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Chapterr  II I 

TRANSLOCATIO NN OF MICROBENTHI C ALGA L ASSEMBLAGES USED 

FORR IN SITU ANALYSI S OF METAL POLLUTIO N IN RIVERS 

Abstract.. Effects of metal pollution from a zinc factory on microbenthic algal communities were assessed in 

threee neighbouring streams on the Dutch-Belgian border. Diatom species composition was experimentally 

relatedd to water quality by transferring racks with colonised glass discs from a polluted stream to a 

referencee stream and vice versa. The succession of species and the changes in biomass and metal 

accumulationn were measured during experiments in spring, autumn and winter. Metal concentrations and 

dryy weight in translocated biofilms tended to conform with those in local biofilms within an incubation 

timee of 14 to 18 days. Bray-Curtis similarity values from the different communities indicated that diatom 

communitiess responded more completely to the metal polluted conditions than to the reference water 

quality.. Cymbella minuta, Diatoma vulgare var. ehrenbergii, Navicula spec, and Melosira varians had a 

lowerr percentage in assemblages placed in the metal polluted streams. In contrast, Pinnularia spec, and 

NeidiumNeidium ampliation decreased in assemblages from the polluted streams that were transferred to the 

referencee stream. Achnanthes minutissima and Navicula seminulum (N. atomus) proliferated on any 

translocation,, possibly reflecting an opportunistic strategy and a high tolerance for Zn and Cd. The 

behaviourr of the species in relation to metal pollution generally accorded with observations in the 

literature.. However, it seems that metal tolerance is not the only selective factor and other ecological 

variables,, may also influence the composition of microphytobenthic communities. 
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INTRODUCTIO N N 

Riverss are often subjected to physical disturbances (dams, weirs) as well as to 

eutrophicationn and chemical pollution. Among other river organisms, microalgae 

havee shown to be sensitive to the degradation of habitats and water quality 

(McCormickk and Cairns 1994; Rai et al. 1981). In particular, diatoms are widely used in 

monitoringg studies because of their value as ecological indicators (McCormick and 

Cairnss 1994; Van Dam et al. 1994; Pan et al. 1996) of organic pollution (Descy and Coste 

1991),, eutrophication (Kelly and Whitton 1995; Sabater et al. 1996) and acidification 

(Terr Braak and Van Dam 1989). 

Monitoringg of diatom communities has been used in a number of ecotoxicological 

studiess based on intact microbenthic assemblages, aiming to detect the effects of metal 

pollutionn (Genter 1996 and references therein). Comparative studies based on algal 

communitiess upstream and downstream from a point source of metal pollution have 

beenn traditionally adopted in field studies (Roch et al. 1985; Deniseger et al. 1986). 

Nevertheless,, the occurrence of certain species in relation to one or more metals is 

oftenn difficult to interpret. The interaction of factors such as organic enrichment, water 

hardness,, pH, nutrient concentrations and light, may also contribute to community 

structuree (Stevenson et al. 1996). Several experimental approaches have been adopted 

too determine the relative importance of those factors. Gray and Hil l (1995) used 

microcosmss to study interactions between light and Ni sorption mechanisms by 

periphytonn communities. Genter and Amyot (1994) used artificial streams to assess 

changess in periphyton communities due to Al toxicity and acidification. The seasonal 

effectss of Zn on community structure were monitored by Genter et al. (1987) using 

mesocosms. . 

Thee results obtained from these manipulated systems in which a single stressor is 

added,, are remote from results obtained from field studies, in which a multiplicity of 

factorss interact, and are often not linked to any in situ observation. To expand our 

ecologicall  understanding of in situ changes we translocated natural algal assemblages 

betweenn sites with a different metal stress. Translocations of microbenthic algal 
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communitiess on artificial substrates have been very scarcely applied, e.g. by Iserentant 

andd Blancke (1986), to assess the effects of organic pollution in streams. 

Translocationn experiments were performed with microalgal communities from three 

testt sites in Dutch-Belgian lowland streams, tributaries of the river Meuse. The selected 

locationss showed extreme differences in Zn and Cd concentrations over short 

distances.. It was expected, therefore, that the metal concentrations were sufficiently 

highh to induce structural changes in the microbenthic algal assemblages. We 

hypothesizedd that algal communities would be modified in response to metal 

pollution.. Therefore, the translocation of communities from unpolluted to metal 

pollutedd waters, and vice versa, might allow the study of stress and recovery of 

assemblagess from effects of metals, respectively. Hence, changes such as shifts in 

speciess composition could be related to metal pollution. 

MATERIA LL  AND METHOD S 

Streams s 

Translocationn experiments were conducted in three neighbouring Belgian-Dutch 

lowlandd streams (Fig. 1), tributaries of the river Meuse: the Eindergatloop (Belgium), 

thee Dommel (Belgium) and the Keersop (The Netherlands). The Eindergatloop is a 

smalll  tributary of the Dommel and is extremely polluted (EP) by a former zinc factory. 

Metall  concentrations in the Dommel (polluted; P) are increased downstream of the 

junctionn with the Eindergatloop. The Keersop, tributary of the Dommel, was used as 

thee reference (R) site in this study since this stream is less affected by pollution (Zn and 

phosphate)) than the Dommel upstream of the Dommel-Eindergatloop junction. 

However,, all three streams are influenced by urban and agricultural activities to some 

extent. . 

Physicall  and chemical characterisation of sites 

Currentt velocity, dissolved oxygen concentration, conductivity, temperature and light 

attenuationn were measured in situ at all sites studied. Water samples were taken 

beforee translocation, during translocation and at the end of the experiments. 
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Alkalinity ,, pH, phosphates (molybdenum blue method; Murphy and Riley 1962), total 

andd dissolved inorganic and organic carbon (TIC-TOC and DIC-DOC; Total Carbon 

Analyser)) and metal concentrations (Flame and Graphite Furnace Atomic Absorption 

Spectrophotometerr [AAS] with background correction) were measured in the water 

samples.. Quality control of metal analysis was performed using reference material 

(IAEE simulated freshwater W-4). The measured values deviated less than 10% from 

certifiedd values. 

Figur ee 1. Location of the experimental sites: EP (Eindergatloop; 51  15' N/ 5  25' E), P (Dommel; 51  15' N/ 

5  25' E) and R (Keersop; 51  20' N/ 5  24' E). 
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Experimentall  set up 

Sand-blastedd glass discs (1.5 cm2 surface) were used as an artificial substratum for algal 

attachment.. Before use, glass discs were soaked in a 2% HN03 (reagent grade) solution 

forr 24 hours and then rinsed with double distilled water. Substrata were placed 

verticallyy in the water, parallel to the current, by means of polyethylene racks (after 

Blanckk 1985; Fig. 2). Each rack supported a total of 170 discs. At least three racks were 

placedd at each site. 
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Figur ee 2. Rack containing glass discs for colonisation of algal microbenthic communities. 

Afterr the colonisation period, the floats (Fig. 2) were removed and intact racks with 

holderss were placed vertically and fastened in cool boxes filled completely with water 

fromm the corresponding location. Drying out, sloughing and wave movement into the 

boxess was prevented by fastening the cool boxes and racks and fillin g the boxes to the 

topp with water. Communities were transferred to another stream (ca. 30 minutes 

travell  time) or were transported to the laboratory (ca. 2 h travel time). 

Threee translocation experiments were carried out, translocation experiments I and II 

weree performed from April to May and from September to October 1995, respectively. 

Microbenthicc communities were grown on artificial substrata for one week at the 
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pollutedd (P) site and at the reference (R) site. After this first colonisation period, 

microbenthicc communities were translocated between the two sites (P-»R and R-»P). 

Simultaneously,, new artificial substrata were brought to both sites (R and P) as a 

referencee to monitor in situ colonisation. Transferred biofilms and reference biofilms 

weree allowed to grow for an additional period of 2 weeks. 

Translocationn experiment III was performed between December 1995 and January 1996. 

Microbenthicc communities were allowed to grow for 16 days before translocation, 

becausee of the low water temperature (ca. 4 °C). Microbenthic communities grown in 

thee Dommel (P) and Keersop (R) were translocated (P-*EP, R-»EP) to the extremely 

pollutedd (EP) site. New artificial substrata was brought to all sites (R, P, EP) to monitor 

normall  colonisation for a period of 18 days. 

Inn the laboratory, discs were carefully removed from the rack holders and immersed in 

doublee distilled water. Unevenly colonised or damaged discs, were discarded. To 

standardisee results to the front surface only (1.5 cm2), the sides and back of the selected 

discss were cleaned with a tissue. The discs used for species determination were fixed in 

formaldehydee (4%) and the remaining discs were treated for further analyses as 

describedd below. 

Laborator yy analyses 

Chlorophylll  a (Chi. a), dry weight (DW) and metal concentrations in biofilms were 

determined.. Microbenthos was detached from the discs by cold sonication and 

suspendedd in double distilled water. At least three replicates were selected per 

treatment. . 

Forr Chi. a extraction, microbenthic suspensions were filtered through 1.2 pirn pore size 

glasss fiber filters; 5 ml ethanol 80% was added to the filters and pigments were 

extractedd at 75 °C for five minutes. Absorbances at 750 and 665 nm were read before and 

afterr acidification with HC1 (0.4 M). Chi. a concentrations were calculated according to 

Vollenweiderr (1969) and expressed as ng Chi. a cm"2. 

Microbenthicc suspensions were freeze-dried for DW determination, DW values were 

expressedd as ng DW-cm"2. 
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Metall  concentrations in biofilms were determined from freeze-dried microbenthic 

suspensionss after digestion in HN03 (Ultrex) using a microwave oven equipped with 

temperaturee and pressure control program. Metal analyses were performed with 

Flamee and Graphite Furnace AAS. Quality control for metal analysis was carried out by 

analysingg destruction blanks and reference material (NIST [SRM 2704]: Buffalo River 

Sediment).. The measured values deviated less than 10% from the certified values and 

destructionn blanks were near detection limits. Metal concentrations were expressed as 

Hgg metal-g'1 DW. 

Diatomm species composition 

Threee replicate discs per treatment were used for diatom species determination. After 

sonication,, formaldehyde was removed from the suspensions by successive 

centrifugation,, to avoid crystallisation. Organic material was eliminated using H202 

(30%)) and KMn04 according to Van der Werf f (1955), cleaned diatom frustules were 

laterr mounted on microscope glass slides in Naphrax (refractive index, 1.69). A total of 

922 diatom taxa were determined using light microscopy; taxa were classified according 

too Krammer and Lange-Bertalot (1986, 1988 and 1991a,b). At least 300 frustules were 

countedd per replicate slide. Relative abundances of species were expressed as 

percentages.. Operative categories of taxa were defined for: Pinnularia spec. (P. gibba, P. 

microstauron,microstauron, P. viridis, P. interrupta, P. lundii, P. borealis and P. subcapitata), 

NaviculaNavicula spec. (N. rhynchocephala, N. cryptocephala, N. sleviscensis, N. capitata var. 

capitata,N.capitata,N. dementis, N. integra), N. seminulum (+N. atomus) (Navicula seminulum 

andd N. atomus), Nitzschia spec. (N. palea and occassionally N. linearis, N. dissipata, N. 

frustulum)frustulum) and Stephanodiscus spec. (S. hantzschii, S. cf. parvus and Stephanodiscus 

sp.). . 

Bray-CurtisBray-Curtis  community similarit y index 

Thee Bray-Curtis community similarity index (Bray and Curtis 1957; according to Clarke 

andd Warwick 1994) was calculated between all pairs of original and transferred 

communities,, from each experiment separately and within spring, autumn and winter 

communitiess from a same sampling site, using the expression: 
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S'jk=100 0 i - ^ ^ 
Z(y»+y*) ) 

beingg i(n)= number of taxa, j=  community j , k= community k, yiy= fraction of taxa i in 

communityy j , yl)t= fraction of taxa i in community k, S'jk=  similarity value between 

communitiess j and k. 

Diatomm taxa whose abundance was below or equal to 1% were omitted from the 

comparison.. Abundance data was row-standardised according to Clarke and Warwick 

(1994).. The index values (S') range from 100%, when the contribution (y) of all taxa is 

identical,, to 0% when both communities have no taxa in common. 

Hierarchicall  agglomerative clustering on the original Bray-Curtis similarity matrix was 

appliedd (according to Clarke and Warwick 1994). The different treatments were 

successivelyy fused into groups and the groups into larger clusters (using group-average 

linking),, starting with the highest mutual similarities, then gradually lowering the 

similarityy level at which groups were formed (Clarke and Warwick 1994). The result of 

thee hierarchical agglomerative clustering is a single cluster containing all treatments 

representedd in a dendrogram, with the x axis representing the treatments and the y axis 

definingg the similarity level at which two groups are considered to have fused. 

Statistics s 

Significantt differences in metal accumulation, Chi. a content and DW between the 

translocatedd and local biofilms for each different season, were analysed using one-way 

ANOVAA (Sokal and Rohlf 1981). Differences in the abundance of species between the 

communitiess were also tested with one-way ANOVA after performing arc sine 

transformationss of the data. Student-Newman-Keuls tests were applied in order to 

findd differences between the groups. When the assumptions for ANOVA were not 

met,, the non parametric Kruskal-Wallis tests were performed. 
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RESULTS S 

Physicall  and chemical characteristics of the sites 

Znn and Cd concentrations were one to three orders of magnitude higher at P and EP 

thann at R (Table 1). The metal gradient between the sites coincided with the increasing 

waterr conductivity. Phosphate levels in the streams, though rather variable, were also 

higherr in the metal polluted streams (Table 1). Polluted streams had somewhat higher 

inorganicc carbon content and higher light attenuation. Higher temperatures, probably 

relatedd to the Zn factory activities, were observed at EP and P as well. The pH in all 

streamss was neutral and values were similar between sites. Anoxic conditions were 

nott observed during the study period (Table 1). 

Parameter r 

curren tt  velocit y (m-s' 1) 
alkalinit yy  (meq-L1) 
conductivit yy  (pS-cm 1) 
Mm 1 ) ) 
PH H 
0 22 (mg-L 1) 

) ) 
Cdd {fjg-L') 
Znn  </;g-L1) 
Fee O/g-L-1) 
Tota ll  P (pg PL 1 ) 
Ortho- PP (pg PL 1 ) 
TICC (mg-L1) 
TOCC (mg-L1) 
DICC (mg-L1) 
DOCC (mg-L-1) 

Spring g 

0.15 5 
0.8 8 

467 7 
1.1 1 
6.9 9 

12.6 6 
12.3 3 
0.4 4 

68 8 
388 8 
100 0 

14.9 9 
7.7 7 

14.8 8 
7.5 5 

Keersopp (R) 

Autumn n 

0.12 2 
1.1 1 

463 3 
1.52 2 
7.0 0 
8.8 8 

13.6 6 
0.3 3 

81 1 
407 7 

87 7 

15.6 6 
6.8 8 

15.5 5 
6.5 5 

Winter r 

0.29 9 
0.9 9 

458 8 
2.8 8 
7.1 1 
9.6 6 
4.5 5 
0.2 2 

97 7 
467 7 

78 8 
27 7 
15.4 4 

7.2 2 
15.4 4 

6.5 5 

Spring g 

0.30 0 
1.1 1 

1585 5 
2.7 7 
6.9 9 
8.2 2 

12.9 9 
331 1 

2864 4 
164 4 
410 0 

14.9 9 
10.5 5 
12.9 9 
9.8 8 

Dommell (P) 

Autumn n 

0.23 3 
1.7 7 

1024 4 
2.5 5 
6.9 9 
6.5 5 

15.5 5 
88 8 

1273 3 
119 9 
830 0 

20.8 8 
9.1 1 

20.4 4 
6.8 8 

Winter r 

0.27 7 
1.1 1 

873 3 
2.6 6 
7.1 1 

10.8 8 
7.3 3 

41 1 
661 1 

77 7 
1185 5 

541 1 
17.5 5 
11.0 0 
17.0 0 
6.9 9 

Einder--
gatloopp (EP) 

Winter r 

0.19 9 
1.4 4 

2742 2 
2.2 2 
7.3 3 
9.2 2 

11.0 0 
282 2 

3147 7 
<50 0 
301 1 

84 4 
20.7 7 

5.6 6 
20.4 4 

4.8 8 

Tabl ee 1 . Mean values corresponding to physical and chemical parameters of stream water determined 

duringg the experimental period. 

Dryy weight and chlorophyll a 

DWW of P biofilms was significantly higher (p<0.05) than DW of R and EP biofilms. 

Translocatedd biofilms showed a significant (p<0.05) gain (P-»R) or loss (R-»P) of DW 
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dependingg on the direction of the transfer. DW of P^»EP transferred biofilms decreased 

significantlyy (p<0.05) in winter to the same DW of EP biofilms. However, the transfer 

off  R biofilms (R-»EP) resulted in a significant increase (p<0.05) of DW (Table 2). 

R R 
P^ R R 
R ^ P P 
P P 
R-^EP P 
P^E P P 
EP P 

Spring g 
Chi .. a 

(/vg-cm-2) ) 

0.88 (0.6) 
2.0(1.1) ) 
3.5(1.2) ) 
0.99 (0.6) 

DW W 
(mg-cm-2) ) 

0.822 (0.6) 
0.999 (0.2) 
2.466 (0.5) 
2.700 (0.7) 

Autl l 
Chi .. a 

(|/g-cm-2) ) 

0.55 (0.3) 
1.4(0.3) ) 
0.7(0.1) ) 
0.3(0.1) ) 

imn n 
DW W 

(mg-crrr2) ) 

0.544 (0.1) 
0.788 (0.2) 
4.11 (1.5) 
3.44 (0.5) 

Winter r 
Chi .. a 

(jjg-cm(jjg-cm22) ) 

0.077 (0.03) 

0.133 (0.06) 
0.122 (0.06) 
0.122 (0.08) 
0.255 (0.09) 

DW W 
(mg-cm-2) ) 

0.911 (0.1) 

2.17(0.5) ) 
1.599 (0.3) 
1.04(0.3) ) 
1.055 (0.2) 

Tablee 2. Chlorophyll a concentrations and dry weight values corresponding to local and translocated 

biofilms.. Mean values and standard deviations, between brackets, are indicated. 
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Figur ee 3. Relation of Zn and Cd water concentrations (£/g-L-1) and Zn and Cd concentrations (^g-g-1 DW) 

determinedd in biofilms from R, P, and EP sites, in spring, autumn and winter (mean values and standard 

deviation). . 
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Chi.. a concentrations in R and P biofilms were not significantly different through all 

seasonss (Table 2). Chi. a concentrations increased after translocation (Table 2). 

Significantlyy higher (p<0.05) Chi. a concentrations, indicating increased algal biomass, 

weree attained by R-»P biofilms in spring and by P^-R biofilms in autumn (Table 2). 

Thee highest Chi. a concentrations in winter were found in EP biofilms (Table 2). 

Differencess in Chi. a concentrations were not significant between translocated and R 

andd P biofilms in winter; values remained significant lower (p<0.05) than in EP 

biofilms. . 
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Figur ee 4. Zn and Cd concentrations determined in local and translocated biofilms (mean values and 

standardd deviations) from spring, autumn, and winter. 

Metall  accumulation 

Accumulationn of Zn and Cd in R, P and EP biofilms increased with increasing Zn and 

Cdd concentrations in the water (Fig. 3). 

Thee Zn and Cd concentrations in R biofilms were significantly lower (p<0.05) than 

thosee in the polluted (P) and extremely polluted site (EP) (Fig. 4). Zn and Cd 

concentrationss in the translocated R-*P increased and were not significantly different 

fromm the concentrations determined in P biofilms (Fig. 4). However, metal 
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concentrationss in the translocated P-*R biofilms decreased but were still significantly 

higherr (p<0.05) than in R biofilms- During the third translocation experiment, R-*EP 

translocatedd biofilms had significantly higher (p<0.05) Zn accumulation than P-»EP 

biofilms.. In contrast, Cd accumulation in the translocated biofilms did not differ 

significantly. . 

Diatomm communities 

Compositionn and relative abundances of diatom communities differed between sites 

andd between seasons (Fig. 5). Reference (R) communities were dominated in spring by 

FragilariaFragilaria  ulna. In P communities the dominant taxa were Fragilaria capucina, 

GomphonemaGomphonema parvulum and Pinnularia spec. (Fig. 5). In autumn, the abundance of 

NaviculaNavicula spec, Melosira varians and Nitzschia spec, increased to ca. 50% in the R 

communitiess (Fig. 5). In winter, M. varians and Navicula spec, were still well 

representedd in R communities (Fig. 5). The rest of the R community was formed by 

speciess with relative abundances between 1 and 10%. Abundance of Achnanth.es 

minutissimaminutissima and N. seminulum (N. atomus) increased in P communities throughout 

thee year, being the most abundant in winter (Fig. 5). The extremely polluted (EP) 

communityy was dominated by the small diatom species A. minutissima and N. 

seminulumseminulum (N. atomus) (Fig. 5). 

Afterr transfer, community stucture changed towards the local communities. Cymbella 

minuta,minuta, Diatoma vulgare var. ehrenbergii, M. varians and Navicula spec, were 

abundantt in R, but suffered a significant decrease (p<0.05) in relative abundance when 

thee biofilms were transferred to more polluted sites (Fig. 6A). In contrast, Neidium 

ampliatumampliatum and Pinnularia spec, increased their abundance in R biofilms after 

translocationn to P and EP (Fig. 6B). Stephanodiscus spec, Gomphonema parvulum and 

FragilariaFragilaria  capucina decreased in the biofilms transferred to the extremely polluted (EP) 

sitee (Fig. 6B). Although the abundance of Stephanodiscus spec, in R and P biofilms in 

winterr was not significantly different, its abundance in the translocated biofilms 

consistentlyy decreased (p<0.05) (Fig. 6B). G. parvulum was significantly less (p<0.05) 

abundantt in R communities than in P and R-»P communities, in spring and autumn. 

http://Achnanth.es
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However,, after translocation to EP, the abundance of G. parvulum seemed (Kruskal 

Wallis,, p<0.05) to decrease in both R and P communities (Fig. 6B). No marked 

differencess in the abundance of F. capucina were observed between R and P 

communitiess (Fig. 6B). 

A.A. minutissima and N. seminulum (N. atomus), were generally abundant in the 

pollutedd sites and increased their abundance (p<0.05) in translocated communities, 

independentlyy of the direction of the transfer (Fig. 6C). 

2 2 
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Fig.. 6A 
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Fig.. 6C 

Figur ee 6. Taxa are represented into categories: (A) taxa more abundant in reference; (B) taxa more 

abundantt in polluted and/or the extremely polluted site; (C) taxa more abundant in polluted and extremely 

pollutedd site and after any translocation. 

Bray-Curti ss Community Similarit y Index 

Bray-Curtiss indicated seasonal differences within diatom communities from the same 

stream.. The lowest similarity values were found between spring and au tumn 

communitiess (R spring-autumn, S'= 31; P spring-autumn, S'= 46). While the au tumn 

andd winter communities showed the highest similarity values (R autumn-winter, S'= 

62;; P autumn-winter; S'= 79). 

Springg Autumn Winter 

RR P^R R^P R P^R R^P R P R->EP P^EP 

PP 3 3 5 3 7 8 P  5 1 6 0 8 7 E P 3 9 5 5 6 8 8 2 
R^PP 4 6 6 0 R-» P 5 4 6 4 P-*E P 3 8 6 1 7 0 

P—RR 6 5 P—R 6 8 R^E P 6 1 6 2 

PP 6 0 

Tabl ee 3. Bray-Curtis similarity (S') values calculated in spring, autumn, and winter, between local and 

translocatedd communities. 
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Differencess in the diatom assemblages of R, P and EP were indicated at all seasons 

(Tablee 3; Fig. 7). The lowest similarity between R and P communities was found in 

springg and R communities were markedly different from EP communities in winter. 

AA general shift occurred in the diatom communities after translocation (Table 3). 

Translocatedd communities showed increased similarity values to local communities 

(Tablee 3; Fig. 7). Even though community change depended on the origin of the 

translocatedd communities, R-*P communities were more similar to P communities 

thann P-»R communities were to R communities (Table 3; Fig. 7). 
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Figur ee 7. Dendrograms corresponding to the hierarchical clustering of the spring, autumn, and winter local 

andd translocated biofilms, based on the Bray-Curtis similarity matrix shown in Table 3. Similarity levels in the y 

axiss are derived from the original similarity values. 

DISCUSSION N 

Thee present study demonstrated that translocation of microphytobenthic biofilms 

inducedd both biological and chemical changes. The changes in the microbenthos over 

shortt periods of time reflected the direction of transfer and seemed to be related to the 

metall concentrations in the water. 

Exportt and import rates of material and cells are important in the accumulation of 

diatomss in both early and late stages of colonisation (Stevenson 1990), in disturbed and 

undisturbedd streams (Stevenson et al. 1991). Stevenson and Peterson (1991) estimated 

substantiall daily immigration and emigration rates for diatoms of ca. 1600-2300 

cells-cm^-day"11 and ca. 80-6000 cells-cm^-day"1, respectively, in two slow flowing streams. 
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Dryy weight and metal concentrations in our translocated biofilms witnessed that the 

exportt and the import of material in biofilms took indeed place, over a period of 14 to 

188 days. Therefore the changes observed in chemical and biological composition upon 

translocationn are partly due to the import and export to the new environment. Hence 

thee changes cannot be interpreted as the result of biological or chemical equilibria only. 

Yet,, earlier observations on the capacity of biofilms to sorb metals rapidly from the 

waterr column (Newman and Mcintosh 1989; Liehr et al. 1994) seem to confirm the 

presentt results. Similarly, biofilms released metals very rapidly, but not completely, 

whenn metal concentrations in the new environment were low. Also Bray-Curtis 

similarityy values indicated that the species composition of diatom assemblages did 

adapt,, but not completely, to the new conditions. We follow Dahl and Blanck (1996) in 

theirr conclusion, that the Bray-Curtis index is a more sensitive indicator of effect than 

parameterss such as photosynthesis or, as in our study, Chi. a concentrations. Metal 

pollutedd communities shifted to a lesser extent under reference conditions than vice 

versa.versa. This accords with observations of Iserentant and Blancke (1986), in translocation 

experimentss between streams differing mainly in organic pollution. The total species 

contributionn did not decrease in their study, but they also observed a decline in 

abundancee of all individual species that preferred the polluted stream, as early as 14 

dayss after the transfer. 

Motility,, growth form, size and specific growth rates of species shape colonisation 

strategiess and sensitivity to disturbances (Hudon and Legendre 1987; Stevenson and 

Petersonn 1991; Peterson 1996). Species-specific growth rates may vary with changes in 

thee micro-habitat conditions (Stevenson et al. 1991). The growth of early colonisers, 

likee A. minutissima in our study, may also be accelerated by physical disturbances due 

too diminished competition constraint (Rodriguez 1994) and may fill the space left by 

otherr more sensitive species (Roemer et al. 1984). Kinross et al. (1993) suggested that 

communitiess under chemical stress (for example, acidification) would tend to be 

dominatedd by small species, in which specific maximal growth rate is inversely related 

too cell diameter (Raven and Geider 1988). Peres (1996) observed an increase of small 

diatomm species (<50 j/m) in freshwater periphytic communities after 34 days of 

exposuree in the laboratory to 1 j/g CdL 1 (8.9103 jiM Cd) and dominance of A. 
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minutissimaminutissima after 71 day exposure to 10 /ig Cd-L"1 (0.09 MM Cd). In the present study, the 

extremee dominance of the small A. minutissima and N. seminulum (N. atomus) in 

pollutedd assemblages indicated that those stations were subjected to continuous 

chemicall and/or physical stress. Proliferation of small Navicula forms such as N. 

seminulumseminulum and N. atomus have also been related to organic enrichment and 

eutrophicationn in streams (Kelly and Whitton 1995; Fukushima et al. 1994). 

Itt was expected that differences in Zn and Cd concentrations between the streams 

wouldd control the characteristics of the algal assemblages. The observed shifts in 

diatomm species after translocation were indeed consistent with the ascribed sensitivity 

off the species to metals. The decreased abundance of M. varians in the polluted 

communitiess coincided with the reported sensitivity of this species to metal pollution 

(Beshh et al 1972; Center et al. 1987). 

Thee preferential occurrence of Diatoma vulgare and Cymbella minuta in the reference 

streamm is in agreement with observations of Say and Whitton (1981) and Genter et al. 

(1987).. Say and Whitton (1981) reported that D. vulgare was absent from waters in 

whichh Zn concentrations exceeded 100 jug Zn-L"1 (1.5 uM Zn) and Genter et al. (1987) 

observedd that concentrations of 50 jug Zn-L"1 (0.8 \iM Zn) were capable of reducing the 

growthh of C. minuta in the spring communities. 

Thee persistence of Neidium ampliatum and Pinnularia spec, in the polluted streams 

suggestss tolerance to high Zn and Cd concentrations. This was supported by 

observationss of Say and Whitton (1981) who found that the growth of species from 

bothh genera, P. borealis and N. alpinum, was much enhanced in waters with more 

thann 10000 ug Zn-L"1 (153 j/M Zn), a concentration even higher than that encountered 

inn the present study. 

Althoughh A. minutissima has been frequently cited as cosmopolitan (Kelly and 

Whittonn 1995) and sensitive to organic pollution (Palmer 1969; Fukushima et al. 1994), 

thee present study and that of Peres (1996) have shown its high tolerance for metals 

suchh as Zn and Cd. The sessile mode of living and small size enable this species to 

occupyy different spatial positions in the community (Roemer et al. 1984) suggesting 

alreadyy a certain tolerance to different nutrient and light conditions, and metal 
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exposure.. Deniseger et al. (1986) also found strong correlation between an increase of 

abundancee of this species and the increase in Zn, Cd and Cu concentrations in the 

water.. Cadmium tolerant A. minutissima have been isolated from Cd polluted sites 

(Takamuraa et al. 1989). Thus, translocation experiments have revealed groups of 

diatomm species which preferred the polluted or the unpolluted environment, while 

otherr species proved to be indifferent. Interspecific and intraspecific differences in 

metall tolerance, explaining the distribution of diatom species in the field communities 

(Takamuraa et al. 1989; present study) will be the subject of further investigations. In 

general,, however, it seems that even in rivers exposed to Zn and Cd levels as high as 

inn the present study, metal tolerance is not the only selective factor. Other physical and 

chemicall variables also participate in structuring microphytobenthic communities. 

Furtherr use of the translocation approach in pollution studies (e.g. upstream and 

downstreamm of a point source of pollution) could offer a dynamic picture of to which 

extentt physical and chemical changes affect microbenthic communities and the 

resiliencee of communities to adapt to environmental stress. 
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