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Introduction

Attachment of gravel and shell particles to the body walls (covering behavior) of

intertidal anthozoans is a common phenomenon. An example of such a phenomenon is

provided by Anthopleura elegantissima and Anthopleura xanthogrammica. Hart and

Crowe (1977) demonstrated that if the gravel and bits of shell covering are removed from

the animal and fresh gravel and shell particles are supplied to the denuded animal, it will

within a span of a few hours cover itself with a monolayer of gravel or shell particles.

The mechanism of attachment is through dermal papillae known as verrucae. It has been

postulated that verrucae generate powerful suction that firmly grasp the gravel or shell

particles (Parker, 1917). More recently, it has been hypothesized that verrucae secrete a

mucus-type adhesive by which particles are attached (Hart & Crowe, 1977).

A. elegantissima and A. xanthogrammica are commonly found in the high to mid­

intertidal zones of the Pacific Coast (Kozloff, 1993). Their position in the intertidal

makes them vulnerable to sunlight exposure during both low and high tide. As a way to

counteract exposure, it is thought that the covering behavior exhibited by these two

species is a mode of protection against desiccation (Roberts, 1941). However, the

adaptive significance of covering behavior has also been attributed to protection against

predation (Hyman, 1940) and camouflage (Ricketts et aI., 1968).

The covering behavior ofA. elegantissima and A. xanthogrammica can easily be

seen in the field, but can these species be induced to cover their columns in a lab setting?

Lab experiments exposing various sea urchin species to ultraviolet (UV) light have been

shown to increase the rate at which these animals exhibit covering behavior (Adams,

2001; Verling, 2002; Kehas, 2005). Dykens and Shick (1984) demonstrated thatA.

elegantissima will attach gravel and other debris to its column in response to elevated

levels of sunlight. Based on this information, I hypothesize that both A. elegantissima

and A. xanthogrammica will exhibit the covering behavior in response to increased

temperature in order to inhibit desiccation or slow down the rate of desiccation

Materials and Methods

A. elegantissima and A. xanthogrammica were collected at North Spit, Charleston,

Oregon. Both species were kept in the lab in a flow-through seawater table. The animals



were left to acclimate to lab conditions for four days prior to the experiment. Anemones

were divided into three groups comprising of five anemones of each species, totaling

three groups of 10 anemones. Each group of 10 was placed into a large finger bowl and

allowed to settle for 24 hours. After all anemones had settled (all anemones began each

experiment upright and the column completely devoid of covering), a shell debris

substrate was introduced into each finger bowl. Each group of 10 was subjected to three

treatments in full sunlight: fully submerged in water, half submerged in water, and fully

exposed (no water). The temperature of the water was taken before exposure to sunlight

and monitored throughout each treatment, except for the no water treatment. The number

of responses was recorded as well as the temperature of the water at the time of the

response. Since no temperature could be taken in the treatment without water, the

anemones response was timed, up to ten minutes. To ease analysis, two time parameters

were used, < 5 minutes and > 5 minutes. The number of responses was recorded as well

as a description of the response(s).

A response was defined as an anemone tipping over. In other words, an anemone

that is no longer in the upright position (Fig. 1). A response was also defined as an

anemone closing its oral disc, thus hiding its tentacles. Lastly, a response also included

the percentage of column cover the anemone had after each experiment. To make the

calculation of the percentage of column cover simple, the anemone was visually divided

into quarters, so that percent cover resulted in 25, 50, 75, or 100% (Fig. 2).

Results

A. elegantissima and A. xanthogrammica showed no response to the treatment of

fully submerged in water; the initial temperature was 13°C and the final temperature was

33°C. Neither species tipped over or closed the oral disc. Both species showed

responses to the treatments of half submerged with water and fully exposed (no water).

In the treatment of half submerged with water, A. elegantissima showed the greatest

number of responses in the temperature range 22°C-23°C and 27-29°C (Table 1; Fig. 3).

A. elegantissima displayed no response at 25°C. In the same treatment A.

xanthogrammica demonstrated the greatest number of responses in the temperature range

23°C-28°C (Table 1; Fig. 3). A. xanthogrammica exhibited no response at 22°C or 29°C.



For the treatment of no water, A. elegantissima and A. xanthogrammica both displayed

the greatest response at the < 5 minute parameter with 9 out of 15 A. elegantissima and

11 out of 15 A. xanthogrammica responding (Table 2). The remaining 6 A. elegantissima

and 4 A. xanthogrammica responded during the> 5 minute parameter (Table 2).

Discussion

The results supported my hypothesis that A. elegantissima and A.

xanthogrammica will be induced to cover their column with debris in response to

increased temperature. However, this is only true for the treatment with the anemones

half submerged (Table 1; Fig. 3). The initial water temperature before exposure to

sunlight was 13°C and as the temperature of the water increased, the number of responses

by the anemones increased, with the greatest number of responses in the temperature

range of 23°C-27°C. This suggests that these anemones were attempting to minimize

their exposure to sunlight by shielding their columns by way of shell particles, thus

reducing desiccation stress. Dykens and Shick (1984) found that both A. elegantissima

and A. xanthogrammica increased column covering behavior when exposed to intense

sunlight. They also found that an anemone that is in the shade will not exhibit column

covering behavior and will have its oral disc open, whereas an anemone that is exposed

will have its column covered and its oral disc closed. The findings for the exposed

anemones are consistent with what was found in the current study. The anemones in the

half submerged and fully exposed treatments responded to exposure to sunlight by

covering their columns with shell particles.

In the treatment that had full exposure, or no water, both A. elegantissima and A.

xanthogrammica revealed a greater response in < 5 minutes than either did in > 5 minutes

(Table 2). Although the temperature of the finger bowl was not taken, I think it is fair to

assume that both species were responding to an increase in exposure to sunlight, more

specifically an increase in temperature. By closing the oral disc, tipping over, and

covering the column, these animals were clearly attempting to slow the rate of

desiccation by decreasing the amount of surface area that is exposed to sunlight.

The results for the treatment that had A. elegantissima and A. xanthogrammica

completely submerged were surprising. The initial water temperature was 13°C and the



final water temperature was 33°C, yet the anemones showed no response. In contrast to

these findings, Dykens and Shick (1984) found that both A. elegantissima and A.

xanthogrammica closed the oral disc when completely submerged and exposed to direct

sunlight. It may be that the final temperature of the water for the current study, 33°C,

was not high enough to invoke a response from the anemones. It would be interesting to

test the response of both species at higher temperatures to see if they exhibit a response.

To further investigate the reason why Anthopleura elegantissima and A.

xanthogrammica cover their column more variables need to be tested, such as wave speed

and wind. By testing a greater range of variables, the factor or factors that cause the

covering behavior could be deciphered and better understood. A larger number of trials

should be conducted in order to gain a better understanding of what affects this behavior

and why this behavior occurs. Also a greater variation in substrate should be used to see

if the anemones have a preference for certain substrates or certain sizes of particles.

References

Adams, Nikki L. 2001. "UV radiation evokes negative phototaxis and covering behavior
in the sea urchin Strongylocentrotus droebachiensis." Mar. Eco!. Prog. Ser. 213:
87-95.

Dykens, James A., and 1. Malcolm Shick 1984. "Photobiology of the symbiotic sea
anemone, Anthopleura elegantissima: defenses against photodynamic effects
and seasonal photoacclimatiztion." BioI. Bull. 167: 683-697.

Hart, Charles E., and John H. Crowe 1977. "The effect of attached gravel on survival of
intertidal anemones." Trans. Amer. Micros. Soc. 96: 28-41.

Hyman, L.H. 1940. "The Invertebrates. Vol. I. Protozoa through Ctenophora.
McGraw-Hill, New York and London. 726pp.

Kehas, Arthur J., Kathleen A. Theoharides, and John J. Gilbert 2005. "Effect of sunlight
intensity and albinism on the covering response of the Carribean sea urchin
Tripneustes ventricosus." Marine Biology 146: 1111-1117.

Kozloff, Eugene N. 1993. Seashore Life ofthe Northern Pacific Coast. Seattle,
Washington: University of Washington Press.



Parker, G.H. 1917. "Power of suction in the sea anemone Cribrina." J Exp. Zoo!' 24:
139-222.

Ricketts, E.F., l. Calvin, and l.W. Hedgepeth. 1968. Between Pacific Tides. Stanford,
California: Stanford University Press.

Roberts, B.l. 1941. "A survey of the methods employed by intertidal organisms in
resisting desiccation." Ph.D. Dissertation, Stanford University, Stanford,
California.

Verling, E., A.C. Crook, and D.K.A. Barnes 2002. "Covering behavior in Paracentrotus
lividus: is light important?" Marine Biology 140: 391-396.



Table 1: The temperatures at which Anthopleura elegantissima and A. xanthogrammica
demonstrated a response, and the number of each species that responded while only half

b d . (h . .. I f h 13°C)su merge In water t e Imtla temperature 0 t e water was
Temperature (OC) A. ele$!antissima (15)* A. xanthowammica (15)*

20 1 1
22 3 0
23 4 3
24 1 2
25 0 3
27 2 4
28 2 2
29 2 0

* Indicates the sample size.

Table 2: The temperatures at which Anthopleura elegantissima and A. xanthogrammica
demonstrated a response and the number of each species that responded while completely
out of water
Time Range (min) A. ele$!antissima (15)* A. xanthowammica (15)*

<5 9 responded by tipping 11 responded by tipping
over, completely closing over, completely closing
oral disc, and column oral disc and column
covering of 25% covering of 25-50%

>5 6 responded by tipping 4 responded by tipping
over, completely closing over, completely closing
oral disc, and column oral disc and column
covering of 50-75% covering of 50-75%

* Indicates sample size.
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Figure 1: Representation of an upright anemone versus a tipped over anemone. "0"
represents oral surface and "A" represents aboral surface.



Figure 2: Oral view of an anemone divided into quarters to represent how the percent
cover of the column was calculated.
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Figure 3: The number of responses at various temperatures for Anthopleura
elegantissima and A. xanthogrammica when half submerged in water (the initial
temperature ofthe water was 13°C).




