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Abstract 

The small erater lake of the Island Satonda is character
ized by highly alkaline conditions as a whole probably due 
to an intense sulfate reduction in the deep anoxic water 
body. Some portions of the highly alkali ne water is pene
trating through the uppermost pycnocline and increases the 
alkalinity in the upper oxic water body (alkalinity pump). The 
upper water body is beside its slightly increased alkalinity 
(4-5 meq/I) eharacterized by a decreased salinity (32 %0). 
This special hydroehemical situation let to a very speeific 
and endemie development of the biota. Cyanobacteria and 
heterotrophie microbes exhibit large diversities in contrast to 
just one sponge taxon (Suberites/Polmastia n. sp.) . Com
mon are cyanobacteria of the taxa Pleurocapsa, Phor
midium, Calothrix, Spirulina, Microcoleus and Microcysta
eea. 

1 Introduction 

The scientific importance of the Satonda Crater Lake was 
firstly recognized 1984 by S. Kempe during the Dutch-Indo
nesian SNELLIUS 11 expedition. The lake was thoroughly 
investigated by Kempe and coworkers during the expedi
tions 1986, 1993 and 1996 (more details in KEMPE et al. 
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Fig. 1: Location of Satonda Island in the Sunda archipelago, Indo
nesia. 

1996). Up to now, no particular work was carried out on the 
microbes, algae, and metazoan inventory of the lake. The 
purpose of the recent studies is to elose this gap. During 
the last field trip to Satonda in the end of the wet season G. 
Arp has eultured cyanobaeteria and therefore we are now 
able to determine in detail various microbial taxa. Not elear 
at the moment is the calcification potential of the observed 
biofilms and their role in the construction of the prominent 
red algae reefs fringing the lake margin. 

There is no doubt about the uniqueness of the environ
ment of this lake. It is at the moment the only one known 
"marine" lake with an inereased alkalinity. KEMPE & 
KAzMIERCZAK (1990, 1993, 1996~ have proposed and inter
preted that this lake and its i~ventory of microorganism is 
maybe an example for late Precambrian oceanic conditions. 
They have noted a wide spread calcification of pl~rocap
san biofilms and the formation of mierostromatolites. During 
the field expeditions in 1993 and 1996 a general calcifica
tion of biofilms was not observed. In older parts of the eoral
line algae reefs weil developed microbialites (mierostro
matolites) were observed whieh are covering thalli of sipho
nocladaeean green algae. Only few traees of caleifying mi
crobial sheets have been observed in the Reeent part of the 
reefs. However, an early, very rapid silification is common 
preserving cellular structures including microbes. 

SCHUDACK & REITNER (1996) were able to reeonstruct the 
lake history in part by the examination of ostracod assem
blages from sediment cores. 

1 



Satonda crater lake microbial community and sponges 

Satonda Crater Lake. 
Reef structures 

N 

Cladophora meadows 

~ 
11 m thermocllne 

m lower limn of green algal meadow 

17 m lewer limn of pigmented red algal crusts 

tn 
Q) 
C) 
c o 
C. 
tn 
't-o 
Q) 
C) 
c 
f! 
.c -c. 
Q) 

C 

~----'=---- 24 m pycnocllne 

Section 

Fig. 2: Sketch .ot one ot the red ~Igal-micr~bia.lite-reets at Satonda erater Lake, situation in October 1996 (reet station 1). The reet and ad
jacent soft sediments are drawn In one projectlon plane. Drawing is not to scale. The inclination ot soft sediments does not exceed 30°. 

2 Biofilm Composition of Satonda lake Modern 
Reef Surfaces - Preliminary Report 

The surface of red algal-microbialite-reefs of the Satonda 
Crater Lake and their attached macrophytes are largely 
covered by complex microbial biofilms and scattered 
monaxonid demosponges (Suberites/Polymastia) (Fig. 2). 
Biofilms are in average 5-15 ~m , occasionally up to 50 ~m 
thick. The contact between enctusting red algae or sponges 
is always mediated by an intercalated biofilm. 

The isolation and identification of present algae, cyano
bacteria, and bacteria are at an initial stage. Anaerobic mi
crobes as weil as diatoms, dinoflagellates etc. are not 
treated in this study. Cyanobacterial genera were deter
mined according to morphological and cytological criteria 
(traditional system), following GEITLER (1932), KoMAREK & 
ANAGNOSTIDIS (1986, 1989) and ANAGNOSTIDIS & KoMAREK 
(1985, 1988). Presently, enrichment cultures of four genera 
of cyanobacteria and three genera of microscopic green 
algae are growing successfully in the laboratory. Beside the 
conspicuous macroscopic ,siphonocladacean algae Clado-
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phoropsis, Cladophora and Chaetomorpha , the 2 ~m small 
coccoid chlorophyte Chlorella (PI. 1/1) is obviously an im
portant contributor to the lake's primary production. 
Chlorella has been obtained from the lake surface down to 
at least 18 m depth from plankton and reef surface sam
pies, although it is not an integral part of the reef biofilms 
(thin sections) . 

Cultivable cyanobacteria of reef surfaces comprise the 
genera Phormidium, Calothrix, a member of the family 
Hydrococcaceae (Pleurocapsa) and a 1 ~m small member 
of the family Microcystaceae (PI . 1/2-6). 

KEMPE & KAzMIERCZAK (1990, 1993) already stated, that 
cyanobacteria of the Pleurocapsa-group (sensu RIPPKA et 
al. 1981) cover the reef surfaces, although they did not 
mention any diagnostic criteria. These authors suggested, 
that, beside the red algae, growth and calcification of the 
pleurocapsalean cyanobacteria are responsible for building 
up essential parts of the "stromatolitic" reefs in Satonda 
Crater Lake. Our cultivated member of the Hydrococcaceae 
is growing quite slowly on agar plates, but the formation of 
nanocytes (endospores) has now been observed unequivo-



cally (PI. 1/3). The nematoparenchymatous arrangement of 
cells fits to the genus Pleurocapsa, too (PI. 1/2). 

Additionally, three members of the order Chamaesiphon
ales (Stichosiphon among others) and Heteroleibleinia have 
been observed sporadically upon C/adophora (fixed mate
rial) . A SpiflJlina-like species has been detected in few thin 
sections (PI. 1/8). 

It should be emphasized, that the biofilms constantly ex
hibit a diverse community of prokaryotes and eukaryotes 
(PI. 1/9-11). None of the mentioned genera is dominant at 
one place. In contrast, various heterotrophie bacteria are 
omnipresent throughout the mucilaginous biofilms. The 
physiologie and phylogenetic diversity of these bacterial 
rods and filaments is not known until now, but their cellulytic 
and saccharolytic activity is obvious (PI. 1/11). Fungal hy
phae are present in sections (PI. 1/9) and on agar plates as 
weil. Some observed microborings may result from fungal 
activity. 

Reef growth at Satonda Crater Lake was originally attrib
uted to microbial activity, essentially of pleurocapsalean 
cyanobacteria, and red algae (KEMPE & KAzMIERCZAK 1990, 
1993, KEMPE & KAzMIERCZAK 1996). Our recent observations 
do not confirm the existence of in situ calcifying cyanobac
terial biofilms on reef surfaces, except for few examples of 
decaying green algal filaments (PI. 1/12), gastropod shells 
and faecal pellets (October 1993). New sam pies taken this 
year (June 1996), a few weeks after the end of the rainy 
season, have not been investigated yet. Possib~, they may 
show calcifying biofilms due to an increased Ca +-input, but, 
in any case, their relevance for present reef growth is negli
gible compared to the carbonate constructions by red algae 
and sessile foraminifera (Nubecularia sp.) . This might have 
been different in the past, when several dm of microbialite 
(encrusting filamentous green algae) accumulated forming 
the older reef parts. 

3 Sponges 

Sponges are represented by different morphotypes of the 
hadromerid taxon Suberites which is characterized by tylo
style megascleres only. The dermal layer of the sponge is 
constructed of plumose bundles of short tylostyles (150-
200 IJm), the choanosomal spicules are randomly orien
tated and much larger than the dermaiones (300-500 IJm) 
(PI. 2/8-9). Most of the observed sponges exhibit a lateral, 
encrusting growth habit and therefore show a weil devel
oped exhalant canal system (PI. 2/1 +3-4). The exhalant 
system is differentiated into star-shaped units ("astro
rhizae"-pattern) . In each unit the main exhalant canals con
jugate in one large osculum (PI. 2/1 +3). A second type of 
this hadromerid sponge type is observed. It exhibits a more 
or less -erect growth habit and does not show any star
shaped outer exhalant system. The sponge is forming tubes 
with a central osculum also known from the taxon Poly
mastia, which is phylogenetically closely related to 
Suberites (REITNER 1992) (PI. 2/2) The spicular inventory 
and spicule arrangements are more or less similar. Whether 
both morphotypes are separate species or not is still not 
known because detailed histological work is not yet fin
ished. Both morphotypes exhibit the same basic yellow 
color, generally more intense in the Polymastia-type, 
probably due to a larger thickness of the soft tissue (PI. 2/1-
2). A lot of color variations are visible from dark green, 
brown, yellow/brown, and yellow. The different colors are 
related to microorganisms within the soft tissue. The dark 
green color is restricted to specimens in extremely shallow · 
water (20-50 cm) and is related to the unicellular green al
gae Chlorella (PI. 1/1) These algae are part of the plankton 
and filtered by the sponge. The algae lives within the meso-
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hyle of the sponge. Similar behavior is known from the 
freshwater sponge Spongilla (SAL"-ER 1991). In nutrient poor 
freshwater Chlorella is a symbiont and helps the sponge to 
survive. The brownish color variation is restricted to few 
specimens from deeper water (18-20 m) and is related to a 
higher amount of still unknown meso hyle bacteria (PI. 2/3). 
The symbiotic bacteria of the sponge itself are rare and very 
small (Iess then 1 IJm - nanobacteria) (PI. 2/5). Size and 
abundance are comparable to those observed in the marine 
hadromerid coralline sponge Spirastrella 
(Acanthochaetetes) (REITNER & GAUTRET 1996). In many 
cases the encrusting sponges form very thin films (ca. 
50 IJm) growing in interspaces of dead red algae heads. 
The sponges penetrate large 'spaces of the dead portions of 
the algae reef surfaces (PI. 2/4). They prefer light protected 
areas, except the Chlorella-bearing specimens. The steep 
slopes of the red algae reefs are entirely covered by a 
dense curtain of C/adophora colonies down to 15-16 m 
(Fig. 2). Sponges are growing underneath this curtain where 
light amounts range from 200 to 300 lux. The depth limit of 
the sponges, noticed in 1993, was 20 m short above the 
pycnocline. 

The investigated sponges are particle feeders. Within 
vacuoles of archaeocytes remains of diatoms were ob
served. In all observed cases the sponges are growing on 
active heterotrophie biofilms. There is a close relationship 
between the biofilms and the sponge, because ostia are 
very common in the basopinacoderm (PI. 2/5). We assume 
that the biofilms release metabolie products consumed by 
the sponge. This behavior may explain the enormous lateral 
growth of thin sponge sheets. 

Of further significance for the sponge is the ability to build 
resting bodies (PI. 2/6-7). In freshwater sponges this ability 
is commonly realized (gemmulae formation) . In marine 
sponges this character is very rare and restricted to few 
taxa only. It is known from chaetetid coralline sponges 
(Merlia , Acanthochaetetes) and the pharetronid Calcarea 
taxon Petrobiona (REITNER 1992) Resting bodies are also 
known from haplosclerid demosponges (AcefVochalina 
loosanoffi) and the hadromerid Suberites domuncula 
(SIMPSON 1984). The observed resting bodies are located in 
small protected cryptic niches between coralline algae or 
small caverns of 200-500 IJm. The resting bodies are hemi
spherical or sack-shaped and filled with archaeocytesl 
thesocytes. The bodies itself exhibit a strong basic red 
fuchsin staining behavior. After staining, the fluorochrome 
calcein is also enriched and indicates anenrichments of 
Ca-ions in the walls of the resting cysts (PI. 2/6). In one 
case arelease of the archaeocytes inside the mesohyle 
was observed. The sponge itself was not reduced or dam
aged. This indicates that these '~odies are nutrient reser
voirs. 

The sponge fauna is perfectly adapted to this extreme 
environment. Referring to additi6nal ultrastructural studies 
we assume that these sponge types are new taxa restricted 
to this special environment. 
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Plate1: Microscopic green algae, cyanobacteria, and heterotrophic bacteria ot reet surface biofilms, Satonda Crater Lake, 
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The coccoid green alga Ch/orella is a substantial part of the phytoplankton down to at least 18 m water depth. Each of the 2IJm 
wide cells contains one bent parietal chloroplast. Enrichment culture from surface water of the lake center. Phase contrast. Sam
pie Sat 96/29. Scale: 10 IJm. 
Nematoparenchymatous colony of P/eurocapsa. This cyanobacterium is distributed on reef surfaces, but in situ calcification was 
not observed in natural sampies of the Satonda expedition 1993 (October) and 1996 (June). Enrichment culture from reef surface 
at 60 cm depth. Bright field. Sampie Sat 96/23. Scale: 10 IJm. 
Two small P/eurocapsa colonies. Colony on the right hand side (arrow) is releasing nanocytes (endo'spores) of 2-3 IJm diameter 
(small arrows). Enrichment culture from reef surface at 60 cm depth. Bright field. Sampie Sat 96/23. Scale: 10 IJm. 
Solitary filament of the cyanobacterium Ca/othrix (Rivulariaceae), showing thin firm sheath and a b~sal heterocyst (arrow). Enrich
ment culture from reef surface at 30 cm depth. Phase contrast. Sampie Sat 96/14. Scale: 50 IJm. ' 
Filament tips of a Phormidium species with clearly visible sheath (arrow). Enrichment culture from reef surface at 60 cm depth. 
Phase contrast. Sampie Sat 96/23. Scale: 10 IJm. I 

Ensheathed Pseudoanabaenaceae or Phormidiaceae. The very thin sheath is only visible after trichome breakage (insert). En
richment culture from reef surface at 30 cm depth. Phase contrast. Sampie Sat 96/14. Scale: 10 IJm. 
Coccoid cyanobacterium of the Microcystaceae with peripheral arrangement of thylakoids. Ultrathin section of a reef surface 
biofilm. Note the unidirectional production of the layered sheath. Sampie Sat 93/37-2. TEM micrograph #6395. Scale: 500 nm. 
Spirulina-like cyanobacteria? occasionally occur within diffuse biofilms upon C/adophora and red algal crusts. Sam pie Sat 
931#JR TEM micrograph #JR Scale: 2 IJm. 
Complex biofilm upon the green alga C/adophora. Beside attached filamentous cyanobacteria (Phormidium?) many heterotrophie 
bacteria thrive within the mucilaginous biofilm. Note fungal hypha penetrating a decaying cyanobacterial filament (arrow). Sampie 
Sat 93/37-2. TEM micrograph #6389. Scale: 1 IJm. 
Small colonies of coccoid cyanobacteria (Microcystaceae) (a) and disintegrating filamentous cyanobacteria (b) are distributed 
between bacterial rods and filaments. No traces of carbonate precipitation were observed within the mucilaginous biofilms upon 
the siphonocladalean algae C/adophora, C/adophoropsis, and Chaetomorpha. Note fibrillary structure of the cell wall of C/ado
phora (c). Sampie 93/37-2. TEM micrograph #6392. Scale: 2 IJm. 
Heterotrophie bacteria decomposing the cell wall of a dead C/adophora. The fibrillary ultrastructure of cellulose is destroyed 
(arrows) by extracellular enzymes. Sampie 93/37-2. TEM micrograph #6377. Scale: 1 IJm. 
races of calcium carbonate precipitates within a thick mucilaginous biofilm surrounding a decayed green algal filament. This is 
one of the few exceptions of in situ calcification of biofilms at the reef surfaces. Sampie 93I#JR TEM micrograph #JR Scale: 
21Jm. 
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Plate 2: Porifera, sponge-biofilm-interaction. Hadromerid taxon SuberiteslPolymastia n. sp. 

Fig: 1: Enerusting type of Suberites with a prominent exhalant eanal system. The main exhalant eanals eonjtJgate in one large opening. 
The entire system reminds of an astrorhizal system of ealeified demosponges (e.g. stromatoporoids)'l The sponge is bright yellow 
and grow on top of the living eoralline red algae (Lithoporella) and between the short thalli of th~ green alga Cladophoropsis. 
Shallow water 1-3 m water depth. Scale 3 em. 

Fig. 2: Seeond type of the hadromerid sponge with affinities to Polymastia. No astrorhizal-shape exhalant canals are developed but long 
tubes with a central opening. The sponge grows between Cladophora thalli . Shallow water, 1-3 m water depth. Seale 1 em. 

Fig. 3: Deep water representative of the Suberites type. This type often exhibits a brownish color. The sponge grows on dead eolonies of 
the red algae Peyssonelia. Deep water, 19 m water depth, 2 m above the upper pyenocline. Scale 2.5 em. 

Fig.4: Deep water Suberites main eolony (18 m water depth). Thin film of the sponge (Iess then 50 IJm) grows between dead eolonies of 
Peysonellia. The slightly red color of the algae are porphyrine remains. Seale 1 em. 

Fig. 5: In all observed cases the sponges are growing on active heterotrophie biofilms. The baeteria are in most cases eellulytie and 
saeeharolytie. In this particular ease the biofilm is growing on the dead thallus of a cladophoran green alga. A single layer of 
bacteria is eovered by a thin Rolysaeeharid sheet including EPS. The entire film is overgrown by a sponge. Visible are baso
pinaeoeytes at an ostium. The small blaek dots are sponge related nano-baeteria. The sponge eonsumes probably metabolie 
products .of the biofilm (farming strategy). Scale 1 IJm. 

Figs. 6+7: 80th types of sponges are forming resting bodies. Resting bodies are very rare in marine sponges and only realized in some 
eoralline sponges (Merlia, Acanthochaetetes, Petrobiona) , few haploselerids and some Suberites taxa. The main funetion of 
these bodies is to h'elp the sponge to survive during environmental ehanges. The resting bodies of the Satonda sponges are al
ways loeated in small cryptic niehes. The bodies themselves are hemisphaerieal or sack-shaped and filled with archaeocytes 
(thesocytes). The sheets of the resting bodies exhibit a strong fuchsinophilic staining behavior (Fig. 7). and are enriched in Ca-

Fig.8: 
Fig.9: 
Fig.10: 
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ions (Fig. 6 ealcein stained). Scale: Fig. 6: 150 IJm, Fig . 7: 200 IJm. -
Plumose arrangement of short tylostyles of the dermal layer. Important character for hadromerids. Scale 200 IJm. 
Long tylostyle of the choanosomal part of the sponge. Scale 100 IJm. 
Variation of the rounded head of the tylostyles, a typical feature of this sponge type of Satonda. Seale 20 IJm. 
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