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Abstract: Relationship among symbiotic dinoflagellates of the genus Symbiodinium derived 
from seven different host species has been studied by means of DNA/DNA hybridization. 
DNA homologies range from about 70 to 30%D. Highest homology is regarded as sub- 
specific level. Based on the characteristics of DNA and phenotypes, Symbiodinium mi- 
croadriaticum subsp, microadriaticum is separated from Symbiodinium microadriaticum 
subsp, condylactis. Lowest homology occurs at the methodical background, and is similar 
to that obtained with DNA of algae belonging to different classes. The data are in excellent 
agreement with DNA base composition, karyotypes, and morpohological as well as bio- 
chemical markers, emphasizing speciation among these gymnodinioid zooxanthellae. 

Gymnodinioid zooxanthellae are endosymbionts of a wide variety of marine pro- 
tozoans and invertebrates, including jellyfish, sea anemones, zoanthids, scleractinian 
and soft corals, sea slugs, and clams (see TAYLOR 1974). Until the recent re- 
description of Symbiodinium FREUDENTHAL emend. TRENCH d~; BLANK (Dinophy- 
ceae, Gyrnnodiniales, Gymnodiniaceae; TRENCH & BLANK 1987), S. microadriaticum 
was customarily regarded as representing a single, pandemic species of symbiotic 
dinoflagellate, variously referred to it by synonyms (for review, see BLANK & 
TRENCH 1986). 

The recently emended description of the type species, S. microadriaticum FREU- 
DENTHAL emend. TRENCh & BLANK, inhabiting Caribbean jellyfishes of the genus 
Cassiopea (FREUDENTHAL 1962), was attended with introduction of three new 
species (TRENCH & BLANK 1987): S. goreauii TRENCh & BLANK, symbiont of the 
Caribbean sea anemone Ragactis lucida; S. kawagutii TRENCh & BLANK, ZOO- 
xanthella of the Hawaiian stony coral Montipora verrucosa; and S. pilosum TRENCh 

BLANK, symbiotic dinoflagellate of the Caribbean zoanthid Zoanthus sociatus. 
Although species separation was mainly based on karyotypes, morphology, and 
biochemical markers, it has been well documented by means of high performance 

* Dedicated to Dr ROBERT K. TRENCH, Professor of Biology and Geology, University 
of California at Santa Barbara, whose work initiated recognition of speciation in zoo- 
xanthellae. 
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liquid chromatography that DNA base compositions are also different (BLANK & 
al. 1987). 

This study has been performed to further advance the classification of taxa 
comprised within the genus Symbiodinium. The results from DNA/DNA hybrid- 
izations are compared with data on base composition of DNA, karyotypes, and 
phenotypic expression. On the basis of DNA characteristics and morphological 
characterizations as well as biochemical criteria, two subspecies of S. microadria- 
ticum are separated. 

Materials and methods 
Origin of algae and culture conditions. The taxa of Symbiodinium (Dinophyceae) employed 
in this study were derived from seven different host species: the jellyfish Cassiopea xamachana 
(Scyphozoa), the sea anemones Aiptasia tagetes (Anthozoa) and Condylactis gigantea (An- 
thozoa), and the zoanthid Zoanthus sociatus (Anthozoa), all collected from Caribbean waters; 
the sea anemone Aiptasia pulchella (Anthozoa) and the scleractinian coral Montipora ver- 
rucosa (Anthozoa), both from Hawaii; and the giant clam Tridacna maxima (Bivalvia), 
collected off Palau. The coccolithophoridean alga Ochrosphaera neapolitana (Haptophyceae; 
identified by C. BILLARD, University of Caen, France) and the type strain of Chlorella 
sorokiniana (Chlorophyceae; SAG 211-8 k) served as controls. Stock cultures of symbiotic 
dinoflagellates and O. neapolitana were provided by R. K. TRENCH, University of California 
at Santa Barbara, U.S.A., and were maintained as described by BLANK (1987). Conditions 
for mass cultures were reported by BLANK & al. (1988). C. sorokiniana, originally obtained 
from the Collection of Algae G6ttingen, Federal Republic of Germany, was provided by 
E. KESSLER, University of Erlangen-N/irnberg, Federal Republic of Germany, and was 
cultured as described by Huss & al. (1986). 

DNA preparation and hybridization teehniques. Extraction and purification of DNA 
from zooxanthellae has been described by BLANK & al. (1987). DNA labelling was after 
Huss & al. (1986) by means of nick translation with deoxy-(l',2',5'-3H)-cytidine triphos- 
phate. DNA/DNA hybridizations were carried out on membrane filters (MEYER & SCHLEI- 
FER 1978), using triple-concentrated standard saline citrate (3.SSC) supplemented with 
formamide. DNA reassociation was performed for 90 h under optimal conditions (25°C 
below the temperature at midpoint of hyperchromic shift, TM), according to the method 
employed for Chlorella (Hvss & al. 1987a). 

Electron microseopy and three-dimensional analyses. The symbionts of Cassiopea xama- 
chana and Condylactis gigantea were fixed for electron microscopy in either osmium te- 
troxide buffered by artificial sea water that was supplemented with tris-(hydroxymethyl)- 
aminomethane as described by BLANK & TRENCH (1985 a), or in collidine-buffered glu- 
taraldehyde followed by osmium tetroxide plus potassium ferricyanide as outlined by 
GAFFAL (1987). Schedules of embedding, sectioning, and three-dimensional reconstruction 
were according to the techniques reported (see BLANK 1987). 

Results and discussion 

DNA homologies. DNA/DNA hybridizations yield considerable differences in de- 
grees of binding among the DNAs of different zooxanthellae (Table 1). By com- 
paring the extremes, the maximum obtained at 83% D is contrasted with a strikingly 
low minimum of only 14% D. This is already within the background of the technique 
employed, as can be assessed by homology levels with haptophycean and green 
algal DNA. 

Heterogeneity of DNA from the dinoflagellates inhabiting different hosts is well 
illustrated by the average linkage dendrogram shown in Fig. 1. The symbionts 



Symbiodinium - D N A  and speciation 155 

Table  1. Degree of  b ind ing  (% D) in D N A / D N A  hybridizat ions of Symbiodinium taxa 

under  opt imal  condi t ions  with D N A  from Ochrosphaera neapolitana and Chlorella soro- 

kiniana employed for background  identification,  a Symbiodinium microadriaticum FREU- 
I~ZNa'I4AL emend. TRENCH & BLANK subsp, microadriaticum; b Symbiodinium microadria- 
ticum subsp, condylactis BLANK & HUSS; -- da ta  no t  determined 

% D  

Origin of Origin of 3H-labelled DNA 

filter- S. micro- S. micro- S. pi- Symbio- Symbio- Symbio- S. ka- O. nea- C. soro- 
bound 

adriaticum adriaticum losum dinium sp. dinium sp. dinium sp. wagutii politana kiniana 
DNA 

from C. xa- from C. from Z. from T. from A. from A. from M. control control 
machana a gigantea b sociatus maxima pulchella tagetes verrucosa taxon taxon 

S. micro- 100 83 46 46 29 18 31 37 20 
adriaticum 
from C. xa- 
machana a 

S. micro- 65 100 48 40 23 16 28 32 - 
adriaticum 
from C. 
gigantea b 

S. pi- 27 32 100 29 20 14 24 25 13 
losum 
from Z. 
sociatus 

Symbio- 47 52 50 100 24 16 27 37 15 
dinium sp. 
from T. 
maxima 

Symbio- 30 - 40 - 100 42 33 - - 
dinium sp. 
from A, 
pulchella 

Symbio- 37 43 49 37 60 100 35 25 14 
dinium sp. 
from A. 
tagetes 

S. ka- 35 37 43 34 30 20 100 25 14 
wagutii 
from M. 
verrucosa 

O. nea- 28 34 36 33 21 13 26 100 25 
politana 
control 
taxon 

C. soro- 25 30 40 31 10 9 17 14 100 
kiniana 
control 
taxon 
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Fig. 1. Average linkage dendrogram of Symbiodinium taxa based on DNA/DNA hybrid- 
izations. All data derived from Table 1, DNA from Ochrosphaera neapolitana and Chlorella 
sorokiniana indicating level of background, a Symbiodinium microadriaticum subsp, mi- 
croadriaticum, b Symbiodinium microadriaticum subsp, condylactis 

under investigation can be arranged in four DNA homology groups. The first group 
contains the type species isolated from C. xamachana and the taxon inhabiting C. 
gigantea. These zooxanthellae are highly related at a level of about 70% D and fall 
well within the range regarded as comprising taxa within the rank of a species. 
The other groups contain much less related dinoflagellates. Their DNA homologies 
drop down to below 40% D, indicating relationships beyond the species level. There 
is still some moderate relationship within the group of algae harboured by C. 
xamachana, C. gigantea, Z. sociatus, and T. maxima, and within the group con- 
taining the algae from A. pulchella and A. tagetes, respectively. However, no sig- 
nificant DNA homology exists among these two groups or between these groups 
and the symbionts of M. verrucosa, as is indicated by the level shared with DNA 
from O. neapolitana. 

It should be pointed out at this junction that we used whole-cell DNA in all 
cases. Compared to the quantity of nuclear DNA, however, both plastidial and 
mitochondrial DNA are present in very small percentages. Chloroplast DNA of 
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S. microadriaticum isolated from C. xamachana represents less than 2% of total 
DNA (BLANK & al. 1987); the amount of mitochondrial DNA is assumed to be 
negligible (Huss & al. 1986). Hybridization analyses in Chlorella demonstrated that 
homology rates are not influenced when plastidial DNA has been removed (V. A. 
R. Huss, unpubl.). 

The presence of appreciable amounts of repeated classes in nuclear DNA is 
customarily thought to prevent overall comparison of the genomes, since initial 
reassociation would largely occur with these redundant sequences. In dinoflagel- 
lates, repetitive sequences have been reported to represent more than half of total 
DNA in the Crypthecodinium cohnii complex of species (ALLEN & al. 1975). Pre- 
liminary results obtained from cotl/2 analyses with DNA from S. microadriaticum 
inhabiting C. xamachana suggest that somewhat smaller percentages are present 
in our organisms. However, we have to assume quantities of at least 20%, rep- 
resented by at least four different classes of repeated DNA. The resulting genome 
size of this taxon, calculated from cotl/2 with DNA from Escherichia coli used as 
standard, is certainly larger than 2.108 base pairs, corresponding to a genome size 
of at least 50 times larger than that of E. coli. 

But again, preliminary data of hybridization analyses performed with whole- 
cell DNA from Chlorella, that contained repeated DNA, and with preparations 
exclusively containing unique sequences indicate that homology rates are similar 
regardless of what kind of DNA was employed (R. DORR, unpubl.). Analogous 
results have been reported for other organisms as, for example, Vigna, which 
contains also high amounts of repeated sequences (RANADE • al. 1985), or Triticum, 
which comprises polyploid strains (THoMPsoN & NATH 1986). We believe that this 
phenomenon bears general taxonomic value in a phylogenetic sense. Based on our 
studies, taxa of biochemically, morphologically, and physiologically more hetero- 
geneous character show rather low DNA homologies, whereas high homologies 
are obtained with algae that resemble each other in these criteria. These findings 
are corroborated by the results of FLAVELL & al. (1979) who hint at the fact that 
the magnitude of DNA differences in repeated sequences is related to the extent 
of evolutionary divergence that has occurred between the species. 

Our data are therefore regarded as conclusive evidence and ultimate proof of 
speciation in gymnodinioid zooxanthellae, to definitively close this matter of dis- 
cussion. Entering further investigations associated with the general questions on 
origin and evolution of zooxanthellae would be by rRNA sequencing, which is, 
however, underlain by a different tenor. 

DNA and phenotypes. We have reported in a companion study (BLANK & al. 
1987), that all dinoflagellates under investigation possess six DNA bases, with 5- 
methylcytosine and 5-hydroxymethyluracil replacing parts of cytosine and thymine, 
respectively. It has been demonstrated that none of the algae employed in that 
study has an identical DNA composition, when the percentages of guanine plus 
cytosine plus methylcytosine (actual G + C) and the replacements with modified 
bases are taken into joint consideratioon. Highest degree of similarity in DNA 
characteristics has been obtained for the dinoflagellates inhabiting Cassiopea xam- 
achana and Condylactis gigantea (BLANK & al. 1987). The same tendency is now 
established again on the basis of DNA/DNA hybridization, yielding DNA ho- 
mology at a level of 70% D between the algae harboured by these hosts, while 
intrinsic differences exist among zooxanthellae isolated from the others. 



Table  2. M a i n  character is t ics  o f  Symbiod in ium species and  subspecies,  a Symbiod in ium 

microadr ia t icum FREUDENTHAL emend.  TRENCH & BLANK subsp,  microadria t icum;  

epicone and  hypocone ;  e excerpted  f rom BLANK & al. (1987); f t rue girdle lamel la  present  
& BLANK (1987) except  where  indicated;  a ca lcula ted  by  l e n g t h . w i d t h . w i d t h  each for  
epicone and  hypocone ;  e excerpted  f rom BLANK & al. (1987); f t rue girdle lamel la  present  
except  tha t  py reno id  is no t  del imited;  g see BLANK (1986); h after  CHANO & TRENCU (1982) 

Characters S. micro- S. micro- S. pi- S. ka- S. go- 
adriaticum adriaticum losum wagutii reauii 
from C. xa- from C. from Z. from M. from R. 
machana a,c gigantea b sociatus c verrucosa c lucida ° 

Coceoid cells 

Average diameter (gm) 
Surface in culture 

8 - 1 1  8 - 1 2  9 - 1 3  6 - 1 1  9 - 1 3  
smooth smooth tufted smooth smooth 

Flagellate cells 

Total length (gm) 6 - 7 6 -  7 
Ratio of epicone to hypocone d 1.2 1.2 

Nuclear features 

Percentage of cell occupied 9.3 + 2.5 14.0 4- 3.2 
by nucleus (vol %) (n = 4) (n = 3) 

Percentage of nuclus occupied 14.4 4- 2.3 11.8 4- 2.4 
by chromosomes (vol %) (n = 6) (n = 3) 

Volume of chromosomes 
in G1 phase (l.tm 3) 

in G2 phase (gin 3) 

Number of chromosomes 

Percentage of guanine + 
cytosine + methylcyto- 
sine (mol %)e 

Ratio of cytosine 23.5 21.3 
to methylcytosine e 

Ratio of thymine 1.1 1.1 
to hydroxymethyluracil c 

Plastidiai features 

Percentage of cell occupied 22.2 4- 2.8 18.3 + 2.5 
by chloroplast (vol %) (n = 3) (n = 3) 

Number of chloroplasts 1 1 
Number of pyrenoid stalks 2 2 
Thylakoid arrangement parallel parallel 

Carboxysomes g rare 

7 - 8  4 - 6  6 - 8  
1.7 2.2 2.1 

6.54-0.3 9.6±2.3 9.64-1.2 
(n = 2) (n = 2) (n = 2) 
16.44-1.5 43.64-3.7 29.44-1.6 
(n = 8) (n = 6) (n = 3) 

0.8 0.9 2.44-0.3 1.7+0.1 4.64-0.1 
(n = 6) (n = 1) (n = 6) (n = 5) (n = 2) 

1.64-0.1 1.74-0.1 4.54-0.2 3.2 7.8 
(n = 6) (n = 2) (n = 6) (n = 1) (n = 1) 
974-2 98+2  78+2 26 744-2 
(n = 6) (n = 3) (n = 6) (n = 3) (n = 3) 
50.5 50.0 49.0 46.4 not 

analyzed 

Percentage 33.8 
of guanine+ cytosine (mol%) e 

Number of isoelectric forms of 5 
peridinin-chlorophylla-proteins 

pH of major isoelectric forms of acidic acidic 
peridinin-chlorophylla-proteins 

Mitochondrial features 

Percentage of cell occupied 1.5 -4- 0.2 5.0 4- 2.3 
by mitochondria (vol %) (n = 3) (n = 3) 

Number of mitochondria 1 - 5 1 

13.0 10.3 not 
analyzed 

1.1 4.3 not 
analyzed 

36.1+3.4 35.84-2.4 18.5-t-4.5 
(n = 3) (n = 3) (n = 3) 

1 1 5 
2 2 3 

parallel and parallel parallel 
peripheral f,g 

not rare frequent not 
detected detected 
not not not not 
analyzed analyzed analyzed analyzed 

8 h 5 11 4 

basic acidic acidic 

1.3-t-0.1 5.14-1.0 2.84-0.5 
(n = 3) (n = 3) (n = 3) 
1 - 5  1 - 8  1 
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The algae from C. gigantea were not yet analyzed in previous studies on karyo- 
types and micromorphology of symbiotic dinoflagellates (BLANK & TRENCH 
1985 a, b; BLANK 1986, 1987) and have not been included in the recent descriptions 
of Symbiodinium spp. (see TRENCH & BLANK 1987). We have therefore performed 
further three-dimensional reconstructions on the basis of electron microscopy of 
ultrathin serial sections in order to reveal in detail patterns of similarity between 
this taxon and the species which are already established. 

Table 2 shows the main characteristics of these zooxanthellae. By comparing 
the data presented for the type species S. microadriaticum symbiotic with C. xama- 
chana and C. frondosa, S. pilosum harboured by Z. sociatus, S. kawagutii isolated 
from M. verrucosa, and S. goreauii inhabiting R. lucida, it is dear, that morpho- 
logical and biochemical characteristics indicate different taxa at least on the species 
level. All the differences expressed in different phenotypes of algae are compatible 
with their karyotypes, reflected in different DNA base compositions. Depending 
on the characters preferred by individual taste, S. pilosum may seem to be most 
dissimilar to the type species because of the girdle lamellae surrounding its chlo- 
roplast (BLANK 1986), the distinct pH of its peridinin-chlorophylla-proteins (PCP; 
BLANK & TRENCH 1985 b), and its fibrillar hair tufts in culture (TRENCH • BLANK 
1987); or S. kawagutii could be regarded as being less related due to its karyotype 
which is quite distinct by its small number but, at the same time, extremely large 
size of chromosomes (BLANK & TRENCH 1985 a), because of the differing ratios of 
G + C  and replacements with modified bases (BLANK & al. 1987), or the large 
number of carboxysomes found in its chloroplast (BLANK 1986, 1987)*. Unfor- 
tunately, plastidial DNA was only analyzed from the type species; DNA from S. 
goreauii has not been analyzed at all. As yet, these characteristics can therefore 
not be compared with other criteria. 

In contrast to S. goreauii, S. kawagutii, and S. pilosum, zooxanthellae of C. 
gigantea (Fig. 2 a) have several features in common with the algae inhabiting C. 
xamachana as, for example, chromosome number, hydroxymethyluracil replace- 
ment, and gross morphology of cells (Table 2). KEVIN & al. (1969) have compared 
these dinoflagellates in situ and favoured their identicalness. However, slightly 
different sizes of the nuclei and, therefore, different volume percentages occupied 
by chromosomes are even evident in single sections through comparable nuclear 
parts of these two isolates (Fig. 2 b, c), though not as striking as revealed for other 
zooxanthellae (see BLANK & TRENCh 1985 a, b). Minor differences exist also as to 
G + C ratio, replacement with methylcytosine, isoelectric forms of PCP, and volumes 
of DNA-bearing organelles. 

Based on their karyotypes, the taxa harboured by the Caribbean jellyfish C. 
xamachana and the Caribbean sea anemone C. gigantea are comprised within one 
species. The degree of binding obtained by DNA/DNA hybridization is high, but 
not as intense as among strains of well defined species (see Huss & al. 1987b). 
DNA homology can therefore be regarded as indicating relationship on a subspecific 
level. Differences in DNA composition are emphasized by distinct phenotypic 

* Note  added in proof: The identity of five carboxysomes containing ribulose-l,5-bis- 
phosphate carboxylase-oxygenase in some but not all zooxanthellae has now been estab- 
lished by means of immunogold cytochemistry (BLANK, R. J., TRENCH, R. K., 1988: 
Endocyt. C. Res. 5: 75-82). 
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Fig. 2. Electron micrographs of thin sections, a Symbiodinium microadriaticum subsp, con- 
dylactis from Condylactis gigantea (glutaraldehyde/osmium tetroxide/potassium ferricya- 
nide), median view of entire cell showing cell wall (arrowheads), chloroplast (C), stalked 
pyrenoid (P), mitochondria (M), nucleus (N), and vacuoles (V). b As in a, view of nucleus 
(N) with chromosomes (arrows) at a region comparable to c. c Symbiodinium microadria- 
ticum subsp, microadriaticum from Cassiopea xamachana (osmium tetroxide), view of nu- 
cleus (N) with chromosomes (arrows) for comparison with b. Bars: 1.0 gm 
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expression. In addition, the taxon inhabiting C. gigantea has been found isolated 
from the type species symbiotic with C. xamachana and C. frondosa by host spec- 
ificity. We therefore believe that the most suitable rank for these dinoflagellates is 
represented by that of subspecies enclosed within S. microadriaticum. 

Formal diagnoses 

Symbiodinium microadriaticum FREUDENTHAL emend. TRENCH & BLANK subsp, mi- 
croadriaticum. 

Subspecies typica est; descriptio generalis respondet illi descriptioni quae Sym- 
biodinium microadriaticum FREUDENTHAL emend. TRENCH 8¢ BLANK pertinet (vide 
TRENCH & BLANK 1987). Status symbiosis generaliter sicut est in KEVIN & al. 
(1969); vide fig. 6 eorum auctorum quae demonstrat zooxanthellam inhabitandem 
Cassiopeam. 

In cultura cellulae coccoidales diametro inter 8 et 11 ]am, status in duas cellulas 
divisi diametro inter 9 et t 1 ]am, status in quattuor cellulas divisi diametro inter 10 
et 12 ]am sunt. Facies cellularis levis est. Chloroplastum singulare complet circiter 
22% voluminis cellularis; lamellae in seriebus parallelibus tantum compositae sunt, 
grana desunt; carboxysomata rara sunt. PCP existunt quinque formae isoelectricae, 
omnes acidae. Pyrenoidale habet duos pediculos. Sunt inter unum et quinque 
mitochondria, quorum moles explet 2% voluminis cellularis vel minor est. Nucleus 
complet circiter 10% voluminis cellularis et continet circa 97 chromosomata, quae 
complent circiter 15% voluminis nuclearis. DNA nucleare continet guaninum et 
cytosinum et methylcytosinum circiter 50% molis molecularis; proportio inter cy- 
tosinum et methylcytosinum est circa 23 : 1 ; proportio inter thyminum et hydroxy- 
methyluracilum est circa 1 : 1. Cellulae mobiles longitudine circiter 6 ]am sunt cum 
epicono et hypocono fere pari. Hospites typici (cum symbiontibus intra cellulas 
eorum): Cassiopea xamachana et Cassiopea frondosa (Rh&ostomeae); loci typici: 
sinus Discooperata, Iamaica; insulae Floridanae, Florida. 

Type of subspecies; general diagnosis as described for Symbiodinium microad- 
riaticum FREUDENTHAL emend. TRENCH & BLANK (see TRENCH ~¢ BLANK t987). 
Symbiotic stage generally as in KEVIN 84 al. (1969); see Fig. 6 of these authors 
demonstrating a zooxanthella inhabiting Cassiopea. 

Coccoid cells in culture 8 to 11 ]am in diameter, divided two-cell stages 9 to 
11 ]am in diameter, tetrads 10 to 12 ]am in diameter. Cell surface smooth. The single 
chloroplast occupies about 22 vol% of the volume of the cell; lamellae arranged 
in parallel rows only, grana absent; carboxysomes rare. PCP occurs as five isoelectric 
forms, all acidic. Pyrenoid with two stalks. There are one to five mitochondria 
occupying up to 2 vol% of the cellular volume. The nucleus occupies about 10 vol% 
of the cellular volume and contains about 97 chromosomes, which occupy about 
15 vol% of the nuclear volume. Nuclear DNA contains about 50mo1% guanine 
plus cytosine plus methylcytosine; the ratio of cytosine to methylcytosine is circa 
23 : 1; the ratio of thymine to hydroxymethyluracil is circa 1 : 1. Motile cells are 
about 6 ~m long with epicone and hypocone of approximately equal dimensions. 
Type hosts (as intracellular symbionts): the jellyfishes Cassiopea xamachana and 
Cassiopeafrondosa (Rhizostomeae); type localities: Discovery Bay, Jamaica; Florida 
Keys, Florida. 
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Symbiodinium microadriaticum subsp, condylactis BLANK & HUSS, subsp, nov. 

Status symbiosis generaliter sicut est in KEVlN & al. (1969); vide fig. 9 eorum 
auctorum quae demonstrat  zooxanthellam inhabitandem Condy/actem. 

In cultura cellulae coccoidales diametro inter 8 et 12 p.m, status in duas cellulas 
divisi diametro inter 9 et 12 ~m, status in quattuor cellulas divisi diametro inter 10 
et 13 pm sunt. Facies cellularis levis est. Chloroplastum singulare complet circiter 
18 % voluminis cellularis; lamellae in seriebus paralMibus tantum compositae sunt, 
grana desunt; carboxysomata ignota sunt. PCP existere possunt octo formae iso- 
electricae, praecipue acidae. Pyrenoidale habet duos pediculos. Mitochondrium 
singulare complere potest inter 3 et 7% voluminis cellularis. Nucleus complet circiter 
14% voluminis cellularis et continet circa 98 chromosomata,  quae complent circiter 
12% voluminis nuclearis. DNA nucleare continet guaninum et cytosinum et methyl- 
cytosinum 50% molis molecularis; proportio inter cytosinum et methylcytosinum 
est circa 21 : 1; proportio inter thyminum et hydroxymethyluracilum est circa 1 : 1. 
Cellulae mobiles longitudine inter 6 et 7 gm sunt cum epicono et hypocone fere 
pari. Hospes typicus (cum symbiontibus intra cellulas eius): Condylactis gigantea 
(Actiniaria); locus typicus: sinus Discooperata, Iamaica. 

Symbiotic stage generally as in KEVI~ & al. (1969); see Fig. 9 of these authors 
demonstrating a zooxanthella inhabiting Condylactis. 

Coccoid cells in culture 8 to 12gm in diameter, divided two-cell stages 9 to 
12 gm in diameter, tetrads 10 to 13 gm in diameter. Cell surface smooth. The single 
chloroplast occupies about 18 vol% of the volume of the cell; lamellae arranged 
in parallel rows only, grana absent; carboxysomes unidentified. PCP may occur as 
eight isoelectric forms, major forms acidic. Pyrenoid with two stalks. The single 
mitochondrion may occupy 3 to 7 vol% of the cellular volume. The nucleus occupies 
about 14vo1% of the cellular volume and contains about 98 chromosomes, which 
occupy about 12vo1% of the nuclear volume. Nuclear DNA contains 50mo1% 
guanine plus cytosine plus methylcytosine; the ratio of cytosine to methylcytosine 
is circa 21:1; the ratio of thymine to hydroxymethyluracil is circa 1:1. Motile cells 
are 6 to 7 lam long with epicone and hypocone of approximately equal dimensions. 
Type host (as intracellular symbionts): the sea anemone Condylactis gigantea (Ac- 
tiniaria); type locality: Discovery Bay, Jamaica. 
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