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Summary 

The report presents results from an evaluation of a novel and emerging rapid assessment 
method, RAPPER (Rapid Assessment of PeriPhyton Ecology in Rivers), to help in the 
assessment of sites which are at risk of eutrophication, or maybe at risk.  RAPPER surveys 
were carried out by SEPA Ecologists (May-October 2014) within a wide-range of Scottish 
rivers, surveying river stretches and assessing composition and abundance of all algal growth 
visible to the naked eye.  An initial list of macroalgal taxa was selected, with genera assigned 
as either High or Good indicator status, or Moderate, Poor or Bad indicator status (the status 
assessment is derived from WFD terminology).  Sites were also sampled for benthic diatoms 
with TDI calculated, and chemical parameter data (P, N, alkalinity) also obtained for 
subsequent data analysis. 

In total 33 taxa were recorded across 90 sites.  53% of sites had just one or two taxa present 
with Cladophora glomerata the most common taxon recorded, followed by Oedogonium 
and Vaucheria.  A clear distinction between sites classified as High status from those 
classified as Moderate status was evident, although there were no distinct links accounting 
for the distribution, such as any known ecological preferences, alkalinity and substrate 
composition.  There was a suggestion for a preference for enriched sites. 

Sites with at least one High or Good indicator macroalgal taxa were generally associated 
with low TDI values and low concentrations of soluble phosphorus.  No such relationship was 
evident however where there was moderate or high cover of taxa indicative on Moderate 
status or lower.  The RAPPER method was found to correctly assign and differentiate 72% of 
sites between those that were regarded at being in High or Good status from those regarded 
as at Moderate status or lower.  11% of sites had both types of indicator taxa present, and 
the remainder of sites were unable to be classified due to an absence of appropriate 
indicator taxa. 

Evidence indicates RAPPER as a potentially useful tool for rapid assessment of sites 
highlighting those which are likely to be at risk of eutrophication, and where there is a risk of 
an undesirable disturbance.  RAPPER may be particularly useful to identify areas of 
eutrophication within catchments in order to focus activities more effectively.  In the future, 
there is potential for stakeholder engagement using RAPPER. Future work should also 
examine a larger data set to untangle details of stressors and physical variables, and help 
improve our understanding of taxa sensitivities. 

Scope of report 

To assess the potential of a novel tool (RAPPER: Rapid Assessment of PeriPhyton Ecology in 
Rivers) to more effectively and efficiently identify sites which are likely and/or at risk of 
eutrophication, and constitute an undesirable impact in rivers. 
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1. Introduction 

The period since the adoption of the Water Framework Directive (European Union, 2000) has seen 
the countries of the European Union developing new approaches to ecological assessment in order 
to evaluate the state of Europe’s surface waters (Birk et al., 2012).   One consequence of this is a 
harmonised view of what constitutes “good ecological status” for any particular type of water body 
(Birk et al., 2013; Pardo et al., 2012) throughout the region.   The next stage, however, requires a 
shift from the national and regional scale evaluations in order to focus on particular water bodies 
and, in particular, to target appropriate measures to restore failing water bodies to good status. 

Phytobenthos – algae found attached to submerged surfaces – is one component of ecological status 
in freshwaters that Member States have a duty to evaluate.  This reflects the important role of 
benthic algae in freshwater ecosystem functioning (Allen, 1995; Stevenson et al., 1996) as well as the 
potentially harmful consequences of excessive algal growths on the provision of ecosystem services 
(Sturt et al., 2011; Everard, 2012; Camp et al., 2014).  Most Member States have, consequently, 
developed methods for assessing phytobenthos mostly using the diatoms, a diverse and sensitive 
group of algae, as proxies (Kelly, 2013a).   

Several studies have demonstrated strong relationships between benthic diatoms and inorganic 
nutrients (Potapova & Charles, 2007; Kelly et al., 2008a; Bennion et al., 2014).   As a large number of 
water bodies throughout Europe have elevated concentrations of nitrogen and phosphorus 
(European Environment Agency, 2012), many are likely to fail to achieve good ecological status due 
to changes in the state of the phytobenthos.   This, in turn, raises further questions, both about the 
management of nutrients within water bodies and about the interpretation of ecological status 
concepts by catchment managers.   There is, in particular, a need to understand how a sample, 
reflecting the state of a part of the phytobenthos at a particular point in space and time, relates to 
broader ecosystem functioning, in order that investment in remediation measures has a high 
probability of success. 

Alongside issues of inherent uncertainty in diatom-based assessments (Kelly et al., 2009a; Clarke, 
2013), there are also issues associated with the cost of surveying and assessing large numbers of 
sites, with multiple samples per site, using a method that is relatively resource intensive and where 
sample analysis and interpretation may be performed by staff who have not visited the site and may, 
indeed, be based in another part of the country.   There is, we believe, potential for a rapid 
assessment method that can be performed, if necessary, by a wider range of staff and, indeed, by 
stakeholders.    

The UK’s current WFD assessment tools fulfil the statutory obligations to produce quantitative 
classifications of ecological status on the basis of deviation from reference condition; however, these 
methods are relatively slow and resource intensive.  In the case of phytobenthos assessment, 
sample analysis and interpretation may be performed by staff who have not visited the site and may, 
indeed, be based in another part of the country.   Investigations and operational monitoring within 
water bodies requires a different approach to that required for surveillance monitoring.   It is 
important to emphasise that RAPPER is not envisaged as a replacement for DARLEQ or LEAFPACS.  
Rather, we believe that it could form one of a number of complementary strands of high-level 
evidence that will have particular value in the early stages of evidence gathering.   
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The starting point for this study is a method for evaluating the ecological status of Norwegian rivers 
and streams based on non-diatoms (Schneider & Lindstrøm, 2011) which has been shown to give 
consistent results when compared to the current UK diatom-based assessment method (Schneider 
et al., 2014).   The Norwegian method, however, is based on a species list that includes many taxa 
including algae and cyanobacteria that are not recorded in The FreshwaterAlgal Flora of the British 
Isles (John et al.,2011) and, for this reason, we decided, as a first step, to evaluate the potential for 
using genus-level information from this method.  This, in turn, gives the advantage of making the 
method more amenable to use by individuals who are not specialist phycologists. 

 

2. Materials and methods 

2.1 Site selection 
Sampling was restricted to sites that were already scheduled to be sampled for benthic diatoms, 
macroinvertebrate or macrophytes during 2014.  103 sites were initially selected with results 
obtained providing a rough split between the south-west (27%), south-east (33%) and Highland 
Scotland (40%), which included sites that are part of SEPA’s WFD monitoring programme.  All sites 
were also sampled for benthic diatoms in previous years and results from these analyses provided 
an a priori estimate of ecological status for each site.   

Sites were also sampled for chemical parameters (P, N, alkalinity).  When benthic diatom samples 
were collected and later analysed, they were taken following standard SEPA procedures based on 
CEN standards.  

The a priori estimate of ecological status based on benthic diatom results highlighted majority of 
sites to be at moderate ecological status (71%), 26% at high status and only 3% at poor ecological 
status (no sites were chosen which were at good status, and sites as bad were not present).  The 
majority of sites (78%) had alkalinity concentrations <75 mg/l CaCO3, where ecological assessment 
based on benthic diatoms alone proves a reliable measure of ecological status.  15% of sites had 
intermediate alkalinity concentrations of 75 – 120 mg/l CaCO3, where on average ecological 
assessment based on diatoms is more reliable than that based on macrophytes, and only 7% of sites 
had alkalinity concentrations >120 mg/l CaCO3, where assessment based on macrophytes is more 
reliable than based on diatoms. 

 

2.2 Assessment of macroalgae composition 
An assessment of the composition and abundance of macroalgae was also performed.  This is based 
on Holmes and Whitton (1981) and involved a survey of an approximately 10 m length of the stream, 
located at the same point from which the diatom samples were collected.   The sampling stretch 
selected generally represented an area within the routine sampling site where conditions for benthic 
algal growth were most suitable (usually shallow and unshaded).  The abundance of all algal growths 
that were visible with the naked eye was recorded and either identified in the field or a small 
subsection was returned to the laboratory for identification.  These surveys were performed 
between May and October 2014 by SEPA ecology staff who were either experienced macrophyte 
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surveyors or who had attended a specialist course on macroalgal identification.   Cover was assessed 
using a 9-point cover scale (Table 1).  When identification was not possible in the field, samples were 
brought back to the laboratory for confirmation.  Periphyton taxa were identified using Kelly et al. 
(2014), Gutowski & Foerster (2009) and John et al. (2011).  On average, RAPPER surveys took less 
than 30 minutes to complete. 

Table 1.  The nine-point scale for assessing cover of macroalgae for RAPPER assessments 

Cover value Percent cover of stream bed 

1 < 0.1 

2 0.1 < 1 

3 1 < 2.5 

4 2.5 < 5 

5 5 < 10 

6 10 < 25 

7 25 < 50 

8 50 < 75 

9 ≥ 75 

 

2.3 Data analysis 
The method for evaluating macroalgae, termed “RAPPER” (“Rapid Assessment of PeriPhyton Ecology 
in Rivers”) evolved from a rapid survey method of Marsden et al. (1997) and the filamentous algae 
metric within the UK macrophyte assessment tool, LEAFPACS (Willby et al., 2009).  Marsden et al. 
(1997) just examined cover of filamentous “green” algae with no taxonomic characterisation; 
however practical experience showed that, whilst this was quite effective at confirming impacts 
where these occurred, resolution was relatively poor in cleaner water (J. Krokowski, pers. comm..).  
Subsequent developments in macrophytes survey and assessment (Willby et al., 2009) and 
comparisons with a method for algal assessment developed in Norway (Periphyton Index of Trophic 
Status, PIT: Schneider & Lindstrøm, 2011) enabled a more refined approach to be developed, which 
distinguished taxa characteristic of high and good status from those associated with moderate, poor 
and bad status (Appendix 1).   The rationale behind these assignments is explained in 3.1. These 
were then interpreted using the matrix in Table 2 (thresholds for MPB categories were derived from 
estimating the cover associated with good/moderate and moderate/poor boundaries based on the 
filamentous algal metric within LEAFPACS).   Two additional categories were included: there were a 
few instances where both HG and MPB indicators were present, and there were also a few sites 
where neither indicator was present (or MPB indicators were only present in small quantities).   

Statistical analyses were performed using the R software package (R Core Team, 2012) using the 
vegan package (Okensanen et al., 2011) for multivariate analyses. 
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Table 2.  Matrix of periphyton taxa indicative of risk of eutrophication and likely ecological status.   
HG indicators: taxa associated predominately with high and good status; MPB indicators: taxa 
associated predominately with moderate, poor and bad status. 

Condition Not at risk Maybe at risk At risk 

Status High /Good Moderate Poor / Bad 

HG indicators Present Absent   Absent 

MPB indicators 
Low abundance 

≤ 5% 

Moderate cover 

>5 ≤ 25% 

High cover 

>25% 

 

3. Results 

3.1 Evaluation of potential for genus-level assessments 
An initial comparison was made of the Indicator Value (IV) assigned by Schneider and Lindstrøm 
(2011) to the 150 taxa included in PIT (two sewage fungus organisms plus the protozoan Ophrydium 
are also included in PIT but have been omitted here). 

Overall, there was a good relationship between species- and genus-level IVs (Fig. 1; Spearman’s rank 
correlation, r = 0.77).  38 genera were represented either by a single species or are not 
differentiated beyond genus due to identification difficulties (typically, the absence of reproductive 
organisms in most field populations).   A few genera are differentiated into “operational taxonomic 
units” (OTUs) based on filament width, with each OTU assigned a different IV.    In some cases (e.g. 
Mougeotia) all indicate the same level of status; in others (e.g. Oedogonium, Spirogyra), the OTUs 
span several status classes.   Heterocystous Cyanobacteria all have IVs typical of high status, whereas 
non-heterocystous genera either span several classes (e.g. Phormidium) or are consistent indicators 
of enrichment (e.g. Oscillatoria).    

The classifications in PIT are in broad agreement with the distribution of these taxa in the UK (M. 
Kelly, unpublished observations).   Cladophora has a lower score than expected, whilst Tribonema 
and Audouinella have higher scores.   The latter, in particular, is most evident in relatively clean UK 
streams whereas all three species have IVs in PIT indicative of enrichment.   A few genera (e.g. 
Hildenbrandia, Hydrodictyon) are entirely absent from PIT, reflecting, perhaps, the absence of hard 
water streams in Norway. 

The relevance of PIT scores to UK situations is further emphasised by comparing the average IV 
scores for genera to the RMNI score, where available.  This was possible for 15 genera, although 
Audouinella, was a conspicuous outlier.  If this is omitted from the analysis, then there is a strong 
log-linear relationship (Fig. 2; r = 0.64), emphasising the relatively greater sensitivity of PIT to the less 
enriched conditions of Norway.   The low score for Audouinella in PIT may reflect the more detailed 
microscopical analysis of samples and the lack of quantification used in PIT.   Audouinella is present 
in small quantities even in enriched waters.  However, the RAPPER methodology is based on the 
presence of visually-obvious growths of organisms and such massive growths are only associated 
with low levels of nutrient pressure.  Corroboration for overriding PIT in this instance comes from 
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PHYLIB, the German non-diatom assessment system (which is, like RAPPER, semi-quantitiative).  This 
also regards Audouinella primarily as an indicator of high and good status (Gutowski & Foerster, 
2009). 

Based on these analyses, a provisional taxon list for RAPPER was established (Appendix 1). Genera 
whose genus and species scores both fell within the boundaries for good status established for PIT in 
Norway were deemed to be indicators of high and good status (HG), those whose genus and species 
scores exceeded this limit were deemed to be indicators of moderate, poor and bad status (MPB).  
Those whose species scores straddled the good status boundary were classified as “uncertain” and 
not used, at this stage, to classify sites. 

 

Fig. 1.  Relationship between species-level indicator values (IV) assigned by Schneider and 
Lindstrøm (2011) and the average IV for all taxa within a genus (Spearman’s rank correlation: 0.77 
***.   Horizontal and vertical lines indicate the position of the high (blue) and good (green) status 
boundaries adopted in Norway for rivers with > 1 mg L-1 Ca.  
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Fig. 2.   Relationship between PIT and RMNI indicator values for macroalgal genera.   PIT values are 
the average for the genus.   Vertical lines indicate the position of high and good boundaries for PIT 
(see Fig. 1).   The open circle indicates the position of Audouinella. 

3.2 Distribution of macroalgae in Scottish rivers 
Surveys from 90 reaches in Scottish rivers were available for analysis.   33 taxa were recorded from 
these samples, including distinctive growths of diatoms (e.g. Didymosphenia geminata, Melosira 
varians), where these were conspicuous (Table 3).   Four records of “blue-green algal mats”, one of 
“filamentous green” and a “diatom-desmid film” were deleted prior to further analyses.   A single 
record of “Cladophora/Rhizoclonium agg” was included with Cladophora glomerata. 

No macroalgae were recorded at three of the sites visited, whilst just over half (53%) had just one or 
two taxa present (Fig. 3).  Those sites designated as “consistently high” from a priori estimates of 
ecological status tended to have more taxa (median: 3; maximum: 8) than those designated 
“consistently moderate” or “consistently poor” (median: 2).  Only one site designated as 
“consistently moderate” had more than four taxa whilst no site designated as “consistently poor” 
had more than three taxa.  Cladophora glomerata was the most commonly recorded taxon (43 
records), followed by Oedogonium and Vaucheria (Table 3).   
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Fig. 3.   Number of macroalgal taxa recorded at river reaches in Scotland during 2014 surveys. 

 

Table 3.  Macroalgal taxa recorded during 2014 surveys of Scottish rivers.   “Max. cover” refers to 
the maximum cover value recorded during this survey (see Table 1). 

Taxon abbreviation includes records of ... Records Max cover 

Aegagropila linnaei Aeg.lin Cladophora aegagropila 2 1 

Audouinella Aud.sp  4 3 

Batrachospermum Bat.sp includes Sirodotia, Sheathia 
... 

5 3 

Benthic diatoms Diatoms “diatoms”, “diatom film”, 
“diatom scum”  

9 8 

Didymosphaenia Did.gem Benthic diatoms (Didymo) 2 1 

GA mat BGA.mat “BG algae”, “blue-green”, 
“blue-green pelt” 

4 2 

Bulbochaete Bul.sp  2 1 

Cladophera glomerata Cla.glo Cladophora, 
“Cladophora/Rhizoclonium 
agg” 

43 9 

Diatom desmid film Dia.des  1 1 

Draparnaldia Dra.glo  2 1 

filamentous green Fil.gre  1 1 

Hildenbrandia rivularis Hil.riv  9 6 

Hydrodictyon Hyd.ret  1 4 

Klebsormidium Kle.sp  1 1 
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Taxon abbreviation includes records of ... Records Max cover 

Lemanea Lem.sp  18 6 

Melosira Mel.var  3 8 

Microspora Mic.sp  10 8 

Mougeotia Mou.sp  1 6 

Oedegonium Oed.sp  29 9 

Oscillatoria Osc.sp  3 5 

Phormidium Pho.sp  3 2 

red algae/diatoms Dia.red  1 1 

Spirogyra Spir.sp  16 7 

Stigeoclonium Stigeo.sp  4 4 

Stigonema Stigo.sp  2 1 

Tetraspora Tet.sp  1 2 

Tolypothrix Tol.sp  1 1 

Trentapohlia Tre.sp  1 2 

Ulothrix Ulo.sp  8 6 

Ulva flexuosa Ulv.fle  2 2 

Vaucheria  Vau.sp  29 8 

Zygnemetales Zyg.ord  3 6 

Zygnema Zyg.sp  6 6 
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The structure of the data was then investigated using Non-metric MultiDimensional Scaling (NMDS).  
The stress (which measures the robustness of the ordination) was relatively low (0.28) but some 
patterns can be discerned within the dataset.    In particular, there was a clear separation on Axis 2 
between sites classified a priori as “consistently high ” by diatoms from those classified as 
“consistently moderate” or lower.  (Fig. 4: ANOSIM  R = 0.1195; P = 0.002).  It is not clear which 
factors controlled distribution along Axis 1: both alkalinity and substrate composition (as phi) were 
not correlated with Axis 1 scores but did show a relationship with Axis 2 (r = 0.58 and 0.67 
respectively).   The plot of species scores (Fig. 5) offers few clues either, with no clear separation of 
taxonomic groups along this axis that relates to known ecological preferences, although the two 
Cyanobacteria known to be nitrogen-fixers both had low scores.   Zygnemetales generally had low 
scores on axis 2 (suggesting a preference for high/good status), as did Rhodophyta, with the 
exception of Hildenbrandia rivularis.   Vaucheria had a high score on axis 2, suggesting a preference 
for enriched sites, as did Cladophora glomerata (0.42), Ulva (1.05) and Hydrodictyon reticulatum 
(0.79).  However, other Chlorophyta (e.g. Draparnaldia, Tetraspora) had very low scores on axis 2 

 

 

Fig. 4.   Ordination results for the SEPA macroalgal dataset using NMDS, showing positions of sites, 
classified by their most recent diatom results: HES: high ecological status; MES: moderate 
ecological status; PES: poor ecological status. 

-1.5

-1

-0.5

0

0.5

1

-1 -0.5 0 0.5 1 1.5

N
M

DS
 ax

is
 2

NMDS axis 1

HES

MES

PES



 

RAPPER  13 

 

Fig. 5.   Ordination results for the SEPA macroalgal dataset using NMDS, showing positions of taxa, 
classified by their taxonomic affiliation.   Note that Chlorophyta refers to all green algae with the 
exception of Zygnemetales. 

 

3.3 Relationship of macroalgal taxa to diatom indices and phosphorus 
concentrations 
Sites where at least one HG taxa was found were generally associated with low TDI values and low 
concentrations of soluble P (Fig. 6; Wilcoxon test: P < 0.001 for both variables); however, the 
relationship between these taxa and the cover of MPB taxa was less straightforward.   Although sites 
with low cover of MPB taxa were generally associated with low TDI values and soluble P 
concentrations, there was no relationship between either of these variables and the abundance of 
MPB taxa above the threshold of 5% used to define the “low cover” category (Fig. 7).   Having 
established the lack of differentiation between enriched sites, based on cover of MPB taxa, these 
categories were merged for subsequent analyses.    
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Fig. 6.  TDI values (left) and log median soluble P concentrations (right) associated with sites where 
HG taxa are present or absent. 

 

Fig. 7.  TDI values (left) and soluble P concentrations (right) associated with sites with different 
levels of cover of MPB taxa.    
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3.4 Application of RAPPER to the dataset 
The initial objective was to see how well the RAPPER method could differentiate between sites that 
are in High or Good status from those that are at Moderate status or lower, based on DARLEQ 
assessments.   Based on the initial taxon list, 57 out of the 90 sites (63%) were correctly assigned, 
with 17 sites (19%) not classified due to the absence of suitable indicators and 11 sites (12%) having 
both HG and MPB indicators present.   Diatoms were not included in this exercise, in order to ensure 
that subsequent comparisons with the TDI were independent.   Examination of the reasons for mis-
classifications led to adjustments to the taxon list: Hildenbrandia and Oscillatoria were re-assigned 
to the “undifferentiated” category, whilst Ulothrix was moved to the “high-good” indicators.  This, 
then, raised the agreement between RAPPER and DARLEQ outcomes to 65 out of 90 sites (72%) with 
15 (17%) not classified due to the absence of appropriate indicators (three had no algae, whilst the 
remainder had MPB indicators but at low abundance).   10 sites (11%) had both types of indicator 
present.    

Average TDI scores for the sites were generally low where HG indicators were present and high 
where MPB indicators were abundant (Fig. 8).   Those sites with both HG indicators and abundant 
MPB indicators generally had intermediate scores, suggesting that this category may be a good 
indicator of “moderate status” or sites that “maybe at risk” of eutrophication.   Sites that could not 
be classified had a wide range of TDI values.   The difference in TDI values between these categories 
was highly significant (Kruskal-Wallis test = 39.8, P < 0.001). 

 

Fig. 8.  Box-and-whisker plot showing difference in average TDI values for sites classified as not at 
risk of eutrophication (equates to high or good status; n = 30), maybe at risk of eutrophication 
(status not clear; n = 5) or at risk of eutrophication (moderate, poor or bad status; n = 27) along 
with sites that could not be classified (n = 15). 



 

RAPPER  16 

Strong differences between these categories were also observed when median chemistry for the 
year of the study was compared (Fig. 9), with significant differences (Kruskal Wallist test) for soluble 
P (25.8, P < 0.001), total P (19.9, P < 0.001); total oxidised nitrogen (24.0, P < 0.001) and ammonia-N 
(24.9, P < 0.001).   Interpretation of the effects of individual nutrients is, however, complicated by 
correlations within the chemical dataset. 

 

 

Fig. 9.  Box-and-whisker plot showing difference in median for soluble P (top left), total P (TP, top 
right), total oxidised nitrogen (TON, bottom left) and ammonia-N (NH4-N, bottom right) for sites 
classified as not at risk of eutrophication, maybe at risk or at risk along with sites that could not be 
classified.  
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4. Discussion 

4.1 Overview 
There is growing recognition that eutrophication in rivers presents a number of challenges to 
catchment managers (Dodds, 2006; Hilton et al., 2006).  The nature of eutrophication-related 
problems in rivers is that clear cause-effect relationships with inputs are not always obvious and, 
therefore, that the success of any particular intervention is not guaranteed (Page et al., 2012; Harris 
& Heathwaite, 2012).   Decision making will be improved if there are several complementary strands 
of evidence available (Wimsatt, 1994) and, in situations where institutional resources are under 
pressure, the availability of high level “triage” methods that allow a rapid screening (a “level 1” 
method; Kelly, 2013b).   Agreement of 72% between RAPPER and DARLEQ is in accordance with 
other studies where diatoms and non-diatoms have been compared (Kelly, 2006; Kelly et al., 2008b; 
Schneider et al., 2012) suggesting that the RAPPER method is no less robust than other more labour-
intensive methods for assessing non-diatoms.    Indeed, if sites where both HG indicators are present 
and MPB indicators are abundant are regarded as correct portrayals of situations where there is 
likely to be a risk of eutrophication (Figs 5, 6), then agreement rises to 86%.   Those sites where 
neither HG indicators are present nor MPB indicators are abundant could also, perhaps, also be 
assumed to be sites where algal growths are unlikely to constitute an “undesirable disturbance” 
even if they cannot be shown to be at high or good status.    

The indicator potential of three taxa were changed as a result of this study.  Of these, the change in 
the status of Hildenbrandia is of particular note.  This was not recorded by Schneider and Lindstrøm 
(2011) and the provisional status within RAPPER was inferred from the relationship between RMNI 
and PIT (Fig. 2) and it is possible that the RMNI score of 6.03 may be rather low for a species that can 
be found across a wide range of nutrient conditions.   Stigeoclonium was initially recorded as two 
variants: with and without hairs, indicating HG and MPB conditions respectively.  This is based on 
studies by Whitton and Harding (1978) which showed that the hairs were produced in response to 
tissue nutrient limitation and enable the plant to acquire phosphorus from organic complexes.   
However, in this study (and more widely, based on our experience), the hair-forming variety is now 
much more common and we have chosen to link records of Stigeoclonium to the HG category. 

Preliminary indications (M.G. Kelly, unpublished data) are that RAPPER is relatively insensitive to 
season.  A potential complication is that a few good indicators of HG conditions (e.g. Lemanea) are 
more abundant in late Winter and early Spring whilst some MPB indicators (e.g. Cladophora, Ulva) 
are most abundant in late Summer.   Based on experience of sites that have been visited on more 
than one occasion, we suspect that survey timing is more likely to move sites between the “no data” 
and “HG” or “MPB” categories, than between HG and MPB.   Accumulated knowledge will, in time, 
allow local teams to decide on the most appropriate times to visit particular catchments. 

4.2 Diatoms and RAPPER 
Though widely used for ecological status assessments associated with the WFD, diatoms present a 
number of challenges.   For example their microscopic size complicates communication with 
stakeholders (Kelly, 2012, 2013a) and their taxonomic diversity necessitates highly-trained staff with 
sophisticated microscopes.  One advantage of adding macroalgae to the suite of assessment metrics 
is that these are more obvious to other users of water bodies, enabling regulators and others to 
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convey their concerns in a more direct fashion.   Recent evidence that the core ecological “message” 
in diatoms does not require highly detailed taxonomy (Kelly & Ector, 2012; Rimet & Bouchez, 2012) 
also creates opportunities for more streamlined assessments, potentially freeing resources for 
alternative approaches to assessment. 

Macroalgal taxa designated as “HG indicators” are those largely associated with high/ good status; 
the red algal genus Lemanea is a good example from this study, and these were generally associated 
with low TDI values (Fig. 5).  In several cases, such taxa are known to have physiological adaptations 
to thrive when ambient concentrations of dissolved inorganic nutrients are low (Fay, 1983; Gibson & 
Whitton, 1987).   In this study, the presence of these HG indicators was treated as indication that 
nutrient enrichment was not sufficient to permit more competitive algae such as Cladophora 
glomerata to out-compete those taxa adapted to nutrient-stressed conditions.  Several sites could 
not be classified at all due to absence of HG indicators and absence or low cover of MPB indicators.   
Our rationale for not classifying such sites is that absence of evidence is not evidence of absence.  
Both these instances point to the importance of not assuming simplistic nutrient-driven cause-effect 
relationships in all cases.  There is evidence that non-nutrient factors (e.g. shade) play a significant 
role in determining macroalgal biomass (Mebane et al., 2014).  The cover of these macroalgae may, 
indeed, represent a more direct measure of the risk that elevated nutrients present to ecosystem 
services, rather than a proxy measurement of hazard (Kelly, 2013a).   

4.3 Functional basis for RAPPER and interactions with climate change 
The shift between phytobenthos assemblages dominated by HG indicators and those with abundant 
MPB indicators may reflect differences in the availability of nutrients, particularly phosphorus.   High 
status, near-pristine streams typically have low levels of readily-available nutrients; however, they 
may be exposed to occasional pulses of nutrients, both dissolved and bound to particulates and 
organic complexes.   Many of the taxa recorded from such streams have the capability to hydrolyse 
such phosphorus, via phosphatase enzymes (Livingstone & Whitton, 1984; Gibson & Whitton, 1987; 
Whitton, 1988).  By contrast, streams subject to point-source enrichment typically have higher 
concentrations of dissolved nutrients, which offer a competitive advantage to algae such as 
Cladophora glomerata and Vaucheria spp (Kelly et al., 2009b).    

There is circumstantial evidence that the biomass of taxa which are defined as HG indicators are 
higher now than in the past even in relatively pristine streams (e.g. River Ehen, Cumbria, I. Killeen, 
pers. comm.).   The reasons are unclear but a combination of climate change and recovery of 
streams from acidification have both been invoked for changes observed in upland waters in recent 
years (Worrell et al., 2004;Monteith et al., 2007).   Although RAPPER was not designed for this 
purpose, the methodology does provide a means of collecting data in a systematic manner from 
which such trends could be deduced in the future.   

4.4 Future development of rapid algal assessment methods 
There is, we believe, scope for using RAPPER both alongside diatom assessments to give broader 
perspectives of the condition of the phytobenthos, as well as possibilities for using this technique for 
“walkover” surveys to identify “hotspots” at a higher resolution than is possible using full diatom or 
macrophyte assessment methods.   It may even be possible for a biologist equipped with a field 
microscope to make several assessments in the course of a day.   



 

RAPPER  19 

The intention throughout has been to develop a method that is within the capabilities of a generalist 
freshwater biologist, rather than a specialist phycologist.   Other methods based on non-diatoms 
(Schaumburg et al., 2004; Schneider & Lindstrøm, 2011) exist; however, these mostly require 
species-level identification.  An early observation in this study was that, in many cases, species 
within the same genus have similar ecological responses and it was possible, therefore, to work at a 
higher level of taxonomy whilst retaining much of the sensitivity.   There are, however, exceptions; 
in particular, several genera of filamentous green algae are large and are sufficiently widely 
distributed that it is not possible to make precise ecological diagnoses from genus alone.  Species-
level identification requires reproductive organs that are rarely present in field populations.   These 
have been tackled, in the past, by considering cell width as an operational taxonomic unit (Whitton 
et al., 1979; Kinross et al., 1993; Schneider & Lindstrøm, 2011) and it may be possible to develop this 
in the future.   A further possibility that is being considered is converting the simple risk-based 
assessments used here into a continuous-scaled metric. 

Though RAPPER has a number of clear advantages (Table 4), there are also a number of challenges 
still facing the method.  This includes the need for a better understanding of the relationships 
between these algae and their chemical and physical environments which, in turn, will provide a 
more secure foundation for decision making.   Issues such as survey timing may also be pertinent, 
particularly as some taxa (e.g. Lemanea) are much more likely to be encountered in the Spring than 
Summer.   Staff training is also important; though the level of identification should not create a 
substantial hurdle; there is a general need for awareness of these taxa and an ability to spot them 
when out in the field.  We have noted, in particular, instances where filamentous green algae that 
were assumed to be Cladophora by trained macrophyte surveyors were actually Oedogonium when 
inspected under the microscope.  In addition, several key indicators, particularly the Cyanobacteria, 
are easily overlooked.    

Set against these challenges, however, are several opportunities, not least of which is the potential 
for using visually-obvious organisms as a more direct means of communicating ecosystem 
functioning. 

5. Conclusion 
The evidence from this trial is that RAPPER is an effective tool for rapid assessments of ecological 
status in streams and rivers.   The taxon list associated with RAPPER is short (< 50 taxa) and includes 
many taxa already familiar to macrophyte surveyors.    Some taxa can be identified in the field; 
others require confirmation in the laboratory but this stage should take < 30 minutes per site.  It may 
even be possible to complete the identification on site with a field microscope.    Situations where 
RAPPER may be particularly useful are: 

1. “walkover” surveys within catchments or sub-catchments already identified as being “at risk” to 
identify “hot spots” of pollution in order to target measures more effectively; 

2. As a means of increasing the confidence in a DARLEQ outcome in situations where LEAFPACS 
results are not available; and, 

3. As a tool for stakeholder engagement, to permit river users to gather information on catchments 
of interest to them.   
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5.1 Future work 

Several aspects could be followed up over the next year: 

1. Explore the potential for non specialist staff (e.g. national monitoring teams) to record the 
presence and abundance of macroalgal taxa and make assessments using RAPPER; 

2. Simplify the initial nine-point scale for assessing cover of macroalgae for RAPPER 
assessments into a more manageable three-point scale of <5%, 5-25%, and >25% cover; 

3. Evaluate the method in other parts of the UK; 

4. Explore the potential for further refining the RAPPER method by splitting genera such as 
Microspora and Oedogonium into ecologically-relevant width categories, and collating 
existing data into a database to improve our understanding of species sensitivities;  

5. Prepare a method handbook to ensure consistent application of RAPPER across the UK; and, 

6. Explore the role of RAPPER in a broader eutrophication /nutrient assessment toolkit, 
alongside existing approaches (e.g. DARLEQ) and emerging techniques (e.g. in situ biomass 
assessment using BenthoTorch).  
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Appendix 1.  List of macroalgal taxa and indicator values for RAPPER.    Algal genera are classified 
as either high/good indicators (“H/G”), moderate/poor/bad indicators (“M/P/B”) or uncertain 
(“U”).  In a few cases genera that are designated as “uncertain” may be assigned to a category 
once more data are available. 

 Taxon Initial 
Category 

Final 
category 

Recorded in this study 

Cyanobacteria    
Calothrix H/G H/G  
Dichothrix H/G H/G  
Nostoc H/G H/G  
Rivularia H/G H/G  
Schizothrix H/G H/G  
Scytonema H/G H/G  
Stigonema H/G H/G  
Tolypothrix H/G H/G  
Oscillatoria M/P/B U  
Chamaesiphon H/G H/G  
Phormidium U U  
Lyngbya U U  
Homoeothrix H/G H/G  
Rhodophyta    
Batrachospermum H/G H/G  
Lemanea H/G H/G  
Audouinella H/G H/G  
Hildenbrandia H/G U  
Chlorophyta    
Chaetophora H/G H/G  
Draparnaldia, H/G H/G  
Stigeoclonium  H/G H/G  
Gongrosira H/G H/G  
Klebsormidium H/G H/G  
Tetraspora H/G H/G  
Zygnema H/G H/G  
Zygogonium H/G H/G  
Mougeotia H/G H/G  
Spirogyra H/G H/G  
Cladophora M/P/B M/P/B  
Rhizoclonium M/P/B M/P/B  
Ulva M/P/B M/P/B  
Aegagrophila H/G H/G  
Microspora, U U  
Oedogonium, U U  
Ulothrix: U H /G  
Hydrodictyon M/P/B M/P/B  
Chara H/G H/G  
Nitella H/G H/G  
Xanthophyta    
Vaucheria M/P/B M/P/B  
Tribonema U U  
Chrysophyta    
Hydrurus H/G H/G  
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Appendix 2.  Example of field survey sheet used during the survey. 
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Appendix 3.  Raw data. 
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456 R ALMOND @ BLACKBURN 
M 

SE 24/09/2014 
20 

3 0.23 
  

75 25 
 

0.07 0.066 722 8.04 4.14 0.12 105.32 

457 R ALMOND @ SEAFIELD 
M 

SE 24/09/2014 
15 

3.5 0.2 
  

50 50 
 

0.048 0.124 912 8.25 5.98 0.097 117.92 

2760 
MURRAY BURN D/S ROAD 
BRIDGE OPP PARKHEAD DRIVE 

M 
SE 10/10/2014 

15 
4.2 0.13 

  
10 70 20 

0.166 0.51 518 7.97 3.59  147.8 

3226 R CARRON @ CARRON BRIDGE 
H 

SE 09/10/2014 
25 

10 0.2 
 

60 
 

40 
 

0.007 0.027 61.31 7.09 0.235 0.029 17.614 

3318 BALMONTH BURN @ CRAWHILL 
M 

SE 01/10/2014 
5 

2 0.13 
 

60 
 

30 10 
0.0555 0.0315 562 8.39 2.14 0.095 15.93 

3490 
GLENCRYAN BURN U/S OF RED 
BURN CONF, CUMBERNAULD 

H 
SE 09/10/2014 

15 
1 0.1 

  
40 60 

 

0.008 0.024  7.25 0.282 0.0355 22.9 

3944 
R.ALMOND D/S DOWIES MILL 
WEIR 

M 
SE 25/09/2014 

 
11 0.3 

  
65 35 

 

 0.027 799 7.57 2.6  17.61 

4170 WATER OF LEITH @ REDBRAES 
M 

SE 25/09/2014 
 

9 1.5 
  

30 60 10 
0.02 0.083 342 8.11 1.31 0.064 91.63 

4276 N.ESK U/S AUCHENDINNY 
M 

SE 17/10/2014 
10 

- - 
  

70 30 
 

  200.5 7.85   71.97 

4359 

RIVER SOUTH ESK @ DALKEITH 
COUNTRY PARK, U/S OF 
FOOTBRIDGE 

M 
SE 01/10/2014 

15 
9.5 0.21 

  
70 30 

 

  314.14 7.66 0.7  95.87 

5564 
AVON WATER 10M D/S B803 
ROAD BRIDGE (BOGSIDE) 

M 
SE 07/10/2014 

25 
1.5 0.15 

  
40 50 10 

0.092 0.045 159 7.28 0.643 0.1195 30.59 

5982 BIEL WATER @ WEST BARNS 
M 

SE 26/09/2014 
 

4.5 0.18 
  

15 70 15 
0.017 0.0435 626.5 8.21 5.13 0.0475 140.8 

7112 

PARDOVAN BURN 20M U/S 
A904 RD.BR. (600M D/S 
PHILPSTOUN STW) 

M 
SE 25/09/2014 

 
3 0.12 

  
35 55 10 

0.072 0.109 559 8.33 3.07 0.1185 176.7 

7742 RIVER SOUTH ESK AT SHIELHILL 
H 

SE 04/09/2014 
25 

20 0.6 
  

75 15 10 
0.009 0.017 62.45 6.58 0.4305 0.05 23.06 

7989 
DIGHTY WATER @ BALMOSSIE 
MILL, BARNHILL 

M 
SE 28/08/2014 

20 
6.5 0.25 

  
55 30 15 

0.0245 0.0195 428 7.79 6.265 0.147 124.74 
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8130 KENLY W. AT BURNSIDE 
M 

SE 01/10/2014 
5 

5 0.19 
  

60 35 5 
0.09  468 7.99 5.92   

8175 
RIVER EDEN @ KEMBACK 
GAUGING STATION 

P 
SE 02/10/2014 

5 
8 0.18 

  
50 40 10 

0.0975 0.0435 411.5 8.17 6.185 0.072 124.06 

8192 
MOTRAY W. AT BURNSIDE 
COTTAGE, ST. MICHAELS 

M 
SE 02/10/2014 

5 
3.5 0.26 

  
50 30 20 

0.042 0.024 422 8.13 8.885 0.0235 122.18 

8588 
KERBET W. AT A94 ROAD (OLD) 
DOUGLASTOWN 

M 
SE 08/08/2014 

20 
4 0.25 

  
40 40 20 

0.024 0.0245 359 7.45 5.22 0.013 45.34 

121225 SHIRREL BURN @ NORTH ROAD 
M 

SW 03/10/2014 
15 

2.5 0.09 
  

40 40 20 
0.096 0.318 870 8.26 4.05 0.1365 307.1 

122463 RIVER CLYDE @ HYNDFORD BR 
M 

SW 01/10/2014 
20 

37 0.28 
  

40 45 15 
0.016 0.029 153.9 7.58 0.771 0.034 46.16 

122469 
RIVER CLYDE @ HIGHLEES, U/S 
SKELLY GILL CONF 

M 
SW 30/09/2014 

20 
32 0.25 

  
90 5 5 

0.041 0.048 242.22 7.76 0.92 0.067 64.93 

122496 
RIVER NETHAN @ NETHAN 
FOOT (ECOLOGY) 

M 
SW 01/10/2014 

20 13.
5 0.17 

  
85 10 5 

       

122518 AVON WATER @ HAUGHEAD 
M 

SW 30/09/2014 
25 

25 0.27 
  

85 10 5 
0.054 0.0305 227 8.09 0.8835 0.085 80.55 

122530 
SOUTH CALDER WATER @ 
COLTNESS BR (ECOLOGY) 

M 
SW 17/09/2014 

15 
9.5 0.14 

  
60 35 5 

0.0425 0.0675 621 8.43 1.53 0.089 230.5 

122748 RIVER AYR @ MAINHOLM FORD 
P 

SW 15/10/2014 
15 

35 0.28 
  

70 30 
 

0.037 0.0515 328 8.19 0.742 0.086 97.85 

122766 RIVER DOON @ DOONHOLM 
M 

SW 30/06/2014 
90 

27 0.27 
  

58 35 7 
       

122832 CARRADALE WATER B842 BR 
H 

SW 08/10/2014 
70 12.

5 0.18 
  

40 50 10 
0.008 0.024  6.53 0.148 0.0195 6.2888 

122879 RIVER ESK @ CANONBIE BRIDGE 
H 

SW 31/07/2014 
30 

41 0.24 25 40 
 

33 2 
0.008 0.024  8.06 0.353  73.77 

123170 
BISHOP BURN @ BARLAUCHLIN 
BR, NR BARRWHIRRAN 

H 
SW 30/07/2014 

45 
3.3 0.14 

  
36 61 3 

  202 7.46   41.43 

123205 
WATER OF LUCE @ GLENLUCE 
ABBEY 

H 
SW 30/07/2014 

75 
20 0.26 

  
54 43 3 

0.008 0.024 164 6.79 0.173 0.016 6.387 

124876 
WATER OF GIRVAN @ ENOCH 
BRIDGE, ENOCH, GIRVAN 

M 
SW 09/06/2014 

55 
18 0.24 

  
54 40 6 

0.031 0.032 239 8.07 0.915 0.0535 75.09 

129912 
DRUMMULLIN BURN @ ISLE OF 
WHITHORN 

M 
SW 30/07/2014 

40 
3.7 0.14 

  
65 26 9 

0.13 0.15 606.84 7.98 7.25 0.162 221.01 

207019 
R. DULNAIN U/S DULNAIN 
BRIDGE STW 

H 
HIG 16/07/2014 

30 
21 0.3 

  
70 20 10 

0.009 0.017     16.91 

207080 TARLAND BURN ABOYNE 
M 

HIG 19/09/2014 
40 

6 0.4 0 
 

80 
 

20 
0.016 0.034 203 6.63 2.88 0.011 45.42 
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207081 
WATER OF FEUGH BRIDGE OF 
FEUGH 

H 
HIG 19/09/2014 

40 
20 0.5 10 40 35 

 
15 

0.009 0.017 62.05 6.37 0.3615  11.954 

207106 
MONQUHITTER BURN D/S 
CUMINESTOWN STW 

M 
HIG 07/07/2014 

15 
4.5 0.16 20 

  
70 10 

0.025 0.042 257 6.67 3.93 0.054 51.81 

207108 R. AVON DELNASHAUGH 
H 

HIG 14/07/2014 
45 

30 0.4 80 
  

20 
 

       

207120 R. ISLA BRIDGE OF ISLA 
M 

HIG 07/07/2014 
25 

21 0.12 60 
  

30 10 
0.023 0.02 263 7.1 1.48 0.0435 73.42 

207129 R. SPEY D/S GRANTOWN STW 
H 

HIG 16/07/2014 
15 

57 0.7 
  

80 20 
 

0.009 0.017 57.75 6.3 0.2655 0.0105 12.568 

207131 
R. SPEY U/S FROM GARVA 
BRIDGE 

H 
HIG 29/07/2014 

60 
20 0.25 10 

 
70 20 

 

       

207132 R. SPEY - U/S KINGUSSIE STW 
H 

HIG 05/08/2014 
 

25 0.6 
  

50 50 
 

       

207152 NORTH UGIE WATER HOWFORD 
M 

HIG 29/09/2014 
11 

8 0.23 
  

30 50 20 
0.05 0.0995 230.5 6.62 2.585 0.0955 32.48 

207157 R. YTHAN D/S METHLICK 
M 

HIG 18/09/2014 
11 

19 0.4 
  

20 75 5 
       

207158 
R. YTHAN ELLON CAR PARK D/S 
SWS (HM) 

M 
HIG 18/09/2014 

11 
36 0.4 

  
40 55 5 

0.024 0.0215 262.5 6.67 6.515 0.0485 37.29 

207159 R. YTHAN U/S AUCHTERLESS 
M 

HIG 18/09/2014 
30 

4 0.3 
  

30 65 5 
       

207162 TARTY BURN MILL OF TARTY 
M 

HIG 18/09/2014 
15 

2 0.4 
  

60 35 5 
       

207227 
FOVERAN BURN MILL OF 
NEWBURGH 

M 
HIG 18/09/2014 

11 
2.3 0.4 

  
40 55 5 

       

207231 RIVER UGIE @ INVERUGIE 
M 

HIG 25/09/2014 
15 

12 0.4 
  

60 20 20 
0.039 0.0395 273.5 6.63 4.86 0.081 38 

207244 POTTERTON BURN A92 ROAD 
M 

HIG 25/09/2014 
15 

1.2 0.13 
  

10 75 15 
       

207269 NORTH UGIE WATER MILLBANK 
M 

HIG 29/09/2014 
15 

9 0.22 
  

40 50 10 
       

207274 R DON @ SEATON PARK 
M 

HIG 25/09/2014 
45 

47 0.53 
  

60 35 5 
       

207277 
BURN OF FINDON MILL OF 
FINDON 

M 
HIG 25/09/2014 

45 
1.9 0.2 

  
85 10 5 

0.032 0.079 633 6.7 0.834 0.09 48.75 

207432 R. DEE BANCHORY BRIDGE 
H 

HIG 29/07/2014 
15 

33 0.3 
  

70 30 
 

       

232936 
QUOMERY BURN @ 
INVERQUOMERY 

M 
HIG 25/09/2014 

10 
2.8 0.25 

  
40 50 10 

0.0225 0.032 291 6.56 7.62 0.0585 3.411 
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301972 
PULLAUGH BURN U/S BLACK 
WATER OF DEE CONF 

H 
SW 30/07/2014 

85 
2.3 0.17 

  
65 33 2 

0.002 0.02 55 5.16 0.317  0.59 

338805 

SOUTH UGIE WATER ADJ TO 
LONGSIDE GOLF COURSE, 150M 
U/S FROM CAIRNGALL BURN 

M 
HIG 29/09/2014 

10 
6 0.42 

   
90 10 

0.04 0.037 270 6.56 5.745 0.081 39.5 

339118 

CANDER WATER @ CANDERSIDE 
BRIDGE, STONEHOUSE, 
LARKHALL 

M 
SW 01/10/2014 

20 
7 0.2 

     

0.29 0.053 567 8.17 3 0.2985 39.5 
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