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ABSTRACT 

Freshwater environments provide many ecosystem services that are vital to the functioning of global ecosystems 

and human health. Despite this, in England and Wales, around 300 water bodies are at high risk of not achieving 

good ecological status (GES). Through the aims of the EU Water Framework Directive (WFD), many initiatives 

are being taken to achieve GES on different spatial scales, i.e. regional and catchment scales. However this is at 

a time where the need for water from both human populations and industries is increasing. This exacerbates 

pressures from over-abstraction in already drought prone areas such as the East of England. Using the river Nar 

in Norfolk (UK) as a case study, this paper investigates the differences in habitat of three indicator species: fish, 

macrophytes and benthic macro-invertebrate (BMI) between chalk and fen reaches.  The differences in this 

habitat distribution for the species between fen and chalk stream typologies have little been explored. In this 

paper results from habitat models (CASiMiR), combined with data both collected in the field and historical 

population data provided by the Environment Agency (EA), were used to explore the differences in fen and 

chalk streams and understand how management practices should be adapted and flexible to the different 

typologies. Chalk reaches were generally found to provide better habitat quality which was very different to the 

fen reach, thus management techniques should reflect the differences in these spatial scales.   

1 INTRODUCTION 

Water scarcity is a key threat to many river ecosystems. Anthropogenic influences which exploit rivers for the 

benefit of ever increasing human populations have impacted ecosystem functions around the world; in many 

parts of the world water consumption exceeds water availability thus causing stress to the environment (Navarro-

Ortega et al., 2015).  Many rivers in England are now classified as ‘under stress’ due to the change to the natural 

flow regime and diversity within rivers. Furthermore, due to pollution and over-abstraction only 27% of rivers in 

England are fully functioning ecosystems (DEFRA 2011) and a third of river catchments in England are 

threatened by excessively high abstraction levels (Ecologist 2010). The over-abstraction of freshwater is 

affecting ecologically dependent water ecosystem services, such as fish and nutrient cycling, both in England 

and around the world. Rivers affected by over-abstraction have a decrease in channel flow, which decreases 

water quality and ultimately degrades the river systems (Acreman and Ferguson 2010; Schinegger et al., 2012). 

In order to address these water scarcity issues and to adhere to the aims of the EU Water Framework Directive 

(WDF), management techniques and measures are used, which range in geographical scale: 

 European scale: WFD, aims to get all rivers to good ecological status (GES) 

 National scale- NGO’s e.g. the Rivers Trust, the Salmon and Trout trust, Natural England, all of which have 

an overall aim to promote the sustainability and restoration of rivers involving good practice management.  

 Regional scale- Water abstraction licenses, river restoration, flood management.  

 Catchment/ river scale- rules set of minimum flow at which abstraction must stop on order to protect the 

environment: Hands-Off-Flow (HOF) and Environmental Flow Indicator (EFI). 

There are arguments however that management should take place at an even smaller spatial scale than this, that 

of reach scale. The meso-habitat communities within different reach types respond to differences in habitat such 

as substrate composition and differences in water chemistry which reflects underlying geology (Milner et al., 

2015). Therefore, having one overall management technique for a river or catchment which encompasses more 

than one reach type (i.e. plane- bed, step- pool, chalk, fen), is not necessarily the most appropriate management 

technique. The ecological differences in geomorphic typologies has rarely been tested at reach scale (Milner et 
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al., 2015). Thus it is important to assess the differences in the habitat available in separate river reaches in order 

to assess whether a single management strategy may provoke divergent responses on the different taxa.  

1.1 Study site 

The river Nar (Norfolk, UK) provides an excellent case study river for this analysis as it is defined by two 

predominant reach typologies, chalk and fen (Figure 1). This distinctive progression from a chalk to fen reach of 

the river gives the river a Site of Special Scientific Interest (SSSI) designation. Despite its status of high 

conservation value, it has been historically modified along most of its length. Abstraction, diffuse pollution and 

the legacy of channel modifications all contribute to pressures on the ecology of the river. Abstraction is a 

significant problem in the river Nar; the lower river (downstream of Narborough) is classified as ‘over-licensed’, 

whilst the upper river is classified as ‘over-abstracted’ by the Environment Agency (EA) (EA 2005). During the 

most extreme hydrological drought year on record at Marham (1991) the river failed its flow targets as set for the 

water framework directive (WFD) to reflect the sensitivity of ecology in the river (Norfolk Rivers Trust 2013).  

The river is approximately 42 km in length with one gauging station at Marham, situated at around the 

dividing point between chalk and fen sections (Figure 1). The mean flow at Marham is 1.14 m3/s. The highest 

and lowest recorded flows between 1953 and 2014 are 7.8 m3/s and 0.14 m3/s respectively. High (Q10) and low 

(Q90) flow parameters for this period are 2.02 m3/s and 0.47 m3/s respectively. 

2 METHODS 

Two areas of analysis were undertaken; firstly, data collected during fieldwork and by the Environment Agency 

(EA) were analysed comparing chalk and fen reaches. Secondly, habitat models were built to assess habitat 

availability for the indicator species. Four indicator species (2 species of macrophytes) were chosen to represent 

a range of ecosystems in the river:  

a) Adult brown trout (Salmo Trutta). Brown trout were specifically chosen due to their abundance in the case 

study river and being specific to chalk streams. Additionally they are the dominant fish species and are 

regarded as highly valuable by local fishermen due to being wild as opposed to stocked.  

b) Macrophytes. Two of the most abundant species of macrophyte found in the river Nar were compared for 

the first analysis; Crowfoot (Ranunculus Fluitans) and Water Parsnip (Berula Erecta). For the second 

analysis Crowfoot were chosen due to their abundance in the case study river, being specific to chalk 

streams.   

c) Benthic macro-invertebrate (BMI), Lotic Invertebrate Index for Flow Evaluation (LIFE) and Average 

Score per Taxon (ASPT) scores were compared for the first analysis and for the second analysis Mayfly 

(Ephemeroptera Beraeidae) were chosen to represent BMI due to both the data available and to their 

importance as a food source to brown trout. 

2.1 Data 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Sampling and hydraulic modelling sites within the river Nar (Norfolk, UK) 

 

Both collected data and EA data were used to compare the fen and chalk reach habitats. The areas defined as 

chalk and fen are presented in Figure 1. The data available for each species is detailed below and Table 1 

demonstrates the sites chosen from the available sites. Data were collected seasonally during a 12 month period 

July 2013- July 2014. 

Figure 2. Case study and results location Figure 2. River and site location 
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- EA electro-fishing data were available for brown trout analysis from 1989 to 2013 at 7 sites. No data were 

collected in the field for brown trout. 

- Macrophyte data were available from the EA, however, only two years of data were recorded at 5 sites, 

therefore no detailed analysis could occur. Data collected during fieldwork were available.  Macrophyte surveys 

were undertaken each season measuring the percentage abundance (Table 2) in a 100 m stretch at 9 site locations 

- For BMI EA data were used. The EA collected data from 1985 to 2012 at 9 sites; LIFE and ASPT scores were 

compared for the sites chosen in any years which had collection for each site.  

 

Table 1 – Summary of the available data per typology of the segment source 

 

2.2 Hydraulic modeling  

The hydraulic models provided hydraulic output for the habitat model which concentrated on average and 

normal flow conditions; consequently calibration for in-bank flows only was sufficient for this study 

2.2.1 Hydraulic model build- Site 1- Highbridge- 2D 

Site 1 (Highbridge) is in the fen reach and was modelled hydraulically and subsequently in habitat modelling in 

2D due to the large channel widths (~8 m). A Digital Elevation Model (DEM) of the river at the study site was 

created using cross sections from a 1D hydraulic model (provided by the EA) merged with topographic riparian 

LIDAR data (2012). This formed the basis of a TUFLOW 2D hydraulic model. Flows area adjusted from the 

Marham gauge (1980-2011) drove the upstream boundary flow conditions. Model calibration was completed 

using in channel flows measured in May 2013 with a manning’s n of 0.05. 

2.2.2 Hydraulic model build - Site 2- Castle Acre- 1D 

Site 2 (Castle Acre) is in the chalk reach and was modelled hydraulically and subsequently in habitat modelling 

in 1D due to small channel widths (~3 m). The one-dimensional (1D) model was built using the hydrodynamic 

software Flood Modeller. River channel bathymetry data surveyed in May 2013 and LiDAR data (2012) 

covering the floodplain was used. Overall, 40 cross sections were measured capturing geometry and hydrometry 

(water depth, flow and velocity). Model calibration for in-channel flows (May 2013) was undertaken with a 

Manning’s n of 0.05. Gauged flows from Marham (1980-2011) determined the upstream flow conditions. 

2.3 Habitat assessment 

CASiMiR (Schneider et al., 2010) was used to perform the habitat assessment linking hydraulics, substrate and 

cover surveys and the habitat suitability models (i.e. fuzzy logic-based habitat preference models)  The analysis 

was based on the Hydraulic Habitat Suitability (HHS) [-] which is determined by dividing Weighted Usable 

Area (WUA) (i.e. the total habitat suitability related to a flow rate in a reach obtained by multiplying the area of 

each mesh cell by the  suitability value by the wetted area). The used of the HHS allows comparisons between 

different sites as the effect of the different wetted areas becomes negligible (Schneider et al., 2010). 

2.3.1 Habitat suitability data 

Habitat preferences were determined by expert knowledge and set using fuzzy logic-based rules (Schneider et 

al., 2010). The biotic variables used were; water depth, velocity, substrate and cover (i.e. in-stream vegetation). 

These variables are generally considered the most important microhabitat variables in determining habitat 

selection (Louhi et al., 2008).  

-Adult brown trout (Salmo Trutta): Fuzzy rules for adult brown trout were provided by CASiMiR, and were 

modified based on literature (Heggenes 1988; Heggenes 1996), especially those rules referring to the use of 
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Figure 1- Site locations 
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cover; aquatic plants, roots, Large Woody Debris (LWD), floating macrophytes and undercut banks were 

preferred sue to the cover they provide. .  

-Crowfoot (Ranunculus Fluitans): Fuzzy rules for Crowfoot (Ranunculus Fluitans) were provided by CASiMiR 

and calibrated validated to the river based on the available literature. A preferential substrate of gravel was 

chosen rather than silt and sand, based on field survey results which indicated most Ranunculus Fluitans is found 

in medium substrates and none in silt or sand (Cranston and Darby 2004). 

Mayfly (Ephemeroptera Beraeidae): The data for Mayfly (Ephemeroptera Beraeidae) were developed based on 

fuzzy rules for the family of mayfly. Within CASiMiR velocity, substrate and FST hemisphere curves define the 

mayfly habitat (Kopecki 2008). FST values (number depicting hydraulic stress acting on BMI species (Kopecki 

2008)) were provided by CASiMiR, and literature was used to determine depth, velocity and substrate 

preferences(Dewson et al., 2007).  

3 RESULTS  

3.1 Site conditions 

The main differences in chalk and fen reaches are that chalk reaches exhibits faster velocities with lower depths 

than fen reaches do. Fen reaches, therefore, provide better habitat for slow deep moving water dwelling species 

such as coarse fish, reeds and invertebrate, such as worms and snails. On the river Nar, there are clear physical 

differences between the chalk and fen reaches:  

- The fen reaches are highly canalised with large embankments. Little diversity exists within the surrounding 

land use which is predominantly agricultural, with minimal overhead cover from riparian vegetation. 

- The chalk reaches are more diverse in terms of surrounding land use, and diversity within riparian vegetation. 

The reaches flow through agricultural land, woodlands and unimproved grassland. Furthermore the river is much 

more sinuous than the fen reaches. These conditions therefore provide physical diversity for any habitats and 

species within the river. 

3.2 Data 

3.2.1 Brown trout 

Whilst data were available for more sites for the chalk reach than for the fen reach, a clear trend emerged within 

the brown trout data (Figure 2). Chalk reaches are host to a much larger abundance of brown trout than fen 

reaches. The highest number of brown trout recorded in the fen reach was 12 in both 1996 and 2010, whereas the 

highest number recorded in the chalk reach was 214 in 1996. All the other sites in the fen reach recorded no 

brown trout throughout recorded history. 
 

 

 

 

 

 

 

 

 

 

 

Figure 2 Brown trout abundances 

 

3.2.2 Macrophytes 

Figure 3 presents the abundance results for Water Parsnip and Crowfoot for July (the main growing time for 

macrophytes). Unlike the other species, the fen reach often provided higher abundances of macrophytes. For 

Water Parsnip the two highest abundances were found in the fen reach of ‘6’ in site 1 and ‘5’ in site 2, the 

highest abundance found in the chalk reach was ‘4’. The findings for Crowfoot were unusual as the chalk stream 

environment is renowned for being appropriate for Crowfoot (Berrie 1992), however here the highest abundance 

was found in the fen reach. This is not to say however that Crowfoot was not found in the chalk reach, high 

abundances of ‘7’ were also found in the chalk reach. 

Figure 2- Brown trout abundances Figure 2- Brown trout abundances 
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Figure 3 Macrophyte abundances 

 

Table 2 Macrophyte abundance scale 

Abundance categories 

1 ≤0.1% 

2 0.1-1% 

3 1-2.5% 

4 2.5-5% 

5 5-10% 

6 10-25% 

7 25-50% 

8 50-75% 

9 ≥75% 

 

3.2.3 BMI 

Figure 4 demonstrates the ASPT and LIFE scores from 5 years. A clear trend occurred for both LIFE and ASPT 

scores that higher values were found in the chalk reach. In 1996 site 5 experienced a drop in scores for both 

LIFE and ASPT, for ASPT this dropped lower than the ASPT value for site 8. This was an anomalous point and 

it is likely related to site conditions. 

Figure 4 ASPT and LIFE scores 

3.3 Habitat suitability assessment 

3.3.1 Adult brown trout 

The HHS demonstrates that adult brown trout have proportionally a low amount of suitable habitat availability 

(average of 0.04 and 0.08 for fen and chalk respectively) (Figure 5). The increments and decrements in the HHS 

followed similar patterns in the fen and chalk typologies. The distributions show that for fen there is a higher 

proportion of time at lower HHS values than for chalk, furthermore throughout the 32 year period chalk gets 

higher HHS values than fen does. This can be seen clearly in the habitat duration curves where chalk reach has a 

higher HHS distribution. This suggests chalk reaches provide better habitat availability for adult brown trout 

than fen reaches do.  
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Figure 5 Adult brown trout model results 
 

3.3.2 Crowfoot 

Figure 6 presents the results for Crowfoot. The HHS demonstrates that Crowfoot have a relatively high amount 

of suitable habitat available (average of 0.46 and 0.53 for fen and chalk respectively). Like with adult brown 

trout similar general trends occur between the chalk and fen reaches for Crowfoot, i.e. when there is an increase 

in habitat availability for fen the same occurs for chalk and vice versa. The data throughout the 32 year period 

are negatively skewed for both reach types however the chalk stream has a higher proportion of time at higher 

HHS values. The habitat duration curves indicates that the fen reach has lower HHS values.  
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 6 Crowfoot model results 

 

3.3.3 Mayfly 

Figure 7 presents the results for Mayfly. The HHS demonstrates that Mayfly have a relatively low amount of 

habitat availability (average HHS of 0.2 and 0.48 for fen and chalk respectively). Whilst chalk stream provided 

Figure 6- Crowfoot model results 
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much higher habitat availability for the species, the amplitude was very low between 0.43- 0.49. The opposite 

occurred for fen reach where there are lower results but are much more varied 0- 0.39. 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

Figure 7 Mayfly model results  

4 DISCUSSION 

This study aimed to explore if and why there are differences between the habitat in chalk and fen reaches in 

order to examine if management techniques should take this into account. Generally the chalk reach provided 

better habitat quality than fen reach. These differences are discussed below for each species.  

Much higher abundances of brown trout were found in the chalk reach than in the fen reach, this is not 

unexpected as chalk streams are renowned for their trout abundances  (Mann et al., 1989). Little silt is washed 

into chalk streams during normal conditions, consequently, the substratum consists predominantly of clean and 

compact gravel, these beds provide ideal environments for spawning brown trout and other lifestages of brown 

trout (Berrie 1992). Fen reaches, however, have more of a buildup of sediment due to their flat gradient and 

slower flows; this does not create an ideal environment for brown trout. The model results support this finding 

by indicating a higher amount of suitable habitat available in the chalk reaches, it is likely that this difference 

was mainly related to the difference in substrate along with differences in velocity and depth.  

There was a clear difference between chalk and fen reaches for BMI. Higher ASPT and LIFE scores were 

found in the chalk reach. The ASPT is an indication of the quality of the water; therefore the results show that 

BMI has much better quality habitat in the chalk reach than the fen. Low LIFE scores indicate a high abundance 

of drought resistant BMI which are therefore found frequently in low velocities. High LIFE scores indicate a 

high abundance of BMI preferring high velocities and therefore found frequently in high velocities (SNIFFER 

2011). The results reflect this with higher velocities in the chalk reach. In a study by Milner et al., (2015) a 

significant difference was found in BMI community composition at reach scale which suggested that fluvial 

geomorphology affects BMI distributions at the reach scale. The findings in this study are in line with the study 

by Milner et al., (2015), and can help explain the large differences found in the model results (Figure 7).  

Macrophytes provided opposing results to the other species. The fen reaches appeared to provide slightly 

better physical habitat for the species than the chalk reach did. Both reach types reported high abundances of the 

species however generally the fen reach was higher. The model results indicated that the chalk reach had slightly 

than the fen reach; however the amplitude was much lower. These findings are unusual as the high levels of 

nutrients in the stable flows in chalk streams provide excellent growth for aquatic plants, particularly Crowfoot 

(Berrie 1992).  

5 CONCLUSION  

Overall the diversity within the upper chalk reaches provides much better quality habitat for all species. The 

fundamental finding in this study was that a large difference in habitat exists between chalk and fen reaches. 
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Subsequently, management strategies need to factor in these differences, since if minimum flows and other 

management techniques are set for an entire catchment based on one area/ finding or species, this may negatively 

affect species in other areas. Catchment based plans may not be the best option for management; this study has 

shown that different typologies provide different habitat availabilities and characteristics. Management actions 

should be optimised in order to maximize the suitable habitat for every species particularly during key seasons.  
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