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Photobehavior of stony corals: responses to light spectra and intensity

O. Levy*, Z. Dubinsky and Y. Achituv
Faculty of Life Sciences, Bar-llan University, Ramat Gan 52900, Israel
*Author for correspondence (e-mail: levysher@netvision.net.il)

Accepted 22 July 2003

Summary

Tentacle expansion and contraction were investigated in lower in specimens with contracted tentacles. However, in
four zooxanthellate coral species and one azooxanthellate the dark, no differences were found in the maximum
coral (Cladopsammia gracilis Favia favus, Plerogyra quantum vyield of photochemistry in PSII (Fv/Fm) of the
sinuosaand Cladopsammia gracilixpand their tentacles expandedversusthe contracted tentacles of any of the four
at night, while tentacles in Goniopora lobataand  species. This work suggests that species whose tentacles
Stylophora pistillataare expanded continuously. Light at remain continuously expanded have either dense algal
wavelengths in the range 400-520m was most effective in  populations in their tentacles, as inG. lobata, or minute
eliciting full tentacle contraction in F. favus and in P. tentacles, like S. pistillata. Dense algal populations in
sinuosa. Higher light intensities in the range 660—700m  tentacles allow harvesting of light while small tentacles do
also caused tentacle contractions in F. favus. Tentacles in not scatter light or shade zooxanthellae in the underlying
C. gracilis did not respond to light. Zooxanthellar densities body of the polyp.
in tentacles were significantly higher in G. lobata, which
has continuously expanded tentacles, than iR. favusand
P. sinousa, where tentacles are expanded at night. Key words: coral, tentacle contraction, fast repetition rate
Photosynthetic efficiency in F. favusand P. sinuosawas fluorometer (FRRF), chlorophyll fluorescence, diel expansion.

Introduction

Diel expansion and contraction patterns vary amonghotosynthesis and the expansion state. Organs with dense
anthozoan species, including reef-building corals (Kawagutiendosymbiotic algae (zooxanthellae) populations expand
1954; Porter, 1974; Lasker, 1979), gorgonians (Wainwrightcontinuously, whereas tissues with few or without
1967) and sea anemones (Pearse, 1974; Sebens and Deriemaoxanthellae contract during the day (Gladfelter, 1975;
1977). Most reef corals expand their tentacles only at nigtfebens and Deriemer, 1977).

(Lewis and Price, 1975; Porter, 1974). A few species expand Lasker (1977) described the expansion behavior of the coral
their tentacles during daytime and several species hawWontastrea cavernosa. In shallow water, large numbers of
continuously expanded tentacles (Eguchi, 1936; Abe, 193%olyps remain partially expanded during the day; he named this
Kawaguti, 1954; Porter, 1974; Lewis and Price, 1975). Coralsliurnal behavior’. ‘Nocturnal behavior’ or tentacle expansion
that expand their tentacles at night remain open until dawmluring the night was observed in water deeper tham 2énd
However, a beam of light or mechanical stimulation can caus&t such depths polyp expansion during daytime was seldom, if
nocturnally expanded tentacles to contract immediately (Abesver, observed. This behavioral switch is probably based on
1939). zooxanthellae density (Lasker, 1977, 1979). It was proposed

Reef-building corals, as well as several other reef organism#h)at diurnally active colonies have greater zooxanthellae
harbour unicellular endosymbiotic algae (zooxanthellae) thadensities than do nocturnal colonies (Lasker, 1977, 1979), but
supply much of their energy needa daytime photosynthesis. this study did not suggest any mechanism to explain this
Corals are carnivores and, since zooplankton is most abundaetationship.
on coral reefs during the night (Sorokin, 1990), it has been Corals can flourish in nutrient-poor ‘blue desert’ waters due
suggested that most corals expand their tentacles at night ttmtheir mutualistic symbiosis with zooxanthellae. Their carbon
capture prey (Lewis and Price, 1975; Porter, 1974). Expansi@and energy requirements are met by different species-specific
behavior may be affected by water flow and availability of preycombinations of algal photosynthetic products and by
(Robbins and Shick, 1980); however, the extent to which angredation on zooplankton, supplemented in some cases by
one of these factors controls tentacle behavior is not yet clearinor contributions derived from dissolved organic carbon
(Robbins and Shick, 1980). compounds and bacteria (Achituv and Dubinsky, 1990).

In zooxanthellate sea anemones, a connection exists betweerOn the coral reef at Eilat, in the northern Red Sea, the
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massive stony coral§avia favus and Plerogyra sinuosa 5-7 m from reef adjacent to the Interuniversity Institute for
expand their tentacles nocturnally and contract them at sunriddarine Science at Eilat (Gulf of Eilat, Red Sea). The colonies,
Goniopora lobataand Stylophora pistillataare expanded each less than 6 cm in diameter, were then transferred to
continuously (O. Levy, personal observations). Tentacléhe laboratory and placed in a shallow tank with running
morphology differs in the four coral species examined?.In seawater at 24€ for 10 h of acclimation before sampling their
sinuosaand F. favusthe tentacles are conical or cylindrical, tentacles. After acclimation the corals exhibited the same
and when expanded they are erect and well-separate&®l. Inexpansion/contraction behavior in the laboratory as their
pistillata tentacles are tiny (up to 2 mm) and extended duringndisturbed counterparts on the reef.
both day and night. The tentacles@f lobataare cylindrical
and project sideways from the top of the polyp to form a Measurement of the light spectrum
‘flower-like’ crown of 24 tentacles. The polyps project several The visible light spectrum was measured at a depthmof 5
centimeters above the skeleton yet the entire polyp can retraatt the coral collection site. Spectral scans between 350 and
into the coral skeleton. 750 nm were conducted on several cloudless days in February
The light environment is an important component of the2001 using a Li-Cor LI1800 scanning spectroradiometer
productivity, physiology and ecology of corals (Dustan, 1982(Lincoln, NE, USA). Scans were made everyr8ih at 2 nm
Dubinsky et al., 1984; Porter et al., 1984; Falkowski et al.wavelength intervals from 6:00 h to 18:00 h.
1990). Underwater light decreases exponentially with depth,
roughly following the Beer—Lambert law. Underwater light is Effect of light on tentacle contraction
attenuated by the water itself, by dissolved and suspendedColonies were tested at low light intensities, up to 1.5% of
matter and, most importantly, by phytoplankton. Lightthe sea surface light level, which is the lower light intensity of
attenuation is not uniform over all wavelengths, and the wateruphotic zone and the limit of hermatypic coral distributian.
column behaves like a monochromator, narrowing thdavus,G. lobata, S. pistillatand C. gracilis were illuminated
spectrum of the most penetrating light to a relatively narrovat 10 and 30mol quanta m¢s? (N=5 corals for each
waveband (Falkowski et al., 1990). In the clear oligotrophidrradiance level). Colonies of P. sinuogere illuminated at
waters surrounding reefs, light extinction in the violet and blug0 pmol quanta m¢ s (N=3). A Xenon lamp of 450V
parts of the spectrum is minimal, while its attenuation is highefKratos—Schoeffel Instruments, Doisberg, Germany) acted
at longer wavelengths. However, in such ‘blue desert’ shallowas a light source and included a LH-151/2 lamp housing and
waters corals can also be exposed to considerable penetratld?S-255 h power supply. The beam from the lamp housing
of red wavelengths and non-visible (UV) wavelengths (Smitlwas passed through a monochromator (Bausch & Lomb
and Baker, 1979). Recently Gorbunov and Falkowski (2002nstruments, New York, USA) to provide light at wavelengths
have shown that zooxanthellate corals even perceive blu# 400—700 nm.
moonlight, which consists of the most penetrating wavelengths Tentacle contraction experiments were conducted in la 25
in the area, typical of coral reef environments. recirculating flow tank (modified from Vogel and Labarbera,
The aim of this study was to find out if the expansion and978). The tank was 10 long x10 cm wide x5 cm high.
contraction behavior of zooxanthellate corals occurs as a diredfater was circulated by a propeller connected to & t2c.
response to light, or as an indirect response to it mediated Inyotor and flow speed was computer-controlled amss.
photosynthetic activity of their symbiotic algae. We examined-low speed was calibrated using a video camera with a close-
the possibility that the expansion/contraction behavior ofip lens (Sony CCD 2000E, Hi8 PAL system; Tokyo, Japan)
tentacles optimizes photosynthesis. We examined expansitm follow the movement of brightly illuminated particles along
and contraction responses to different light intensities and ruler placed in the tank (Trager et al., 1990).
wavelengths over different times, including in the All experiments were conducted at night in a darkroom. Two
azooxanthellate coral Cladopsammia graciliée studied the colonies, an experimental colony and a control colony, were
absorption and the action spectra for photosynthesis and tptaced in the flow tank well-separated from each other to
distribution of zooxanthellae within the corals. We also studie@nsure that there would be no interference to the flow received
the photosynthetic characteristics of the four species using thxy each. A recirculating bath at 24+0.1°C, which is equal to
SCUBA-based, fast repetition rate fluorometer (FRRF; Kolbethe sea temperature, controlled the water temperature. Water
et al., 1998). was replaced every 2 . favus,G. lobatg S. pistillataand C.
gracilis colonies were illuminated at two irradiance levels, 10
_ and 30 mol quanta n¥ s'1, and at 16 different wavelengths
Materials and methods between 400 and 70@m at intervals of 20 nm, while colonies
Coral collection and maintenance of P. sinuosawere exposed only to 3@mol quanta n? s'L.
Colonies of four species of zooxanthellate scleractiniaiCirculation in the tank was stopped when the corals were
corals,Favia favus-orskal,Goniopora lobataMilne Edwards  fully expanded. After 15 min, the experimental coral was
and Haime Stylophora pistillatsaEspar andPlerogyra sinuosa illuminated with all 16 wavelengths in a random order, to
Dana and the azooxanthellate coral Cladopsammia graciligrevent a habituation effect. Tentacle contraction behavior of
Milne Edwards and Haime were collected from depths ofhe coral was scored on a scale of 0—4, where 0 was no



expansion (i.e. full contraction) and 4 was 1(
expansion. Final analyses were performed only @
0% and 100% expansion scores. The scores re
to polyps of the entire colony (see Lasker, 1!
(Fig. 1). The behavior of the corals was docume
every minute for a total of 30 min for e:
wavelength. In each experiment a second,

illuminated coral was used as a control. We
conducted these experiments with the corals exj
to the photosynthetic inhibitor DCMU (3-(3
dichlorophenyl)-1,1-dimetheyl urea), at a fi
concentration of 10mol 1 (see Rahav et al., 198
DCMU blocks photosystem Il and preve
production of photosynthates. The experiments
also conducted with the azooxanthellate ¢
Cladopsammia gracilis which expands mosi
at night. In additon to the 10 a
30 pmol quanta m? s}, C. gracilis was expose
to light intensities  between 250 ¢
400 pmol quanta ¢ sL.

Zooxanthellar density

Zooxanthellar densities were measured in F. f
(N=5), P. sinuosa(N=4), S. pistillata(N=4) and C
lobata (N=4). Except for G. lobata, colonies w
placed in an anaesthetizing solution of 7.5% M
in (1:1 v:v) distilled water and seawater at rc
temperature (Sebens and Miles, 1988)
approximately 3 h. Tentacles (N=30) were rem:
from different polyps using tweezers and si
scissors. Manipulations were carried out during
day and anaesthetization was necessary becaus
colonies are normally contracted during the
Tentacles (N=30) were removed from G. lobat
running seawater and without anesthetization a:
species is normally expanded during the day. Se
tentacles were photographed using a Nikonc
camera with close-up tubes, and their surface
was calculated assuming their shape to be a cyl
according to the formula:

SA= 21Th + 2112, )

where SAis tentacle surface area,ig the tentacl
radius anch is tentacle length. Zooxanthellae in
tissue were removed from the tentacles using a
glass homogenizer, and their number was deterr
under the microscope 480) using a Neubau
haemocytometer. Zooxanthellae densities
converted to number of algae per unit surface ar
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Fig. 1. Two stages of tentacle expansion, 0% (1,3,5,8) and 100% (2,4,6,7,9), in
the five coral species. (1,Zavia favus; (3,4) Goniopora lobata(5,6)
Plerogyra sinuosa(7) Cladopsammia gracilig8,9) Stylophora pistillata

each tentacle. Measurements of the surface area of cotal the total number of the polyps on the coral, and added to
colonies with their tentacles expanded were performed on fodine surface area of the coral skeleton. The surface area of the
G. lobatacolonies. Before measurement, photographs of theshole-expanded coral was thus calculated according to the
colonies with expanded tentacles were taken, and the polyfsrmula:

of each coral counted. The estimated surface area of one
tentacle was multiplied by 24 (the number of tentacles on each

Sor = Sa + Np x Ntp x [211¢2 + (21T%hy)] | 2

polyp). The surface area of a single polyp was then multipliedherertis tentacle radius,hs tentacle length, Ns number
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of polyps,Ntris number of tentacles per poly@er is surface
area of the coral colony with polyps contracted, &oed is
surface area of the coral when expanded.

Pigment and chlorophyll analysis o Leae
E 1.6x10

Small pieces were collected from favusand P. sinuosa &
colonies, chlorophyll was extracted in 90% acetone, th . 1.4x10°
absorbance spectrum at 400-100 was measured using a = 1.2x108
Cary spectrophotometer (Varian, Palo Alto, CA, USA) and the 2 1 ox108
concentration calculated using the equations of Jeffrey ar
Humphrey (1975). A tissue homogenate was prepared frol
these species for estimates of zooxanthellar pigments. TI
homogenate was obtained by removing all tissue with a
airbrush (modification of the Water—Pik method of Johanne
and Wiebe, 1970). The homogenate was centrifuged twice
seawater, at 150§ for 15min in order to separate the algae
from the host tissue. The zooxanthellae pellet was take
for pigment identification by high-performance liquid
chromatography (HPLC), using the reverse-phase HPL(Fig. 2. A 3-dimensional structure of the daily illumination
system after Yacobi et al. (1996). Pigments were identifie(uw nr2 nnt?) in the visible light spectrum (400-7@®n) measured
using ChromaScope (BarSpec, Israel), a spectral peak analyzat 5 m depth in Gulf of Eilat, Red Sea, in front of the Interuniversity
The pigments were identified by the spectral data of the pealnstitute for Marine Science. Measurements were conducted on a
separated by HPLC and their retention times, using the data cloudless day on February 14, 2001. The spectrum was scanned
Rowan (1989) and Jeffrey et al. (1997). Quantification O‘betwe_en 5:00 h and 18:30 h, with readings taken everyii3Qat
compounds represented by the peaks was obtained by injecti? "™ intervals.
of known concentrations of pigment into the HPLC system. Al
pigment concentrations presented here are the means \afries due to changes in the angle of the sun and the peak of
duplicate measurements. Individual measurements did npenetration at all wavelengths is during the midday hours.

Ilumination

Time gpy ™ o7:00

differ by more than 10% between the duplicates. Tentacles of Favia favulully contracted within 5—8nin
when exposed to low light intensities (10 and
Fluorometer measurements 30 pmol quanta n?sY) at wavelengths of 400-520n

A fast repetition rate fluorometer (FRRF) was positioned oifFig. 3A,B). At 10 mol quanta m? s (N=5) a significant
a tripod adjacent to the flow tank. FRRF measurements wedifference was found between the response time at
taken by aiming the instrument at a coral in the tank and00-520 nm and at 540-700 nm to elicit full tentacle
triggering the instrument. Measurements were made in the dackntraction (Fig. 3B; one-way analysis of variance, ANOVA,
on corals with expanded and contracted tentacles. The actitwllowed by the Student's-test; P<0.0005). Differences
spectrum for photosynthesis was obtained by FRRF taken witielated to response time of tentacle contraction were
corals illuminated by wavelengths of 400-4®. An also significant in F. favus colonies (N=5) at
illumination intensity of 1Qumol quanta n? s was obtained 30 pmol quanta n? s’ between wavelengths of 400-50t
using the Xenon lamp and monochromator. FRRFand >660 nm and the rest of the visible spectrum (540r&860
measurements involve a series of subsaturating ‘flashlets’ théig. 3A; one-way ANOVA followed by the Student's
cumulatively saturate PSII within ~108 (Falkowski and t-test, P=0.0016). Contraction occurred at wavelengths
Kolber, 1995; Kolber et al., 1998). The FRRF techniqgueof 660-700 nm when colonies were illuminated at
enables non-invasive and rapid measurement of maximuB0 pmol quanta n? s’1. Tentacle contraction at 540—6Ath
guantum yield of photochemistry in PSII (Fv/Fm, where Fv isvas very slow regardless of illumination intensity. Tentacles
variable fluorescence and Fm is maximum fluorescence) amtid not contract even after 30 min of illumination in some
the photosynthetic parameter Sigma, which is the cross sectigorals. Control colonies, which were not illuminated, remained
of PSII (opsi) (Kolber et al., 1998). fully expanded during all the experimentd=5, for each set

of experiments). Goniopora lobat&tylophora pistillataand
Cladopsammia gracilisdid not respond to light at any
Results wavelength.

Peak illumination at 5 m on a cloudless day occurred around Colonies ~ of  Plerogyra  sinuosa exposed to
noon, 12:00-13:00 h (Fig. 2). There was a small attenuati®0 pmol quanta n¥ s, contracted their tentacles at
(~20%) of the wavelengths >600 nm. There was neverthelessavelengths of 400-540m. A mean period of 1-{2in
a considerable penetration of all wavelengths between 400 arthpsed after exposure to light until the full response was
700 nm at 5 m depth. The distribution of underwater lighteached. This coral also responded to light of 8GO
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Fig. 3. Action spectra of tentacle contractionRavia favusand
Plerogyra sinuosafilled circles). Values are means sib., N=5.
(A) Comparison of the action spectrum of F. favtentacle

respectively) (Fig. 3A,B). In P. sinuosa, the correlation
between the spectral absorbancy of the zooxanthellae and the

contraction to the light spectrum absorbed by the zooxanthellae at %gtlon sPectrum Qf tentacle contraction was  significant
irradiance level of 30 mol quanta n? s (open squares) (Pearson’s Pearson’s (_:(_)rrelatlon, r:—0.86f37,<0.0001,N:3).
correlation, r=—0.7557, P<0.0007). (B) Comparison of the action ~ 1he addition of DCMU did not affect the tentacle
spectrum of F. favudentacle contraction to the light spectrum contraction response at any of the different wavelengths,
absorbed by the zooxanthellae at an irradiance level dfowever, it did block oxygen production. Tentacle contraction
10 umol quanta n¥ s (open squares) (Pearson's correlation,in the azooxanthellate coral Cladopsammia graddiig not
r=—0.8543,P<0.0001). (C) Comparison of the action spectrim ( occur in response to illumination at any wavelength, even with
vitro) of P. sinuosatentacle contraction to the light spectrum |ight intensities as high as 4@@nol quanta n? s, regardless
absorbed by the zooxanthellae at an irradiance Ievel_ obf wavelength. The spectral data of the separated peaks
30 ymol quanta st (open  squares) (Pearson's — correlation o\ ealed that most of the major pigments have considerable
r=-0.8667, P<0.0001, N=3). absorbance between 400-54f, with major peaks between
440-480 nm. The widest absorbancy spectral profiles belong
(Fig. 3C). Wavelengths of 400-5#40n had a significantly to the accessory carotenoid pigments, such as perdinin,
different effect from wavelengths of 560—700 nm (one-waydiatoxanthin and diadinoxanthin, which display blue/
ANOVA followed by the Student's-test; P<0.0001). blue—green absorption bands that partially overlap the
In the coral species that did respond to the light stimuli thehlorophyll absorption bands in that domain (Hy.
wavelengths that were most efficient in triggering the polyp Highest zooxanthellar densities were found in the tentacles
contraction were correlated with the in vitdsorption spectra of Goniopora lobata (1.78+0.584(F cells cm?). Lower
of their symbiotic algae (Pearson’s correlation, r=—0.8543¢densities were found in the tentacletdrogyra sinuosaNo
P<0.0001,N=5 and r=-0.75572<0.0007 N=5 for irradiance = zooxanthellae were found in the tentaclesFaivia favus
levels of 10 mol quanta n? s1and 30 mol quanta ¥ s,  or Stylophora pistillata (Table 1), although occasional

Table 1. Zooxanthellae densities in tentacle tissues and in total tissue for four coral species

Number of Cells in total coral tissue Cells in the tentacles Cells in tentacle/ Duncan
Coral species colonies (cells®® cnT?) (cellsxL(P cnT?) total cells grouping*
S. pistillata 4 0.93+0.07 0 0 B
F. favus 5 0.34+0.19 0 0 B
P. sinuosa 4 1.96+1.11 0.47+0.05 0.238 (o
G. lobata 4 3.25+0.93 1.78+0.58 0.547 A

Values are meanssn. (ANOVA, F(2,19754.59; Duncan grouping<0.0001).
*Duncan groupings with the same letter are not significantly different.
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zooxanthellae were seen when tentacles were ex. 0.60. A
under the microscope. The ratio of zooxanth 0'50
density in the tentacles to the density in the w =5~
coral was highest in G. lobat@able 1). Tentacle 8 040
were nearly devoid of algae in the ot L\EL 0.304
zooxanthellate species. T 0.20
The surface area of G. lobateas found to b 0.10
7.5+0.86 (mean s.0.) times higher when the poly 0 -
were expanded than when they were contra Expanded Contracted
Calculations of G. lobataurface area did not take ii B
account the trunk (which was not fully extendec 3501
the time) of the polyps, only their tentacle cro 3001
Measurements of the fluorescence paramete =
corals with expanded and contracted tentacles g 250,
the FRRF instrument in the dark clearly demonsti 2001
that minimum fluorescence (Fo), varia
fluorescence (Fv) and maximum fluorescence (Fr 150 .
increase when the tentacles are contracted in th Expanded Contracted
nocturnal corals F. favusnd P. sinuosa. In ¢ m Favia favus mPlerogyra sinuosa o Goniopora lobata @ Stylophora pistillata

pistillata andG. lobatano significant change in the
parameters was observed when the corals
manually touched in order to induce tent:
contraction. Of the photosynthetic parameters, F
did not change significantly when the polyps bec
contracted in any of the four zooxanthellate spe
(Fig. 5A). In F. favusind P. sinuosthe functional absorption apozooxanthellate conspecifics and in azooxanthellate species,
cross section of PSII &) was significantly lower in the as explained by higher extra-sensory information received
expanded than the contracted tentacles (t-t&st0.05, from the endosymbiotic algae. The term extra-sensory
d.f.=146), whereas irG. lobata and in S. pistillata these information in the sense used by these authors is interpreted by
changes were not significant (FBB). Measurements of the us as changes in photosynthetically induced chemical changes
action spectrum of photosynthesis showed that maximurm the coral’s cells. Exposure of the corals to DCMU [24n
chlorophyll fluorescence differences [related to the darkhe present study may have been too brief to cause any change
measurements FYFm'—Fv/Fm)/Fv/iFm, where B/Fm'is the
guantum yield] were highest in the blue zone. In all fo 0.8

Fig. 5. Photosynthetic characteristics of corals with expanded and contracted
tentacles (N=4 for each coral species). (A) The quantum vyield of
photochemistry in PSII (Fv/Fm). (B) The functional absorption cross section
for PSII (opsi). a.u., arbitrary units.

species the lowest values were recorded when corals \
illuminated with wavelengths of 540-620n (Fig. 6). 0.7
£ 06
>
Discussion L o5l
The response of Favia faviend Plerogyra sinuosdo E
illumination at different wavelengths is correlated to tl 0.4
absorption spectrum of their symbiotic zooxanthellae. Ther é 0.3
ample evidence that the action spectra of photosynth %
pigments are close to those of their absorption spectra (Kii é 0.2/ —e— F favus
et al., 1984). The decrease in the quantum yi&RY/Em") in o >~ S.pistillata
different photosynthesis action spectra, as measured in ' Ig%ﬁ:?:a
present study using FRRF, was also associated with 0 — : . . . . .
tentacle contraction behavior. This correlation may indic: 460 500 540 580 &0 660 700
that the tentacle contraction response of these corals Wavelength (nm)

mediated, at least indirectly, by the photosynthesis of it
symbionts. This correlation correqunds to the findings %0 nm) at an iradiance level of 1mpl quanta m? st on the
Lasker (1979) who showed that the diurnal morph colonies Cquantum yield of photochemistry in PSAR/Fm) related to dark

Montastrea cavernosafailed to expand when their measurements (Fv/Fm) in four coral species: Favia favus (filled
zooxanthellae were bleached or lost. Likewise Sawyer et &circles; N=3): Stylophora pistillata (open circles; N=3plerogyra

(1994), have shown that in sea anemones the neural respoisinuosa(filled triangles; N=3):Goniopora lobata(open triangles;
to light in zooxanthellate individuals is more intense than irN=3).

Fig. 6. Effect of the light spectrum (460-700 at intervals of
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in the behavior of tentacle contraction. Furthermore, the polypsontain  nematocysts have only small numbers of
may express an entrained circadian daytime expansion initiatedoxanthellae, indicate that the role of the vesicles is to harvest
in response to resident zooxanthellae, but capable for persistitight, similar to the tentacles of G. lobata, whereas the tentacles
for a few diel cycles after zoxanthellar cues were interruptedf P. sinuoségunction only for predation.

by DCMU, as suggested by Pearse (1974). Alternatively, since Expansion of tentacles with low zooxanthellae densities
DCMU does not block PSI (photosystem 1), but does blocknight lead to net energy loss, since expansion requires energy
oxygen production by PSII, it is possible that the host animglPearse, 1974; Robbins and Shick, 1980; Lasker, 1981). In
responds to some of the effects of the residual PSI activitgddition daytime expansion of tentacles with low numbers
such as energy charge or pH gradients. It is also possible thaft zooxanthellae may lead to an overall decrease in the
there is a low rate of photosynthetic electron transport iphotosynthetic rate, due to light scattering. Some
zooxanthellae even under moonlight, which can trigger a pHooxanthellate sea anemones contain two types of specialized
gradient across thylakoid membranes (Falkowski et al., 19849rgans: pseudotentacles, with a high concentration of
In the tentacles of Favia faviasd Stylophora pistillata, only zooxanthellae, and true tentacles with few or no algae. The
sparse algae were observed by light microscopy, and due pseudotentacles expand during daylight and are photosynthesis
their low numbers, attempts to quantify the density of thesactive. The true tentacles expand during the night and are used
zooxanthellae using a haemocytometer failed (Table 1). Wler zooplankton capture (Lewis, 1984; Sebens and Deriemer,
thus conclude that the number of zooxanthellde flavusand  1977; Pearse, 1974; Gladfelter, 1975). The chlahtastrea

S. pistillatatentacles is negligible. Therefore, the tentaculaicavernosa, which has two morphotypes, exhibits a similar
status in these corals hardly affects their photosynthetic ratetype of behavior; colonies containing a dense zooxanthellae
as was also confirmed by our FRRF measurementsg}iBy  population tend to remain open during the daytime, while
contrast, the far larger number of zooxanthellae in the tentacl@sorphotypes with sparse zooxanthellae expand only during the
of P. sinuosawas easily quantified by direct haemocytometemight (Lasker, 1977, 1979).

counting (Table 1). The density of algal cells in the tentacle We suggest that differences in algae density and their
compared to the total average density in the coral tissue wadsstribution within the tissue may lead to differences in the
much higher in G. lobatghan in the other three species of relative contribution of their energy sources. The relative
corals examined. The two species with low zooxanthellaemportance of autotrophy versuseterotrophy in a given
densities in their tentacles (F. favarsd P. sinuosa) remained species can be reflected in the diel behavioral patterns of
contracted during daylight, while the corals with hightentacle expansion and contraction. Levy et al. (2001) showed
zooxanthellae densities in their tentacles (G. lgpexpanded that polyps of Favia favusould be induced to expand under
their polyps diurnally (O. Levy, personal observation). Thehigh flow velocity and low—medium light (below the
different polyp architecture of P. sinuosad F. favusas compensation point), regardless of the presence of prey. Thus
opposed to G. lobatinplies that their tentacles have different in corals with a low density of zooxanthellae in their tentacles
roles. The finger-shaped tentacles of the two former speci¢isere is a hierarchy of responses, with light level and flow
function mainly for prey capture. They probably have little orspeed overruling the presence of prey. These results probably
no role in controlling the light available for photosynthesis ofdo not apply to corals that contain high algal densities in their
the zooxanthellae and are expanded only at night. By contraggntacles (such as G. lobata), which would benefit from
the flower-shaped tentacles of G. lobatdend during the day expansion whenever light levels are high. Crossland and
to absorb light, which is also reflected by the zooxanthellaBarnes (1977) claimed that polyp retraction Aeropora
density in the tentacular tissue. Wh@n lobatatentacles are acuminatacan be a way of avoiding light by self-shading. They
open, the colony tissue surface area increases approximatslyowed that the light saturation level and the compensation
7.5 times. This value was obtained without including the heighpoint were 25% higher when polyps were contracted than when
of the polyp stalk, which would further increase the colonythey were partially expanded. Similarly, when contracted,
surface area. Such a large increase in surface area duriXgniids completely stopped their oxygen evolution (Svoboda,
expansion supports the hypothesis that corals with a higt978).

zooxanthellae density in their tentacles will tend to stay FRRF measurements demonstrate that extended tentacles in
expanded during the daytime for efficient light absorptionnocturnal species scatter some of the radiation. Thus, less
resulting in more energy being transferred to the cdtal. excitation energy reaches the zooxanthellae. As a consequence,
sinuosacolonies consist of feeding tentacles and bulb-shapetthe efficiency of chlorophyll excitation decreases and
vesicles. The vesicles contain a large number of zooxanthellfleorescence is reduced (Fo, Fm)ps@ the functional
(5-15x10° cells cm?), but do not contain nematocysts. The absorption cross section of PSII, also decreases. The retraction
bulb-shaped vesicles expand during daytime, whereas tloé tentacles stimulated by specific wavelengths corresponding
tentacles that contain nematocysts expand during the night, ataithe algal radiation absorbance profile therefore enhances light
the vesicles increase in volume with depth, thus compensatif@rvesting, and thus increases photosynthetic performance. The
for the decrease in light availability (Vareschi and Frickejncrease in photosynthetic efficiency appears to proceed
1986). The absence of nematocysts in the vesicles with highithout any change in the efficiency at which the absorbed
zooxanthellae densities, and the finding that tentacles whiduanta are used, as indicated by the constancy of Fv/Fm, in
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