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Abstract. During the present study. the sea anemone Anemoniu suleata (Pennant) was collected from the 
Alexandria coast on the Mediterranean Sea. Numerous symbiont vacuoles were observed in the endoderm of 
sea anemone organisms. These endosymbioDts were identitied as Symbiodinium microudriatic:um Freudenthal 
and may be considered as a first record for the Egyptian fauna. Scanning and transmission electron microscopy 
studies were used to describe the ultrastructure of these symbiotic dinonagcl1ates. The ecological importance 
and symbiotic relationship of these zooxanthellae to the sea anemone are discussed. 

Introduction 

Symbiotic dinoflagellates tenned zooxanthellae are found in a variety of marine 
organisms, notably radioalarians, foraminiferans and ciliates among protozoans. 
Moreover, many invertebrate hosts (especially scleractinian corals, sea anemones, 
hydrozoans. Jellyfishes, acoel flatwonns and bivalve molluscs) are also symbiotic with 
zooxanthellae. Among zooxanthellate anemones, the intertidal actinian Anemonia 
sulcata (Pennant) is common along the east and west coasts of Alexandria on the 
Mediterranean Sea [I and 2], This anemone appears to prefer well illuminated habitats in 
shallow rocky shores, It extends its green and brown snaky tentacles fully in sun light as 
well as in artificial light. It seems that the symbiotic zooxanthellae are important for the 
activity and flourishing of the anemone host. 'The structure, taxonomy, phylogeny and 
symbiotic association of these endosymbiotic zooxanthellae were studied by several 
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authors [3-7; 8, pp.723-73I ; 9-14]. In the Egyptian fauna it is surprising that very little is 
known about these marine microorganisms. The present study deals with their 
fine-structure and identification. 

Materials and Methods 

Specimens of the sea anemone A. sulcata were collected from the Alexandria coast of 
the Mediterranean sea as shown in the map of Egypt (Fig. I). They were maintained in 
natural sea water aquaria in the laboratory. For transmission electron microscopy (TEM), 
excised tentacles were fixed in 3% glutaraldehyde in phosphate buffered salt solution 
(O.25M) at pH 7.3 for 12 hours at 4°C. They were post-fixed in I % osmium tetroxide in 
the same buffer for 2-5 hours. They were stained in uranyl acetate and lead citrate and 
examined with Philips transmission electron microscope model 20 I at the Electron 
Microscopy Center, Ain Shams University. 
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Fig. I. A map of Egypt showing the geographical position of Alexandria, the site of collection of sea 
anernons used in the present stud)'. 
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For scanning electron microscopy (SEM), anemone tissues were fixed as mentioned 
above and dehydrated in a graded series of ethanol solutions (50%, 70%, 80%, 90% and 
two changes of absolute ethanol) for 30 min at each step. The samples were mounted on 
aluminium stubs, critical-point dried with liquid CO2 followed by sputter-coating with 
gold-palladium. They were examined with an Amray scanning electron microscope 
model 1200 B at the Electron Microscopy Center, Tanta University. 

Results and Discussion 

Transmission electron microscopy 
The endodenn of A. sulcata contains symbiotic dinoflagellate cells as spherical or oval 

cysts within vacuoles (Fig. 2). These endosymbiotic microorganisms range from 9.5 to 
11.2 11m in diameter. Transmission electron microscopy shows that the endodennal 
epithelial cells are heavily vacuolated with numerous intercellular spaces. The 
zooxanthellae are separated from the endodennal epithelial cells of their host by a 
periplast or zooxanthella membrane (about 0.48 11m in thickness). The interior of each 
zooxanthella is lined by a large multilobed chloroplast at the periphery (Fig. 3). Their 
lamellae appear as bands traversing their entire length. The width of the chloroplast 
lamellae ranges from 1.7 to 2.4 11m. 

In these symbiotic zooxanthellae, the pyrenoid is spherical or club-shaped. It is 
usually attached to the inner surface of the chloroplast by a short stem and is surrounded 
by a starch sheath (Fig. 4). The nucleus of these microorganisms is oval (4-5.6 11m in 
diameter) and contains a small nucleous. The chromosomes (Fig. 3) are elongated in 
shape and randomly distributed in the nucleoplasm. The zooxanthella cell also contains 
mitochondria, accumulation bodies and vacuoles containing crystals (Figs. 3 & 5). The 
mitochondrion is oval (1.6 11m in diameter) with tubular or microvilli-like cristae and is 
found in different positions within the cell. The accumulation bodies occupy a large 
portion of the cell's interior. Vacuoles containing crystals are observed at the periphery 
of the cell and are easily recognized by the rectangular shape crystals in a large vacuole 
(Fig. 5). These crystals are similar in shape to the calcium oxalate crystals described by 
Taylor [6]. 

Identification of zooxanthellae 
The ultrastructure of these symbotic dinoflagellates indicates that they belong to 

Symbiodinium microadriaticum [4]. Recently, a classification of living dinoflagellates has 
been presented by [13]. The dinoflagellates belong to different genera, families and 
orders. Among the genera, Symbiodinium is common and includes several species. The 
genus Symbiodinium was placed in the Family Symbiodiniaceae and order Suessiales [13]. 

Symbiodinium microadriaticum. the symbiont from A. sulcata. was reported in other 
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Fig. 2. Transmission electron micrograph of endodcrmal cells of the sea anemone ancmonia sulcata 
showing the symbiotic zooxanthellae Symbiodinium microadrialicum (x3,600). E.C., endoderm cells; M., 
mesoglca; Z., zooxanthella. 
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tig. 3. Transmission electron micrograph of a symbiotic zooxanthelJa showing the appearance of 
condensed chromosomes in the nucleus and multilobcd chloroplast (X 13,000). A.B., accumulation body; 
A.M., anemone membrane; C., chromosomes; Ch., chloroplast; Ch.L., chloroplast lamellae; Mi .• 
mitochondrion; N., nucleus; Nu., nucleolus; p. , pyrenoidj S.S .• starch sheath; Z.M., zooxanthella 
memhrane. 
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Fig. 4. Transmission electron micrograph of a zooxanthella in the endoderm of the anemone tentacle 
showing a pyrenoid (stored carbohydrate) projecting into a starch sheath and chloroplast lamellae at the 
periphery (XI3,OOO). A.M., anemone membrane; Ch.L., chloroplast lamellae; E.C., endoderm cells; P., 
pyrenoid; 8.S., starch sheath; Z., zooxanlhclla. 

c.o.c. 5.5. 
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Fig. 5. 1 ransmission electron micrograph of endosymbiotic zooxanthella showing increase of vacuole 
containing crystals (calcium oxalate crystals) and decrease or pyrenoid inside starch sheath (X13,OOO). 
A.M., anemone membrane; Ch.L., chloroplast lamellae; C.O.C., calcium oxalate crystals; 5.S., starch 
sheath. 
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anemones such as Aiptasia pallida [9]. jellyfishes as Cassiopeia xal1lachana and C. 

jrondosa [15,16] and some nudibranchs [17]. Furthermore, other species of the genus 
SYl1lbiodiniul1l were recorded in symbiotic onidarians. The tropical sea anemone 
Aiptasia pulchella harbours zooxanthellae belonging to SYl1lbiodiniul1l pulchrorul1l [14]. 

The dinoflagellate SYl1lbiodiniul1l cariborul1l is the symbiont from the sea anemone 
Condylactis gigantea [12]. SYl1lbiodiniul1l l1leandrinae is associated with the 
scleractinian coral Meandrina l1leandrites [14]. The Hawaiian stony coral Montipora 

verrucosa harbors Symbiodinium-like dinoflagellates [18J. 
Moreover, other genera of dinoflagellates were identified in symbiotic onidarians. The 

dinoflagellate Gloeodiniul1l visCUI1l is associated with the hydrocoral Mil/epora 

dichotol1la from the Gulf of Aqaba. In addition, Scrippsiella velellae is the symbiont 
from the hydrozoan chondorophore Velella velella from the Pacific [12]. 

Degenerate zooxanthellae 
The ultrastructure of some zooxanthellae cells, inhabiting the tentacles of the sea 

anemone A. suicata, showed several signs of degeneration as shown in Figs. 2 and 4. 
These signs appeared in the thickening of the outer periplast, increase in the amount of 
stored crystals, enlargement of the accumulation bodies and decrease in the stored 
carbohydrate (starch). It has been stated [6,19] that the waste products of the algae are 
aggregated in the accumulation bodies and calcium oxalate vacuoles: In addition, these 
degenerate symbionts of tentacles continue to accumulate wastes and finally reach a 
phase of aging leading to death. These degenerate cells are transported to the anemone 
mesenteries for excretion [6]. 

On the other hand, Steen and Muscatine [20] observed the discharge of degenerate 
symbionts from the coelenteron of the sea anemone Aiptasia pulchella as individual cells 
or as pellets of cells in mucous substance. Some of these zooxanthellae were in various 
stages of disintegration. Similarly, our observations during rearing of the sea anemones 
in the aquarium suggest that discharged zooxanthellae are expelled from the mouth 
opening through a mucous material. In fact, it seems that the mesenteries of the sea 
anemone A. sulcata perform an excretory function, in addition to the known digestive 
function. 

Scanning electron microscopy 
Scanning electron microscopy shows the appearance of a zooxanthella among long 

finger like evaginations (kinocilia). These microappendages cover the ectodermal 
surface of the tentacles (Fig. 6). The function of these cellular microappendages is to 
create endogenous water currents in and out of the coelenteron [21]. It is probable that 
they aid in the movement of materials (e.g. mucus and symbionts) across the epithelial 
surface. Furthermore, a scanning electron microscopic examination demonstrates that the 
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Fig. 6. Scanning electron micrograph showing a 
zooxanthella among cellular microappcndages 
(kinocilia) on the eClodermal .urface of the 
tentacle of A. sulcala (X5,OOO). M ie., 
microappendagcs; Z., Looxanthclla. 

Fi~. R. Scanning electron micro~raph showing 
enlarged loo.anthella (X9,OOO), Z., loosanthella. 

Fig. 7. Scanning electron micrograph showing 
the abundance of looxanthclac within 
endodermal cells of tentacles (X3,OOO). F., 
Oagella; Z., zooxanthella. 

Fig. 9. Scanning electron micrograph sho"ing 
the presence of some looxanthclac on the outer 
\urface of mesenleries (XI,OOO). Me .• 
mesenteries; Z., zooxanthclla. 
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zooxanthellae reach the endodermal cells of tentacles in high numbers and some of them 
showing flagella (Figs. 7 and 8). Also, other symbionts are detected on the surface of the 
anemone mesenteries (Fig. 9). 

Symbiotic significance 
The sea anemone A. sulcata collected from Egyptian water was never found without its 

algal partner Symbiodinium microadriaticum which may suggest that the symbiosis here 
is obligatory and not facultative. The significance of this relationship between 
zooxanthellae and onidarians, especially sea anemones, was mentioned by several authors 
[6, IO and 22). The partnership involves transfer to the anemone host of energy, organic 
carbon, oxygen and probably organic nitrogen and even phosphorus and sulphur 
compounds in products released by the symbionts. The symbiont may gain carbon 
dioxide, inorganic nitrogen, phosphate and sulphur compounds, shelter and sometimes 
vitamins from the host [23]. Zooxanthellae excrete glycerol, glucose and organic acids, 
among other compounds, and up to 80% of the carbon fixed by zooxanthellae may be 
released as maltose with smaller amounts of alanine and glycollic acid [24]. However 
Muscantine [5] stated that the algal pyhotosynthetic product, glycerol, is easily 
transported outside zooxanthellae to the benefit of the host. In spite of this, the anemone 
cannot replace its main habit of nourishment as a carnivorous animal. 

Acknowledgement. I am indebted to Dr. Ama!" A. Saief, Zoology Department, Faculty of 
Science, Tanta University and Dr. Elham A. Saief, Ain Shams Electron Microscopy 
Center, for their valuable discussions, facilities and help in operating the transmission 
electron microscope. 

References 

[II Ghobashy, A.F .. Abdel-Hamid, M.E. and Shoukr, F.A. "Sea Anemones in Alexandria Water." Bul/. 
Fae. Sci. Assiut Uni" .. 8 (1979).77-98. 

[2] Shoukr, F.A, "A Field Guide to Identification of Egyptian Members of Actiniaria." Bull. Foe. Sci. 
ZaKazig Uni,· .. 6 (1984).683-703. 

[3] Smith. H.G. "The Significance of the Relationship Between Actinians and Zooxanthellae'" J. Exp. 
Bini .. 16 (1939),334-345. 

[4] Freudenthal, RD. "Symhiodinium gen. nov. and S. miuoadriaricum sp. nov. a Zooxanthella: 
Taxonomy. Life Cycle. and Morphology." J. Protn,ool .. 9 (1962),45-52. 

[5] Muscatine, L. "Glycerol Excretion by Symbiotic Algae from Corals and Tridacna. and its Control by 
the Host." Science. 156 (1967).516-519. 

[6] Taylor, D.L "In Situ Studies on the Cytochemistry and Ultrastructure of a Symbio!ic Marine 
Dinoflagellate." J. Mar. Bioi. A.\s.. U.K .. 48 (1968),349-366. 

[71 Blank, R.J. and Trench, R.K. "Nomenclature of Endosymbiotic Dinoflagellates." TiLtoll. 35 
( 1986).286-294. 

[8] Taylor. FJ.R. "Taxonomy and Classification." In: Taylor. EJ.R. (Ed.). Botanical Monographs, Vol. 
21 st. The Bi%XY (~rDil1(~flagellaleJ. Oxford: Blackwell Scicmific Puhlications. 1987. 



Ultrastructure of the Endosymbiont ..... 33 

[9] Palincsar. J.S .. Jones. W.R. and Palinsesar. E.E. "Effects of Isolation of the Endosymbiont 
Symhiodinium microadriaticum (Dinophyceae) from its Host Aiplusia pulfida (Anthozoa) on Cell Wall 
Ultrastructure and Mitotic Rate:' TraIlS. Am. Microc. Soc.. 107 (1988). 53·66. 

[10] Shick, 1.M. "Diffusion Limitation and Hyperoxic Enhancement of Oxygen Consumption in 
Zooxanthellate Sea Anemones. Zoanthids and Corals:' Bioi. Bull .. 179 (1990).148·158. 

[II] Rowan. R. "Molecular Systematics of Symbiotic Algae." J. Phycol .. 27 (1991 ).661-666. 
112J Banaszak. A.T .. Iglesias-Prieto. R. and Trench, R.K. "Scrippsiella .. elellac sp. nov. (Peridiniales) and 

G/ot:odinium viscum sp. nov. (Phytodiniales), Dinoflagellate Symbionts of Two Hydrozoans 
(Cnidaria)." J. Phycol., 29 (1993),517-528. 

[13] Fensome, R.A .• Taylor. F.J .• Norris. G .. Sarjeant. W.A .• Wharton, D.1. and Williams. G.L. "A 
Classification of Living and Fossil Dinoflagellates." Micropaleontology Press Special Puhl., No.7 (1993). 

[14] McNally, K.L.. Govind. N.S: Thome, P.E. and Trench. R.K. "Small-subunit Ribosomal DNA 
Sequence Analyses and a Reconstruction of the Inferred Phylogeny among Symbiotic Dinoflagellates 
(Pyrrophyta)." J. Phycol .. 30 (1994).316-329. 

[15] Fitt, W.K. and Trench, R.K. "Endocytosis of the Symbiotic Dinoflagellate Symbiodinium 
microadriaricum Freudenthal by Endodennal Cells of the Scyphistomae of Cussiopea xamadwnu and 
Resistance of the Algae to Host Digestion." J. Cell. Sci .. 64 (1983),195·2 J 2. 

[161 Trench, R.K. and Blank, R.J. "Symbiodinium microadriaticum Freudenthal, S. Koreauii, sp. nov., S. 
kQ\,,'agutti, sp. nov., and S. pi/mourn. sp. nov.,: Gymnodinioid DinoflagellaLe Symbionts of Marine 
Invertebrates." J.Phycoi .. 23 ( I 987}.469-48I. 

[17] Kempf, S.c. "Symbioses between the Zooxanthella Symbiodinium (-Gymnodinium) microadriuricum 
(Freudenthal) and Four Species of Nudibranch." BioI. Bull .. 166 (1984).110-126. 

r 18] Blank, R.I. "Cell Architecture of the Dinoflagellate Symbiodinium sp. Inhabiting the Hawaiian Stony 
Coral Montipora verrueosa." Mar. BioI. (Ber/), 94 (1987).143-155. 

[19] Taylor, D.L. "On the Regulation and Maintenance of Algal Numbers in Zooxanthellae·coelenterate 
Symbiosis, with a Note on the Nutritional Relationship in Anemoni" sulcata." J. Mar. Biot. As.\'. U.K. 
49 (1969).1057-1065. 

[201 Steen, R.G. and Muscatine, L. "Low Temperature Evokes Rapid Exocytosis of Symbiotic Algae by a 
Sea Anemone." Bioi. Bull .. 172 (1987).246-263. 

[21) Eppard, R.A., Highison, G.I. and Mead, R.W. "Scanning Electron Microscopy of Epithelial Surfaces of 
the Sea Anemone Acontiophorum niveum (Phylum Cnidaria: Class Anthozoa)." 1. Morph .. 200 
(1989).63-69. 

[22] Sulton. D.C. and Hoegh·Guldberg. O. "Host Zooxanthella Interactions in Four Temperature Marine 
Invertebrate Symbioses: Assessment of Effect of Host Extracts on Symbionts." Bioi. Bull .. 178 
( /990).175-186. 

[23 J Smith, D.C. "The Role of Nutrient Exchange in Recognition between Symbionts." Berichte der 
Deutschen Botanishcen Gesellschaft. 94 (1981).5 17-528. 

[24J Sleigh, M.A. "Protozoa and Other Protists." London: Edward Arnold. 1989. 



34 Fayez A.M. Shoukr 

r "s;;~~tJ~ r ~~ J •. ' 0 • ~'J.l' Jil<o ,II ~J.l' ~ .rl' 
~, ~L....:.I' J'\.U ~t J 

:.r II L; lS:J r t,,;.,....,,; 1)) u-J I c? .;J I Cl L....J I Jlli...!. -::., ~ c::i- u)J.J I oJ." .j (-..;..,...,II ~ 

(Jl>..:l.I) .:uUI JJ.?J)l1 '-:"' ~ J..P~ ..... I)J.JI -::., ~1 . .J.....,'pi ~I..? ~J~ ~I'C>I""':' 

Jll.i...:.J i)' JJ>)l1 ¥ .j ~ I '-\:.>-J d:J l5 ..? ~ ~ .;J I ;".tJ ts::.J I uI y.-..AJ I 0-"' ..l;..w I , y:-J 

'i ~I..;J,lJ~ i~' ~ u-JI ,)1 ~ .;JIJ ;".tJts::.J1 d:Jts:J1 oJ." '-'-!r:; {" J . ClL....J1 

il..G..::....~ -::.,l.:.:lS:J1 o~ J.:,9J.J1 ~.rJ1 .......... J "( W" . ~..,..aJ.1 ~..,All J! i..l;~ ;.;w.!..!.lJ) y:::....,.J 

o¥ ;;.,.uLS:.::JIJ ':)1 ~\l1 ~I ~l::J ,.:uUIJ ~I ~.f-! JJ.?J)l1 '-:"' ~J"pi 
II'· '>- .11 • <..S. . J.J' 


