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Abstract There is increasing interest in the restora-
tion of urban river systems because they are affected by
multiple point- and diffuse-source impairments. In
South Wales, these issues are exemplified by the rivers
Taff and Ely, which have a well-documented history of
pollution. We developed a network of river-monitoring
sites to capture as many sources of impairment as
possible and to provide an integrated assessment of
basin-wide conditions using established, recently
revised and new methods to assess ecological status
as required by the Water Framework Directive (WFD).
Most of the 34 river sites, except those in upstream
areas, had moderate or poor ecological status and low
species richness. There were significant correlations
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between the UK Trophic Diatom Index (TDI), phos-
phate and nitrate concentrations, but the strongest
correlation was with sodium concentrations. Sodium
also differentiated best between ecological status
classes. The UK TDI, Ecological Quality Ratios and
the Indice de Polluosensibilité Spécifique (IPS) corre-
lated strongly, but the IPS reflected chemical condi-
tions less well. There were also possible metal impacts
including some upstream sites despite apparently good
or high ecological status. These data reveal strong
capacity in diatoms for reflecting stressors that affect
urban river networks. We recommend (i) further
assessments including geographically comprehensive
and repeated surveys to underpin local decision-
making and (ii) further refinement of the tools currently
in use for WFD purposes through the development of
specific diagnostic indices or multi-metric methods for
a comprehensive assessment of complex catchments
affected by multiple impairments.

Keywords Diatoms - Streams - Water Framework
Directive - Water chemistry - Monitoring - Pollution

Introduction

There is increasing interest in the restoration and
sustainable management of urban river systems for
three principal reasons. First, urban areas are charac-
terised by multiple physical and chemical sources of
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impairment (Ormerod et al., 2010). These include
domestic and industrial wastewater, and surface runoff
of nutrients, fertilisers, pesticides, organic contami-
nants and metals from both point and diffuse sources
(Mallin et al., 2009). Urban river channels are also
highly modified, for example, for flood-risk manage-
ment, while basin hydrology reflects extensive hard
surfaces that affect runoff character (Daenport et al.,
2001; Paul & Meyer, 2001; Mallin et al., 2009). Such
changes also make urban rivers more sensitive to
climate-change effects, and evidence suggests that
they are heating more rapidly than other rivers
(Kaushal et al., 2010). Secondly, urban locations
represent areas of disproportionate importance to
people. Throughout the world, increasing numbers of
people now not only live in cities and are at risk from
the adverse effects of impairment (Duh et al., 2008),
but also derive benefit where rivers can be restored and
enhanced for overall environmental quality (Platt
et al., 1994; Duigan et al., 2009; Alberti, 2010).

In many developed countries and in industrialised
areas, some pollution problems have been solved,
and ecological quality has substantially improved
(Ormerod & lJiittner, 2009). In many other cases,
however, legacy infrastructures from past engineering
works, as well as continued sewage outfalls, chemical
discharges, pesticides, mine drainage, acidification,
litter, agricultural runoff, landfill leachate, sediment
delivery, etc., are continuing problems affecting
recovery from upstream to downstream areas (Walsh
& Wepener, 2009; Jiittner et al., 2010). So far there are
few published case studies devoted to monitoring
networks that have been developed specifically in
urban river systems, which can effectively (i) appraise
status and diagnose a wide range of potential impair-
ments and multiple stressors, (ii) guide management
actions, and (iii) act as baseline against which to judge
restoration outcomes. The Water Framework Direc-
tive (WFD, Council of the European Communities,
2000) requires the assessment of ecological status
using several groups of biological indicators repre-
sentative of different trophic levels in a complex
biological community. Urban monitoring networks
could be particularly effective if several metrics
assessing different ecosystem components such as
diatoms and macroinvertebrates were used simulta-
neously (Carvalho et al., 2011). They sometimes
respond to different problems and can independently
reveal multiple pressures such as changes in habitat
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structure and water chemistry (Soininen & Kononen,
2004; Torrisi et al., 2010). Diatoms appear to be more
responsive to eutrophication and organic pollution and
also respond quickly to chemical change. They can
therefore detect intermittent as well as chronic effects
while providing detailed information about variability
over time, and provide added value over existing
methods using other organisms (Griffith et al., 2005;
Hering et al., 2006; Passy, 2006). The diversity of
diatom species, and the array of ecological conditions
to which they respond (e.g. nutrients, Hall & Smol,
1999; metals, Hirst et al., 2002; organic pollution,
Watanabe et al., 2005; sediments, Dickman et al.,
2005; acidification, Lewis et al., 2007) might also give
them potentially large capacity to diagnose impair-
ments amongst the multiple sources affecting urban
rivers (Wang et al.,, 2005; Ormerod et al., 2010).
Moreover, the widespread, global distribution of
species in polluted waters could provide effective
parallel data in different global regions.

One of the key needs in assessing status and trends
in urban rivers is to have appropriate monitoring and
assessment methods in place in well-designed net-
works. For benthic diatoms, methods are developing
rapidly (Lavoie et al., 2006; Chessman et al., 2007;
Kelly et al., 2008), but their performance must be
assessed in individual case studies and catchments,
comparing index values and classification against
actual biological and chemical conditions (Hamsher
et al., 2004). Potential failure to detect multiple
impacts of a different nature can then be addressed
by either modification of the diatom methods or
additional use of other indicator groups (Griffith et al.,
2005).

The catchments of the rivers Taff and Ely cover part
of an area of South Wales that was famous for its coal,
iron and steel industries from the eighteenth to the
twentieth centuries (John & Williams, 1980). These
not only laid the foundations of rapid urban develop-
ment but also led to a well-documented history of
pollution (e.g. Scullion & Edwards, 1980). Previous
studies showed that a range of impairments can affect
river quality reflected by changes in benthic diatom
assemblage composition with a shift to pollution-
tolerant species and in some cases low species
diversity (Gomez, 1998; Hirst et al., 2002; Jiittner
et al., 2003; Kim et al., 2008). In this study, we aimed
to develop a geographically extensive network of river
monitoring sites sufficient to capture as many sources
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of impairment as possible and provide a preliminary
assessment of basin-wide conditions using the recently
revised UK Trophic Diatom Index (TDI), a new
method to assess ecological status as required by the
WEFD, and a pollution index Indice de Polluosensib-
ilit¢ Spécifique (IPS) from France. We tested the
applicability of these metrics against actual biological
and chemical conditions in the Taff and Ely catch-
ments. Specifically, we determined (i) how diffuse and
point-source pollutions affected ecological status by
investigating diatom assemblages and water chemistry
in headwater areas, above and below major settle-
ments, river confluences and effluents from sewage
treatment works, and (ii) how ecological status
classes, diatom indices, assemblage composition and
diversity corresponded to the chemical conditions and
to what extent they reflected chemical gradients.

Methods
Study area

The area of investigation included the densely popu-
lated, industrialised and agricultural catchments of the
rivers Taff and Ely including all major tributaries such
as the Taff Bargoed, Taff Fechan, Taff Fawr, Cynon,
Nant Clydach, Rhondda, Rhondda Fach, Rhondda
Fawr in the Taff catchment, and the Nant Clun, Nant
Mychydd in the Ely catchment. The area is located in
South Wales, UK, between the Brecon Becon Moun-
tains and the City of Cardiff where both rivers flow
into a newly created lake Cardiff Bay which occupies
their former estuaries (Crompton, 2002). In October
and November 2004, samples were collected at 34
sites above and below major confluences, urban
settlements and discharge points of sewage treatment
works, and in the upper catchments upstream of major
settlements.

Water chemistry

Conductivity, pH and temperature were measured at
each river site (pH/Cond 340i, WTW, Burmarc,
Bordon, UK), and water samples were taken for
chemical analysis and 0.45 pm filtered. Photometric
measurements for NO3-N (d.l. 0.1 mg 17", NO,-N
(d.1. 0.005 mg1™"), NH,N (d.l. 0.01 mg1~") and
PO,4-P (d.1.0.01 mg 17" were carried out on the day of

collection using WTW test kits (NO3 09713, NO,
14776/1,NH,4 14752, PO, 14848 and Photolab S12-A,
Burmarc, Bordon, UK). Other major cations and
anions were analysed by inductively coupled plasma
atomic emission spectrometry (ICP-AES, Ca, Mg, Fe
[d.1. 0.001 mg17'], Na, K [d.1. 0.05 mg 17'], Sr [d.1.
0.0001 mg 17'], Ba [d.l. 0.0005 mg1~'], Al [d.L
0.006 mg 17", Si [d.I. 0.03 mg 17']) and inductively
coupled plasma mass spectrometry (Mn, d.l.
0.0005 mg 17") on acidified water samples, and by
ion chromatography (SOy, CI [d.l. 0.01 mg17'], F
[d.1. 0.001 mg 1™'], Department of Mineralogy, The
Natural History Museum, London, UK). Alkalinity
measurements were provided by the Environment
Agency.

Diatoms

Diatoms were collected with toothbrushes from at
least five stones in riffle areas at each river site
following standard procedures (Kelly et al., 1998).
Samples were preserved in ethanol and processed
using standard methods (hot hydrogen peroxide oxi-
dation) and mounted in Naphrax (Krammer & Lange-
Bertalot, 1986-1991). Diatoms were identified and a
minimum of 500 valves counted at x 1,000 magnifi-
cation using a Nikon Eclipse E600 microscope
equipped with differential interference contrast
(DIC). The relative abundances of species were
calculated. Identifications were based on Krammer
& Lange-Bertalot (1986-1991), Krammer (1997a, b,
2002), Reichardt (1999) and Lange-Bertalot (2001).

Data analysis

Diversity H (Shannon diversity index, log;), evenness
E (Shannon, also termed J) and species richness S were
calculated using the software PRIMER 6. Species
richness was calculated using rarefaction adjusted to a
samples size of 500 valves. To assess the ecological
status of river sites established, recently revised and
new metrics for rivers were calculated using all diatom
species found. They included the TDI and Ecological
Quality Ratios (EQR), methods developed to monitor
trophic status and ecological status in UK rivers (Kelly
et al., 2007, 2008; DARLEQ—Diatom Assessment of
River and Lake Environmental Quality). EQRs were
calculated to assess the deviation of diatom assem-
blages from reference conditions and to determine
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ecological status classes as defined by the WFD
(Council of the European Communities, 2000; Kelly
et al., 2007). Uncertainty analysis to assess the risk of
misclassification was performed on DARLEQ follow-
ing Ellis & Adriaenssens (2006). Because the Taff and
Ely catchments are affected by complex pressures
including impacts from agriculture and the release of
sewage, we also used the IPS (= Specific Pollution
Sensitivity Index, SPI; Cemagref, 1982; Prygiel et al.,
1999; OMNIDIA version 3). This index was devel-
oped to evaluate general water quality taking into
account organic pollution and nutrients.

Analysis of variance and Tukey’s multiple com-
parison test (ANOVA, Minitab 14 and Excel 2003)
were used to test differences in water chemistry,
species richness, diversity, evenness, TDI, EQR and
IPS between site groups. Regression analysis (Minitab
14) was applied to assess relationships between TDI,
EQR, IPS and water chemistry.

To investigate variations in diatom assemblage
composition and differences in water chemistry
between river sites non-metric multidimensional
scaling ordination (MDS) was used (PRIMER 6).
Water chemistry data were analysed after log + 1
transformation using a Bray—Curtis similarity matrix,
and diatom data were analysed after square-root
transformation and using Euclidean distance as a
resemblance measure. ANOSIM and SIMPER (PRI-
MER 6) were used to test whether differences between
a priori defined groups (ecological status classes) were
significant and which diatom species contributed to
the separation between groups.

Results

In the catchments of the rivers Taff and Ely, a total of
23 (68%) of 34 sites were classified as moderate (7,
21%) or poor (16, 47%), and 11 (32%) had good or
high ecological status (Fig. 1; Table 1). In the Ely
catchment, a higher percentage of river sites had
unfavourable ecological status with 11 sites classified
as moderate or poor and only one site in the upper
catchment classified as high. All sites in the upper
catchments of the river Taff and its tributaries had
good or high ecological status, but most sites in the
middle and lower catchments were moderate or poor.
Only above and below the confluence of the Taff
Bargoed and the Taff was the difference in river
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Fig. 1 Ecological status classes of river sites in the catchments
of the Taff and Ely, South Wales, UK. Arrows indicate discharge
points of sewage treatment plants

quality large as indicated by the TDI, EQR and status
class with high ecological status in the Taff Bargoed
(T11) and poor status in the Taff (T9). In mid-
catchment urban areas above and below main conflu-
ences, the ecological status was either moderate or
poor, except at T3 and T21 in the Rhondda catchment
and at T13 on the Taff. These sites had good ecological
status, but the confidence of prediction was much
lower than elsewhere. There was no impact of
effluents from sewage treatment works on ecological
status except in one case in the upper Ely catchment
where the class changed from moderate to poor,
elsewhere the status classes were already bad
upstream of the works’ discharge. The likelihood of
misclassification at the good/moderate boundary was
low with only three sites potentially misclassified with
a risk of >30%. All sites with high ecological status
were classified with 100% confidence and those with
poor ecological status on average with 70%.
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Differentiating between ecological status classes,
TDI values and EQR were on average (+=SD) 72.4
(1.7)/0.45 (0.03) for poor, 61.0 (4.3)/0.62 (0.06) for
moderate, 47.0 (3.2)/0.85 (0.04) for good and 32.0
(6.4)/1.0 (0.01) for high ecological status (Table 1),
with expected TDI scores ranging from 35.1 to 39.8.
The percentage of organic-tolerant taxa was on
average (£SD) 67.7 (25.3) for poor, 52.7 (9.5) for
moderate, 18.7 (20.3) for good and 5.9 (5.8) for high
ecological status, differing significantly above and
below the good/moderate boundary but not between
poor and moderate or good and high ecological status
classes (F330) 17.7, P < 0.001).

IPS values varied between 16.3 and 19.9 (median
18.1, except at T15 with 14.0) in the upper Taff
catchments, and between 9.1 and 15.5 (median 13.9,
except at T13 with 18.4) in the middle and lower
catchments. In the Ely catchment, IPS values varied
between 12.3 and 15.2 (median 14.0). There were
highly significant relationships between the TDI and
IPS (R*> 47.2%, F 32 28.6, P < 0.001), and between
EQR and IPS (R 40.6%, F.3221.9, P < 0.001). IPS
values (mean, £SD) were significantly higher at sites
with high ecological status but did not differ signif-
icantly between the other classes including at the
good/moderate boundary (high 17.5, 1.9; good 14.7,
3.5; moderate 14.5, 0.6; poor 13.5, 0.8; F(330) 8.8,
P < 0.001).

Diatom diversity in both catchments was very low.
Although 74 taxa were found only 7 were common
and abundant including Navicula gregaria Donkin,
N. lanceolata (C. Agardh) Ehrenberg, Achnanthidium
minutissimum (Kiitzing) Czarnecki, Fragilaria capu-
cina cf. var. rumpens (Kiitzing) Lange-Bertalot,
Cocconeis placentula Ehrenberg, Amphora pediculus
(Kiitzing) Grunow, Reimeria sinuata (Gregory)
Kociolek & Stoermer and Rhoicosphenia abbreviata
(C. Agardh) Lange-Bertalot. Diversity H', evenness
and species richness were not significantly different
between ecological status classes (Fig. 2; Table 2).
Diversity and evenness tended to be higher in the
moderate and good classes and species richness in the
moderate class.

MDS ordination separated sites in different eco-
logical status classes, and most clearly those with high
or good ecological status, TDI values <50, organic
pollution-tolerant taxa <20% and IPS values >16 from
those with moderate or poor ecological status, higher
TDI and lower IPS values, and more pollution-tolerant
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Fig. 2 Diversity H', evenness E and species richness S at Taff
and Ely river sites of different ecological status classes, South
Wales, UK

taxa (Fig. 3). Differences in species composition
between ecological status classes were significant, in
particular between poor or moderate and other classes,
but not between good and high ecological status
classes (ANOSIM P < 0.001, R = 0.63, Table 3).
Navicula gregaria, N. lanceolata and A. pediculus
were most abundant at sites with moderate or poor
ecological status. Navicula gregaria was more abun-
dant and A. minutissimum and R. sinuata were less
abundant at sites with poor ecological status than at
sites with moderate ecological status. At the good/
moderate boundary C. placentula, R. sinuata and
R. abbreviata were more abundant at sites with
good ecological status. Achnanthidium minutissimum
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Table 2 Variations in diversity H’, evenness E and species richness S in rivers of the Taff and Ely catchments, South Wales, UK, in

relation to ecological status class and the UK TDI

Diversity H' Evenness E Species richness S
Range Mean SD Range Mean SD Range Mean SD
Ecological status class
Poor (n = 16) 0.37-1.09 0.65 0.23 0.31-0.76 0.51 0.15 7-19 11.4 3.5
Moderate (n = 7) 0.72-1.06 0.91 0.11 0.56-0.73 0.67 0.06 12-19 15.1 2.8
Good (n = 5) 0.82-1.15 0.92 0.14 0.60-0.74 0.66 0.06 9-23 13.8 5.5
High (n = 6) 0.50-0.98 0.76 0.20 0.42-0.69 0.57 0.12 5-26 14.5 7.1
TDI/organic-tolerant taxa
<50/20% (n = 10) 0.50-1.15 0.81 0.19 0.42-0.74 0.60 0.10 5-26 14.2 6.4
>50/20% (n = 24) 0.37-1.09 0.74 0.24 0.31-0.76 0.56 0.15 7-19 12.6 3.6

and F. capucina cf. var. rumpens were the most
abundant species at sites with high ecological status.

MDS ordination using water chemistry data sepa-
rated most river sites with poor from those with
moderate ecological status, and sites with poor or
moderate from those with good or high ecological
status (Fig. 4; Table 4). Differences between sites
with poor and other ecological status, and between
moderate and high ecological status were significant,
but there was no significant difference at the good/
moderate boundary or between sites with good and
high ecological status (ANOSIM P < 0.001,
R = 0.51, Table 3). Of all the solutes measured, the
concentrations of Na and K distinguished best between
classes, but the differences were only significant
between sites with poor ecological status and others.
Concentrations of PO4-P and NO3-N were on average
higher at sites with poor ecological status, but varied
considerably, than at sites with moderate, good or high
status (Fig. 5). However, at most sites with poor
ecological status, PO,-P was below 0.10 mg 17", At
sites with moderate, good or high ecological status,
PO4-P was mostly below the detection limit of
0.01 mg 17", All sites with poor ecological status in
the lower Ely catchment had significantly higher
conductivity and concentrations of PO4-P, Na, K, Ca,
SO, and Ni than sites in the upper Ely catchment and
in the Taff catchment with poor or moderate ecolog-
ical status, and higher NOs-N concentrations than sites
with good or high ecological status.

There were significant correlations between Na, K,
nutrients and diatom metrics. The UK metrics were
more strongly related to gradients in water chemistry
than the metric from France and the strongest

correlations were found for Na, followed by K,
NO;-N and PO,4-P (Table 5).

There were sites which differed considerably in
chemistry from others. The site E6, a small stream
located downstream of a sewage treatment works
discharge, had the highest concentrations of PO,4-P,
NO;-N, NO,-N, NH4-N and K. Some sites had higher
concentrations in metals such as Cu (T11 and 12, ES
and 8,>0.004 mg 17" vs. <0.002 mg 17" at most other
sites), Fe (T11, 12 and 17, E6, 7 and 9, >0.25 mg 1!
vs. <0.18 mg 17! at other sites), Ni (T11 and 12, E1-3
and 5-8, >0.004 mg 17! vs. <0.003 mg 17! at most
other sites), Zn (T1, 12, 17 and 19, E1-3 and 8,
>0.007 mg 17" vs. <0.005 mg 1" at most other sites).
Of these sites, only T17 was clearly separated from
others in the ordination of diatom assemblages.

Discussion
Assessment of ecological status

According to the data collected, in autumn of 2004, a
minority of sites that were within and downstream of
urban areas in the Taff catchment, and only one site in
the Ely catchment, had good ecological status. These
prevailing conditions are clearly important given that
good status should be reached by 2015 according to
the WFD (Council of the European Communities,
2000). As in the case of many urban catchments,
various sources of impairment, such as sewage from
qualified discharge, sewer overflow and urban run-off
contribute to unsatisfactory conditions where good
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Fig. 3 MDS ordination of
diatom assemblages at Taff
and Ely river sites, South
Wales, UK, of different
ecological status classes
(symbols are those used in
Fig. 1), and characteristic
species; the size of the
species symbols represent
relative abundances
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ecological status is not reached. Improvements, and
restoration over extensive segments of this catchment
appear to be needed to achieve better ecological
conditions, and therefore effective monitoring should
underpin management and assess progress. One issue
with these data is that assessments were limited to a
relatively small number of sites and mostly to one
sampling. There is uncertainty about how representa-
tive one-off assessments are in revealing longer-term
quality. Ideal sampling frequencies to detect variations
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Navicula lanceolata

and trends will also vary between river catchments
(Lewis et al., 2007). During a 2-year study from 2004
to 2006 at Cardiff Bay and two of the Taff and Ely sites
(T1, E1) with repeated sampling, there was variability
in diatom composition between seasons, but no overall
change of status with respect to the good/moderate
boundary (Jiittner et al., 2010). T1 and E1 were located
in the City of Cardiff, and the ecological status varied
between poor (4x) and moderate (3x) at the Taff,
except once when it was high. At the Ely, ecological



Hydrobiologia (2012) 695:137-151 145
Table 3 ANOS.IM: Diatom assemblages Water chemistry
differences in diatom
assemblage composition Ecological status class P Ecological status class P
and water chemistry
between ecological status Poor/moderate <0.01 Poor/moderate <0.001
classes Poor/good <0.001 Poor/good <0.01

Poor/high <0.001 Poor/high <0.001

Moderate/good <0.01 Moderate/good n.s.

Moderate/high <0.001 Moderate/high <0.01

Good/high n.s. Good/high n.s.
Fig. 4 MDS ordination of
Taff and Ely river sites, OT130T3 Or20
South Wales, UK, based on T OT121 O122
water chemistry; symbols 10 i T1g
are those used in Figs. 1 and 7@ 8 DY
3 4 5 E11 OT15

| .T15 Ts
@ E10
E6 e © @ ©O
EZ E4 E9 OTM
es@ @ces
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status was poor (4x), moderate (3x) and bad once.
Samples close to class boundaries are at higher risk of
misclassification (Kelly et al., 2009a). In the Taff and
Ely catchments, there was generally a low risk of
misclassification at the good/moderate boundary.
However, variability at the Cardiff river sites suggests
that depending on circumstances sites on either side of
the boundary might benefit from more frequent
monitoring to assess the risk of misclassification and
statistical power of particular upstream—downstream
comparisons. Elsewhere, the variability of water
quality index values in a stream catchment affected
by urban pollution was also relatively small (Bere &
Tundisi, 2011), but other studies showed that there can
be considerable variation between samples collected
from the same site at different times (Kelly, 2002;
Kelly et al., 2009b). However, within-site variation
differed between sites and repeated sampling over
several years was recommended to assess the fre-
quency of monitoring required on a case-by-case basis
and to underpin decision making for additional
investments to improve water quality. In South Wales,
multiple samplings during different seasons and
application of these methods to other catchments,

some of which already monitored by the Environment
Agency, would put the current results from the Taff
and Ely catchments into context and expand the
current network to other heavily impacted areas.

Ecological status, diatom assemblages
and environmental conditions

Ecological status classes as defined by the WFD were
assessed by comparing the actual biota with those
expected in waters subject to no or minimal distur-
bance. The dominant species in the Taff and Ely
catchments included some of those widely found and
used for the assessment of ecological status classes in
the UK (Kelly et al., 2008). The most abundant
species Navicula gregaria followed by N. lanceolata
have TDI indicator values of 4 (favoured by high
concentrations of nutrients) and dominated at sites
classified as moderate or poor. However, other species
most abundant in these classes elsewhere such as
Eolimna minina (Grunow) Lange-Bertalot, N. fri-
punctata (O.F. Miiller) Bory and Planothidium lance-
olatum (Brébisson) Round & Bukhtiyarova had very
low relative abundances. There was a clear difference
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Tukey’s

test

ANOVA
Faso, P

SD

Mean

High (n = 6)
Range

SD

Mean

Good (n = 5)
Range

Mean

Moderate (n = 7)

SD Range

Mean

Poor (n = 16)
Range

Table 4 Variations in water chemistry (mg 1~') in rivers of the Taff and Ely catchments, South Wales, UK in relation to ecological status class

Ecological
status class
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Ni:3,28)

0.000 P>M,GH
0.034 P>M,GH

25.8
0.001

50
0

157

115-251
0.001-0.001

58

193

134-274

4.5

5

47 141-301 199
0.001-0.036

334

258-436
0.001-0.391

Conductivity

PO4-P

33

0.001
0.6
1.8

0.01
0.1

0.006
0.5

0.001-0.024
0.3-0.7
0.9-2.8

0.013
0.3

0.007
0.9
2.8

0.106
0.8
0.3

0.086

P>GH
P>G,H;

7.3

0.4
0.8

0.1-1.0
0.7-2.7

0.5-1.3

0.7-3.3

NO;-N

Si

0.001

7.2

0.8

0.2

2.4-3.1

2.8

2.0-3.3

M>H

0.000 P>M,GH
0.000 P>M,GH
0.000 P>M,GH

0.000

33.6

1.9
1.5

6.3

6.3

43-9.2
0.4-4.7

1.9
1.3
9.6
7.3

6.3

4.3-10.6

0.6-3.8
13.1-384

7.2-15.7 9.4 3.0
0.9

1.9-4.8
11.9-29.4

2.8

16.9

12.0-22.0
3.2-6.6

27.7-57.7

Na

11.7

1.9
8.1

2.7
2.4

29
20.

1.0
8.7
39
3.4

4.7

15.0

1

9.6-25.8
1.7-34.2

4.4-79

2!

6.6

.1

8.5

3

Ca

P>M,G,H

12.9

11.7
1.6

11.6
5.8

16.4

17.1 6.3 3.7-22.0
4.7-8.3

9.1-29.1
6.9-10.5

.1

29

21.3-34.3

SO,
Cl

0.000 P>GH
0.000 P>M,GH

10.0

1.5

6.4

1.3

11.6

7.3-16.7
0.0029-0.0055

13.8

0.0013
0.0011

0.0026
0.0018
0.1736
0.0059

0.0022  0.0016-0.0050
0.0015

0.0032
0.0018
0.1217
0.0049

0.0018-0.0070
0.0008-0.0044

0.0601-0.2921

0.0005
0.0018
0.0733
0.0024

0.0027
0.0010
0.1292
0.0048

0.0008  0.0023-0.0037
0.0012  0.0008-0.0013
0.0646  0.0732-0.2816
0.0018  0.0025-0.0094

0.0039
0.0022
0.1280
0.0058

Ni

0.0008-0.0038

0.0012-0.0055
0.0431-0.2714
0.0035-0.0090

Cu

0.0884 n.s.

0.0030

0.0994  0.0489-0.2905
0.0019  0.0040-0.0117

n.s.

0.0030-0.0080

Zn

in diatom assemblage composition on either side of
the good/moderate boundary shown independently by
ordination and an ANOVA-type procedure. Most
abundant at sites with good or high status were the
groups of Achnanthidium minutissimum, Cocconeis
placentula and Fragilaria capucina Desmaziéres.
These taxa groups represent considerable taxonomic
problems and contain varieties or separate species
which differ from each other in their ecology (e.g.
Hiirlimann & Straub, 1991). In practice, these taxa are
often difficult to separate and detailed taxonomic
studies are essential to provide guidance for consistent
identification. Potapova & Hamilton (2007) identified
six morphological groups in the A. minutissimum
species complex in North American river samples
which clearly differed in their ecology. It can be
assumed that such refined taxonomy if extended to
other difficult groups would aid the determination of
ecological status. However, this would require a high
level of training and harmonisation across analysts to
ensure that the analytical precision is maintained.

Species richness was very low in the Taff and Ely
catchments, and particularly at sites with poor ecolog-
ical status where, although not significantly lower than
at other sites, in most cases only 2-3 taxa accounted for
over 70% relative abundance. There is no simple
relationship between diversity and pollution, and
measures of richness are often regarded as unsuitable
indicators of such impacts. They did also not differ-
entiate between status classes in our study. However,
bell-shaped curves with higher richness or diversity at
intermediate enrichment and very low species richness
at severely polluted sites are often found, and the latter
can be due to impacts of metals, pesticides and their
toxic effects, and to severe organic pollution (Nather
Khan, 1991; Lobo et al., 1995; Gomez, 1999). Possible
explanations for low species richness in our study
include the background of long-term degradation in the
Taff and Ely catchments, the multiple combination of
stressors, such as urbanisation, sewage, metals, and the
possibility that unmeasured factors—such as pesti-
cides, chemical discharges, landfill leachate—might
be involved. It is also possible that within these
catchments environmental gradients were not suffi-
ciently strong and in particular differences between
important water chemistry parameters at most
sites might have been too weak to be reflected by
clear differences in species richness (Heino et al.,
2009).
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Fig. 5 Water chemistry (mg 17") at Taff and Ely river sites, South Wales, UK, of different ecological status classes

Table 5 Correlations between water chemistry and the UK
TDI, EQR and the IPS in rivers of the Taff and Ely catchments,
South Wales, UK

R? F2 P

Na/TDI 66.3 62.9 <0.001
Na/EQR 67.6 66.7 <0.001
Na/IPS 24.5 10.4 <0.01
K/TDI 52.3 35.1 <0.001
K/EQR 498 31.7 <0.001
K/IPS 17.6 6.8 <0.05
NO3-N/TDI 35.7 17.8 <0.001
NO3-N/EQR 36.3 18.3 <0.001
NO3-N/IPS 12.1 4.4 <0.05
PO4-P/TDI 15.6 5.9 <0.05
PO4-P/EQR 17 6.5 <0.05
PO4-P/IPS n.s.

Chemistry mostly differed only between ecological
status class poor and other status classes but not
between good and high ecological status and in
contrast to diatoms not at the good/moderate bound-
ary. Concentrations of nutrients were low at sites with

moderate, good or high status and a detection limit of
0.01 mg 1" for PO4-P might be too high to differen-
tiate between good and high ecological status. Ordi-
nation of sites based on water chemistry broadly
reflected the ordination based on diatom assemblages.
However, some sites e.g. E6, E7, T11, T13 and T14
clearly differed in chemistry but E6 and E7, and T11,
T13 and T14, had similar diatom assemblages. Poor
correlation between biotic indices and environmental
variables can be due to several factors (Hill et al.,
2000). Diatom assemblages reflect chemical condi-
tions over several days to weeks (Hirst et al., 2004;
Rimet et al., 2009) and chemical conditions on the day
of collection might have differed from the average
conditions that were reflected by assemblages over the
preceding weeks (Iserentant & Blancke, 1986). Stron-
ger relationships might have been found if biotic
indices had been correlated with average values of
several measurements or with time-weighted averages
if such measurements had been taken before the
diatom survey (Blanco et al., 2007). Alternatively,
other unmeasured factors might have had overriding
importance for the assemblages or diatoms were not
sensitive to specific chemical conditions at these sites.
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Although there were significant relationships
between NO3-N, PO4-P and TDI the strongest corre-
lation and best differentiation between status classes
was with Na and K. Strong correlations between Na
and TDI were also found elsewhere where PO,4-P
concentrations were low or non-detectable (Jiittner
et al., 2003). Jenkins et al. (1995) proposed that higher
Na concentrations in streams draining agricultural
catchments might reflect higher weathering rates on
agricultural land. This suggests that Na might be used
instead of nutrients (which are also subject to larger
short-term variation and therefore more difficult to
measure accurately) in freshwaters without excessive
salt pollution in developments of monitoring tools.

In France, the IPS index was significantly corre-
lated with organic pollution and eutrophication (Pryg-
iel & Coste, 1993), and this index might be regarded as
an appropriate metric in urban streams which are
affected by both types of pollution. In our study, the
TDI, EQRs and IPS were significantly correlated, but
the IPS reflected chemical conditions less well. There
were no significant correlations between IPS and PO,-
P, and the correlations with Na, K and NO5-N were
weaker than those with TDI and EQR. The IPS did not
differ at the good/moderate boundary but only
between the high status class and the others in contrast
to the significant difference between good and mod-
erate status in the percentage of pollution-tolerant taxa
as defined in the UK method. Although the metrics
available in DARLEQ are optimised for the low/
moderate pressure range (Kelly, pers. comm.), they
perform better in polluted, urban streams in the UK
than the index from France. This shows the advantage
of applying methods which were developed locally or
in geographically similar regions rather than using
indices from different geographical areas (Poulickova
et al., 2004; Martin et al., 2010).

Some of the sites in the Taff and Ely catchments
with apparently high ecological status might be
affected by other stressors such as metals as indicated
by their water chemistry. Stressors from different
sources, such as sewage treatment, combined sewer
overflows, industry including mining, diffuse pollu-
tion due to surface run-off from urban and agricultural
areas including siltation, and impacts due to habitat
change, such as channel modifications, all of which are
relevant to the Taff and Ely catchments, can affect
diatom assemblages in different ways. Multiple
stressors can be monitored by applying specific indices
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designed to detect their specific effects (Ziemann,
1982; Andrén & Jarlman, 2008), through a combined
index for ecological quality (Fore & Grafe, 2002), or
by recording particular features in diatoms such as
morphological deformations (Falasco et al., 2009).
Some stressors such as habitat quality might be
monitored more efficiently by other biological groups
(Griffith et al., 2005). For stressors other than nutri-
ents, specific diatom indices are not yet available in the
UK. Developing tools combining assessments with
different taxonomic groups and using functional as
well as structural changes in communities as metrics
might be the most comprehensive way of evaluating
ecological conditions in complex catchments such as
those in South Wales (Kelly et al., 2009b). However,
the costs of developing and testing new methods are
high. They would need to be justified by strong
evidence that multiple pressures impair ecological
functioning and by establishing the obvious gaps in
existing methods to address them. In the meantime,
using the currently available diatom-based methods
but in a broader programme of geographically com-
prehensive and repeated surveys would establish a
strong capacity for local decision-making.

Conclusions

An urban monitoring network was established for an
overall assessment of ecological status in rivers of two
complex catchments affected by multiple impairments
using diatom-based methods from the UK and from
France. Differences in diatom assemblage composi-
tion between ecological status classes and in particular
at the good/moderate boundary were significant.
However, water chemistry did not differentiate
between moderate and good ecological status. Thus,
diatom-based methods appear to be more sensitive in
characterising ecological conditions than chemical
analysis alone. Comparison of the UK and French
metrics showed that the UK metrics better reflected
actual chemical conditions. This confirms that locally
developed monitoring tools should be favoured over
methods from other geographical areas. Possible
impacts by metals at some sites were largely not
reflected by diatom assemblages. We suggest that
currently available methods could be developed
further to diagnose and untangle different effects of
multiple stressors in river catchments, and to underpin
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measures of restoration. The frequency of monitoring
required to detect catchment specific variability in
environmental conditions should be determined by
repeated surveys and adjusted when already existing
problems will be complicated further due to climate
change. Through surveillance monitoring this study
linked ecological status to particular pressures in the
rivers Taff and Ely and could aid the UK Environment
Agency’s River Management Plan developing appro-
priate management strategies to achieve good ecolog-
ical status in this catchment (Environment Agency,
2008).
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