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Summary y 

Skeletall  stable isotopic signatures of scleractinian reef corals have been widely 
acknowledgedd as good indicators of environmental conditions and are as such used in 
paleoclimatee reconstruction. However, ''vital effects" related to coral functioning have been 
recognizedd to potentially distort climate reconstruction from biogenic carbonates 
precipitatedd by organims such as corals. Focus of the thesis is to broaden die understanding 
off  biologically mediated "vital effects" on coral stable isotopic signatures and to elucidate 
thee relation to coral functioning influenced by photosynthesis of algal symbionts, trophic 
relationships,, skeletal and tissue growth and species specific effects. 

Too investigate general variability, as well as growth and species specific effects, on the 
skeletall  8I80 climate proxy, short time-series of massive Porites were compared The 
skeletall  5lsO climate signal of 12 replicate isochronic time-series (1979 to 1984) from 
skeletonss of 3 Porites species reflect the seasonal cycles related to salinity and Sea Surface 
Temperaturee (SST) of the westerly Western Pacific Warm Pool (WPWP). There was no 
generall  offset between replicate S180 time-series, except for one with generally more 
depletedd 5180 signals. This offset could clearly be related to faster Linear Skeletal Extension 
(LSE).. The slope from the correlation of annual LSE to mean annual skeletal 5180 was used 
ass a correction factor for growth-related isotope effects. Correction for LSE effects 
improvedd the shared variance between replicate o180 time-series by an average 36 % 8 
S.D.. Only after correction for LSE effects the 8iaO time-series also detected the serious 
droughtt in Indonesia preceding the 1982/83 El-Nino event The systematic comparison of 
replicatee 5lsO time-series from single colonies with 5**0 time-series from different colonies 
off  the same species or from different Porites species allowed for unambigious conclusions 
withh respect to species specific isotope effects. It was possible to show, that for Hit Porites 
speciess investigated, non-environmentally induced variation was not species-specific but 
wass related to variable LSE. Results also show, that methodological constraints related to 
samplingg resolution, chronostratigraphy, i,e. the conversion of 5180 signals from skeletal 
depthh to time scale, and the 3-dimensional structure of the skeleton explain some of the 
variationn observed between replicate 5180 times-series. 

Investigationss on skeletal SI3C and 5180 of species of the genus Madracis spp revealed 
thatt skeletal proxies may also be applied in questions related to physiological plasticity of 
scleractiniann corals. Again growth related-isotope effects were a major player in skeletal 
isotopee fractionation as inferred from fast and slow growing portions of a colony. The 
divergencee of kinetic versus metabolic isotope fractionation turned out to be a useful tool to 
distinguishh between coral species that are specialised to a relatively narrow depth range in 
contrastt to generalist species that may be less well-adapted, but have a large distributional 
depthh range. The regression slope of skeletal SI3C to 5I80 of isochronic surface samples 
increasedd with depth as a result of reduced photosynthesis at greater depth. The slope of 
5I3CC to o180, given a representative range of surface samples of a colony has been sampled, 
mayy thus provide a useful tool to reconstruct at what depth (fossil) zooxanthellate corals 
grew.. Using this relation of the slope of 513G to 5t80 from isochronic samples as an 
additionall  method may shed new light on topics related to reef drowing and sea-level rise. 
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Carbonn and nitrogen stable isotopes of coral tissue Me indicative of the trophic 
relationships,, carbon and nitrogen uptake, assimilation and fluxes. Thé nitrogen isotopic 
compositionn of tissue of branching depth specialist species of the genus Madracis spp 
indicatedd DIN-limitation for M mirabilist in shallow depths between 5 and 20 m. This was 
attributedd to high rates of photosynthesis and diffusion-limited DIN supply. At greater 
depthss (> 25 m) DIN supply seemed sufficient given the lower photosynthetic rates of 
deeperr corals. It was not clear, if photosynthetic carbon assimilation of deep species at 40 
andd 47 m water depth were already light-limited, because the carbon isotopic signature of 
particulatee organic matter, thé assumed allochthonous C and N source, was close to the 
expectedd isotope fractionation of enzymatically driven photosynthetic carbon assimilation. 

Forr branching Madracis spp., comparisons of 513C of separated zooxanthellae and animal 
tissuess clearly revealed, that prey capture at colony tips is more pronounced than at some 
distancee from branch tips, at the side of branches within a colony. This result was also 
supportedd by 815N and 513C signatures of holobiont tissue. The observed difference of S13C 
fromm zooxanthellae and polyp tissue at the colony tip did not increase with water depth. The 
coralss were apparently not able to increase the relative allochthonous carbon uptake and 
thuss compensate for lower photosynthetic carbon assimilation with increasing water depth. 
This,, and the divergence of stable isotope signatures between tip and side positions, support 
thee idea that prey or particle uptake is rather a function of particle encounter than of 
selectivee feeding for branching Madracis depth specialist species. 

Photosynthesiss to respiration (P:R) ratios were estimated from corresponding skeletal 
513CC to 8180 values. The estimated P:R ratios were highest for the massive Moniastraea 
annularisannularis and clearly distinct from P:R ratios of the genus Madracis at corresponding light 
intensities,, whereas the 4 species within the genus Madracis showed no distinct inter 
speciess related effect on calculated P:R ratios. The indication of higher P:R ratios as 
estimatedd from skeletal stable isotopic composition was substantiated by data on 
zooxanthellaee density and photosynthetic pigment contents (chlorophyll a, chlorophyll c, 
peridinin).. Montesfraea annularis was characterised by high cellular photopigment 
concentrationss but comparatively low zooxanthellae densities. Although this resulted in 
similarr areal photopigment concentrations of M. annularis and Madracis spp, the higher P:R 
ratioo in M annularis was favored by the reduced algal respiration due to the reduced 
numberr of zooxanthellae in M annularis. 

Skeletall  513C revealed an opposing relation to tight of M. annularis and Madracis which 
cann best be explained by the inter-linked effects of photosynthesis, calcification and skeletal 
carbonn isotope fractionation. The skeletal carbon isotope fractionation of M. annularis was 
dominatedd by photosynthetic effects, which manifested in 813C increasing with increasing 
lightt levels. Skeletal 513C of Madracis spp were negatively correlated to light and decreased 
withh increasing light levels, which indicated that light-enhanced calcification is dominating 
thee fractionation process. From this, a new hypothesis can be deduced: The relation of 
skeletall  613C to ambient light is indicative of how or to which extent photosynthetically 
derivedd dissolved inorganic carbon (DIG) is used for calcification, this in contrast to the 
conversionn of DIC into organic carbon for tissue growth, mucus production or sexual 
reproduction. . 
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