is unaffected 
by excess magnesium in concentrations suppressing presumed 
nervous activity. North and Pantin (1958) observed isolated
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(a) Electrically evoked NNP after 2 hours in solution of 
*5 sea water and h MgCl0 isosmotic with sea water. (b) 
Effects of varying MgCl~ concentrations in 2.5 mM/1 steps 
at 10 min intervals on the response magnititude (ML-light 
stimulated, ME-electrically stimulated) and reaction times 
(RL-light stimulated, RE-electrically stimulated) in iso
lated parietal muscles. The initial and final solutions 
are sea water. Scale: 10 msec markers.
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mesenteries of Metridium to contract when locally illumi- •- 
nated even when sufficiently anaesthetized with magnesium 
chloride to abolish reflex response. This led them to 
suggest a possible photosensitivity in the parietal muscles 
themselves. This possibility remains unresolved.



DISCUSSION

Dermal photosensitivity has been observed to occur 
widely throughout the animal kingdom. Although this dermal 
light sense is found in almost every phylum, electrophysio- 
logical evidence has been encountered in relatively few • 
instances, notably crayfish, echinoids and molluscs (Millott 
1968) and in Hydra (Passano and McCullough 1962). The 
nerve net response in Calamactis establishes the presence ■ 
of complex light evoked nervous and muscular reactions in 
actinians.

Responses to light in Calamactis are composite 
events involving the'coordination of several muscle groups 
with inputs from pacemakers and photosensitive areas. Fig. 
12 illustrates a model of the photoresponsive mechanisms 
in Calamactis derived frpm the results discussed above.
The circular and parietal muscles both possess local 
sensitivity to light. Illumination of a small area on 
the column will cause a local contraction of the circular 
and parietal muscles within this region. The circulars 
contract first producing a: modest rise in pressure fol
lowed in several seconds by the parietal contraction and 
column bending in that direction. If the oral disc and 
upper column are illuminated, all of the parietals and

32
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upper circulars contract, the pressure rise is greater than 
for bending and a tentacle extension response occurs„
Until this time the retractors which do not respond di
rectly to light have not been affected. With sufficient 
stimulation, pacemakers located around the margin of the 
oral disc are activated to trigger NNPfs. These NNP's 
appear individually or in irregular bursts of evenly 
spaced pulses. ■ The individual pulses and slow bursts 

- prolong the.response by activating the circulars and 
parietals, causing additional contractions and the main
tenance of an elevated pressure. Single NNP1s sometimes 
evoke tentacle contractions which are registered as small 
pressure spikes on the overall pressure response. The 
rapid contraction bursts of two or three closely spaced 
NNP’s are.reponsible for evoking rapid contractions from 
the retractors. The column conducting system which seems 
to coordinate much circular and parietal activity is not 
well understood. It apparently interfaces with the nerve 
net and is probably involved with local photic responses.
It may eventually be linked to slow conduction systems 
similar to those described by McFarlane.

Bending is a local response in which the mech
anisms involved are probably not very different from those 
in isolated muscles. Both.of these responses can be con
sistently evoked by light stimulation. This is not the
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case for the more complex nerve net response. Often this 
response cannot be evoked at any illuminance. At other 
times the nerve net response can be evoked repeatedly with 
only moderate illumination. The threshold of the pacemakers 
to photic stimulation apparently depends on the prevailing 
physiological state of the anemone, some states being 
responsive to light while others are not. These states 
may result from the limited capability of the anemone's 
control system to manage the subtle complexities of a 
hydrostatic skeleton in performing more than one task at 
a time. The present observations re-enforce work done by 
Batham and Pantin (1950c) on phases of activity in Metridium 
during which certain types of activity predominate. Phases 
can be initiated endogenously or by external stimuli and a 
hierarchy of priorities exists among the phases and their 
respective stimuli. The presence of a particular phase 
can prevent a stimulus from evoking a new phase if this 
new phase would conflict with the activities in progress.
The strategy of concentrating on a single major activity 
at a time persists in even the most advanced nervous 
systems.

Reaction times for the bending response in Metridium■ 
are similar to those in Calamactis except for two signifi
cant differences concerning variability and latent period.
In Calamactis the reaction times for stimuli of a particular
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illuminance rarely vary by more than 25% of the mean time 
for that illuminance. North (1957) found up to a sevenfold 
fluctuation in reaction times for Metridium. North also 
found that illumination must be continued for the entire 
reaction time; consequently, Metridium does not have a 
latent period for the bending response. This is the only 
known case for which a latent period is absent (Steven 
1963), A definite latent period exists for Calamactis 
and, in fact, is the major part of the reaction time,

. Substantial reaction times of from 3 to 25 sec 
precede the photic response in Calamactis. This is 
consistent with Steven1s (1963) observation that re
action times of dermal photoreceptors are generally 
much longer than those from eyes. There are numerous 
examples of reaction times equal to or even longer than 
those for Calamactis. Slow conduction systems such as 
those described by McFarlane (1969, 1973, 1974a,b) 
and McFarlane and Lawn (1972) for CaHiactis have not yet 
been found in Calamactis. Even if present, however, the 
conduction velocities of 3 to 15 cm/sec are much too fast 
to account for the length of the reaction times observed 
in Calamactis, Alternative, nonnervous, conduction systems 
occur in other coelenterates, Mackie (1965) described a 
nerve-free epithelial conduction in siphonpphores and epi-. . 
thelial conduction was also found in hydromedusae (Mackie 
and Passano 1968), However the conduction velocities are
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even greater than for McFarlane1 a slow conducting systems. 
Batham and Pantin C1950afb) concluded that the long delays 
in coordinating inherent contractions in Metridium were due 
to local effects and not to slow conduction. This appears 
to be the case in Calamactis as well.

The latent periods for isolated muscles in re
sponse to electrical and light stimuli are increased by 
adding magnesium ions. They can be increased by as much 
as 100% in this manner before the magnesium completely 
blocks the responses. -The increases in latent periods due 
to magnesium ions are reminescent of those produced by 
isolating the muscles from the column. In both cases it 
appears that disruption of a coordinating mechanism, may 
be occurring. These similarities between photic and 
electrical latent periods indicate that the delays may 
not be in the photoreceptors but possibly in the neuro
muscular junctions or the muscles themselves.



CONCLUSIONS

The sea anemone Calamactis praelongus was found 
to possess dermal photosensitivity and to respond to light 
in a variety of ways. These responses ranged from simple 
local contraction to complex reactions involving photo- 
reception , pacemaker activation, and the coordination of 
several muscle groups by the nerve net and probably other 
conducting systems. It is hoped that light stimulation will 
prove to be a useful tool in future investigations of 
anemone behavior and physiology.
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