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Research interest: My main interest is to advance our understanding on the ecological and physiological response patterns of microbial communities to environmental variability. The main emphasis of my present and future research is on primary producers in aquatic ecosystems.




	Photosynthesis, pigment pattern and nutrient uptake of phytoplankton
	Ecology of aquatic microbial community
	Applied issues: lake restoration, Water Frame Work Directive, Response to climate change





A key reference point for ecological stoichiometry in freshwaters is TN:TP:SRSi = 16:1:17




Our concept of the ‘balance of TN: TP: SRSi-ratios’ attempts to determine whether the seasonal succession of phytoplankton communities is influenced by or responds to nutrient stoichiometry (TN = total nitrogen, TP = total phosphorus, SRSi = soluble reactive silica; Teubner & Dokulil 2002). Because the molar average of TN: TP: SRSi = 20: 1: 17 for lakes across shallow to deep, oligotrophic to hypertrophic, clear-water to dystrophic and flushed-riverine to stratified water bodies was close to the marine optimum stoichiometric ratio, we used the ratio N : P : Si = 16 : 1: 17 as key reference point for ecological stoichiometry in freshwaters. Triangular diagrams of TN: TP: SRSi ratios scaled in these physiological proportions of 16: 1: 17 were aimed at synoptically presenting of relative nutrient availability for both diatoms and non-siliceous algae in phytoplankton communities. In lakes with ‘balanced nutrient ratios’ TN: TP: SRSi ratios were evenly fluctuating around the stoichiometric optimum of 16:1:17, in a cyclic pattern within a given year (Fig. 1A, pdf). These lakes with balanced nutrient ratios yielded maximum algal biomass but were more the exception than the rule among the 11 studied water bodies. Our findings strongly support that lakes with one invariant nutrient element in relation to those of the other two display commonly the seasonal pattern of nutrient availability. The unbalanced dynamic of seasonal nutrient ratios were associated with relatively constant concentrations of either SRSi, or TN or TP in a certain lake type. The relative change in seasonal availability of silica, of the element of long turnover times as known from literature, was more effected by distinct lake morphometry than that of TN or TP.




Resource accumulation efficiency




The Redfield ocean can be seen as the ‘perfect sea’ due to balanced flow of C, N and P in and out of the biota. · In the context of stoichiometric ecology, we call a nutrient rich, shallow riverine lake in North-Germany the ‘perfect lake’ because (i) the ratios of ‘external” nutrients, TN:TP:SRSi, behave like in a lake with ‘balanced nutrient ratios’ defined above and (ii) the elemental ratio of biota is very close to C:N:P= 106:16:1 (Teubner, 2004).  An overlay of both seasonal patterns, TN:TP:SRSi and POC:PON:POP (= C:N:P of biota), mirrors the complementary relationship between external and biota-internal stoichiometry in this lake (pdf).  External P-limitation, indicated by relatively low TP, is accompanied by a P-rich phytoplankton community (dominated by diatoms), in turn, N-limitation by an N-rich assemblage (dominated by cyanobacteria).  The stoichiometric shift towards the limiting element is a common phenomenon of individual adaptation/acclimation of producer organisms and can be recognised even at the ecosystem level (Teubner et al. 1999 pdf, Teubner et al. 2003 a, b; Teubner 2003).




Fig. 1: A: Seasonal TN:TP:SRSi ratios in lakes with „balanced nutrient ratios“ (pdf): ratios vary evenly around the stoichiometric optimum ratio of TN:TP:SRSi=16:1:17 in a given year. Scaling according to Redfield’s ratio, line ‘a’ indicates the constant optimum ratio of TN:TP=16:1, ‘b’ of SRSi:TP=17:1 and ‘c’ of SRSi:TN=17:16; the intersection of these 3 lines (green point) is 16:1:17 (Fig. 4 A in Teubner & Dokulil, 2002 a). B: Successive timing of ecological threshold values significantly related to the phytoplankton spring peak in Mondsee. The thresholds were: total incoming radiation (TIR, 550 J m-2), surface water (6.5°C) and mean water temperature (7.3°C) and thermal stability (value of Schmidt stability corresponding to the onset of stratification, Teubner et al. 2008 d, in prep.).




Photoacclimation




We found evidence that low-light conditions due to turbidity caused by industrial effluents in deep alpine lake Traunsee were compensated by photoacclimation and therefore did not result in significant quantitative changes of photosynthetic rates and algal biomass (Teubner & Dokulil 2002 b). Our study on photosynthetic properties in three alpine lakes, Lake Lucerne, Mondsee and Traunsee in fall 1999, could further show, that light acclimation were mirrored concurrently by photosynthetic efficiency and pigment pattern and were primarily due to differences in cell size than a different taxonomic composition among natural phytoplankton assemblages (Teubner et al. 2001 link to pdf). Low-light acclimation in natural plankton was associated with high maximum light utilisation coefficient (α*, 14C method) and enhanced chlorophyll-a to photo-protective β-carotene ratios. These effects of low-light acclimation could be attributed to both the phytoplankton assemblages of particular lakes studied under cloudy weather conditions and to the cell-size fraction smaller than 10 μm in all three lakes in general. Algae grown under higher solar radiation of sunny days and of the size fraction larger than 10 μm were photo-synthetically less efficient but high-light acclimated having low ratios of chlorophyll-a to ß-carotene. Above photosynthetic saturating light levels, only the high light acclimated large-cell fraction increased their relative proportion of photo-protective carotenoids. At dim-light in deeper water layers, however, allometric rules seemed to be counterbalanced since the proportion between lipophilic accessory photo-synthetic pigments and photo-protective pigments increased concurrently for both size fractions.




The pigment pattern in epilimnetic strata and the metalimnetic layers of the deep chlorophyll maximum mirrored distinct phytoplankton assemblages due to vertical niche separation in deep mesotrophic lakes (Ammersee, Bavaria: Teubner et al. 2003 b; Mondsee, Salzkammergut Austria: Greisberger & Teubner 2007 pdf). A detailed comparative study on in vivo measurements of delayed fluorescence (DF) and HPLC/CHEMTAX pigment analysis we used to infer seasonal and depth distributions of phytoplankton in relation to light and temperature in deep alpine mesotrophic lake Mondsee (Austria). The advantage of HPLC/CHEMTAX method became evident in the good discrimination between phytoplankton groups based on a pigment ratio matrix derived from multiple regression analysis of phytoplankton samples. Changes in the pattern of photosynthetic active pigments were investigated with DF and benefited from excitation spectra that considered all light harvesting pigments. The enhancement of accessory photosynthetic active pigments relative to active chlorophyll a under ambient low light and temperature became evident along both the seasonal succession and the depth gradients by shifts toward diatoms and/or phycobilin-rich cyanobacteria and cryptophyceen in plankton communities (Greisberger & Teubner, 2007 pdf).




Community ecology




We have shown that both algal (Teubner et al. 2003 b) and ciliate plankton assemblages (Sonntag et al., 2006 pdf) reached the highest persistence in species composition (high similarity between successive samples) during periods of almost constant standing crop (low values of net change of total biovolume) and vice versa (Fig. 2). In this view we define a steady state assemblage as a stable community concerning both the species composition and the standing crop as exemplified by phytoplankton of metalimnetic strata at dim-light levels below 1% in deep alpine lakes, but not for assemblages in euphotic surface layers. Shifts towards a P-rich biota under reduced total-P pool-size in eutrophied Old Danube strongly indicated that the plankton community acted as a sink for phosphorus (Teubner et al. 2003 a pdf). Our hypothesis that the increased P-accumulation in organisms reflects the adaptive P-utilisation of a planktonic community under low P-supply was substantiated by changes in the structure and dynamics on the nutrient-producer and producer-consumer interfaces. These findings of enhanced P-accumulation by plankton community under oligotrophic conditions were verified again for the epilimnion of open waters of the deep alpine lake Traunsee (Teubner 2003).




Fig. 2. Relationship between the alterations in the species composition and shifts of standing crop for phytoplankton (left, Fig. 7 in Teubner et al., 2003 b pdf) and pelagic ciliate assemblages (right, Fig. 2 in Sonntag et al., 2006 pdf). Similarity of species composition of successive samples as Bray-Curtis index, shifts in standing crop as net change rates. Left panel: algae in lake Ammersee: euph epi – euphotic epilimnion, euph meta – euphotic metalimnion, meta dim-light: metalimnion below the euphotic zone; Right panel: ciliates in lake Traunsee: VI – deepest site, EB+RB: bays at two shallow sites.




Decadal trends and global change




Our analysis on six alpine lakes in the Austrian ‘Salzkammergut’ district confirmed the hypothesis that spatial coherence is best demonstrated via physical parameters and less pronounced in the sequence of basic chemical, nutrient and biological variables (Dokulil & Teubner, 2002 a; Dokulil & Teubner, 2005 a, b, Dokulil et al. 2006 pdf). The significant deep water warming for European lakes could shown in Dokulil et al. 2006, including Ammersee and Mondsee (Fig. 2 f and k,  pdf).




Applied freshwater science




Through our interest in diatoms (Teubner, 1995 pdf) and cyanobacteria (Teubner, 2006 pdf; Teubner et al., 1999 pdf, 2004 pdf) in particular and ecosystems in general we became involved in applied issues of eutrophication (Dokulil & Teubner, 2000 a, b), and restoration of lakes (Teubner et al., 2003 a, Dokulil et al. 2000), climatic change (Teubner et al., 2006; Dokulil & Teubner 2002 a, Dokulil et al. 2006 pdf) and the Water Framework Directive.
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