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Abstract 

 

The number of citizen science projects within environmental areas have increased in the last 

20 years following increased public awareness in pollution and endangered species. It 

provides a low-cost platform for large scale data collection on a global scale as well as 

enabling local community engagement. Monitoring of river water quality through biotic 

indicators is an ongoing program co-ordinated by The Riverfly Partnership, with trained 

volunteers performing kick-samples and generating ARMI scores. Functional indicators 

including leaf litter decomposition rates are also considered important to monitor water 

quality.. A potential citizen science tool is using colonisation traps to measure decomposition 

rates and invertebrates. This project aims to evaluate the use of colonisation traps and 

further understand the use of decomposition rates to monitor water quality in rivers.  

Colonisation traps were placed in eight sites along the River Mimram, with coarse and fine 

mesh bags. The traps were left for two to three weeks in the river to enable invertebrate and 

microbial decomposition rates to be generated. The colonisation traps were also used to 

measure invertebrate composition A MoRPh physical habitat survey was also completed to 

determine variation in habitat complexity.  

There was no significant difference between annual invertebrate and microbial 

decomposition rates. Variation was seen between sites in invertebrate abundance and 

richness. There were differences in functional feeding group (FFG) distributions. Seasonal 

variation showed significant difference between both invertebrate and microbial 

decomposition rates (summer higher than spring). FFG distributions showed higher 

prevalence of shredders in the summer and less collector-filterers. Several physical habitat 

parameters were corelated with biotic parameters such as invertebrate abundance. 

Microhabitat variation only showed significant differences in microbial decomposition rates 

and invertebrate abundance with two microhabitats having distinct invertebrate 

communities from the rest. Invertebrate decomposition rates were found to be influenced by 

the bed material particle size and channel physical habitat complexity. Comparisons between 

colonisation traps and kick-sampling showed linear relationships. 

Annual variations in invertebrate abundance due to high Simuilum abundances in 2018 and 

higher Gammaridae abundances in 2017. Seasonal variation in invertebrate decomposition 
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rates could be linked to higher shredder % distributions. Microhabitat variation was seen, 

with the silt edge having significantly lower microbial decomposition rates to the fast channel 

in shade possibly linked to low channel physical habitat complexity. The colonisation traps are 

easy to use but there are some parts of the methods which are time-consuming and difficult 

for citizen scientists. 
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Introduction 

General introduction 

Freshwater ecosystems make up 0.8% of the Earth’s surface on Earth and contain 6% of 

described species, however they have one of the highest extinction rates compared to other 

ecosystems due to having many endemic species that rely on specific habitats which are 

being lost (Abell et al., 2008). It is important, therefore, to continue to monitor and improve 

our knowledge of freshwater ecosystems to help conserve them and maintain their 

biodiversity. In the UK there have been initiatives set up to monitor rivers and lakes to better 

understand what healthy systems look like and what sources of pollution and other changing 

conditions are affecting them (Everard, 2008). This was very important in understanding the 

effects of acid rain pollution, and agricultural and industrial runoff (Batterbee et al., 2008). 

However many of these issues, including new ones such as climate change, are still putting 

pressure on our freshwater ecosystems and it is therefore important to keep monitoring 

them (Watts, et al., 2015). Citizen science is a major tool in collecting environmental data, 

allowing for large scale data sets to be obtained with comparatively small amounts of cost 

and time required to be taken up by government agencies, environmental charities or 

academic institutions (Roy et al., 2012). There are several citizen science projects that have 

been set up to help conserve and monitor freshwater ecosystems in the UK. One important 

example is the Anglers’ Riverfly Monitoring Initiative (ARMI) which assesses biological river 

health by sampling the aquatic invertebrate communities, focusing on riverfly families and 

allowing a score to be given to each river site which represents their biological health 

(Dunkley, 2018; Huddart, et al., 2016). There are many other variables that are important to 

river ecosystem function that could be used to help assess biological quality alongside 

current monitoring efforts. In addition for long-term monitoring many of these variables are 

being measured through citizen science projects and schemes (Buytaert et al., 2014). One of 

these parameters is the organic matter decomposition rates of the river, which is an 

important part of river ecosystem metabolism, recycling energy back into the system (Young, 

et al., 2008). The use of colonisation traps which have been designed to measure 

decomposition rates, as well as provide another method of sampling invertebrates, could 

provide a new citizen science tool to allow for further monitoring of river biological health., 
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This would also be another method to keep the general public engaged with the topic 

contributing to long-term success of monitoring (Roy et al., 2012). 

 

Citizen Science 

The use of citizen science for collection of environmental data has allowed large datasets to 

be collected at regular intervals and at low costs for the government (Conrad & Hilchey, 

2011). This is important in the current climate where monitoring projects are losing their 

funding and continued data collection relies on volunteers (Silvertown, 2009). Collecting this 

data is still vitally important in the continued monitoring and data collection of 

environmental parameters such as river ecosystem health which is a requirement under EU 

policy through the EU Water Framework Directive (Kallis & Butler, 2001). With the 

technological boom over the last 20 years citizen science projects have been able to fill this 

gap with increasingly easy ways to upload the data collected and to engage the public with 

citizen science opportunities through the internet and social media outlets (Dickinson et al., 

2012). The improvement in technical methods deployed in citizen science projects has also 

increased the reliability of data quality (Bonney, et al., 2014).  

There are many different types of citizen science projects that involve the collection of 

environmental data, ranging from identification of species images online to volunteers 

recording sightings of species such as the Big Garden Birdwatch or the National Bat 

Monitoring Programme (Roy et al., 2012).  Although there are many different types of citizen 

science projects they often follow a trend of focussing on important environmental issues in 

the news, as these build on the public’s interest and thus may provide a larger response, 

which is a large driving force for citizen science projects (McKinley et al., 2017). One topic in 

the news currently is plastic pollution in rivers and oceans. This has increased the awareness 

of the issue with increased beach/river cleansing, where plastic pollution is removed, but has 

also provided increased opportunities for data to be collected on a larger more consistent 

scale, so that the scope of plastic pollution and the main factors involved can be analysed 

(Syberg et al., 2018). All these projects allow the general public to become involved, often 

with their local communities, and learn more about the environment while collecting data 

that could help improve it (Overdevest et al., 2004; Tweddle et al., 2012). Citizen science data 
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can form the basis of long term data collection to monitor changes in the environment on a 

large geographical scale (Magurran et al., 2010). This can include surveying the local wildlife 

such as bumblebee nests or through the use of camera traps noting the presence of species 

and behaviours (Lye et al., 2012; Steenweg et al., 2016). 

Previous and ongoing citizen science projects, focused on river health and ecology, often 

measure indicators of river health such as macro-invertebrate composition and water 

chemistry to determine water quality (Newman et al., 2012).  There are over 100 

organisations across the UK using ARMI scores coordinated by The Riverfly Partnership 

including ZSL and Friends groups set up throughout London where groups of volunteers visit 

a number of sites along a river several times a year to sample the aquatic invertebrate 

community by kick-sampling (Dunkley, 2018). Other river monitoring projects focus on more 

specific species or conservation issues as well as monitoring the whole ecosystem, such as 

otter monitoring performed by volunteers in Northern California (Black, 2009). There are 

eight invertebrate families looked for within the river sample and if present these are given 

an ARMI score of 1-5 depending on their abundance (The Riverfly Partnership, na). These 

scores are then uploaded onto a national database so that changes can be seen and any 

problem sites which have scores below the trigger level can be identified and highlighted for 

government and independent agencies to rectify (The Riverfly Partnership, na). The methods 

used have been standardised and can be easily followed with little equipment needed, and 

training is offered to volunteers to improve data quality collection (Bennett et al., 2011). 

Other, very similar, citizen science projects have been set up in this way for the general public 

to undertake in their own time instead of as part of a volunteer group/organisation specific 

session. The OPAL Water Survey project provided people who registered their interest with a 

starter kit which included a small net, sorting tray, sample tubes and the ARMI score 

identification guide (Rose et al., 2016). Through projects like this people from all walks of life 

are able to come together and collaborate to collect information to improve the 

methodologies used to assess freshwater ecosystems to better help conserve and improve 

these ecosystems (Storey, 2016).  

 

Monitoring river ecosystems 

With the noticeable increase of citizen science projects being used in recent years, there are 

constantly new ideas being discussed for other areas in which citizen science can be used to 
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help in aquatic science research, and provide new opportunities for volunteers to learn more 

about our freshwater ecosystems and acquire the skills to help with their conservation (Biggs 

et al., 2015). There are several variables which are looked at when defining the ecological 

status of a river which are used by environmental agencies, such as physical and chemical 

parameters including dissolved oxygen levels, phosphorus and flow rates (Griffiths, 2002). 

However biological indicators are also important in determining the health of a river, with the 

Water Framework Directive highlighting the main groups as macrophytes, invertebrates and 

fish with the species abundance and composition of these groups indicating river water 

quality (Everard, 2008). This is due to specific species being tolerant of different conditions 

indicating water quality and benthic macroinvertebrates have also been shown to be 

important and reliable indicators for ecological status (Iliopoulou-Georgudaki et al., 2003).  

 

Invertebrates as indicators of river health 

Invertebrate composition varies depending on the type of river, the location within the river 

course and will vary within the different microhabitats within a river (in vegetation, on the 

river bank, on the river bed, and type of substrate) (Malmqvist, 2002).  Invertebrates are also 

good indicators of river quality as they are found throughout the river system and many 

species vary in their tolerance to environmental stressors such as dissolved oxygen levels or 

they form pollution allowing for invertebrate species composition and richness (Clarke et al., 

2003). Macroinvertebrates are often sampled using the kick-sampling methodology allowing 

a representative sample of the invertebrate community found at a particular location to be 

determined (Beavan et al., 2001). The standard method used is a 3 minute kick sample of all 

available microhabitats at a site by a hand net with a specific sized mesh allowing for 

consistency across data collection (Bennett et al., 2011). However studies have shown that 

efficiency at sampling invertebrates can vary depending on whether the volunteers are 

trained or not, which could lead to data being seen as unreliable and not used by 

government bodies (Storey & Wright-Stow, 2017). Invertebrates are an important part of a 

river trophic structure as thy provide a large food source for many species higher up the food 

web and they can influence the environment around them (Wallace & Webster, 1996). The 

invertebrates can do this by filtering small particles out of the water and they can decompose 

organic matter recycling energy back into the system through carbon which is then 

transferred through food webs and downstream to other parts of the ecosystem (Kominoski 
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& Rosemond, 2012). Invertebrates have a wide variety of feeding habits which are split into 

five main groups. The percentage of each functional feeding group also varies depending on 

their location within the river and in different microhabitats (Cummins & Klug, 1979).The 

invertebrate group responsible for the majority of decomposition of organic matter is the 

shredders, which are often found in high numbers in the upper stretches of rivers feeding on 

organic matter from terrestrial leaf litter and decaying aquatic macrophytes within the river 

(Anderson & Sedell, 1979). As well as shredders, micro-organisms have also been found to 

play a role in allochthonous organic matter decomposition in small rivers and streams (Baldy 

et al., 2002).  

Leaf litter decomposition 

Functional indicators such as organic matter decomposition have been considered alongside 

biological indicators as useful indicators for river health (Niyogi et al., 2013). Leaf litter 

decomposition rates in particular can vary depending on many different environmental 

parameters, such as temperature and nutrient levels, and may be a more reliable indicator 

than other biotic variables that are currently being monitored (Pozo et al., 2011). These 

different environmental and anthropogenic stressors can cause an increase or decrease in 

decomposition rates (Aristi et al., 2012).  

In many previous studies which measured river and lake decomposition rates, mesh bags 

containing leaves inside have been used to determine decomposition rates, determining the 

change in leaf mass overtime (Young et al., 2008). With many rivers having extensive riparian 

vegetation especially in upper-reaches, the mesh bags would be a useful tool for citizen 

science projects looking at decomposition rates as they would be easy to collect (Webster, 

2007). A citizen science project in the U.S uses leaves from local riparian trees in mesh bags 

to look at invertebrate composition in riffle beds (Leaf Pack Network, 2018). However this 

technique might not be as effective for citizen science projects looking specifically at leaf 

decomposition rates due to problems noted in many scientific studies, such as leaves easily 

fragmenting, making the process time consuming, as well as significant variation in leaf 

species chemistry and leaf quality affecting results (Tiegs et al., 2007). Due to this, other 

methods have been used in scientific research when determining organic decomposition 

rates, such as cotton strips or wood debris (Aristi et al., 2012). With invertebrates being 

largely responsible for the decomposition of allochthonous organic matter as well as their 

importance for other functions within the river ecosystem, it is important to sample the 
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invertebrate community alongside organic decomposition to help understand variations in 

decomposition rates and the other factors that may influence them (Anderson & Sedell, 1979; 

Pascoal et al., 2003). This could be achieved by using colonisation traps which have been 

adapted the original method by placing fine and coarse mesh bags containing cloth paper as 

a leaf substitute into a structure that also acts as a means to sample invertebrate 

composition (Zhang, 2017). The use of these traps alongside kick-sampling and ARMI scores 

could allow for further understanding of the invertebrate community and functional 

indicators such as leaf decomposition and their use in determining river ecosystem health 

(Feio et al., 2010). By widening citizen science opportunities and techniques this may keep 

volunteers interested and engaged in the environment, with more volunteers helping out 

and for more long-term periods (Roy et al., 2012).    

Colonisation traps 

A previous study used the colonisation traps to compare decomposition rates and 

invertebrate composition between polluted and unpolluted rivers, as well as comparing the 

invertebrate community sampled in the traps to those of kick-samples already taken by 

citizen science volunteers (Zhang, 2017). From this study it was indicated that presence of 

high numbers of shredders such as Gammarus was linked to high decomposition rates which 

is consistent with the findings of other studies (Navel et al., 2010). However there is still 

much unknown about how well the colonisation traps can be used to determine river health 

from invertebrate and micro-organism decomposition rates and invertebrate composition 

within the traps. The colonisation traps may also provide more information into how organic 

decomposition rates are affected by abiotic and biotic factors and there is further study 

required (Young, et al., 2008). As well as this, for the colonisation traps to be effectively 

utilised as a tool for citizen science there must be an efficient standardised methodology 

implemented, allowing reliable data to be collected across all volunteer groups (Tulloch et al., 

2013). This means simple techniques that volunteers can be trained in, requiring little 

scientific equipment or allowing a scheme to be set up where samples can be sent to a lab for 

analysis as with water chemistry or eDNA samples (Biggs et al., 2015). 

Organic decomposition rates have been shown to increase in warmer temperatures and thus 

are higher in warmer seasons. Other factors such as leaf litter abundance and invertebrate 

abundance and composition are also seasonally variable and probably influence seasonal 

decomposition rates (Ferreira & Canhoto, 2014). With climate change resulting in warmer 



13 
 

temperatures and more severe weather events affecting many freshwater ecosystems and 

introducing more environmental stressors, there is likely to be annual variability in 

decomposition rates (Kominoski & Rosemond, 2012). This in turn causes shifts and changes in 

the biological make up of the system with increased vegetation cover in warmer summer 

months and changes in primary producers, zooplankton, invertebrate and fish species which 

rely on certain conditions (Power et al., 2008). Therefore it is important to compare annual 

and seasonal change of river decomposition rates and invertebrate composition with the 

colonisation traps.  

As well as this, river systems can have many different micro-habitats spread across the river 

length and in a single site., Slight changes in substrate, vegetation composition and cover, 

flow rate, position in river channel and presence of backwaters all provide a variety of 

habitats that support different invertebrate species compositions (Costa & Melo, 2008). With 

different invertebrate communities found in different micro-habitats along with different 

physical conditions relationships have been found between this and leaf decomposition rates 

(Kobayashi & Kagaya, 2005). As the colonisation traps are stationary when placed in the river, 

it is important to determine where they should be placed by citizen science volunteers to 

determine average site decomposition rates, if different microhabitats at a site affect 

decomposition rates and if so how.  

By completing this project the aim is to further assess the current methodology behind the 

colonisation traps, including the field and lab aspects being appraised, and identifying 

improvements that could be made as well as any problems involved, so that colonisation 

traps could be used as an effective tool for citizen science in the future 
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Aims and Objectives 

 

The main objectives of this study are to establish the effectiveness of colonisation traps as a 

method for determining decomposition rates and invertebrate compositions to be used as a 

tool for citizen science. The aims are to determine whether there is any variation in 

decomposition rates and invertebrate composition 1) annually, 2) seasonally and 3) between 

microhabitats, and if there are variations determining what could be influencing them by 

comparing the functional, biotic and physical habitat parameters that are all important to 

consider when monitoring rivers. A final aim is to evaluate the colonisation trap for its 

suitability as a tool for citizen science through comparison of invertebrate compositions 

generated with those of kick-sampling, and through my own experiences of using the traps, 

suggest improvements that will enhance its viability as a citizen science tool. 
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Materials and Methods 

Study site 

The study area was situated along a small stretch of the River Mimram, Hertfordshire which 

is a small chalk river approximately 19km in length and is a tributary of the River Lea (The 

Wild Trout Trust, 2015). There were eight study sites along the upper reaches of the River 

Mimram around Welwyn: Hoo Farm, Kimpton Mill, Singlers marsh unrestored, Singlers marsh 

Restored, Digswell Meadow, Tewinbury, Panshanger diversion and Panshanger. The channel 

dimensions of these sites in 2018 are shown in Table 1 and channel dimensions from 2017 

can be found in Zhang (2017).  All sites were chosen due to there being corresponding ARMI 

scores from kick-sampling and MoRPh survey data for the study period, as well as ease of 

access to the sites and permission from land owners. Four colonisation traps were placed at 

eight sites along the River Mimram (n=32) to measure invertebrate and microbial 

decomposition rates and to sample the invertebrate community. All eight sites were sampled 

in May 2017 (previous study Zhang, 2017), May 2018 and July 2018 to identify annual and 

seasonal (spring-summer) variation. One site, Hoo Farm was sampled in June 2018 to 

determine microhabitat variations, with four traps being placed in eight different 

microhabitats. Microhabitats were identified by site observations and given a name based on 

their main characteristic visible by sight. The Hoo Farm site was chosen in preference to the 

other seven sites due to its high microhabitat diversity, as indicated in the MoRPh survey 

taken in May 2018, site observations and its secluded location, giving a low risk of the traps 

being disturbed or lost. The microhabitats observed were the Silt edge, exposed channel, 

water-cress by edge, leaf litter, fast channel in shade, backwater channel edge and 

Ranunculus bed. 
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Table 1: Channel dimensions of River Mimram sites recorded in May 2018. Sites left to right are moving downstr

    

 Digswell Meadow Tewinbury Panshanger diversion Panshanger 

Left bank height(m) 0.45 0.35 0.30 0.20 

Right bank 

height(m) 

0.25 0.23 0.30 0.22 

Bankfull Width(m) 8.00 11.07 5.50 13.60 

Water width(m) 5.90 6.53 4.30 10.20 

Water depth(m) 0.45 0.13 0.32 0.21 
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 Hoo Farm Kimpton Mill Singlers marsh  

unrestored 

Singlers marsh  

restored 

Left bank 

height(m) 

0.40 0.50 - 0.52 

Right 

bank 

height(m) 

0.46 0.30 0.43 0.50 

Bankfull 

Width(m) 

5.63 5.20 5.05 9.50 

Water 

width(m) 

4.47 4.70 4.94 8.20 

Water 

depth(m) 

0.11 0.10 0.40 0.42 
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Colonisation traps 

Colonisation traps were designed by Murray Thompson and Ian Patmore to measure 

decomposition rates alongside invertebrate sampling and are made from cuboidal drainpipe 

tubes, which are separated into two sides by an insert. In one end of the trap (Photo 1) a 

coarse mesh bag containing a pre-weighed piece of cloth paper is placed and secured inside. 

In the other end a fine mesh bag containing a pre-weighed piece of cloth paper is placed and 

secured inside. Each end has a corresponding mesh lid attached to the trap (Zhang, 2017). 

The use of cloth paper instead of leaves eliminated the need to consider leaf quality and 

chemistry, which have been found to affect decomposition rates (Tiegs et al., 2007). In 

preparation for each sample the cloth paper was weighed on a balance to 3 decimal places 

and the weight recorded alongside the trap number it was placed in and whether it was put 

in a fine or coarse mesh bag. The traps allowed microorganisms into both sides but 

prevented invertebrates entering the fine mesh side, an adaptation of a widely recognised 

method of using mesh bags to measure leaf litter decomposition in rivers (Young et al., 2008).  

 

Photo 1: Colonisation trap components including drainpipe tube, coarse and fine mesh lids 

and coarse and fine mesh bags containing pre-weighed cloth paper. 
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The traps were secured to the river bed using brackets that fit around the trap and tent pegs 

were hammered into the river bed. The traps are placed perpendicular to the river flow, 

allowing water to move in and out and to reduce the flow pressure which may result in traps 

being swept downstream. The traps were left in the river for two to three weeks to allow for 

invertebrates and micro-organisms to feed on the paper and colonise the traps. After taking 

the traps out of the river, the mesh bags were collected to be taken to the lab. There the 

paper inside the mesh bags was removed, carefully cleaned with water to remove any excess 

silt on the paper (Gulis et al., 2006), before being placed in individual petri dishes and dried in 

a gel desiccator oven for four to five days until completely dry (Photo 2). The paper was then 

weighed to determine its final weight.  

 

 

Photo 2: Image on the left-hand side shows paper being cleaned in the lab after it had been 

taken out of the river. Image on the righthand side shows cleaned paper in petri dishes about 

to be placed in the gel desiccator to dry.  

 

The change in weight of the cloth paper was calculated for the fine and coarse mesh bags 

from each trap. This was then divided by the number of days the traps were in the river. This 
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determined the Rf (microbial decomposition) and Rc (microbial and invertebrate 

decomposition) per day. The invertebrate decomposition rate per day could then be 

calculated with the equation: Rc-Rf (Zhang, 2017). 

 

Invertebrate sampling  

When the colonisation traps were removed from the river, any invertebrates found inside the 

coarse mesh end were collected and identified to family level on the riverside, with the 

abundance of each species being recorded. Invertebrates found on the outside of the traps 

were not counted. All invertebrate families identified from the colonisation traps and kick-

sampling data were classified into one of five functional feeding groups (collector-feeder, 

collector-gatherer, predator, scraper and shredder) to determine the percentage of each 

functional feeding group (FFG) at each site (Cummins & Klug, 1979). This is important to 

determine as shredders play an important role in organic decomposition and their 

abundance may influence decomposition rates at different sites and spatial variations (Baldy 

et al., 2002). 

Invertebrate abundance, taxon richness and ARMI scores were determined for each 

colonisation trap. The Riverfly Partnership provided invertebrate kick-sampling data for each 

site as a comparison to the colonisation traps. ARMI scores were generated by counting the 

abundance of eight key taxa: cased caddis, caseless caddis, Ephemeridae, Ephemerellidae, 

Heptageniidae, Baetidae, Plecoptera and Gammaridae. Each taxa was given a score from 1-4 

depending on their abundance as follows1)1-9, 2) 10-99, 3) 100-999 4) 1000+. This score was 

then summed together to generate an overall ARMI score. The classification of invertebrate 

families into functional feeding groups was determined using data from West Virginia 

department of environmental protection (n.d.). This could then be used to determine FFG 

abundance and from this determine FFG percentage distribution for each site and 

microhabitat. 

 

MoRPh Survey 

The MoRPh survey was carried out at all 8 sites to determine the physical habitat complexity 

of each site and determine differences between each site and the annual changes by site. 

The MoRPh survey was designed to enable citizen scientists to monitor local river habitats, 

surveying river modules for physical characteristics and anthropogenic stressors (Shuker et al., 
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2017) It is important to determine the physical habitat at each site and in microhabitats to 

establish whether any variations influence organic decomposition rates and invertebrate 

composition (Langhans et al., 2008). The MoRPh survey allows for 14 indicies to be 

determined so that habitat complexity is identified and can be compared across sites. In June 

the survey was completed for each microhabitat and indices 1-9 were determined to 

establish if the physical habitat of each microhabitat influenced biotic variables. 2017 data 

was obtained from online records posted on the MoRPh website 

(https://modularriversurvey.org/ ) (Gurnell et al.,2016). Only 11 of the indices were used in 

statistical analysis as indexes 2, 3 and 6 contained categoric data that could not be easily 

analysed. 

 

Data analysis 

Preliminary tests 

The statistical program IBM SPSS Statistics 25 was used to carry out the majority of the data 

analysis. First a One-Sample Kolmogorov-Smirnov Test was carried out to determine if 

invertebrate decomposition rates, microbe decomposition rate, invertebrate abundance, 

taxon richness, ARMI scores, functional feeding groups (CF, SC, CG, P and S) and MoRPh 

indices are normally distributed. Any variables that were not normally distributed were log 

transformed for better fit of data before being z-transformed for equal weighting of the data 

set. Some of the MoRPh indices could not be normally distributed and thus non-parametric 

tests were performed in later analysis where these variables were being used. 

 

Statistical analysis 

One-way ANOVA and the post hoc Tukey test were used to determine if there was any 

significant difference in annual or seasonal variation between the eight sample sites as well 

as between individual sites. The eight different microhabitats at Hoo Farm were also tested 

for significant difference using these methods. The non-parametric Kruskal-Wallis Test was 

used to determine if any of the MoRPh indices were significantly different between 2017 and 

2018. Bivariate analysis was performed to determine if any of the MoRPh indices were 

significantly correlated with the biotic variables such as decomposition rates, invertebrate 

abundance and richness, ARMI scores and functional feeding groups. This was followed by 

linear regression to determine what factors if any influenced invertebrate decomposition 

https://modularriversurvey.org/
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rates or any of the other biotic variables and whether this varied over time (annually, 

seasonally) and between microhabitats.  

Canoco (version 5) was used to determine invertebrate taxa distribution across the eight river 

sites and microhabitats. Correspondence analysis (CA) was performed on seasonal data as an 

initial detrended correspondence analysis (DCA) produced a gradient length over 4 s.d. units 

suggesting the unimodal method should be used. Following this a canonical correspondence 

analysis (CCA) was performed to determine how invertebrate taxa responded to the MoRPh 

habitat parameters. Principal component analysis (PCA) was performed on annual and 

microhabitat data due to DCA producing gradient lengths of less than 2 s.d. A PCA was also 

performed to determine how the river sites responded to changes in FFGs between spring 

and summer. 

 

Results 

Out of the 32 traps placed in the river, only 30 could be sampled in May 2018 due to a trap at 

Panshanger being lost downstream and another at Tewinbury losing a lid resulting in the loss 

of the coarse mesh bag. In July only 30 traps could be sampled due to another trap lost 

downstream at Panshanger and no coarse mesh bag in a trap at Digswell Meadow.  

Annual variation  

To determine the annual variation between the individual sites and of the River Mimram in 

total, samples taken in May 2017 were compared to those taken in May 2018. Table 2 shows 

a summary of the main variances determined from the samples collected in the colonisation 

traps. There was no significant difference between invertebrate decomposition rates, 

microbial decomposition rates or ARMI scores in the River Mimram, between 2017 and 2018. 

There was significantly different invertebrate abundance and taxon richness found between 

2017 and 2018 in the River Mimram, with more invertebrate species being found at higher 

abundance in the colonisation traps in 2018. 

Table 2: Comparison of invertebrate and microbial decomposition rates, invertebrate 

abundance, taxon richness and ARMI score in the River Mimram in 2017 and 2018. Number 

of samples for each year indicated in brackets. Values are averages with standard deviations. 

F and P values generated from one-way ANOVA test. Bold values indicate significant 

difference (P<0.05). 
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 2017 (n=28) 2018 (n=30) F P 

Invertebrate decomposition 

rate (g/day) 

0.009 ± 0.014 0.005 ± 0.006 1.652 0.204 

Microbial decomposition rate 

(g/day) 

0.007 ± 0.004 0.009 ± 0.002 4.015 0.050 

Invertebrate abundance 40.643 ± 39.351 101.733 ± 112.801 13.274 0.001 

Taxon richness 6.071 ± 2.418 8.133 ± 2.675 8.206 0.006 

ARMI score 3.464 ± 1.774 3.167 ± 1.464 0.037 0.849 

 

Decomposition rates 

In 2018 the microbial decomposition rates were on average slightly higher than the 

invertebrate decomposition rates, which is the reverse of these rates in 2017. The 

invertebrate decomposition rate at Kimpton Mill in 2017 was significantly higher than that in 

2018 and was significantly different to all of the sites in 2017 and 2018 as shown in Figure 1. 

The other sites showed little variation in invertebrate decomposition between each site and 

between 2017 and 2018. 

 

Figure 1: Annual variation in invertebrate decomposition rates for individual sites along the 

River Mimram. Yellow bars show data from 2017 and blue bars show data from 2018. Error 

bars show 95% confidence intervals. 
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Figure 2: Annual variation in microbial decomposition rates for individual sites along the River 

Mimram. Yellow bars show data from 2017 and blue bars show data from 2018. Error bars 

show 95% confidence intervals 

 

There is very little variation between microbial decomposition rates at sites on the River 

Mimram but some sites in 2018 were significantly different from each other with Singlers 

Marsh Unrestored significantly lower than Kimpton Mill and Tewinbury as shown in Figure 2. 

 

Invertebrate composition 

Invertebrate abundance varied between and within sites, with a high abundance of Simulium 

contributing to higher 2018 abundance, with one trap at Digswell Meadow containing over 

600 individuals as well as high numbers found at Tewinbury, Singlers Marsh Restored and 

Kimpton Mill.Figure 3 shows the distribution in functional feeding groups at each site for 

2017 and 2018. There is variation in FFG’s across sites with Singlers Marsh unrestored having 

much higher percentage of scrapers such as snails particularly P. jenkinsii found at high 

abundance at this site. A reduction the percentage of shredders can be seen at many sites 

from 2017 to 2018 especially at Kimpton Mill and Tewinbury with much lower numbers of 

Gammaridae in 2018. Kick-sampling data from Kimpton Mill 2018 shows large reduction in 

Gammaridae sampled to 2017. For many sites in 2018 the colonisation traps were dominated 

by collector-filterer species in particular Simulium. Sites in 2017 also show higher percentage 
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of collector-gatherers and predators than 2018 with much higher abundances of 

Ephemerellidae and Turbellaria respectively in the traps. 

 Figure 3: Annual variation in invertebrate functional feeding group percentage for each site. 

For each site 2017 and 2018 data is paired together with 2017 data to the left with columns 

outlined in black and 2018 data is to the right and columns are not outlined. Five functional 

feeding groups are SH=shredder, SC=scraper, P=predator, CG=collector-gatherer and 

CF=collector-filterer.  

 

Physical habitat complexity 

The 11 MoRPh indices statistically analysed were compared for annual variation (Table2) with 

the number of bed material types and channel physical habitat complexity being significantly 

different between 2017 and 2018. There were higher numbers of bed material types seen at 

Panshanger diversion, Tewinbury and Kimpton Mill in 2018 to 2017, and slightly higher 

channel physical habitat complexity seen at most sites in 2018. 
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Table 2: The comparison of MoRPh indices from 2017 to 2018. Averages are shown with 

standard deviations. F and P values determined by Kruskal-Wallis test with bold values 

indicating significance (P<0.05). 

 2017 (n=8) 2018 (n=8) F P 

Number of flow types 

 

1.125 ± 0.354 1.125 ± 0.354 0.000 1.000 

Number of bed material types 

 

1.625 ± 0.518 3.25 ± 1.165 7.656 0.006 

Average bed material particle size 

(phi units) 

0.75 ± 2.629 1.311 ± 3.007 0.045 0.833 

Extent of bed siltation 

 

0.063 ± 0.177 0.000 1.000 0.317 

Channel physical habitat 

complexity 

 

1.375 ± 0.700 1.834 ± 0.308 5.128 0.024 

Number of aquatic vegetation  

morphotypes 

2.125 ± 0.991 3.000 ± 1.309 1.731 0.188 

Riparian physical habitat 

complexity 

 

1.143 ± 0.319 0.973 ± 0.387 0.471 0.493 

Riparian vegetation complexity 

 

4.688 ± 0.821 6.375 ± 1.778 3.202 0.074 

Degree of human pressure 

imposed by land cover on the 

bank tops 

1.156 ± 1.420 0.313 ± 0.884 3.506 0.061 

Channel reinforcement 

 

0.375 ± 0.694 0.833 ± 1.541 0.077 0.782 

Extent of non-native invasive 

plants 

0.094 ± 0.186 0.500 ± 0.720 0.799 0.371 
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Interactions between biotic and physical habitat parameters 

None of the MoRPh indices or the other biotic variables were found to significantly influence 

invertebrate decomposition in 2018. Pearson correlation of 2018 environmental and biotic 

variables showed channel physical habitat complexity was positively correlated to scraper 

abundance, riparian physical habitat complexity was positively correlated to collector-filterer 

abundance and riparian vegetation complexity as positively correlated to microbial 

decomposition, collector-gatherer abundance and predator abundance. Environmental 

variables correlated negatively with biotic variables in 2017 (Table3).  

 

 

Table3: Pearson correlation for environmental and biotic variables for 2017 and 2018. Vales 

show strength of correlation with bold values indicating significance (P<0.05). 

 Average bed 

material 

particle size 

Channel 

physical 

habitat 

complexity 

Number of 

aquatic 

vegetation  

morphotypes 

Riparian 

physical 

habitat 

complexity 

Riparian 

vegetation 

complexity 

 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Invertebrate 

decomposition 

rate (g/day) 

-0.277 -0.481 -0.275 0.327 0.286 -0.332 -0.487 0.479 -0.407 0.172 

Microbial 

decomposition 

rate (g/day) 

-0.680 -0.261 0.174 -0.489 -0.003 -0.488 -0.285 0.469 -0.550 0.645 

Invertebrate 

abundance 
-0.764 0.061 -0.028 -0.577 0.178 -0.392 -0.571 0.562 -0.758 -0.047 

Taxon richness -0.939 0.119 -0.060 -0.499 0.376 0.345 -0.331 0.058 -0.642 0.196 

ARMI score -0.586 -0.374 0.508 -0.184 -0.302 0.525 -0.096 0.539 -0.570 -0.056 

CF% 0.002 -0.576 0.710 -0.221 -0.651 -0.105 0.405 0.842 0.314 -0.427 

CG% -0.180 0.473 -0.421 -0.454 0.480 0.098 -0.141 -0.409 -0.349 0.734 

SH% 0.154 -0.014 -0.174 0.474 0.047 0.397 0.105 -0.380 -0.348 -0.234 

P% -0.220 -0.008 -0.298 -0.073 0.389 -0.602 -0.038 0.027 -0.133 0.658 

SC% 0.425 0.388 -0.092 0.630 -0.034 -0.602 -0.282 -0.572 0.522 -0.003 
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Figure 4: PCA ordination plot showing species associations to 2018 River Mimram sites. Blue 

arrows indicate species association and light blue circles indicate River Mimram 2018 sites. 

Axis 1 and 2 show 98.25% explained variance. 

 

Figure 4 indicates interactions between 2018 sites and invertebrate species. Most 2018 sites 

are grouped together indicating similar species composition. Singlers Marsh Unrestored has a 

strong association with the second axis and has a distinct species community including 

Gastropods, Micronecta and Caenidae. Digwell Meadow has a strong association with the 

first axis and also has a distinct invertebrate compostion including Simulium, Copepods, 

Chironomids, Hydrachnidae and Ephermeridae. 
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Figure 5: CCA constrained plot shows associations between the physical habitat parameters R 

physical (riparian physical habitat complexity), R vegetation (riparian vegetation complexity) 

and C physical (channel physical habitat complexity) to invertebrate taxa for River Mimram 

2018 data. Red arrows indicate environment parameters and blue triangles indicate 

invertebrate taxa. Axis 1 and 2 shows 37.28% explained variance. 

 

The CCA plot (figure 5) shows R physical associated with axis 1 with Simulium, Ephermeridae 

and Chironomids. R vegetation is strongly associated with axis 2 as are the taxa Asellidae, 

Ephermerellidae and Hirudinea.  

 

 

Comparison of techniques for sampling invertebrate community 
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Figure 6: Comparison in a) invertebrate abundance, b) taxon richness and c) AMRI scores 

between colonisation traps and kick-sampling methodology, and annual variation. 2017 data 

show in yellow and 2018 data shown in blue with linear trendlines shown and R2 values are 

shown for each. 

Invertebrate sampling through colonisation traps is linearly related to kick-sampling in both 

years with abundance and ARMI score regression lines having similar slope gradients in 2017 

and 2018 (Figure 6). A strong positive relationship was seen between methods for ARMI 

scores. Invertebrate richness differed in 2018 to 2017 with more species being recorded for 

both methods. In all three indexes kick-sampling produces higher results. 

 

Seasonal variation 

Seasonal variation in decomposition rates and invertebrate composition and abundance was 

determined by collection of samples in May and July to compare Spring with Summer. A one-

way ANOVA test indicated significant difference in invertebrate decomposition rates, 

microbial decomposition rates and invertebrate abundance between Spring and Summer as 

shown in Table 4. Decomposition rates for both invertebrates and microbial were higher in 

the summer but invertebrate abundance was lower. In July one trap at Kimpton Mill and two 

at Tewinbury had no cloth paper left in the coarse mesh bag when collected and so the 

invertebrate decomposition rates for these sites may be higher than the results indicate. 

 

Table 4: Comparison of invertebrate and microbial decomposition rates, invertebrate 

abundance, taxon richness and ARMI score between spring and summer. Values are averages 

with standard deviations. F and P values generated from one-way ANOVA test. Bold values 

indicate significant difference (P<0.05). 

 Spring (n=30) Summer (n=30) F P 

Invertebrate 

decomposition rate (g/day) 

0.005 ± 0.006 0.010 ± 0.005 12.928 0.001 

Microbial decomposition 

rate (g/day) 

0.009 ± 0.002 0.010 ± 0.003 4.559 0.037 

Invertebrate abundance 101.733 ± 112.801 45.781 ± 24.820 6.896 0.011 

Taxon richness 8.133 ± 2.675 7.656 ± 2.377 0.089 0.767 

ARMI score 3.167 ± 1.464 3.871 ± 2.045 1.893 0.174 
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Decomposition rates 

Invertebrate decomposition had little variation across sites in both spring and summer as 

shown in Figure 7. The three most up-stream sites had similar decomposition rates between 

spring and summer. The five most downstream sites showed higher invertebrate 

decomposition in summer than in spring although this was not significantly different. There 

was significant difference between summer decomposition rates at Tewinbury and spring 

decomposition rates at Singlers Marsh Restored and Digswell Meadow.  

Figure 7: Seasonal variation in invertebrate decomposition rates for individual sites along the 

River Mimram. Yellow bars show data from Spring and blue bars show data from Summer. 

Error bars show 95% confidence intervals.  
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Figure 8: Seasonal variation in microbial decomposition rates for individual sites along the 

River Mimram. Yellow bars show data from spring and blue bars show data from summer. 

Error bars show 95% confidence intervals.  

 

Microbial decomposition rates were significantly different between some sites in the summer 

with Singlers Marsh Restored having lower a decomposition rate than Kimpton Mill and 

Tewinbury as shown in figure 8. Both these sites had significantly higher microbial 

decomposition rates in the summer than three sites in the spring. 

Figure 9: Seasonal variation in invertebrate functional feeding group percentage for each site. 

For each site spring and summer data is paired together with May data to the left with 
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columns outlined in black and July data is to the right and columns are not outlined. Five 

functional feeding groups are SH=shredder, SC=scraper, P=predator, CG=collector-gatherer 

and CF=collector-filterers.  

 

Most sites had similar functional feeding group distributions between spring and summer 

(figure 9). However Digswell Meadow and Singlers Marsh Restored went from very high CF % 

in the spring to below 10% in the summer, with higher distributions of shredders such as 

Gammaridae and Leuctridae and CGs seen in the summer. There were significantly more 

shredders found at sites in the summer (ANOVA, F=6.424, p=0.014) and more 

collector=gatherers (ANOVA, F=6.229, p=0.015) than the spring. Very low abundance of 

Simulium were collected from the colonisation traps in the summer compared to the spring 

at most sites with much lower abundances seen.  

Figure 10: CCA ordination plot indicating associations between five different FFGs and sites in 

spring and summer.  Blue arrows indicate the five FFGs (SH=shredder, SC=scraper, 

P=predator, CG=collector-gatherer and CF=collector-filterers). Green squares show spring 

sites and purple circles show summer sites. Axis 1 and 2 show 95.05% explained variance.  
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Most summer sites are highly associated with Shredders and collector-gathers apart from 

Singlers Marsh Unrestored which is associated with scrapers for both the spring and summer. 

Spring sites are more varied with most having high association with collector-filterers. 

 

Microhabitat variation 

Table 5 shows the overall variation in invertebrate and microbial decomposition rates, 

species abundance, taxon richness and ARMI scores across eight river microhabitats. There 

was no significant difference in invertebrate decomposition rates across microhabitats (figure 

11). There was significant difference in microbial decomposition rates between microhabitats 

with further post hoc tests determined that silt edge and exposed channel microhabitats 

were significantly different with the silt edge having a significantly lower microbial 

decomposition rate (figure 12). Species abundance across microhabitats was significantly 

different. The post hoc test Tukey determined that species abundance in the fast channel in 

shade microhabitat was significantly higher than the water-cress by edge, leaf litter, 

backwater and channel edge habitats (figure 13). There was no significant difference in 

invertebrate taxon richness or ARMI scores across microhabitats.  

 

Table 5: Comparison of invertebrate and microbial decomposition rates, invertebrate 

abundance, taxon richness and ARMI score between microhabitats. Values are averages with 

standard deviations. F and P values generated from one-way ANOVA test. Bold values 

indicate significant difference (P<0.05). 

 Microhabitats (n=32) F P 

Invertebrate 

decomposition rate 

(g/day) 

0.009 ± 0.005 1.941 0.107 

Microbial 

decomposition rate 

(g/day) 

0.011 ± 0.003 3.261 0.014 

Invertebrate 

abundance 

39.000 ± 23.654 6.318 <0.001 

Taxon richness 7.488 ± 1.545 0.910 0.516 

ARMI score 2.563 ± 0.982 1.007 0.451 
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Figure 11: Variation in invertebrate decomposition across eight microhabitats at a site on the 

River Mimram. Error bars show 95% confidence intervals. 

 

 

 

 

  

Figure 12: Variation in microbial decomposition across eight microhabitats at a site on the 

River Mimram. Letters (A, B) show microhabitats that are statistically significantly different 

(ANOVA, Turkey; P<0.05). Error bars show 95% confidence intervals. 
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Figure 13: Variation in species abundance across eight microhabitats. Letters (A, B) show 

microhabitats that are statistically significantly different (ANOVA, Turkey; P<0.05). Error bars 

show 95% confidence intervals. 

 

Figure 14: Invertebrate functional feeding group variation at eight microhabitats. Stacked 

columns show percentage of each functional feeding group (SH=shredder, SC=scraper, 

P=predator, CG=collector-gatherer and CF=collector-filterer.  

An Independent-Samples Kruskal-Wallis test determined that CF, CG and SC varied 

significantly across microhabitats (P<0.05) with the fast channel in shade having significantly 
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higher CF to the silt edge, and lower CG to the silt edge and water cress by edge. The 

backwater had significantly higher SC to the exposed channel, Ranunculus bed and the silt 

edge (figure 14).   

The PCA ordination plot shown in figure 15 shows the interactions between invertebrate taxa 

and the different microhabitats. The silt edge microhabitat has a particular species 

composition differing to the other microhabitats including Asellidae, Glossiphonid, Annelids 

and Ostracods. The fast channel microhabitat has a distinct species community the caseless 

caddis species Polycentropodidae and Rhyacopilidae, the cased caddis Leptoceridae and 

Simulium. The majority of the microhabitats have more similar invertebrate communities 

especially the leaf litter, channel edge and backwater microhabitats which are associated 

with Planorbid snails, Caenidae and Goerids among many other species.  

Figure 15: PCA ordination plot indicating species associations with microhabitats. Taxa 

interactions are indicated by arrows. Microhabitat plots are indicated by coloured circles. Axis 

1 and 2 shows 90.93% explained variance. 

 

Linear regression analysis determined that microhabitats invertebrate decomposition rates 

were found to be influenced by invertebrate abundance (p=0.06) and taxon richness 

(p=0.049). With an increase in invertebrate abundance and a decrease in taxon richness 



38 
 

linked to increased decomposition rates. Invertebrate decomposition rates were also 

influenced by the number of bed material particle size (p=0.032) and channel physical habitat 

complexity (p=0.033). Increased decomposition rates are influenced by increased number of 

bed material particle size and decreased channel physical habitat complexity. Microbial 

decomposition rates and taxon richness were also significantly influenced by channel physical 

habitat complexity. 

 

 

Discussion 

Annual variation 

There was no annual variation in invertebrate or microbial decomposition rates on the River 

Mimram. Unlike the 2018 data the 2017 data showed slightly higher invertebrate 

decomposition rates than microbial decomposition rates, which is what would be expected 

from a small temperate river (Gonçalves Jr et al., 2006). Zhang (2017) found that the high 

invertebrate decomposition rates at Kimpton Mill in 2017 was probably influenced by high 

shredder abundance in the form of Gammaridae. The lack of high shredder abundance at 

Kimpton Mill in 2018 may therefore explain the lower decomposition rate recorded, although 

invertebrate decomposition rates in 2018 were not found to be influenced significantly by 

any biotic parameters, including shredder abundance. Microbial decomposition rates were 

higher at some sites in 2018 compared to 2017 but this did not translate into overall 

significantly increased microbial decomposition in the River Mimram in 2018. 

Invertebrate abundance was significantly higher in 2018 compared to 2017 and this is 

probably due to very high numbers of Simulium found at several sites in 2018, including 

Digswell Meadow where over 600 were counted as well as over 100 counted at Singlers 

Marsh Restored and Tewinbury. This was also reflected in the functional feeding group % 

distribution, as collector-filterers made-up over 80% of the invertebrate composition at these 

sites. It is unclear why the Simulium were found in such high numbers in the traps, as they 

feed on fine particulate organic matter (McCullough et al., 1979). However, large numbers 

were also often found on the outside of the traps as well, including empty larval cases, 

indicating that they might use the traps as substratum to attach to (Mathuriau & Chauvet, 

2002). There was also a large reduction in shredder species distribution in 2018 compared to 
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2017 at many sites, specifically Gammaridae. This was also seen in the kick-sampling data 

with many sites having lower Gammaridae abundance, suggesting that the colonisation traps 

can show the same trends as the kick-sampling for some species. There were also much 

lower numbers of Turbellaria found in the traps in 2018 leading to a reduced percentage of 

predators. For both 2017 and 2018 Singlers Marsh Unrestored stands out, with a completely 

different FFG% make-up from the rest of the sites, with very high numbers of P. jenkinsii a 

non-native mud snail that is often found in disturbed habitats, in shallow water and areas 

with high siltation (Van Damme, 2013). 

 

Physical parameters of a river site, such as habitat heterogeneity, can influence biotic 

functions such as organic decomposition rates (Frainer et al., 2017). There were strong 

negative correlations found between average bed material particle size and the biotic 

parameters’ microbial decomposition, invertebrate abundance and taxon richness. Changes 

in bed material size have been shown to influence microbial communities and their spatial 

distribution (Swan & Palmer, 2001). There was a strong positive correlation between riparian 

vegetation complexity and microbial decomposition, possibly due to higher vegetation 

complexity providing more habitats for micro-organisms to colonise, increasing microbial 

abundances in that area. The 2017 data largely showed negative correlations between 

environmental parameters and biotic parameters but the opposite was seen in the 2018 data, 

with some parameters having positive correlations.  

 

The positive correlations between the physical habitat parameters and specific FFG’s for the 

2018 data was shown in more detail in the CCA ordination plot, where collector-filterers 

Simulium and Ephermeridae were associated with riparian physical habitat complexity. 

Taniguchi & Tokeshi (2004) found that Simulium were found in low abundances in high 

habitat complexity as they prefer high-flow, unobstructed surfaces associated with low 

habitat complexity. Gastropods and were associated with channel physical habitat complexity. 

Turbellaria, Hirudinea, Ephemerellidae and Asellidae were associated with riparian vegetation 

complexity, which had a strong association with the second canonical axis.  
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Seasonal variability 

Invertebrate and microbial decomposition rates both significantly increased from spring to 

summer. This is most probably linked to increased temperatures, which have been seen to 

increase invertebrate decomposition rates (Anderson & Sedell, 1979) and microbial 

decomposition rates probably enabling increased biological activity and metabolic rate 

(Pascoal & Cássio, 2004) 

Large changes occur within the river ecosystem between spring and summer, such has 

increased temperatures and increased vegetation (Champion & Tanner, 2000). Invertebrate 

abundance significantly reduced from spring to summer and this was mainly due to the large 

populations of Simulium sampled in spring not being present in the summer. This was also 

seen in the change in FFG % in the summer, where there was a large reduction in CF% across 

the sites, with the exception of Tewinbury and Panshanger. Several sites had higher 

invertebrate decomposition in the summer than the spring, although not statistically 

different. These sites were those further downstream while the upstream sites remained 

more constant. There was an increase in SH% at the same downstream sites, which may 

explain higher decomposition rates seen in the summer at these particular sites (Graça, 

2001). In the summer Tewinbury had high invertebrate and microbial decomposition rates  

but had lower SH% than the other downstream sites which would not have been expected. 

However, there was very little of the cloth paper remaining in the traps at this site, with two 

having no paper remaining. The increased decomposition rates were probably due to water-

cress which grew around the traps after they were placed in the river, which would have 

increased habitat heterogeneity (Frainer et al., 2017). The high decomposition rates suggest 

higher presence of shredders at Tewinbury but, with no paper left in some of the traps, 

shredders, such as Gammaridae, may have been lower in number than expected because 

there was no food left for them. The three most up-stream sites had little increase in SH%, 

which may also indicate why they did not have higher invertebrate decomposition in the 

summer. Overall canonical analysis indicated that in the spring collector-filterers were the 

most abundant functional feeding group, while in the summer shredders and collector-

gatherers made up a large percent of the invertebrate community.  

 

Microhabitat variation 
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There was no significant difference in invertebrate decomposition rates between 

microhabitat sites although this has been shown by Kominoski & Rosemond (2012). They 

determined that there were hot spots in leaf litter decomposition in a headwater stream, 

with litter patches formed in the middle of pools having higher decomposition rates than 

those formed in riffles or on the edge or alcove of the pools. There was a significant 

difference in microbial decomposition between the silt edge and the exposed channel, with 

the silt edge having lower microbial decomposition. This may be due to microbial 

decomposition rates being influenced by channel physical habitat complexity. The MoRPh 

survey indicated that the silt edge habitat had a low channel physical habitat complexity 

compared to the exposed channel. Invertebrate abundance was significantly higher in the 

fast channel in shade microhabitat, which had high invertebrate decomposition rates in 

relation to the other microhabitats but was not significantly different. There was no 

significant difference in taxon richness or ARMI scores between microhabitats. Increased 

invertebrate decomposition rates were shown to be influenced by increased invertebrate 

abundance and the number of bed material particle sizes, as well as decreased taxon richness 

and channel physical habitat complexity. Studies have shown that different microhabitats can 

contain different invertebrate communities and different species abundance and diversity 

(Lamouroux et al., 2004). This was shown in the significantly different FFGs distribution 

between microhabitats with the slower flowing microhabitats, such as the silt edge, water-

cress by edge and backwater having different compositions to the fast channel in shade and 

the exposed channel. The difference in flow regimes between microhabitats can cause 

different invertebrate communities to be formed as some species prefer fast flowing regime 

while other prefer slower (Bunn & Arthington, 2002). This was indicated with the fast channel 

having a high presence of collector-filterers such as Simulium, while the backwater had a high 

occurrence of scrapers such a Planorbids. The fast channel and silt edge also had different 

invertebrate compositions in relation to each other and the other microhabitats, indicating 

the importance of sampling different microhabitats using the colonisation traps to further 

understand factors affecting decomposition rates and invertebrate communities.  

 

Comparing colonisation traps with kick-sampling 

When comparing the invertebrate data from the colonisation traps to kick-sampling, linear 

relationships are shown. Increases in invertebrate abundance, richness and ARMI scores 
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when kick-sampling also shown in the colonisation traps. Kick-sampling obtains much larger 

samples for each parameter especially for invertebrate abundance, which is 10x bigger in 

kick-sampling than colonisation traps, and this impacts the ARMI scores generated from the 

traps, as higher scores are gained through large abundances of mayflies and Gammaridae. 

However the ARMI scores show the strongest linear relationship between kick-sampling and 

traps and this was shown in both 2017 and 2018 data. There was no significant difference in 

taxon richness between 2017 and 2018 suggesting that similar species may be using the traps. 

However, the kick-samples generate higher taxon richness indicating that there are some 

species that do not use the traps and are not represented when surveying the invertebrate 

community with the traps, so it is important to use another method alongside the traps. 

Although the kick-sampling data for these sites showed higher species diversity than the 

colonisation traps, the ARMI survey only requires identification of eight species, most of 

which are flies (Huddart et al., 2016). This means that most volunteers will only survey these 

particular species, which, although is sufficient for monitoring changes in water quality, may 

not give a true representation of the invertebrate community. This is the case for Singlers 

Marsh Unrestored, which has a high abundance of Gastropods that would not necessarily be 

recorded by ARMI volunteers. However, their presence in such high abundances may indicate 

important ecological information about that site (Lewin, 2006). By leaving the colonisation 

traps in the river for weeks at a time it may allow different species, which are not picked up 

by short kick-sampling durations, to be identified, including rare species (Mykrä et al., 2006)  

For volunteers who wish to further their knowledge of their local river and its ecology, the 

ability, on occasion to look at more invertebrate species and to successfully identify them 

may increase their engagement with the topic and encourage them to contribute more to 

data collection (Tweddle et al., 2012).  

 

Evaluating the use of colonisation traps for citizen science 

Using the traps 

The colonisation traps are an only recently used way of sampling organic decomposition rates 

alongside invertebrates. The design of the trap allows re-use, unlike single use mesh bags, 

and they are hard wearing, unaffected by being in the river for long periods of time. The lids 

generally prevent the mesh bags from being lost downstream and the traps provide a 

standardised size for invertebrates to colonise and feed off the paper inside. Making up 
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numerous traps is time-consuming but not difficult and requires little training whilst following 

simple instructions. Considerable time could be saved if there was an easier way to attach 

the lids to the traps as they are currently secured using tape. This would also save time when 

taking the lids off at the river site to retrieve the mesh bags and sample the invertebrates.  

Ideally a balance capable of weighing to three decimal places is required to weigh each paper 

before and after it is placed into the river, as the loss in weight can be quite small and 

variations may not be identified at 2 decimal places. This might maker it harder for 

volunteers to do but pre-weighed paper could be sent out and samples sent back to a lab to 

be weighed, as is done with other variables such as eDNA analysis (Biggs et al., 2015).  

Once the traps are made up it is easy to place them in the river correctly and could be 

correctly completed by citizen science volunteers following simple instructions. Taking them 

out of the river is also straightforward, with the main factors to be aware of being: taking out 

the traps without losing the invertebrates inside, placing the mesh bags in named sample 

bags. The identification of invertebrates down to families would require a volunteer with 

previous knowledge or training but organisations running citizen science projects such as ZSL 

or The Riverfly Partnership do offer training in identification for volunteers performing kick-

samples and similar training could be given to those who would be sampling the colonisation 

traps (Fore et al., 2008). The data for the River Mimram showed that species richness was 

not very high so it is probable that volunteers would only need to identify a few more species 

than those used for the ARMI scores, provided that the river they are sampling does not have 

higher species richness than the river Mimram.  

 

After the paper has been in the river it can be fiddly to clean off any excess silt without losing 

bits of paper and this can be harder if the paper is more fragmented. The paper can be air 

dried anywhere but will take several days and so may not be suitable for some citizen 

scientists. It may be better for samples to be sent to a lab or to allocate responsibility for 

cleaning, drying and weighing the paper to specific individuals or a co-ordinator (Roy et al., 

2012). This may also help with data quality as it reduces human error caused by different 

techniques being used by different people (Dickinson et al., 2010). The weight change data 

could easily be recorded on a datasheet to determine decomposition rates per day, and 

invertebrate data could also be uploaded to a datasheet for a national data bank to be 

created (Crall et al., 2010).  
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Data generated from the traps 

The colonisation traps allow a different parameter to be measured, one that is not currently 

being used for citizen science. The use of a new parameter, such as decomposition rates, 

could increase the environmental data collected for a river and widen the number of factors 

monitored (Conrad & Hilchey, 2011). Measuring decomposition rates allows for a different 

way of thinking about the river ecosystem, not just the biology or chemistry of the river 

(Lecerf et al., 2006). There have been several studies indicating that organic decomposition 

rates are important parts of the river system function which can influence many areas and 

are therefore important to monitor (Powell, 2014). Some studies suggest decomposition 

rates are more reliable than invertebrate or other biological indicators (Pozo et al., 2011). 

There is still so much unknown about decomposition rates and how they are influenced that 

it is important that baseline data can be generated for different rivers and microhabitats over 

time in order that rates generated through volunteer monitoring in the future can be 

compared against a baseline and can be seen as an indicator of good or bad river health 

(Dudgeon, 2010; Tank et al., 2010). The colonisation traps are a recent introduction and, with 

only a small amount of data obtained from them to date, it is important to do further studies 

to determine how well they work and how the data they generate can be used alongside 

other bio-monitors. The concept of decomposition rates may be harder for the general public 

to understand and may not hold the excitement behind kick-sampling or pond netting but, by 

including the invertebrate sampling with the decomposition, it may allow more people to 

start to be interested in the topic and want to learn more (Bonney et al., 2009). 

 

Future studies 

Future studies leading on from this project could look at similar microhabitats at different 

sites to determine whether there is any similarity within specific microhabitats and could 

enable baseline data for particular microhabitats on the River Mimram to be obtained. It 

would also be beneficial to compare the microhabitat invertebrate communities sampled in 

the colonisation traps to kick-sampling or other methodologies to find out if there is a linear 

relationship and to identify what taxa the colonisation traps might have missed. 

It would be important to measure environmental parameters such as temperature, nutrient 

level, dissolved oxygen, flow rates and how variations in these parameters might influence 

invertebrate and microbial decomposition rates.  
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In relation to the citizen science aspects of using the traps, a future study with the traps 

deployed by volunteers is required to determine how the volunteers respond to using the 

traps, what they think of deploying them alongside kick-sampling and to try to identify any 

problems with the methodology and trap design that might arise. 

 

Conclusion 

Although there was no significant variation in annual invertebrate or microbial 

decomposition rates variation was seen between some sites and there is a high probability 

that the large reduction in invertebrate decomposition rate at Kimpton Mill from 2017 to 

2018 is due to the large reduction in shredder abundance. Physical habitat parameters were 

negatively correlated with biotic parameters in 2017 and positively correlated in 2018. 

Seasonal variations in invertebrate and microbial decomposition rates were seen with high 

rates in the summer probably linked to warmer temperatures which can increase biological 

activity in the river. Although not found to be significantly influencing invertebrate 

decomposition rates, higher distribution of shredders at downstream sites in the summer 

could have caused increased decomposition rates.    

Microhabitat variation was seen in microbial decomposition rates with the silt edge having 

lower decomposition than the exposed channel. There was also significant differences in FFG 

distributions in several of the microhabitats, with flow regime variation possibly being a 

factor in differing invertebrate composition between some of the microhabitats. Other 

factors were discovered to be influencing invertebrate and microbial decomposition rates, 

including taxon richness and channel physical habitat complexity. 

Linear relationships were seen between colonisation traps and kick-sampling with 

invertebrate abundance and ARMI scores showing similar relationships in 2017 and 2018. 

Overall the colonisation traps were successful in helping to determine decomposition rates 

across River Mimram sites and between microhabitats. There are a few negatives with the 

traps, such as using tape to keep the lids on makes them time-consuming to put together and 

creates a lot of waste at the end. However, with further understanding of decomposition 

rates and their role as indicators of river health becoming more developed, new monitoring 

techniques such as the colonisation traps could allow for citizen scientists to further their 

knowledge in river ecosystems and keep them engaged in their local environment. 
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Auto-critique  

 

I chose to do this project as I was interested in looking at citizen science techniques used for 

monitoring of aquatic systems. I had never thought about leaf litter decomposition rates as 

something to monitor for river health and so I was intrigued to learn more about this part of 

the river ecosystem and how it could be linked to citizen science through the use of 

colonisation traps. 

 

A strength of the study was the high number of different biotic and physical habitat 

parameters that were surveyed and analysed, this allowed for more in depth look into 

decomposition rates and what my influence then. Being able to use previous year’s data to 

compare against also gave another aspect to the project. 

 

More MoRPh survey data was needed for increased statistical analysis, as sample number 

was low compared to the number of variables and most data was not normally distributed.  

 

Improvements I would have made if I could do it again would be to take the MoRPh survey in 

July so that changes in spring and summer physical habitat. On observation when returing to 

the sites in July there were changes in vegetation abundance that could have influenced 

invertebrate composition and decomposition rates. 
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