Author-produced version of the article published in Freshwater Biology, 2012, vol. 57 (8), 1658-1666. The original publication is available at http://onlinelibrary.wiley.com/doi/10.1111/j. 1365-2427.2012.02827.x/abstract doi : 10.1111/j.1365-2427.2012.02827.x (ere we performed an experimental study designed to assess the relative contribution of drift to the recovery of diatom assemblages from copper exposure A series of laboratory channels were used to grow biofilms under control and Cu contaminated conditions prior to simulating the recovery of exposed assemblages with and without connectivity to unimpaired biofilms i e allowing or not species immigration from a pristine community Total diatom biomass and species relative abundances were monitored )n addition a range of descriptors for assessing diatom population dynamics daily rates of increase in diatom density estimation of population growth were determined in order to identify the ecological importance to recovery of immigration as distinct from re growth from remnant cells

Methods

Experimental setup

A suspension of natural biofilm from a pristine site located upstream of any pollution inputs in the Morcille river Beaujolais region Eastern France was inoculated into laboratory channels l w d cm These channels were arranged in a blocked design into four sets of triplicate channels two of which were grown under control conditions see details in Lambert et al.

while the other two were supplemented with copper at about g L for four weeks to obtain mature biofilms before the experiment The channels were placed in parallel at a light intensity of approximately lux light dark regime under continuous water flow in recirculating mode centrifugal pumps Rena Flow L min The copper concentrations used in this experiment were sufficient to produce effects on the
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  early s Stevenson Peterson studied the emigration and immigration of benthic diatoms as determinants of periphytic communities in streams Since their work the influence of immigration in freshwater benthic systems has mainly been considered in relation to recovery following sharp changes in flow regime i e spate Peterson Stevenson Peterson Stevenson or episodes of drought Bambakidis Benenati et al. Translocation studies are increasingly used to assess the recovery potential of riverine periphytic communities biofilms They are generally performed by transferring biofilms from contaminated sites to uncontaminated sites upstream of the contamination source Dorigo et al. Morin et al. a Tolcach Gómez Rotter et al. but sometimes by transplanting contaminated communities to a neighbouring river with similar environmental conditions )vorra et al. Depending on the study the time for full recovery of diatom assemblage structure has been estimated at from as little as two Tolcach Gómez to over nine weeks Dorigo et al. The contribution of immigration to recovery after episodes of contamination is often questioned in translocation experiments and ecotoxicological studies in general e g )vorra et al. Morin et al. a (owever it remains virtually impossible to discriminate between the effects of re growth from remaining viable cells and colonization by new immigrants
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 134 Figure 1: Experimental set up during exposure and recovery periods. Biofilms grown under control conditions are in white (no Cu added in water) and under contaminated conditions in grey (channels supplemented with Cu).
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Achnanthidium minutissimum K"tzing Czarnecki Nitzschia capitellata (ustedt Fragilaria capucina Desmazières var capucina and Planothidium lanceolatum Brébisson ex K"tzing Lange Bertalot During the weeks of recovery four different treatments each with three replicates were tested Fig ) Control treatment a set of n uncontaminated channels kept under uncontaminated water )) Cu treatment a set of n Cu contaminated channels kept exposed to about g Cu L ))) ExCu treatment set of channels with biofilms grown under control conditions placed in the upstream half section of the channels and biofilms grown under Cu contaminated conditions placed in the downstream section filled with uncontaminated water )V ExCu treatment set of biofilms grown under Cu contaminated conditions and filled with uncontaminated water The ExCu and ExCu treatments were used to assess the recovery of diatom assemblages following a decrease in Cu exposure with ExCu or without ExCu the possibility of diatom

immigration from control assemblages to the impacted biofilms Conductivity p( temperature and oxygen concentration were measured in situ in each series of channels using suitable probes WTW Meters Weilheim Germany Water samples were taken to analyse nutrient content NO NO N( PO SiO and copper concentration Nutrients were determined following French standards AFNOR operating procedures and protocols Dissolved Cu concentrations were analysed by )CP MS X Series )) Thermo Electron UK after filtration After homogenization of the resulting suspensions aliquots were taken for fluorescence measurements as a proxy of total algal biomass and of diatoms and diatom taxonomic environmental conditions Control vs. Cu thus ANOVA comparisons were only performed for ExCu and ExCu to assess differences in net immigration As they shared a comparable contamination history the differences in growth between ExCu and ExCu corresponded to the immigration that occurred only in ExCu immigration of species from the upstream to the downstream slides only the latter being sampled and were thus taken as an estimate of the potential influence of immigration to ExCu and Cu channels intermediate values were recorded in ExCu Copper concentrations were significantly higher in the Cu treated channels g L and no statistically significant difference was found between Control ExCu and ExCu channels even though the two latter channels had slightly higher concentrations of Cu g L experiment Species richness was significantly lower in the Controls than in the other treatments vs P and tended to decrease over time time effect on week Author-produced version of the article published in Freshwater Biology, 2012, vol. 57 (8), 1658-1666. The original publication is available at http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2427.2012.02827.x/abstract doi : 10.1111/j.1365-2427.2012.02827.x species P accompanying Achnanthidium species A. affine Grunow Czarnecki A. gracillimum Meister Lange Bertalot and A. macrocephalum (ustedt Round Bukhtiyarova accounting for about of cumulated abundances Cu and ExCu communities composed the lower branch of the cluster in which ExCu samples were all grouped together except one week that was grouped with Cu samples Relative abundance of species was less even as Achnanthidium minutissimum and Nitzschia hantzschiana tended to dominate whereas Fragilaria capucina abundances markedly decreased )n the sub cluster of ExCu samples all but one corresponding to week separation was due to a dominance of A. minutissimum over N. hantzschiana and F. capucina )nitial percentages of diatom deformities were higher in Cu channels than in the Daily rates of increase Fig in total diatom numbers were positive in all treatments except for Cu channels where no significant growth was noticeable Rates of increase r similar proportions of diatom deformities at the end of the experiment i e Fig which is significantly higher than the initial percentages detailed above Table summarizes mean population growth parameters for all the treatments over the experimental period Subscripts in equations refer to the water conditions to indicate that net fecundity nF of the standing crop as well as immigration ) and emigration E differed according to environmental factors No significant self generated detachment Boulêtreau et al. was observed in the biofilms suggesting that the emigration component was probably comparable between treatments Two week pop was always lower under Cu conditions agreeing with the r calculations Comparisons between ExCu and ExCu population kinetics indicated statistical differences linked to significant immigration for total diatom biomass and Fragilaria capucina respectively while ExCu communities remained close to Cu exposed composition Focussing on assemblage structure of diatoms in more detail a selection of species less susceptible to copper exposure occurred in the biofilms exposed to Cu i e Achnanthidium minutissimum or Nitzschia capitellata Duong et al. Morin et al.

b Verb Vis Figure indicates that two weeks were more than enough for ExCu assemblages to attain structure similar to the Controls in accordance with the most optimistic in situ translocation scenarios Tolcach Gómez Without any external supply of colonists ExCu assemblage structure tended to diverge from the Cu stressed state but did not reach the Control composition within the time course of the experiment )t followed a trajectory that was probably driven by in situ differential reproduction of were unable to reproduce which is additional evidence for metal induced genetic impairments Falasco et al. which are likely to affect cell division Schmid Accrual of abnormal diatoms in ExCu positive r values apparently contradicts this statement but in this case can be compared to the clear kinetics of increasing deformities observed in Control and ExCu channels Long term culture under laboratory conditions has been shown to be responsible for cell deformations Estes )t is almost impossible to distinguish between biotic and abiotic drivers in in situ experiments but the abiotic drivers are generally considered as the major structuring )n this study we differentiated between the effects of a reduction in toxic stress and of inputs of immigrants on the recovery process Whatever the treatment ExCu ExCu the biofilms remaining after one month of Cu exposure contained enough viable organisms to ensure there was no lag time in re growth data not shown We found clear differential trajectories from previously exposed to unexposed diatom assemblage structure in the ExCu and ExCu channels )n ExCu connection with unstressed assemblages led to extremely rapid recovery Conversely recovery was delayed for ExCu biofilms which were still unable to attain a comparable diatom species composition to Control biofilms even after weeks under uncontaminated conditions recovery The role of species drift in recovery thus has to be considered even if the present very optimistic scenario probably resulted from the experimental design a resulting in an increase in the density of the newly introduced organisms Studies on interspecific variation in diatom immigration Stevenson Peterson indicated that Achnanthidium minutissimum immigration was double that for Fragilaria species thus the massive growth of F. capucina in ExCu probably resulted from immigration and subsequent reproduction of highly productive individuals originating from unimpaired biofilms Ultimately immigration and in situ reproduction of both persistent and re colonizing species although undistinguishable play a major role in periphytic recovery after exposure to copper pollution within catchments is believed to increase effective recovery of connected impaired sites )n this study we indirectly assessed the gain in remediation efforts by characterizing the The findings reported here also demonstrated that diatom assemblages can recover largely by propagule immigration and in situ reproduction of recolonizing species As might be expected the immigrants here were species known as pioneers that are resistant to disturbances e g Achnanthidium minutissimum Peterson Stevenson and common in the upstream site from which they originated Morin et al.

Table 1 : Mean values (± SE, n = 3) of physicochemical parameters of the water in the four series of channels, determined during the 6 week recovery period. Letters in superscript following SiO and Cu values indicate statistical differences between treatments (Tukey's HSD test; P< 0.01).
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Table 2 : Mean (± SE) values of 2 week variations in population and the corresponding formula of the pop. pop = nF (net fecundity: reproduction -death) + I (immigration) -E (emigration). Letters in subscript refer to specific environmental conditions (CC: Control conditions; CU: Copper conditions; EX: ExCu1 and 2 conditions). I EX values in italics are non significant. NHAN: Nitzschia hantzschiana, ADMI: Achnanthidium minutissimum, FCAP: Fragilaria capucina.

 2 Author-produced version of the article published in FreshwaterBiology, 2012, vol. 57 (8), 1658-1666. The original publication is available at http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2427.2012.02827.x/abstract doi : 10.1111/j.1365-2427.2012.02827.x 

	Two-week ∆pop (µgChl cm -2 ) Control	Cu	ExCu1	ExCu2 Immigration
	Equation	nF CC -E CC nF CU -E CU nF EX +I Ex -E Ex nF EX -E EX	I EX
	Total diatoms	5.3±1.9	0.3±0.4	6.8±1.4	1.7±0.7	5.1±1.6
	NHAN	-0.7±0.7 -0.2±0.3	0.2±0.6	-0.3±0.2	0.5±0.7
	ADMI	3.9±0.8	0.6±0.4	3.5±0.5	1.6±0.8	1.8±0.9
	FCAP	1.6±0.7	-0.0±0.1	2.5±0.4	0.1±0.1	2.4±0.4
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