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Abstract- We determined the chlorophyll content of didemnid ascidans with symbiotic algae 
(Prochloron sp.) from tropical marine waters around Palau, Western Caroline Islands. Several 
sp.ecies contain as much chlorophyll per unit dry weight as many herbaceous crop plants and 
more than other symbiotic associations such as lichens, green hydra, etc. Their chlorophyll ajb 
ratios (3- 9) were generally much higher than those of angiosperms (2-4). Where they abound, 
Proch/oron-ascidian symbioses could make a major contribution to the productivity, especially 
in localized areas of tropical marine waters characterized by low nutrient levels and high 
irradiance. 

Introduction 

Until a few years ago, didemnid ascidians with "zoochlorellae" were barely 
mentioned in lists of symbiotic associations of invertebrates with algae (e.g. , Droop, 
1963; Taylor, 1973; Trench, 1979). More recently, interest in these protochordates 
has grown, largely because of the discovery that their algal symbionts (Prochloron 
sp.) are prokaryotes capable of synthesizing chlorophyll bas well as chlorophyll a, a 
feature hitherto thought to be -confined to eilkaryotic chlorophytes such as green 
algae and higher plants (see review by Lewin, 1981). However, even among marine 
biologists familiar with many of the diverse symbiotic associations found in tropical 
coastal waters and reefs, few are yet aware of the potential ecological importance of 
symbiotic didemnids in such regions (Lewin, 1979; Kott, 1980). 

In fringing reef areas and shallow lagoons surrounding the islands of Palau, 
Western Caroline Islands, several species of symbiotic didemnids are abundant. 
Along some of the lagoon shores, many rhizophores and lower branches of the 
mangrove Sonneratia bear a mosaic coating of a soft green didemnid, Diplosoma 
virens (Tokioka, 1942). On nearshore coastal flats, leaves of the seagrasses Halophila 
and Enhalus can be found partly enveloped by grey-green colonies of Lissoclinum 
voeltzkowi, while in nearby areas these seagrasses can be equally heavily laden with 
spherical colonies of yet another symbiotic speies, Didemnum mol/e. Along parts of 
the Kamori Channel, at depths of about 1 m, dead coral surfaces are blanketed by 
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Table I. Didemnid ascidians with symbiotic prochlorophytes: some physical and 
chemical data. (Unless otherwise specified, the data were based on 

specimens collected at Palau, W. C. I.) 

Prochloron 
Dry wt Organic Chi. a Chi. b 

Host ascidian: 
Genus and species 

cell diam 
Wet wt Dry wt Organic Organic 

(/lm)t 
% %2 mg/g3 mg/g3 

Didemnum molle (white) 16-28 15 73 5.0 1.3 
Didemnum molle (brown) 16-22 8 42 3.6 1.15 
Diplosoma simi/is 9- 18 >3 51-72 5.3 1.3 
Diplosoma virens 9-14 17 74 1.5 0.3 
Lissoc/inum bistratum7 14-20 42 16 1.2 0.15 
Lissoc/inum patella 13-22 10 63 0.8 0.25 
Lissoclinum punctatum 18-30 14 63 3.75 0.75 
Lissoclinum voeltzkowi 9- 13 14 65 2.6 0.6 
Trididemnum cyclops 9- 18 16 54 1.8 0.4 

1 Cell diameters are presented in lieu of specific(subspecific names; the taxonomy of 
Prochloron has still to be worked out. 

2 Most of the inorganic material is calcium carbonate (aragonitic spiculospheres). 
3 Determined spectrophotometrically (Jeffrey and Humphrey, 1975). 
4 Cf. 2.6-2.7 (Thorne et al., 1977) 
5 Determined chromatographically by Dr. H . Paerl. 
6 Cf. 6.7- 12.0 (Thorne et al., 1977) 
7 Collected in Singapore, 1977. 
8 Cf. 5.5-7.0 (Thorne et al., 1977) 
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Chi. a 

Chi. b 

3.9 
3.14 

4.15 

5.06 

8.8 
3.3 
5.0 
6.4 
4.88 

The chlorophyll ajb ratios (Table 1), 3.1 to 8.8, are in the same range as those 
reported for various Prochloron preparations examined earlier (summarized by 
Lewin, 1981), being higher than those typical of terrestrial plants (2.2 to 4.0 in Kirk 
and Tilney-Bassett, 1978) and of marine and freshwater green algae (1.5 to 2.8 in 
Wood, 1979; A1berte, unpublished). The amounts of chlorophyll a (per gm ash-free 
dry weight or per unit biomass) of the symbiotic associations range from 0.8 to 
5.3 mg/gm (Table 1). These values are comparable to those found in the symbiotic 
Paramecium bursaria+zoochlorella complex (5 mgjgm; D. Weis, Cleveland, Ohio, 
pers. commun., July 1982) and in some whole angiosperms (comprising nonphoto
synthetic as well as photosynthetic tissues) such as duckweed (Lemna minima, 
5.5 mg/gm, our data) and barley (Hordeum vulgare) leaves (5.0-7.0 mgjgm, our data) 
and they are higher than that of the highly productive seagrass Zostera marina 
(Mazzella et al., 1981; Dennison and Alberte, 1982). The average value for the 
chlorophyll a content, 2.8 mg/gm, is higher than those reported for lichens (e.g. , 
0.4-1.2 mgjgm in Peltigera canina, Wilhelmsen, 1959), the symbiotic green sponge 
Spongilla lacustris (0.55-1.2 mg/gm in Frost and Williamson, 1980), and the 
dinoflagellate-containing sea-anemone Anthopleura elegantissima ( ~ 1.0 mgjgm, esti
mated from data of Fitt et al. , 1982). The relatively high levels of chlorophyll in 
symbiotic didemnids indicate a considerable potential for photosynthetic activity, 
which could make a significant contribution to their nutrition and thereby add to the 
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Although the presence of symbiotic algae in didemnid ascidians has been 
recognized for some time, their uniqueness has been only recently appreciated. The 
nutritional role of these prochlorophyte symbionts in the growth of their hosts 
remains unclear, but there is now considerable evidence indicating that they can 
contribute significantly to the primary production of some tropical littoral com
munities. In the present report we demonstrate that at least eight species of 
Prochloron-didemnid symbioses have photosynthetic potentials (based on their 
chlorophyll content) equalling or exceeding primary productions of other marine or 
terrestrial species. 
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