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Size-Fractionated Phytoplankton and Relationships with Metazooplankton in a Newly Flooded Reservoir key words: phytoplankton, zooplankton, production, microheterotrophs, new reservoirs



Abstract In order to yield some insights into the planktonic food web structure of new reservoirs, size-fractionated biomass and productivity of phytoplankton were examined from 1996 to 1997 (following the 1995 flooding of the Sep Reservoir, Puy-de-Dôme, France), in relation to nutrients (P, N) and metazooplankton (Rotifers, Cladocera, Copepods). Autotrophic nanoplankton (ANP, size class 3–45 µm) dominated the phytoplankton biomass (as Chlorophyll a) and production, while autotrophic picoplankton (APP, 0.7–3 µm) exhibited the lowest and relatively constant biomass and production. Cells of the autotrophic microplankton (AMP, >45 µm) were considered inedible for planktonic herbivores. The production-biomass diagram for the different size classes and the positive correlation between APP production and ANP + AMP production suggested that grazing was potentially more important than nutrients in shaping the phytoplankton size structure. Metazooplankton biomass was low compared to other newly flooded reservoirs or to natural lakes with phytoplankton biomass similar to that of the Sep Reservoir. This resulted in low ratios (metazooplankton to edible phytoplankton) both in terms of production (average 0.43% in 1996 and 0.76% in 1997) and biomass, suggesting that only a small fraction of phytoplankton was directly consumed by metazooplankton. We suggest that the observed low ratios in the Sep Reservoir, reflect possible low metazooplankton inputs in the main influents, changes in hydrologic conditions and a high potential role of microheterotrophs. The latter role was supported by (i) the positive inter-annual correlation between ciliates and phytoplankton, (ii) the significant and negative correlations between ciliates and metazooplankton, and (iii) the significant and negative correlations between total metazooplankton biomass and total phosphorus (TP), whereas neither TP nor total metazooplankton biomass was correlated with phytoplankton variables.



1. Introduction Numerous studies of phytoplankton in both natural (oceanic, coastal and fresh waters) and laboratory conditions show that small-size cells generally outcompete large cells in nutrientpoor environments (MALONE, 1971; TAKAHASHI et al., 1982; STOLTE and RIEGMAN, 1995), indicating the role of nutrients in shaping phytoplankton size structure. Size-dependent loss
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processes are also major regulating factors for the size distribution within natural phytoplankton assemblages. For example, herbivorous microzooplankton and most of the metazooplankton preferentially graze on small algae (generally 0.5 km3), for example, represent about 20% of the global mean runoff (KALFF, 2002). For these reasons, an understanding of ecological changes in reservoirs, especially in new ones, is important. As part of a comprehensive study intended to understand the food web structure in the newly flooded Sep Reservoir, we analyzed the size distribution of phytoplankton communities and tested their relationships with metazooplankton in this ecosystem. For this purpose, we (i) determined the relative importance of various size classes of phytoplankton (including picoplankton) to total phytoplankton biomass (as chlorophyll a) and production, in relation to nutrients and metazooplankton (rotifers, cladocera and copepods) biomass, (ii) estimated the metazooplankton :phytoplankton production ratio, and (iii) examined the potential fate of different algal size classes, using an approach based on the establishment of a diagram model that combines production and biomass data (P-B diagram). The P-B diagram offers an operational framework for reporting and interpreting data on the size-fractionated production and biomass of phytoplankton (TREMBLAY and LEGENDRE, 1994).
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2. Methods 2.1. Study Site and Sampling The Sep Reservoir was formed in 1994 by damming the Sep stream, for the summer irrigation of an agricultural region known as the ‘Haute-Morge’ located in the French Massif Central (ca 46° N, 3° E). At its full supply level, the reservoir contains about 5 million m3 of water, has an area of 33 ha, a mean depth of 14 m and a maximum depth of 37 m. The reservoir was first flooded in May 1995. It was drawn down in summer, usually from July to September, in 1995, 1996 and 1997, for downstream irrigation and to prevent deoxygenation of bottom waters. The reservoir was generally empty by late October. During the present study, conducted in 1996 and 1997, the sluices of the reservoir were opened on July 3 each year. During both years, the water column of the reservoir was thermally stratified, starting from early April. For each year, the spring corresponds to the period that lasted from the beginning of the study to June 21 while the summer corresponds to the rest of the study. Additional details on the site can be found in TADONLÉKÉ et al. (2000) and TADONLÉKÉ and SIME-NGANDO (2000). Water samples were collected from April to September 1996 and from March to August 1997, at two stations chosen partly because of accessibility. However, because the data from the two stations were not significantly different (TADONLÉKÉ, 1999), we herein present only results from station 2 located in the deepest area of the reservoir, at about 150 m from the dam. In 1996, samples for phytoplankton sizefractionation were collected once in April, every two weeks in May and weekly from June to September, while in 1997 they were collected every two weeks. Samples for metazooplankton analyses were collected in 1996 at the same frequency as phytoplankton samples, except for the period lasting from June to September 1996 when they were collected every two weeks. In 1997, metazooplankton was collected weekly. These differences in the sampling frequency for zooplankton and phytoplankton were mainly due to logistic problems. Phytoplankton samples were taken with a Van-Dorn bottle, at three depths in the epilimnion (0, 1, 4 m), and at one depth in the meta. – (7 m) and the hypolimnion (15 m), while metazooplankton organisms were caught from three vertical hauls from the bottom to the surface of the water column, using a Juday type net of 55 µm mesh size.



2.2. Size Fractionation During our study, we examined the phytoplankton biomass and production in three size classes: 45 µm. For the biomass (i.e. chlorophyll a), the three size classes were obtained from the following fractionations: (1) for the whole community, algae in lake water were caught on Whatman GF/F glass fibre filters (nominal pore size ~0.7 µm), (2) for the 0.7–45 µm size fraction, lake water was prefiltered through a 45 µm Nitex netting and algae collected on GF/F filters, (3) for the 0.7–3 µm size fraction, lake water was prefiltered through 3 µm pore-size filters (Durieux filters for chlorophyll or Sartorius filters for primary production) and algae collected on GF/F filters. The 45 µm size fraction by subtracting the result of step (2) from that of step (1). For primary production (determined from 14C uptake), the same size fractionations as for the biomass were done but we replaced the GF/F filters by 0.45 µm pore-size Millipore filters. Comparison of results obtained with GF/F filters with those obtained with 0.45 µm Millipore filters showed no significant difference, both for algal biomass and production measurements (Mann-Whitney U test, p > 0.05). Since the cells with size 0) indicates that the export of cells from the studied size class (relative to the other) is higher than their share of total production. In our P-B diagrams, euphotic zone-integrated data were used in order to account for processes such as self-shading and surface photoinhibition (if they occurred), which fundamentally influence the balance between production and export. Phytoplankton cells forming the APP and ANP size classes were considered as edible and those in the AMP size fraction as inedible, for the metazooplankton. Metazooplankton species composition and dry weight biomass and the methods used for their analysis are presented in THOUVENOT et al. (1999a, b). In the present study metazooplankton wet weight is shown, mainly for comparison purpose. The production of each metazooplankton group was estimated for each sampling date, using the model proposed by SHUTER and ING (1997) and assuming a carbon content of 44% of the dry weight. The model predicts a daily metazooplankton production : biomass ratio (Pz/Bz) from the mean daily temperature (T) of the water column as Pz/Bz = 10(∝ + βT), where ∝ is equal to –1.748, –1.725, –2.458, and –1.766, and β to 0.052, 0.044, 0.05 and 0.04, for rotifers, cladocera, calanoids, and cyclopoids, respectively (SHUTER and ING, 1997). This model has the advantage of generating rapid estimation of metazooplankton production and has been found to provide reliable results at the community level, when compared to other methods such as the egg ratio method or the body size based methods (STOCKWELL and JOHANNSSON, 1997). In our study, the total metazooplankton production (PTZ, mg C · m–3 · d–1) was obtained by summing the production rates estimated for the different taxonomic groups. The metazooplankton:phytoplankton production ratio (%) was then calculated as PTZ : PE (× 100), where PE is the production from the edible phytoplankton size classes (i.e. APP + ANP). PE was obtained by multiplying the primary production values of interest (i.e. in the euphotic zone) by the ratio of the daily incident light to the incident light recorded during the in situ incubations of primary production samples. This PE value was then divided by the thickness of the euphotic zone to obtain PE in mg C · m–3 · d–1.



2.4. Statistical Analysis For the main variables under study, between-year and between-season comparisons were undertaken using the non-parametric Mann-Whitney U test, since our data were not normally distributed. Pearson correlation analyses with log10-transformed data, the Durbin-Watson D test and the first order autocor-



© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



618



R. D. TADONLÉKÉ et al. 40



1000 1996 (A)



600 Outflow rates water level



20



400



Water level (m)



30



-1



Outflow rates (litres.s )



800



10 200



0



0



M



A



J



M



J



A



S



1000



40 1997 (B) 30



600 20 400



Water level (m)



Outflow rates (litres.s-1)



800



10 200



0



0 A



Figure 1.



M



J



J



A



Changes in the water level and in the outflow rates during the two study years (1996 A, and 1997 B) in the Sep Reservoir.



relation coefficient (ACC) were used to establish empirical relationships between variables. For significant Pearson’s r, when D was 45 µm).
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Table 1. Mean values and coefficients of variation (in brackets) for the chlorophyll a concentrations (mg · m–2) and primary production (mg C · m–2 · h–1) associated with each of the three size classes, and for their importance relative (%) to total chlorophyll a and primary production in the euphotic zone of Sep Reservoir. Superscript numbers indicate interannual comparison, whereas letters indicate, for each year, the seasonal comparison when there was a significant difference. Values with 1 are significantly (Mann-Withney U test, p < 0.05) higher than those with 2 and values values with a are significantly higher than those with b. For each size class, comparisons concern comparable variables (for example relative importance vs relative importance). For seasonal mean, only absolute values are given. Note that in 1996, size fractionation was done from April to September and that the mean values of total chlorophyll a and primary production for that year are for the whole study, i.e. February to September. Sp = spring, Su = Summer
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mer irrigation of agricultural fields. Consequently, the outflow of water increased, and the water level at the deepest area of the reservoir decreased, between July and September, from 37 to 16 m in 1996 and from 27 to 16 m in 1997 (Fig. 1A, B). The average concentration of total nitrogen (TN) for all discrete depths in 1996 [2.93 mg N · l–1, range 1.03 – 5.9, coefficient of variation (CV) = 38%] was similar to that in 1997 (3.44 mg N · l–1, range 1.32 – 6.1, CV = 26%). In contrast, the mean total phosphorus (TP) concentration significantly decreased from 79.4 µg P · l–1 (range 54–135, CV = 18%) in 1996 to 57.8 µg P · l–1 (range 2.5–221.8, CV = 74%). These concentrations are characteristic of relatively productive waters (WETZEL, 1983). However, in 1996, we did not detect orthophosphates in the epilimnion in May and early June, and the overvall relative contribution of this directly assimilable P to TP was substantially lower (~10%) than in 1997 (50%) (TADONLÉKÉ, 1999). 3.2. Size-Fractionated Phytoplankton Biomass Total chlorophyll a concentrations (Chl) as well as concentrations from each size class significantly decreased from 1996 to 1997 in the euphotic zone of the reservoir. In contrast, the importance of each Chl size class relative to the total Chl remained about the same during the two study years (Table 1). Most of the Chl was associated with ANP during the two years, while APP had the lowest biomass (650 Mean value From TADONLÉKÉ (1999)



duction is stored as non-desirable algal blooms (e.g. ADALSTEINSSON, 1979) or where high predation is exerted on zooplankton. The values of total metazooplankton biomass in the Sep Reservoir were generally lower than those reported in lake systems with chlorophyll a biomass similar to ours and in other newly flooded reservoirs, but similar to or higher than values reported in rivers (Table 3). We did not quantify fish abundance or biomass in the Sep Reservoir. Few fishes (mainly perch) were observed in the water column during our study. It is possible that predation by fishes partly explains the reduced metazooplankton biomass. However, it is unlikely that this predation was strong, as the reservoir was drawn down in 1995 and 1996, a situation which caused fish mortality. The increase in biomass and in the relative importance of large bodied zooplankton (Cladocera and Copepoda) in 1997, when the water column was physically more stable (compared to 1996) supports this view. Indices of P limitation of phytoplankton were found in the Sep Reservoir in 1996 (TADONLÉKÉ et al., 2000). However the fact that the average number of eggs per ovigerous female of the dominant Daphnia longispina was significantly higher in 1996, when nutrients were less abundant in the reservoir, than in 1997 (THOUVENOT, 1999), suggests that phytoplank-
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Figure 7. Relationships between metazooplankton total biomass and total phosphorus in the Sep Reservoir in 1996 and 1997 (Durbin-Watson D = 2.51 and 2.28 while ACc = –0.04 and –0.26 in 1996 and 1997, respectively; see text for explanations).



ton quality (in terms of C : N : P ratios) was likely not responsible, at least in 1996, for the overall low metazooplankton biomass. One possible explanation for the observed low zooplankton to phytoplankton ratio in the Sep Reservoir is the change in hydrologic conditions. Development times of Cladocera and especially Copepoda are higher than for rotifers, phytoplankton and protists. These crustaceans might have been exported out of the reservoir before they have completed their development, as a consequence of the increase in the flushing rates from early July. Cladoceran biomass, for example, was significantly and positively correlated with changes in the water level (Table 2), and Rotifers dominated metazooplankton during the filling of the reservoir (i.e. at the beginning of the study each year, THOUVENOT et al., 1999 a, b) and in summer 1996, when the rate of water outflow strongly increased (Figs. 1A, 5A). Zooplankton with longer generation times seem more susceptible than do phytoplankton to advective loss (PACE et al., 1992). However, as metazooplankton biomass was also low when the water level in the reservoir was relatively constant (April– July), we suspect that metazooplankton
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Figure 8. Relationships between ciliate abundance and (A) the biomass of the dominant daphnid Daphnia longispina (Y = –0.363X + 0.293, r = 0.797; Durbin-Watson D = 1.52, ACc = 0.168), (B) Copepod biomass (Y = –1.47X – 0.764, r = 0.866; Durbin-Watson D = 2.88, ACc = –0.447) in the Sep Reservoir in 1996 and 1997. See text for explanations. For Figure 8B, the two outliers indicated by arrow were not included in the regression. Ciliate data are from THOUVENOT et al., (1999a, b).



inputs from the main reservoir influents might have been also low; unfortunately, we were not able to check this. Another possible explanation for the observed low metazooplankton : phytoplankton ratio may be that the link between phytoplankton and metazooplankton was not direct and that microheterotrophs (e.g., ciliates) were important as phytoplankton grazers or direct food sources for metazooplankton in this reservoir. This is supported by at least three observations. First, both ciliate and phytoplankton biomass decreased from 1996 to 1997 and increased from
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1997 to 1998 (this study, THOUVENOT et al., 1999a, b; TADONLÉKÉ and SIME-NGANDO, 2000), suggesting a trophic link between these two compartments. These empirical observations were supported by an experimental study in 1998, which showed that microzooplankton, largely dominated by ciliates, recycled an important fraction of nanophytoplankton production in the water column through grazing (TADONLÉKÉ and SIME-NGANDO, 2000). Second, for the two study years, metazooplankton biomass was significantly correlated, negatively, with total phosphorus (Fig. 7). If this indicates metazooplankton grazing or a high proportional P storage in metazooplankton biomass, the non significant relationship between phytoplankton and both total phosphorus and total metazooplankton biomass suggests that a significant fraction of the stored P was not from autotrophs. Third, the dominance of Cladocera in May–June 1996 also coincided with a strong decrease in ciliate abundance (THOUVENOT et al., 1999a), and a significant negative relationship, slightly stronger than in the case of phytoplankton, was obtained between D. longispina and ciliates in 1996 (Fig. 8A). In addition, copepod (mainly Eudiaptomus gracilis followed by Cyclops vicinus) biomass was negatively correlated with ciliates in 1997 (Fig. 8B), when diatoms, which are known to generally have a dominant role in the nutrition of copepods (KIØRBOE and NIELSEN, 1994; IRIGOIEN et al., 2000), were scarce in both the water column and the sediment traps (TADONLÉKÉ et al., 2000 and unpubl. data). Another support for this contention is that ciliate community comprised a high proportion of species such as Pelagohalteria viridis and Strobilidium spp. (THOUVENOT et al., 1999a, b). These species are reported to have the ability to jump very quickly, generally considered as an effective escape response against metazoan predators (TAMAR, 1979; JACK and GILBERT, 1993). Finally, our results showed that APP absolute biomass and production and their contribution to total phytoplankton were low and relatively constant from one season to another and from the first to the second study year. Our empirical evidence suggests that (i) generally a small proportion of edible phytoplankton was directly consumed by metazooplankton in 1996 and 1997 in the Sep Reservoir and (ii) the fate of the dominant nanophytoplankton was probably influenced by its species composition and by the relatively high discharge. Changes in hydrologic conditions in the reservoir, the possible low inputs of metazooplankton in the main influents of the reservoir, and the high potential role of microheterotrophs, are suggested as main explanations for the observed low metazooplankton to phytoplankton ratio.
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