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Abstract

Freshwater ecosystems are increasingly under threat, experiencing declines in both area 

and quality. In response to this, there has been an increasing demand to monitor these 

systems. Citizen science has been an increasingly suggested method to aid in resolving this 

issue. Citizen science is a practice in which people from the public, who are untrained as 

scientists, aid in data collection for scientific research. An advantage of using citizen science 

is that it increases spatial and temporal coverage reaching beyond conventional, laboratory-

based, monitoring programs. The Citizen Science Stream Index (CSSI) is an Irish biotic river 

water quality index that has been designed especially for citizen science. This study aimed to

determine the validity of this index using the Minane River in County Cork, Ireland, as a 

study site. A kick sampling method was used to collect 22 macroinvertebrate field samples 

in the autumn of 2022. These samples were assigned a CSSI field score, and scores of several

conventional biological water quality indices. Correlations between the CSSI and 

conventional indices showed significant results for a few biotic water quality indices, 

suggesting that the CSSI may be able to contribute towards monitoring river water quality in

Ireland. 
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1. Introduction  

1.1 Importance of good ambient water quality

Water is one of the most important natural resources on Earth, forming  an essential part of

many social, economic and environmental activities (Ward and de Bruin, 2018). Freshwater

ecosystems provide many ecosystem services, including provisioning services such as water

for drinking (after treatment), for agricultural and industrial use, generating power; as well

as  regulatory  services,  for  example  maintaining  water  quality  through natural  filtration;

cultural  services,  including  recreation,  tourism,  and  existence  values;  and  supporting

services through their role in nutrient cycling and primary production, as well as providing

predator  /  prey  relationships  (Millennium  Ecosystem  Assessment,  2005).  Though

freshwaters account for less than 1% of the Earth’s surface, they support close to 6% of all

described species and about 9.5% of  all  animal  species on Earth (Dudgeon et al.,  2006;

Dudgeon, 2019). However, freshwater ecosystems are under increasing threat, experiencing

declines in both area coverage as well as biodiversity (Malmqvist and Rundle, 2002; IPBES,

2019; Kelly-Quinn et al., 2020; Vari et al., 2021). Seeing that freshwaters are under threat,

various  organizations  and  political  bodies  have  set  goals,  frameworks  and  directives  to

restore  and  protect  these  ecosystems.  The  European  Union  has  developed  the  Water

Framework Directive 2000/60/EC (WFD), which aims to improve water quality across Europe

as well  as protect water resources, to ensure long-term and sustainable use.  Under the

WFD, the Member States are required to create a River Basin Management Plan (RBMP).

These plans set out environmental objectives for a river basin planning cycle, which is a six-

year period allowing for assessment, planning, implementation, as well  as review of the

environmental  objectives  and  changes  made.  Similar  to  the  EU,  the  United  Nations

recognize the threat to (fresh)water in their Sustainable Development Goals (SDGs) and the

2030 Agenda, where SDG 6 is completely devoted to “ensuring availability and sustainable

management of water and sanitation for all” (United Nations, 2018). The UN also identifies

that having reliable water quality monitoring data forms an essential part in restoring and

protecting freshwaters,  as this  data provides information on status and trends, and can

inform policy makers (UNEP, 2018). In the UN 2018 SDG indicator 6.3.2 progress report, the

UN has identified a gap in water quality data and has suggested using citizen science, among

other approaches, to fill this data gap (UNEP, 2018). 
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1.2 Water Quality in Ireland 

Water  quality  in  the  Republic  of  Ireland  is  monitored  and  managed  by  the  Irish

Environmental  Protection  Agency  (EPA).  Ireland’s  river  water  quality  scores  well  in

comparison with Europe (EPA, n.d. a). However, according to the EPA the number of rivers

and streams in Ireland with satisfactory ecological quality has declined by 1% since the last

reporting period in 2013-2018 (EPA, 2022b). In the period 2016-2021, the EPA found that

just over 50% of Irish rivers had good ecological status, and almost half of the rivers were

assigned moderate or worse status with 18.5% being severely polluted and in poor or bad

status (EPA, 2022b). High nutrient levels form one of the threats to river water quality, as

43% of rivers were found to have unsatisfactory nitrate concentrations (>8 mg/L NO3) and

30%  had  phosphorus  concentrations  higher  than  0.035  mg/l  P,  meaning  they  are  of

unsatisfactory status (EPA, 2022b). Of the sites researched by the EPA, 17% have increasing

phosphorus concentrations (EPA, 2022b). The EPA identifies that these high concentrations

of  phosphorus  are  primarily  caused  by  nutrient  run-off  from  agriculture  as  well  as

wastewater discharge. 

In  2003,  the EPA was appointed as  the competent  authority  to implement the WFD in

Ireland (Barr and Thompson, 2004). In response to the WFD and the need for an RBMP, the

EPA set up the EPA WFD Monitoring Programme in 2006 (EPA, 2021). The programme aims

to provide a representative picture  of  the water  quality  status of  rivers throughout  the

country,  and  assess  the  effectiveness  of  protection  and  restoration  measures.  Besides

adhering  to  the  requirements  for  the  WFD,  the  programme  also  ensures  other  water

monitoring  requirements  are  included,  such  as  the  Nitrates  Directive  (Directive

91/676/EEC). A consultation report for  the Irish River Basin Management Plan 2022-2027

identified several  areas of improvement in order to better monitor,  protect and restore

rivers.  One of  the key  areas  of  improvement  they  identified was  that  the current  plan

contains  an  inadequate  number  public  participation  measures  (RPS,  2022).  One  such

measure is to increase the role for citizen science programmes. 
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1.3 Water quality parameters

Water quality is often measured by looking at multiple parameters that fall in three broad

categories, namely biological, physical, and chemical (Swamee and Tyagi, 2007). Examples of

physicochemical parameters are temperature, electrical conductivity, pH, dissolved oxygen,

phosphate  concentrations,  and  nitrate  concentrations  among  others  (Chapman,  1996).

Physical and chemical monitoring reflect the conditions of the water at the time the sample

was  taken,  while  biological  parameters  can  provide  information  about  past  as  well  as

current conditions (Muralidharan et al., 2010). Biological monitoring is based on the idea

that different species will  have varying tolerances to pollution,  meaning that changes in

water quality, for example because of pollution, are reflected in the species composition of

resident biota (Rosenberg and Resh, 1993; Harding et al., 1999; Muralidharan et al., 2010).

Aquatic macroinvertebrates are often used as bioindicators of water quality, as they have

varying tolerances to pollution, and integrate as well as reflect the effects of stress (Mason,

2002;  Masese et  al.,  2009; Muralidharan et al.,  2010).  Species known to be tolerant  to

pollution indicate bad water quality, whereas species sensitive to pollution indicate good

water quality. These species are adapted to specific environmental conditions, and changes

in  these  conditions  such  as  through  pollution,  will  result  in  some  species  disappearing

(intolerant)  and  be  replaced  by  others  (tolerant)  (Benetti  et  al.,  2012).  Therefore,  the

community  composition of  macroinvertebrates is  a good indicator of water quality over

extended  periods  of  time.  In  order  to  present  this  data  in  a  consolidated  and  easily

understandable manner, water quality indices have been created. These indices are created

based  on  combinations  of  selected  water  quality  parameters,  resulting  in  a  single

dimensionless score that indicates the water quality (Mason, 2002; Rosenberg and Resh,

1993; Sutadian et al., 2016). They make it easy to compare water quality across time and

space, find trends, as well as provide easy to understand information to authorities allowing

for  better  river  management  (Sutadian  et  al.,  2016).  Many  different  indices  have  been

created, often specific to a particular country or region (Sutadian et al., 2016). An example

of a water quality index in Ireland is the Q-Value which was created by the EPA to score

rivers for the WFD (Toner et al., 2005). Many indices are also taken and adapted to fit a

specific country or region, such as the Biological Monitoring Working Party index, which was
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initially created for Britain, but now contains many variations to fit other areas, such as the

Andean Biotic Index for the Andes, or the BMWP-CR score for Costa Rica (Hawkes, 1998;

Díaz et al., 2012; Ríos-Touma et al., 2014)

1.4 Citizen Science

In response to the declining ambient water quality in Ireland, the involvement of citizen

science in water quality monitoring has grown (Weiner et al., 2022). Citizen science refers to

individuals, who are untrained as scientists, participating in scientific projects (Silvertown,

2009; Bonney et al.,  2014; Quinlivan et al.,  2020). Despite the vast amount of data and

information that is acquired through citizen science, citizen science is still not a universally

accepted method for collecting scientific data (Bonney et al.,  2014). Scientists publishing

research papers which present citizen science data might experience difficulties getting peer

reviewed (Bonney et al., 2014). However, citizen science can provide many benefits, both in

terms of research and in society. Firstly, citizen science allows for obtaining scientific data at

larger  spatial  or  temporal  scales  and  resolutions  than  would  be  possible  by  individual

researchers, for example due to time or financial constraints (Dickinson et al., 2012; Bonney

et al., 2014; McKinley et al., 2017; Turrini et al., 2018). Besides generating new knowledge,

citizen  science  provides  an  opportunity  for  in-depth  learning  about  science  and  the

environment for non-scientists (Turrini et al.,  2018). In turn, this raises awareness about

environmental issues, as well as provide an opportunity for civic participation in science,

decision- and policy-making (Turrini et al., 2018). 

1.5 Citizen Science Stream Index

An example of a water quality index that has been developed to engage citizens in ambient

water quality monitoring is the Citizen Science Stream Index (CSSI). The CSSI was developed

by Dr  Simon Harrison,  University  College Cork,  and is  supported by the Local  Authority

Waters Programme (LAWPRO) and the EPA (LAWPRO, n.d.) (Appendix 1). The aim of this

index is to provide a simple way of determining stream and river quality, which can be used

for citizen science research and monitoring. The index is based on the presence or absence

of six water quality indicator taxa. Three of these taxa are sensitive to pollution, namely

stoneflies  (Plecoptera),  flattened  mayflies  (Heptageniidae),  and  green  caddisflies

(Rhyacophilidae). The other three taxa in the index are tolerant to pollution and are thus

indicators of bad water quality, which include leeches (Hirudinea), snails (Gastropoda), and
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waterlouse (Asellidae). To calculate the CSSI score for the stream quality, citizen scientists

take three separate kick samples, which are then analysed for the presence or absence of

these six taxa. The presence of each pollution sensitive indicator species results in +1, and a

pollution tolerant indicator species in -1. For three samples, this then results in a score of -9

to +9, where a score of -9 to -5 indicates bad water quality, -4 to +4 moderate quality, and

+5 to +9 indicates good water quality. 

1.6 Aims of the project

This  study  aimed to determine the stream water  quality  of  the Minane River,  which  is

located in the southeast of County Cork, Ireland. Furthermore, the study explored whether

the Citizen Science Stream Index (CSSI) can reliably be used to indicate water quality in Irish

streams  and  rivers.  The  validity  of  the  CSSI  was  evaluated  through  comparison  with

conventional  water  quality  indices,  including the Q-value,  Biological  Monitoring Working

Party index (BMWP), the Average Score Per Taxon (ASPT), and the Small Stream Risk Score

(SSRS).  Furthermore,  the  project  aimed  to  identify  whether  the  CSSI  would  be  a  good

indicator for phosphorus and conductivity levels in watercourses. Therefore, both biological

and physicochemical  analyses of the stream water quality were performed. Additionally,

alternative methods to the CSSI for citizens to determine and monitor water quality were

explored, specifically conductivity, temperature, and phosphorus measurements. This was

done by exploring correlations between these parameters and conventional water quality

indices (Q-Value, BMWP, ASPT, SSRS, CSSI). 
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2. Materials & Methods

2.1 Site description 

The study site is a river, called the Minane River, which forms a part of a  sub-catchment

located  between  Carrigaline  and  Kinsale  in  County  Cork,  Ireland  (51°45’39.8”N  and

8°23’38.4”W) (Figure 1).  The total  area of  the sub-catchment is  approximately  163 km 2,

while the site studied is roughly 17 km2. The Minane River feeds into the Celtic Sea and has

six main tributaries that feed into the river as well as numerous smaller stream tributaries.

Some of these smaller tributaries are seasonal, while others are present year-round. The

river also passes a dam before entering the sea, which functions as a flood relief measure.

The study area also contains a ‘Groundwater Drinking Protection Area’, which means that

this area is protected from contamination for groundwater abstraction (Figure 1) (Kelly &

Wright,  2002).  The  area  also  contains  many  boreholes  as  well  as  springs  and  wells

(Geological Survey Ireland, n.d.).  The long term average temperature is 9.9C and the long

term average annual rainfall is 1228.0 mm (MetEireann, 2022). The land use in the Minane

catchment  predominantly  consists  of  agriculture  (approximately  97%)  (Figure  2).  The

landscape contains elevation differences ranging from 100m to 50m above sea level at the

start  of  the river  and 2m above sea  level  at  the bottom of  the valley.  These elevation

differences between the start and bottom of the river could result in high oxygenation of the

streams and rivers. 
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Figure 1. Map showing the Minane catchment and location in Ireland, with sample sites and CSSI scores (EPA, 2020).

The watercourses and sample sites were initially identified from preliminary desk studies 

using aerial photographs from the EPA and Ordnance Survey Ireland (EPA, 2020a; 

Government of Ireland and OSI, 2022). This resulted in a total of 36 sites being identified for 

assessment. Macroinvertebrate samples were only taken when sites were found to be 

accessible with a firm, gravelly river bed, had a shallow depth, and were present year-round.

Physicochemical samples were taken from all sites selected for biological analysis, as well as 

sites that were deemed unsuitable for biological analysis due to an unsuitable river bed, or 

high river depths. Out of the 36 locations initially identified, only 22 were sampled for 

biological analysis and 27 for physicochemical analysis (8 were inaccessible, 4 were deemed 

too deep, and 2 had unsuitable river beds) (Figure 1). During sample collection in the field, 

two physicochemical samples were added. One stream potentially being farmyard runoff, 

and one being a potential field runoff input into the stream.

7



Figure 2. Map of Minane catchment, County Cork, Ireland, showing Corine Landcover types (EPA, 2018). The map indicates 
that the landcover of the catchment is predominantly agriculture based (Corine types: 211, 231, 242, 243).

2.2 Field Procedure

Macroinvertebrate samples for the biological water quality analysis were collected using a

standard hand net with a metal frame and conical net. The net head width was 200 mm

with a mesh size of 1mm. To collect the macroinvertebrate samples, a kick sampling method

was used. During this procedure the gravel on the riverbed in front of the net is kicked up

and what is disturbed is then collected in the net. The kick sampling was done in the fastest

flowing part of the stream, as these are the areas least likely to dry up during dry periods.

Each kick sample lasted for 30 seconds while moving upstream with the net. Large stones

and leaves caught in the net were washed in the net to ensure that all macroinvertebrates

were collected. For each site, this process was done three times. Every sample was taken in

a different part of the stream site. Each of the samples was poured into a white tray with 1

cm of water and analyzed on the riverbank for a minimum of 5 minutes. The CSSI score was

determined  for  each  of  the  samples  and  the  total  CSSI  score  for  the  site  calculated,

following the methodology outlined on the CSSI leaflet provided to citizens (Appendix 1).

Two of the three samples were conserved in a plastic bag with 70% ethanol, resulting in a

8



one-minute kick-sample for further lab analysis. In total, 22 sites were sampled for biological

water quality. The samples were collected from October to November, 2022.  

For the physicochemical analysis of the water quality, a 500 mL water sample was collected.

These  samples  were  frozen  within  12  hours  of  collection  to  ensure  preservation.

Conductivity and temperature of each of the sites were measured in situ using a portable

conductivity meter (Cond 3110), ensuring the meter had been calibrated on the same day to

follow  good  practice  guidelines  and  ensure  instrument  reliability.  These  samples  were

collected in January 2023, after a three day period with little to no rain to avoid dilution. In

total, 29 sites were sampled for physicochemical analysis. 

2.3 Lab Procedure

The macroinvertebrate samples were washed and filtered using a sieve with an aperture of 

500m. The sample was placed in a white tray (30 cm by 21 cm) with 1 cm water. Using 

forceps and a stereoscopic dissection microscope the organisms were systematically sorted 

out of the tray and placed in small flasks (25 mL). These were also preserved using 70% 

ethanol. After sorting, the macroinvertebrates were identified to a family level using a 

stereoscopic dissection microscope and identification keys for macroinvertebrates in Irish 

streams and rivers. 

The 500 mL water samples were defrosted and analyzed within 24 hours of leaving the 

freezer. Ensuring that all glassware used for the measurements has been acid washed to 

avoid invalid readings, phosphate (PO4
3-) levels were measured using a spectrophotometer 

(Hach Lange DR2800 VIS Spectrophotometer using the 490 P React. PV program). These 

phosphate levels were converted to phosphorus levels to allow for comparison to Irish 

standards. 

2.4 Score calculation

Macroinvertebrate data were used to derive the CSSI score in the field, while the lab data 

were used to derive other biological water quality scores, including the Q-value, Small 

Stream Risk Score (SSRS), the Biological Monitoring Working Party score (BMWP), and the 

Average Score Per Taxon (ASPT). These scores were selected to compare to the CSSI as they 
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are commonly used to measure water quality in Irish streams or were specifically designed 

for Britain and Ireland (Hawkes, 1998; Toner et al., 2005; Ryan et al., 2015). The Q-value was

determined using the guidelines outlined by the EPA (Appendix 2). The Q-value is based on 

the presence of specific species from varying taxa and approximate percentage frequency of

occurrence of these taxa (Toner et al., 2005). The SRSS was calculated following the 

guidelines outlined by the EPA (Appendix 3). The SSRS is based on the presence and relative 

abundance of specific taxa (Ryan et al., 2015). It should be noted that the SSRS is a score 

that indicates whether a stream is at risk of pollution, so it does not indicate the ecological 

quality of a stream (Ryan et al., 2015). The BMWP score calculated using the values and 

guidelines of the National Water Council (1981) (Appendix 4). The BMWP score is based on 

the presence or absence of families that are tolerant or sensitive to pollution, where 

pollution-sensitive families are given a higher score than families tolerant to pollution 

(Hawkes, 1998). The ASPT score was also calculated as this provides a score that is less 

sensitive to the sampling effort and seasonal changes, as it is independent of the number of 

taxa in the sample (Hawkes, 1998). This score was calculated using the guidelines of Jones 

(1973) and Balloch et al. (1976), where the BMWP score is divided by the number of scoring 

taxa. The scores for all indices and their interpretations are summarized in Table 1. Lastly, 

ecological parameters like the total abundance, taxon richness, the Simpson’s diversity 

index and the percentage of Ephemeroptera / Plecoptera / Trichoptera (%EPT) were 

calculated.

Table 1. Water Quality Indices Scores and Interpretations (Toner et al., 2005; Ryan et al., 2015; Hawkes, 1998).

CSSI BMWP ASPT SSRS Q-Value

Scor
e

Interpretatio
n 

Score Interpretatio
n 

Score Interpretatio
n

Scor
e

Interpretatio
n

Score Interpretatio
n

-9 to -
5

Poor 0 - 10 Very Poor <3.9 Very poor <6.5 Stream at 
risk

Q2, 
Q2-1,
Q1

Bad

11 - 
40

Poor 4 – 
4.9

Poor Q2-3,
Q3

Poor

-4 to 
+4

Moderate 41 - 
70

Moderate 5 – 
5.9

Moderate >6.5 
– 
7.25

Intermediate,
stream may 
be at risk

Q3-4 Moderate

+5 to 
+9

Good 71 - 
100

Good 6 – 
6.9

Good >7.25 Stream 
probably not 
at risk

Q4, 
Q4-5

Good

>100 Very Good >7.0 Very Good Q5 High
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2.5 Data Analysis

Data was processed and analyzed using IBM’s SPSS statistical software package, and R for 

non-metric multidimensional scaling ordination. Spearman Rank Correlations were 

performed comparing the CSSI to other conventional indices, including the SSRS, BMWP and

ASPT. Furthermore, the CSSI was also compared to physicochemical indicators of water 

quality, including temperature, conductivity, and phosphorus levels. Lastly, the CSSI was 

compared to several biological scores, including Simpson’s Diversity Index, total species 

richness, total abundance, and %EPT. Mann-Whitney U-tests were performed to determine 

if there were significant differences in ecological parameters between ‘poor’, ‘moderate’, 

and ‘good’ CSSI scoring sites. Significant results were accepted at 95% confidence level. 

Additionally, a non-metric multidimensional scaling (NMDS) ordination was performed using

the Bray-Curtis distance measure to determine the similarity of the species community 

structure of sites with similar CSSI scores. 

[Word Count: 1,389]
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3. Results

3.1 Macroinvertebrates 

In total, twenty-two macroinvertebrate samples were collected and analyzed, resulting in a 

total of 8772 individuals belonging to different 45 families being recorded in the catchment, 

with individual sites recording between 13 and 25 families, and an overall mean of 18 (S.D. 

3.26) (Table 2). The three sites with the greatest taxon richness of 24 families, had CSSI 

scores of +6, 0 and -2. There was no significant difference between the taxon richness of 

‘good’ and ‘moderate’ CSSI scoring sites (U = 29.0, p = .58). 

Total abundance varied between sites, with individual sites recording between 32 and 1239 

individuals. Figure 3 illustrates the distribution of species abundance for sites with a ‘good’ 

CSSI score and a ‘moderate’ score. The sites with a ‘good’ CSSI score (n = 4) show a more 

equal abundance distribution with a total of 35 species, whereas the ‘moderate’ scoring 

sites (n = 18) show unequal abundances with slightly more species (42 species). There was 

no significant difference between the total abundance for ‘good’ and ‘moderate’ scoring 

CSSI sites (U = 17.0, p = .12). 

Figure 3. Differences between communities in equitability of abundances on a log scale for ‘good’ (n = 4) and ‘moderate’ (n
= 18) CSSI scoring sites.
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Table 2. Aquatic macroinvertebrates in the Minane River catchment (2022). 

Class Order Family
Crustacea Isopoda Asellidae

Amphipoda Gammaridae
Hirudinea Hirudinea Erpobdellidae

Glossiphoniidae
Insecta Coleoptera Dytiscidae

Elmidae
Gyrinidae
Hydrophilidae 
Scritidae

Diptera Ceratopogonidae
Chironomidae
Dixidae
Limoniidae
Pediciidae
Psychodidae
Ptychopteridae
Simuliidae
Tipulidae

Ephemeroptera Baetidae
Heptageniidae

Plecoptera Chloroperlidae
Leuctridae
Nemouridae
Perlodidae

Trichoptera Goeridae
Glossosomatidae
Hydropsychidae
Lepidostomatidae
Limnephilidae
Odontoceridae
Philopotamidae
Polycentropodidae
Rhyacophilidae
Sericostomatidae

Mollusca Gastropoda Hydrobiidae
Lymnaeidae
Physidae
Planorbidae
Planorbidae (Ancylus only)

Bivalvia Sphaeridae
Oligochaeta Oligochaeta Haplotaxidae

Lumbricidae
Other Oligochaeta

Turbellaria Tricladida Planariidae
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The mean total abundance was 401 individuals (S.D. 363.11). Species were not evenly 

distributed, as 10 out of the 45 species found make up 92% of the overall abundance, see 

Table 3. Several families only occurred once throughout all samples. These species include, 

Haplotaxidae, Dytiscidae, Lymnaeidae, Physidae, Perlodidae, and Planoriidae. 

Table 3. The percentage of total abundance for the 10 most abundant species in the Minane catchment. 
Species Percentage of total abundance
Hydrobiidae 60.7%
Simulidae 8.5%
Gammaridae 6.0%
Glossosomatidae 4.6%
Hydropsychidae 3.7%
Chironomidae 2.2%
Philopotamidae 2.0%
Elmidae 1.8%
Sericostomatidae 1.1%
Polycentropodidae 1.0%
Other 8.4%

Simpson’s Diversity Index varied from 0.17 to 0.90 between individual sites, with a mean 

score of 0.64 (S.D. 0.23). The mean for ‘Good’ CSSI scoring sites was 0.82 (S.D. 0.03), while 

the mean for ‘Moderate’ CSSI sites was 0.60 (S.D. 0.05). There was no significant difference 

between the median Simpson’s Diversity Index for ‘good’ and ‘moderate’ CSSI scoring sites 

(U = 15.0, p = .081). 

Furthermore, the percentage of Ephemeroptera / Plecoptera / Trichoptera (%EPT) were 

calculated for each of the sites. This varied between individual sites from 20.0% to 53.8%, 

with a mean of 42.4% (S.D. 8.6). 

3.2 Biological stream quality in the catchment

Several indices were calculated using the macroinvertebrate samples to determine the 

biological water quality of the sites (Table 4). Of the sites studied, 18.2% (n = 4) were given a

score of ‘good’ in the CSSI, and 81.8% (n = 18) were given a ‘moderate’ score (Figure 4 & 5). 

No sites with ‘bad’ quality were found. The mean CSSI score was 1.4 (S.D. = 3.0) maximum 

and minimum CSSI score found within the catchment was +7 and -3, respectively. 

14



Table 4. Water quality scores, metric scores, taxon richness, total abundance, Simpson’s Diversity Index, and 
physicochemical parameters for each sample site and a potential input (site 26 is a stream with potential farmyard runoff, 
and P.I. is a potential input from field runoff feeding into site 23). 

Sample
Site

CSSI BMW
P

ASPT Q-
value

SSRS %EPT Taxon
Richness

Total
Abundance

Simpson’
s

Diversity

Conductivity
(µS/cm)

Phosphorus
(mg/L P)

Temperature
(°C)

1 4 61 5.5 Q3 7.2 33.3 14 46 0.90 280 0.08 10.0

2 2 84 5.3 Q3-4 6.4 38.1 18 671 0.49 320 0.06 9.7

3 0 50 4.5 Q3 6.4 33.3 15 81 0.43 244 0.06 9.7

4 3 83 5.9 Q4 8.0 44.4 17 55 0.89 186 0.07 9.6

5 -1 63 5.3 Q3 3.2 35.7 13 203 0.33 161 0.08 8.4

6 7 67 6.1 Q4 8.8 53.8 13 32 0.82 273 0.07 10.1

7 6 88 4.9 Q3 4.8 27.3 22 105 0.86 282 0.08 10.0

8 6 127 6.0 Q3-4 8.0 48.0 24 207 0.73 292 0.08 9.9

9 3 85 5.7 Q3 8.0 42.1 18 101 0.87 232 0.07 9.5

10 6 111 6.2 Q3-4 7.2 50.0 19 232 0.88 274 0.09 9.3

11 0 103 5.7 Q3 5.6 37.5 22 226 0.80 275 0.07 9.3

12 0 87 5.8 Q3-4 4.8 36.8 17 495 0.67 314 0.07 9.8

13 -1 106 5.6 Q3 3.2 45.5 21 967 0.35

14 1 98 5.8 Q3 5.6 47.6 20 1239 0.72 406 0.10 10.3

15 0 117 6.2 Q3 4.8 48.0 23 585 0.59 298 0.08 9.7

16 -2 106 5.6 Q3 4.0 40.0 23 501 0.85 294 0.08 9.6

17 0 89 5.6 Q3-4 6.4 45.0 19 358 0.61 305 0.09 9.1

18 -3 72 5.1 Q3-4 4.0 29.4 16 275 0.63 305 0.08 9.7

19 -2 33 4.7 Q3 2.4 20.0 15 1176 0.17 309 0.08 10.7

20 3 84 5.6 Q3-4 6.4 47.1 17 751 0.27 423 0.05 9.7

21 -2 81 5.4 Q4 7.2 44.4 18 114 0.80 327 0.07 10.1

22 1 72 5.1 Q3 4.8 41.2 17 398 0.48 334 0.07 10.1

23 347 0.07 9.5

24 358 0.08 12.0

25 290 0.08 9.2

26 523 0.19

27 327 0.12

28 305 0.08 9.7

P.I. 1 561 0.29 9.1
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Figure 4. Map showing the Minane River catchment, and sample sites with water quality scores from the Citizen Science 
Stream Index. 

Figure 5. Interpretations of the scores of several water quality indices (CSSI, BMWP, ASPT, SSRS).

In total, 27.2% (n = 6) of sites were given a score of ‘very good’ in the BMWP index, 50% (n =

11) of sites were considered ‘Good’, 18.2% (n = 4) of sites were considered ‘Moderate’, and 

4.5% of sites were considered ‘Poor’. No sites fell into the ‘Very Poor’ category. The mean 

BMWP score was 85 (S.D. 22.4), with a minimum of 33 and a maximum of 127. In terms of 

the ASPT index, 13.6% (n = 3) of sites were considered ‘Poor’, 68.2% (n = 15) of sites scored 
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in the ‘Moderate’ category, and 18.2% (n = 4) were considered ‘Good’. No sites scored in the

‘Very Poor’ or ‘Very Good’ categories. The mean ASPT score was 5.5 (S.D. 0.45), with a 

minimum score of 4.5 and a maximum score of 6.2. In total, 68.2% (n = 15) of sites were 

considered ‘At Risk’ according to the SSRS, 13.6% (n = 3) of sites might be at risk, while 

18.2% (n = 4) of sites were considered to be ‘Not at risk’. The mean SSRS score was 5.8 (S.D. 

1.8), with a minimum score of 2.4 and a maximum score of 8.8. As for the Q-value, 54.5% (n 

= 12) sites fell into the ‘poor’ water quality category, 31.8% (n = 7) was considered 

‘moderate’, and 13.6% (n = 3) was considered to be of ‘good’ water quality. The mean Q-

value was 3.3 (S.D. 0.4). 

3.3 Physicochemical stream quality in the catchment

Water temperature was measured at each site (Figure 6). The mean water temperatures 

was found to be 9.7 °C (S.D. 0.61). The lowest water temperature was 8.4 °C and the highest

was 12 °C. The mean phosphorus concentration was 0.085 mg/L (S.D. 0.04), with a minimum

of 0.05 mg/L and a maximum of 0.19 mg/L. Conductivity levels varied throughout the 

catchment, with a minimum level of 161 µS/cm and a maximum of 523 µS/cm. The mean 

conductivity was 312 µS/cm (S.D. 73.8). 

Figure 6. Map showing the Minane River catchment with risk areas identified through the Small Stream Risk Score (SSRS), 
and the levels of phosphorus throughout the catchment. 
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3.4 CSSI Comparison 

The CSSI was compared to other stream indices, as well as several physicochemical values 

and biological metrics (Table 5, Figure 5). There was a significant correlation between the 

CSSI and the SSRS ( = .705, df = 20, p < .001), the ASPT ( = .438, df = 20, p = .041) as well as

Simpson’s Diversity Index ( = .490, df = 20, p = .021). However, no significant correlations 

were found between the CSSI and conductivity ( = -.256, df = 19, p = .263), temperature ( 

= .101, df = 19, p = .662), phosphorus levels ( = -.106, df = 19, p = .646), total abundance ( 

= -.420, df = 20, p = .052), total species richness ( = .011, df = 20, p = .962), %EPT ( = .408, 

df = 20, df = 20), the Q-value ( = .222, df = 20, p = .320), and the BMWP score ( = .150, df =

20, p = .505). Furthermore, all sites had at least one of the six taxa in the CSSI.

Table 5. Spearman’s rho correlation values for correlations between CSSI and biological water quality indices, 
physicochemical water quality indicators, and biological metrics (with *. Correlation is significant at 0.05 level (2-tailed), 
and **. Correlation is significant at 0.01 level (2-tailed)).

CSSI Q-

Value

BMWP ASPT SSRS Taxon 

Richness

Total 

Abundance

Simpson’s 

Diversity

Temperature Phosphoru

s

Conductivity

CSSI

Q-Value .222

BMWP .150 -.025

ASPT .438* .348 .626**

SSRS .705*

*

.560** .150 .469*

Taxon Richness .011 -.164 .917** .375 .011

Total Abundance -.420 -.232 .339 -.027 -.610** .371

Simpson’s 

Diversity

.490* .200 .233 .428* .582** .356 -.600**

Temperature .101 .004 .105 -.197 -.020 -.202 .126 -.105

Phosphorus -.106 -.217 .397 .167 -.303 .321 .228 .155 .001

Conductivity -.256 .098 .105 -.162 -.291 .173 .753** -.445* .233 .077

3.5 Alternatives to the CSSI 

As alternatives to the CSSI, conductivity, phosphorus levels, and temperature were 

considered. There were no significant correlations between conductivity and any of the 

indices, including the CSSI (p = .263), ASPT (p = .398), BMWP (p = .898), and the SSRS (p 

= .019). There were also no significant correlations between phosphorus levels and any of 
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the biological indices (CSSI p = .646; ASPT p = .578; BMWP p = .075; SSRS p = .182). 

Similarly, there were no significant correlations between temperature and any of the 

biological indices (CSSI p = .662; ASPT p = .333; BMWP p = .180; SSRS p = .931). Even though 

there were no significant correlations between conductivity and phosphorus levels, the two 

potential pollution inputs (site 26 and P.I. 1), were both outliers of the data for both 

parameters (>1.5 IQR). This indicates that conductivity measurements might be able to 

point out potential extremes in phosphorus levels, and might therefore be taken together 

with the CSSI.

3.6 NMDS 

A non-metric multidimensional scaling (NMDS) ordination was performed. The NMDS 

ordination shows that there is an overlap between the community structures of the good 

and moderate sites (Figure 7). The stress level for the ordination was 0.063, which is <0.1 

meaning the plot provides a great representation in reduced dimensions. 

Figure 7. NMDS plot for the macroinvertebrate communities in Minane Bridge, showing the CSSI score (n = 22, stress = 
0.063.
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4. Discussion 

4.1 Catchment water quality in agricultural areas 

Agriculture accounts for 67.7% of the total land-use area in the Republic of Ireland (EPA, 

2020b). Intensification of agriculture has been recognized as one of the main causes of 

freshwater ecosystem degradation (Malmqvist and Rundle, 2002; Collins and Anthony, 

2008; Strayer and Dudgeon, 2010; Poole et al., 2013; Zhang et al., 2014; Kibichii et al., 2015; 

Conroy et al., 2016). This can be attributed to the close relationship that exists between lotic

systems and the catchment land area, meaning that changes in land-use such as agricultural 

intensification directly affect these systems (Malmqvist and Rundle, 2002). A study by 

Harrison et al. (2019) found degraded water qualities in a catchment in the south of Ireland 

with a high percentage land cover of agriculture, where the majority of the headwaters 

were found to have elevated nutrient levels, including phosphorus. Similar conditions were 

found in this study catchment, where the ASPT (mean of 5.5 = moderate) and CSSI (mean of 

1.4 = moderate) scores indicated moderate conditions overall. The SSRS showed that many 

of the streams (68.2%) are considered at risk of not meeting ‘good’ water quality standards 

(Figure 6). Furthermore, all streams exceeded the environmental quality standards of 0.035 

mg/l P set by the EPA to adhere to the Phosphorus regulations (Figure 6) (EPA, n.d. b). EPA 

GIS maps show that the catchment has a low surface phosphate susceptibility with a few 

moderate and high areas, which indicates that there is an expected low chance of field run-

off (EPA, 2020 a). As the study found high levels of phosphorus in the watercourses might 

indicate that there are point-sources of pollution. Considering the high percentage of 

agricultural land use in the area, farm yard drainage ditches might play a part in these 

elevated phosphorus levels (Harrison et al., 2019). However, in order to make definitive 

conclusions about elevated phosphorus levels in the catchment area, additional samples 

need to be taken at varying times throughout the year and at additional locations, focusing 

on identified risk areas including housing estates, forest felling, farm yards, and areas with 

high SSRS scores (Figure 6).  Additional research should also focus on identifying sources of 

nutrient inputs in order to restore stream water quality. 
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4.2 Citizen Science Stream Index validity & alternatives

This study aimed to determine whether the CSSI could be used accurately to determine

stream water quality. The results show a significant correlation between the CSSI and the

ASPT as well as the SSRS, but no significant correlation with the BMWP or the Q-value. As

the BMWP is highly dependent on the number of taxa in the sample, and thus on season as

well as sample size and effort, the ASPT is found to be a more accurate representation of

water  quality  (Hawkes,  1998).  As  the  CSSI  correlates  significantly  with  some  of  the

conventional indices, the index shows it has potential to contribute to river water quality

monitoring. However, the catchment found no sites with a ‘bad’ and not many with a ‘good’

CSSI  score.  Therefore,  it  is  uncertain  whether  the  CSSI  will  give  similar  results  to  other

conventional scores with ‘bad’ and ‘good’ water quality. The number of ‘good’ scoring sites for

the CSSI was also limited to only four. As this is a small sample size, correlation results could be

less accurate. Future research should therefore focus on sampling streams with a wider range

of ecological stream quality to ensure the CSSI can provide good indications of water quality in

all types of streams. Furthermore, the study found no significant correlations between the

CSSI  and phosphorus levels,  conductivity or  temperature,  indicating that they cannot be

used interchangeably and that the CSSI cannot be used to make conclusions about physical

or  chemical  water  quality.  Including  physicochemical  measurements  in  citizen  science

together with the CSSI  should therefore be considered in order to make conclusions on

chemical  and  physical  water  quality.  As  high  conductivity  measurements  were  able  to

indicate  extremes  in  phosphorus  levels  in  two  cases  in  this  study,  conductivity

measurements are a potentially useful tool to indicate extremes in physicochemical water

quality. 

4.3 Contribution of CSSI to current monitoring  

Ireland has more than 84,000 km of watercourses, but only 13,200 km (15.7%) of these are 

monitored for chemical and biological quality every three years (Feeley et al., 2020). This 

lack of monitoring, similar to trends found globally, could result in watercourses being 

polluted unnoticed and unresolved (UNEP, 2018). Besides the UN, the European 

Commission has also suggested that citizen science could increase data coverage and fill in 

data gaps in environmental reporting for ambient water quality, as well as other 
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environmental priorities of the Green Deal (EC, 2018; EC, 2020). The use of citizen science 

allows for collecting data at higher spatial and temporal frequencies than traditional 

monitoring programs (Quinlivan et al., 2020; Hegarty et al., 2021). Since 1989, the Minane 

River catchment has been monitored by the EPA in two locations up to 2006, when 

monitoring was ceased in one of the two locations (Figure 2) (EPA, 2022 a). The river is 

sampled for biological and chemical assessments every three years, as part of the WFD 

monitoring programme. This study suggests that the CSSI can be used to provide an 

indication of water quality at resolutions greater that those carried out by agency 

monitoring. The CSSI was able to show differences in water quality in the various tributaries 

feeding into the river. Furthermore, the CSSI provides a faster indication of water quality 

than other conventional indices currently being employed, which often require more 

extensive field or laboratory analysis, such as the BMWP, ASPT and SSRS. Therefore, the CSSI

shows quick results in the field, which allows tracking water quality along the river and its 

tributaries. This can provide earlier warnings of potential pollution, aid in finding the point 

sources of pollution, and ultimately restore water quality. Besides increasing data collection,

citizen science can provide a major benefit to research in terms of capturing additional 

relevant information (Hegarty et al., 2021). Because citizens often have a long term 

knowledge of the area, they could be able to pinpoint sources of pollution and data gaps 

potentially missed by the national monitoring agencies (Hegarty et al., 2021). 

  

4.4 Constraints & future directions 

Future studies performed to validate the CSSI should focus on how well citizens are able to 

use this index, and whether their results are reliable and can be used to make conclusions 

about water quality. Furthermore, research should be done in areas with known good water 

quality as well as bad water quality to see if the CSSI can be used to accurately to determine 

water quality across a wide range of streams with varying quality. Lastly, focus should be 

placed on incorporating the CSSI into monitoring programs, as well as already existing citizen 

science indices with only physicochemical parameters to provide an indication of both 

ecological and chemical stream quality. 
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Appendix 1 – Citizen Science Stream Index (LAWPRO, n.d.)
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Appendix 2 – EPA Q-value (Toner et al., 2005)
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Appendix 3 – Small Stream Risk Score (Ryan et al., 2015)
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Appendix 4 – Biological Monitoring Working Party (National Water Council, 1981)
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	2. Materials & Methods
	The study site is a river, called the Minane River, which forms a part of a sub-catchment located between Carrigaline and Kinsale in County Cork, Ireland (51°45’39.8”N and 8°23’38.4”W) (Figure 1). The total area of the sub-catchment is approximately 163 km2, while the site studied is roughly 17 km2. The Minane River feeds into the Celtic Sea and has six main tributaries that feed into the river as well as numerous smaller stream tributaries. Some of these smaller tributaries are seasonal, while others are present year-round. The river also passes a dam before entering the sea, which functions as a flood relief measure. The study area also contains a ‘Groundwater Drinking Protection Area’, which means that this area is protected from contamination for groundwater abstraction (Figure 1) (Kelly & Wright, 2002). The area also contains many boreholes as well as springs and wells (Geological Survey Ireland, n.d.). The long term average temperature is 9.9C and the long term average annual rainfall is 1228.0 mm (MetEireann, 2022). The land use in the Minane catchment predominantly consists of agriculture (approximately 97%) (Figure 2). The landscape contains elevation differences ranging from 100m to 50m above sea level at the start of the river and 2m above sea level at the bottom of the valley. These elevation differences between the start and bottom of the river could result in high oxygenation of the streams and rivers.
	
	The watercourses and sample sites were initially identified from preliminary desk studies using aerial photographs from the EPA and Ordnance Survey Ireland (EPA, 2020a; Government of Ireland and OSI, 2022). This resulted in a total of 36 sites being identified for assessment. Macroinvertebrate samples were only taken when sites were found to be accessible with a firm, gravelly river bed, had a shallow depth, and were present year-round. Physicochemical samples were taken from all sites selected for biological analysis, as well as sites that were deemed unsuitable for biological analysis due to an unsuitable river bed, or high river depths. Out of the 36 locations initially identified, only 22 were sampled for biological analysis and 27 for physicochemical analysis (8 were inaccessible, 4 were deemed too deep, and 2 had unsuitable river beds) (Figure 1). During sample collection in the field, two physicochemical samples were added. One stream potentially being farmyard runoff, and one being a potential field runoff input into the stream.
	
	This study aimed to determine whether the CSSI could be used accurately to determine stream water quality. The results show a significant correlation between the CSSI and the ASPT as well as the SSRS, but no significant correlation with the BMWP or the Q-value. As the BMWP is highly dependent on the number of taxa in the sample, and thus on season as well as sample size and effort, the ASPT is found to be a more accurate representation of water quality (Hawkes, 1998). As the CSSI correlates significantly with some of the conventional indices, the index shows it has potential to contribute to river water quality monitoring. However, the catchment found no sites with a ‘bad’ and not many with a ‘good’ CSSI score. Therefore, it is uncertain whether the CSSI will give similar results to other conventional scores with ‘bad’ and ‘good’ water quality. The number of ‘good’ scoring sites for the CSSI was also limited to only four. As this is a small sample size, correlation results could be less accurate. Future research should therefore focus on sampling streams with a wider range of ecological stream quality to ensure the CSSI can provide good indications of water quality in all types of streams. Furthermore, the study found no significant correlations between the CSSI and phosphorus levels, conductivity or temperature, indicating that they cannot be used interchangeably and that the CSSI cannot be used to make conclusions about physical or chemical water quality. Including physicochemical measurements in citizen science together with the CSSI should therefore be considered in order to make conclusions on chemical and physical water quality. As high conductivity measurements were able to indicate extremes in phosphorus levels in two cases in this study, conductivity measurements are a potentially useful tool to indicate extremes in physicochemical water quality.

