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Abstract

Camargo, J.A. & Jiménez, A. 2007. Ecological responses of
epilithic diatoms and aquatic macrophytes to fish farm pollution
in a Spanish river. Anales Jard. Bot. Madrid 64(2): 213-219.

We examined the ecological responses of epilithic diatoms and
aquatic macrophytes to organic pollution and nutrient enrich-
ment caused by a trout farm effluent in the upper Tajufia River
(Guadalajara, Spain). Four sampling sites were selected over the
study area: one site (S-1) placed upstream from the trout farm
was used as a reference station; sampling sites S-2, S-3 and S-4
were set, respectively, about 10, 100 and 1000 metres downriv-
er of the trout farm outlet. The river bottom was mainly stony
with cobbles and pebbles at S-1, S-3 and S-4, but at S-2 it was
covered by a thick layer of organic sediment. Although some
macrophyte species (Apium nodiflorum, Groenlandia densa)
were either absent or fewer downstream of the farm, abun-
dance (% coverage) and diversity (number of species) for the
aquatic macrophyte community as a whole increased. In con-
trast, epilithic diatoms were completely absent at S-2, and some
species (Diploneis parma, Fragilaria ulna, Gomphonema angus-
tatum, Nitzschia dissipata) were also absent at S-3 and S-4. In-
deed, diatom diversity (number of species) was lower at S-3 and
S-4 than at S-1. However, diatom abundance (cells/cm?) was
higher at S-3 and S-4 than at S-1. Biological indices for diatoms
(IBD, TDI) indicated a better water quality at S-1 than at S-3 and
S-4, with a clear tendency to improve with distance from the fish
farm. In contrast, biological indices of macrophytes (IM, IVAM-
G) indicated a similar water quality at S-1, S-3 and S-4, but with
bad water quality at S-2. We conclude that epilithic diatoms may
be more useful than aquatic macrophytes for biological moni-
toring of fish farm pollution in fluvial ecosystems. However, as
historical and seasonal factors may be relevant to understanding
the distribution, abundance and diversity of primary producers
in running waters, further studies on long-term seasonal
changes are needed to improve the use of macrophyte and di-
atom indices in assessing fish farm pollution.

Keywords: Spanish river, fish farm pollution, diatom and macro-
phyte responses.

Resumen

Camargo, J.A. & Jiménez, A. 2007. Respuestas ecolégicas de las
diatomeas epiliticas y macroéfitos acuaticos a la contaminacion
producida por una piscifactoria en un rio espanol. Anales Jard.
Bot. Madrid 64(2): 213-219 (en inglés).

En este trabajo examinamos las respuestas ecologicas de las dia-
tomeas epiliticas y los macréfitos acuaticos a la contaminacion or-
ganica y por nutrientes producida por el vertido de una piscifac-
torfa situada en el tramo alto del rio Tajufia (Guadalajara, Espa-
fia). Se seleccionaron cuatro puntos de muestreo a lo largo del
area de estudio: uno aguas arriba de la piscifactoria empleado
como punto control (5-1); los puntos S-2, S-3'y S-4 se ubicaron a
10, 100 y 1000 m aguas abajo del punto de vertido, respectiva-
mente. El lecho del rio era principalmente rocoso, con guijarrosy
cantos rodados en S-1, S-3'y S-4, pero en S-2 estaba cubierto por
una gruesa capa de sedimento organico. Pese a que algunas es-
pecies de macroéfitos (Apium nodiflorum, Groenlandia densa) re-
sultaron ausentes o vieron reducidas sus abundancias aguas aba-
jo del vertido, la abundancia (% covertura) y la diversidad (nime-
ro de especies) del total de la comunidad de macréfitos acuaticos
aumentd. En oposicién a esto, las diatomeas epiliticas desapare-
cieron completamente en S-2, y algunas especies (Diploneis par-
ma, Fragilaria ulna, Gomphonema angustatum, Nitzschia dissi-
pata) también resultaron ausentes en S-3 y S-4. De hecho, la di-
versidad de diatomeas (nimero de especies) fue menor en S-3'y
S-4 que en S-1. No obstante, la abundancia de diatomeas (célu-
las/cm?) fue superior en S-3'y S-4 que en S-1. Los indices biolégi-
cos de diatomeas (IBD, TDI) indicaron una mejor calidad del agua
en S-1 que en S-3'y S-4, con una tendencia clara a mejorar con la
distancia a la piscifactorfa. En contraste, los indices bioldgicos de
macrofitos (IM, IVAM-G) indicaron una calidad del agua similar
en S-1, S-3 'y S-4, pero con una mala calidad del agua en S-2. Es
concluido que las diatomeas epiliticas pueden ser mas Utiles que
los macrofitos acuéticos para la monitorizacion biolégica de la
contaminacion causada por las piscifactorfas en los ecosistemas
fluviales. No obstante, debido a que factores histéricos y estacio-
nales pueden ser relevantes para entender la distribucion, abun-
dancia y diversidad de los productores primarios en las aguas co-
rrientes, estudios posteriores son necesarios para mejorar el uso
de los indices de diatomeas y macrdéfitos para valorar la contami-
nacién producida por las piscifactorfas.

Palabras clave: rio espafol, contaminacién por piscifactoria,
respuestas de diatomeas y macrofitas.
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Introduction

Natural changes in environmental conditions (e.g.,
flow, water temperature, dissolved oxygen, food re-
sources) along the longitudinal profile of river systems
exert direct control on the population dynamics of
aquatic organisms, resulting in characteristic biologi-
cal communities within this ecological succession
(Whitton, 1975; Vannote & al., 1980; Allan, 1995).
Nevertheless, many human activities are polluting
freshwater ecosystems, modifying the structure of
aquatic communities and thereby disrupting the func-
tional continuum of river systems (Camargo & al.,
2005). Indeed, anthropogenic pollution of freshwater
ecosystems by the addition of organic matter and
nutrients is an increasing phenomenon that affects
many rivers worldwide (Camargo & al., 2006; Szosz-
kiewicz & al., 2006).

Inland fish farms may have major adverse effects on
aquatic communities by modifying environmental
conditions downstream from their outlets. According
to Alabaster (1982) and Jones (1990), effluents of in-
land fish farms can contain three different types of
pollutants: (1) pathogenic bacteria, viruses and para-
sites; (2) drugs and disinfectants for disease and para-
site control; (3) residual food and faecal materials.
The third type of pollutant appears to be most impor-
tant in generating physicochemical and biological
changes downstream from fish-farming outlets, pri-
marily when artificial dry pellet diets are used (Al-
abaster, 1982; Jones, 1990).

Physicochemical alterations caused by residual
food and faecal materials from fish farms often in-
volve increases in inorganic nutrients (ammonium,
nitrate, nitrite, phosphate) and suspended organic
solids, a decrease in dissolved oxygen, and a settle-
ment of suspended organic matter settling on the riv-
er bottom (Alabaster, 1982; Solbé, 1982; Kaspar & al.,
1988; Jones, 1990; Garcia-Ruiz & Hall, 1996; Nord-
varg & Johansson, 2002). Biological alterations have
been less studied and may depend on fish farm man-
agement, fish farm location along the river, and the
particular ecological characteristics of each recipient
river (Camargo, 1992). A significant increase in the
abundance of primary producers is expected to occur
as a consequence of nutrient enrichment (Carr &
Goulder, 1990; Murphy, 1998; Villanueva & al., 2000
Daniel & al., 2005).

The main purpose of this preliminary investigation
was to examine the effects of fish farm effluent on the
abundance and diversity (number of species) of
epilithic diatoms and aquatic macrophytes in a Span-
ish river. We hypothesize that both abundance and
diversity must increase as a consequence of nutrient

enrichment. Furthermore, epilithic diatoms, aquatic
macrophytes, benthic macroinvertebrates and fish are
considered to be valuable indicators of the ecological
status of running waters, and their monitoring is re-
quired by the European Water Framework Directive.
However, recent studies (Hering & al., 2006; Johnson
& al., 2006; Springe & al., 2006; Thiébaut & al., 2006)
have shown that on the one hand macrophytes and
fish and on the other diatoms and macroinvertebrates
may be most appropriate for assessing ecological
quality at river basin scale and on smaller spatial
scales, respectively. In this sense, we also hypothesize
that epilithic diatoms may be better indicators than
aquatic macrophytes for assessing freshwater pollu-
tion caused by inland fish-farming effluents (i.e.,
point pollution sources).

Study area and sampling sites

Field studies were conducted in the Tajufia River
(Guadalajara province, Central Spain), a small river
within the Tajo (Tagus) River Basin. The watershed
of this river is mainly underlain by calcareous rock,
such as limestone, which induces the formation of
hard waters with a high ionic content. The Tajufia
River’s natural flow pattern features maximum flows
during winter and spring and minima in summer and
fall.

The inland trout farm is about 13 km downriver of
the river source, on the upper Tajunia River (Fig. 1).
Current annual production is about 35 tons of rain-
bow trout (Onchorbynchus mykiss) reared on an arti-
ficial diet of dry pellets. Twenty years ago, annual pro-
duction was about 75 tons (Camargo, 1992). Appar-
ently, waste treatment has always involved simple set-
tlement in a small sedimentation pond with no added
chemicals.

For this research, four sampling sites were select-
ed over the study area (Fig. 1). A sampling site (S-1)
upstream of the trout farm was used as a reference
station. Sampling sites S-2, S-3 and S-4 were about
10 m, 100 m and 1000 m, respectively, downriver of
the farm outlet. The riverbed was about 2-4m wide
through the study area. The river bottom was mainly
stony, with cobbles and pebbles at S-1 and S-3, but at
S-2 it was covered by a thick layer of organic sedi-
ment.

Materials and methods

Physicochemical surveys were conducted in 2005-
2006. Water velocity, temperature, conductivity, pH,
and dissolved oxygen were measured 77 situ accord-
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ing to standard methods (American Public Health As-
sociation, 1992; Wetzel & Likens, 2000). Additionally,
water samples for inorganic nutrient analysis were
collected using clean polyethylene containers, chilled
to 1-4° C in the dark and transported to the laborato-
ry within 24 hours. In the laboratory, water samples
were filtered through pre-rinsed 0.45 pm cellulose ac-
etate filters, and filtrates were used to determine con-
centrations of PO4-P, NH4-N, NO,-N and NOs-N by
spectrophotometry (American Public Health Associ-
ation, 1992; Wetzel & Likens, 2000).

Epilithic diatoms were sampled in February 2006.
At each sampling site, five submerged stones were re-
moved from the riffle substratum, chilled to 1-4° C in
the dark and transported to the laboratory within 24
hours. There, the clean surface of each stone was sep-
arately scraped using a hard-bristled brush, the
scraped material being collected in a small plastic tray
with 50 ml of destilled water (Hauer & Lamberti,
1996; Wetzel & Likens, 2000). After homogenization,
5 ml aliquot of each sample was cleaned by oxidation
with hot H,O, to remove the organic matter, leaving
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Fig. 1. Sampling site locations on the upper Tajufia River
(Guadalajara, Central Spain).

only the diatom valves. After centrifugation, perma-
nent slides were mounted using Naphrax (r.i. = 1.74)
and a drop (1 pl) of cleaned samples. Diatom density
was estimated by counting the number of diatoms
with a light microscope at 400x magnification. Taxo-
nomic identification to species level was conducted
following the Siiwasserflora von Mitteleuropa
(Krammer & Lange-Bertalot, 1986, 1988, 1991a, b),
using a light microscope at 1000x magnification. At
least 400 diatom valves were identified on each slide.
Stone surface areas (expressed in cm?) were estimated
according to the “aluminium foil method” described
in Hauer & Lamberti (1996).

On the basis of species composition and abun-
dance in the epilithic diatom community, we applied
the Trophic Diatom Index (TDI; Kelly & Whitton,
1995; Kelly, 1998) and the Biological Diatom Index
(IBDj; Descy & Coste, 1991; Prygiel & Coste, 2000)
for assessing water quality. The TDI is based on the
tolerance of a relatively small list of taxa (genera plus
key indicator species) to nutrients (dissolved phos-
phorus, mainly), and takes values between 0 (very low
nutrient concentration; excellent water quality) and
100 (very high nutrient concentration; very bad water
quality). In our case, the TDI estimation was per-
formed using all identified diatom taxa. The IBD also
is based on the tolerance of a relatively small list of
about 210 diatom species to nutrients (dissolved
phosphorus, mainly), and takes values between 1
(very high nutrient concentration; very bad water
quality) and 20 (very low nutrient concentration; ex-
cellent water quality). When no diatom is found in the
samples, a value of zero is given to the IBD. In our
case, because the IBD is more specific than the TDI,
some diatom species, such as Amphora commutata,
Cymbella perpusilla, Navicula cryptofallas, Navicula
similis and Stauroneis anceps, could not be considered
for estimating the IBD index.

Aquatic macrophytes were sampled in June-July
2006. An area of about 100m’ was selected at each
sampling site, and coverage percentage was estimated
for each taxon and for the whole community. In addi-
tion, macrophyte samples were collected, chilled to 1-
4° Cin the dark, and transported to the laboratory for
better taxonomic identification to species level fol-
lowing Cirujano & Medina (2002) and Casas & al.
(2006).

On the basis of species composition and species
abundance in the community of aquatic macrophytes,
we applied the Index of Macrophytes (IM; Sudrez &
al., 2005) and the Macroscopic Aquatic Vegetation
Index to genera (IVAM-G; Moreno & al., 2006) in or-
der to assess water quality. The IM is based on the dif-
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ferential sensitivity of a relatively small list of taxa
(general groups of algae, bryophytes, pteridophytes
and phanerogams, plus key indicator genera) to or-
ganic pollution and nutrient enrichment, taking val-
ues between <5 (high pollution level; bad water qual-
ity) and >30 (low pollution level; excellent water qual-
ity). The IVAM-G is based on the differential sensitiv-
ity of a more comprehensive list of taxa (50 genera of
algae, pteridophytes and phanerogams, plus general
groups of bryophytes) to organic pollution and nutri-
ent enrichment, taking values between <2.0 (high pol-
lution level; bad water quality) and >5.7 (low pollu-
tion level; excellent water quality). In our case, the fol-
lowing macrophyte species could not be considered
for the estimation of both IM and IVAM-G indices:
Groenlandia densa, Phragmites australis and Typha lat-
ifolia.

Results and discussion

Mean values of water physicochemical parameters
at each sampling site are presented in Table 1. Differ-
ences between the reference site (S-1) and down-
stream polluted sites (S-2, S-3 and S-4) were signifi-
cant (P<0.01; t-test) for dissolved oxygen, nitrate, ni-
trite, ammonium and phosphate. Whereas the con-
centration of dissolved oxygen decreased, particularly
at S-2, the concentration of dissolved inorganic nutri-
ents increased downstream from the trout farm out-
let. Mean values of inorganic nutrients clearly indicate
a downstream process of nutrient enrichment as a
consequence of the farm’s deficient waste-water treat-
ment system. Similar physicochemical changes have
already been observed for other rivers receiving fish
farm effluents (Alabaster, 1982; Solbé, 1982; Carr &
Goulder, 1990; Jones, 1990; Camargo, 1994; Garcia-
Ruiz & Hall, 1996).

As a consequence of the acute process of nutrient
enrichment, aquatic macrophytes and epilithic di-
atom abundances tended to increase downstream (Ta-

Table 1. Mean values of water physicochemical parameters at
sampling sites.

S-1 S-2 S-3 S-4
Water velocity (cm/s) 294 18.5 26.7 26.1
Water temperature (°C) 9.5 8.1 8.0 7.9
pH 84 | 709 80 | 8.1
Conductivity (uS/cm) 627 650 670 689
Dissolved oxygen (mg O,/l)| 9.7 4.6 5.8 7.6
Phosphate (mg PO4-P/l) 0.05 0.42 0.46 0.39
Nitrate (mg NOs-N/I) 2.5 3.3 3.2 3.9
Nitrite (mg NO,-N/I) 0.02 0.05 0.06| 0.1
Ammonium (mg NH4-N/I) 0.06| 0.77 0.65| 0.37

bles 2 and 3). The total coverage for the whole com-
munity of aquatic macrophytes increased from 52.8%
at S-1 to 70.6% at S-3 and 81.5% at S-4 (Table 2).
Similarly, total density for the whole community of
epilithic diatoms increased significantly (P<0.01; t-
test) from 10366 cells/cm” at S-1 to 109120 cells/cm?
at S-3 and 27956 cells/cm? at S-4 (Table 3). Increases
in the abundance of primary producers have already
been observed in other polluted rivers experiencing
significant nutrient enrichment (Villanueva & al.,
2000; Schneider & Melzer, 2003; Camargo & al.,
2005; Daniel & al., 2005; Leira & Sabater, 2005;
Moreno & al., 2006).

Despite their increases in abundance at S-3 and S-4
with regard to S-1, there was a clear difference be-
tween the whole community of aquatic macrophytes
and the whole community of epilithic diatoms.
Whereas the former increased in abundance and di-
versity (from 6 species at S-1 to 7 species at S-3 and 8
species at S-4), the latter increased, abundance but
decreased its diversity (from 20 species at S-1 to 13
species at S-3 and 19 species at S-4). In this respect it
is interesting to note that Daniel & al. (2005), studying
the effects of fish-farming pollution on aquatic macro-
phytes in two salmon rivers located in Brittany
(France), found that both macrophyte abundance
and diversity usually increased downstream from fish
farms.

On the other hand, at S-2, the absence of epilithic
diatoms and the decrease in the abundance and diver-
sity of submerged macrophytes (Tables 2 and 3) were

Table 2. Species composition and species abundance (coverage
%) of aquatic macrophytes at sampling sites. Values for total
coverage (for whole community) and macrophyte indices (IM,
IVAM-G) are also given.

S-1 S-2 S-3 S-4
Apium nodiflorum (L.) 435 0.0 10.6 7.2

Cladophora sp. 0.0 14.6 17.2 18.6
Groenlandia densa (L.) 17.0 0.0 0.0 0.0
Lemna minor L. 10.5 18.4 16.4 11.3
Leptodictyum 7.5 0.0 11.5 | 205

riparium (Hedw.)
Phragmites australis (Cav.)| 9.2 41.3 23.7 15.8
Ranunculus peltatus Schr. | 0.0 0.0 8.6 5.9

Typha latifolia L. 123 | 257 12.0 45
Veronica
anagallis-aquatica L. 0.0 0.0 0.0 | 16.2

Total coverage for
whole community (%) | 52.8 | 33.2 70.6 | 815
Diversity (number

of species) 6 4 7 8
IM 16 4 25 29
IVAM-G 4.4 2.0 4.5 4.4
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probably due to the strong sedimentation of organic
matter on the river bottom, which produced a thick
layer of organic sediment. Submerged macrophytes
and epilithic diatoms appear to be very sensitive to the
sedimentation of suspended solids (Descy & Coste,
1991; Kelly & Whitton, 1995; Kelly, 1998; Prygiel &
Coste, 2000; Wetzel, 2001; Cirujano & Medina, 2002;
Schneider & Melzer, 2003; Gosselain & al., 2005;
Suarez & al., 2005; Moreno & al., 2006; Szoszkiewicz
& al., 2006). Furthermore, some epilithic diatoms
(Cymbella affinis, Diploneis parma, Fragilaria ulna,
Gomphonema angustatum, Navicula sinilis, Nitzschia
dissipata) and submerged macrophytes (Apium nodi-
Horum, Groenlandia densa) were either absent or less
abundant at S-3 and S-4 with regard to S-1 (Tables 2
and 3). These diatoms and macrophytes usually grow
better in unpolluted rivers and streams with naturally
mesotrophic waters (Prygiel & Coste, 2000; Cirujano
& Medina, 2002; Schneider & Melzer, 2003; Gosse-
lain & al., 2005; Leira & Sabater, 2005; Szoszkiewicz
& al., 2006).

Conversely, other epilithic diatoms (Achnanthes
lanceolata, Achnanthes minutissima, Amphora com-
mutata, Amphora ovalis, Navicula capitatoradiata,
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Navicula minima, Navicula recens, Navicula tripuncta-
ta, Nitzschia fonticola, Nitzschia sociabilis, Stauroneis
anceps) and aquatic macrophytes (Cladophora sp.,
Phragmites australis, Ranunculus peltatus, Typha lati-
folia, Veronica anagallis-aquatica) clearly increased
their abundances at S-3 and S-4 with regard to S-1
(Tables 2 and 3). These diatoms and macrophytes are
relatively tolerant of organic pollution and nutrient
enrichment, growing well in eutrophic waters and of-
ten forming dense stands (Prygiel & Coste, 2000;
Cirujano & Medina, 2002; Schneider & Melzer, 2003;
Gosselain & al., 2005; Leira & Sabater, 2005;
Szoszkiewicz & al., 2006). However, because aquatic
mosses are in general considered to be indicators of
good water quality (Sudrez & al., 2005; Moreno & al.,
20006), it is surprising that Leptodictyum: riparium also
increased its abundance at S-3 and S-4 with regard to
S-1 (Table 2). In this respect, Szoszkiewicz & al.
(2006) have showed that some aquatic mosses may be
tolerant to organic pollution and nutrient enrichment,
although they did not found any specific indicator val-
ue for L. riparium.

Values of IM, IVAM-G, IBD and TDI indices are
presented in Tables 2 and 3. The spatial variation of

Table 3. Species composition and species abundance (cells/cm?) of epilithic diatoms at sampling sites. Values for total density (for

whole community) and of diatom indices (IBD, TDI) are also given.

S-1 S-2 S-3 S-4
Achnanthes biasolettiana Grun. 845 0 0 1248
Achnanhtes lanceolata (Breb.) 372 0 3428 772
Achnanthes minutissima Kitz. 1932 0 25127 4518
Amphora commutata Grun. 429 0 20549 3965
Amphora ovalis Kutz. 753 0 20414 1220
Cocconeis placentula Ehrenb. 1125 0 0 2864
Cymbella affinis Kutz. 810 0 0 89
Cymbella perpusilla Clev.-Eul. 0 0 0 51
Cymbella silesiaca Bleis. 183 0 0 596
Diploneis parma Cleve 487 0 0 0
Epithemia adnata (Kitz.) 1148 0 4420 603
Fragilaria capuchina Desm. 0 0 0 114
Fragilaria ulna Nitzs. 504 0 0 0
Gomphonema anqustatum (Kitz.) 439 0 0 0
Gomphonema parvulum (Kutz.) 315 0 2843 0
Navicula capitatoradiata Germ. 256 0 3637 1566
Navicula cryptofallax Lan.-Bert.&Hofm. 227 0 0 573
Navicula minima Grun. 0 0 1274 0
Navicula recens Lan.-Bert. 0 0 9372 4384
Navicula similis Krass. 154 0 0 72
Navicula tripunctata Mull. 282 0 7585 485
Nitzschia dissipata (Kutz.) 31 0 0 0
Nitzschia fonticola Grun. 24 0 2100 915
Nitzschia sociabilis Huso. 50 0 6386 2604
Stauroneis anceps Ehrenb. 0 0 1984 1317
Total density for whole community (cells/cm?) 10366 0 109120 27956
Diversity (number of species) 20 0 13 19
IBD 15.1 0 10.8 14.3
DI 38.7 - 64.6 56.0
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these biological indices clearly indicates a marked de-
crease in freshwater quality just below the trout-farm-
ing effluent (S-2), with a clear tendency to increase
and recover freshwater quality with distance to the
fish farm (S-3 and S-4). However, this pattern of
change in water quality was much better recorded by
diatom indices (TDI, IBD) than by macrophyte in-
dices (IM, IVAM-G), since nutrient concentrations
were significantly higher at S-3 and S-4 than at S-1
(Table 1). It should be evident that this better perfor-
mance of diatom indices was due to the decreased di-
versity (number of species) that the community of
epilithic diatoms exhibited downstream of the trout
farm (at S-2, S-3 and S-4; Table 3), whereas the com-
munity of aquatic macrophytes experienced a de-
crease in diversity at S-2, but increases in diversity at

S-3 and S-4 (Table 2).

Conclusions

We conclude that epilithic diatoms are more useful
than aquatic macrophytes for the biological monitor-
ing of fish farm pollution (i.e., point pollution
sources) in fluvial ecosystems, since their higher di-
versity and benthic condition permit diatoms to re-
spond better to a broad spectrum of stress affecting
the freshwater habitat, at least locally. In this sense we
agree with other authors (Hering & al., 2006; Johnson
& al., 2006; Springe & al., 2006; Thiébaut & al., 2006)
in that aquatic macrophytes may be most appropriate
for assessing ecological quality at the river basin scale,
whereas epilithic diatoms may be most appropriate
for assessing ecological quality at smaller (local) spa-
tial scales. Nevertheless, because historical and sea-
sonal factors may be relevant to understanding the
distribution, abundance and diversity of primary pro-
ducers in running waters (Allan, 1995; Wetzel, 2001;
Preston & al., 2003), further studies on long-term sea-
sonal changes are needed to improve the use of
macrophyte and diatom indices in assessing fish farm
pollution.
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