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Executive Summary 
 

 

Introduction 

Following a project to reconnect an 850 m length of bypassed meander (known as Shopham Loop) on 

the River Western Rother in West Sussex in 2004, it was recognised that there was a need to evaluate 

and demonstrate the success of the restoration works in terms of: 

¶ Changes in geomorphology, as the basic template of physical habitat. 

¶ Changes in the hydrology and hydraulics, to ensure no adverse impact on flood levels and also 

from the point of view of the hydraulic aspects of habitats. 

¶ Changes in the ecology of the restored and adjacent reaches, as well as the surrounding 

landscape. 

¶ The drivers of these changes. 

As such, a decision was made to implement a comprehensive monitoring programme, and data collected 

variously between 2002 and 2009 are analysed here. 

Objectives of the report 

The current report seeks to: 

¶ Establish what the available data can tell us (Section 2). 

¶ Determine whether the monitoring objectives have been met, and to what extent (Section 3). 

¶ Identify and address particular successes and shortcomings of the programme, summarizing 

lessons learnt (Section 3). 

¶ Provide specific recommendations for future monitoring programmes both at Shopham Loop 

and more generally (Section 4). 

Evaluation and lessons learnt 

Key challenges encountered are identified, particularly in terms of the importance of developing clear 

measurable objectives; consistency in data collection; and pre-project planning and design.  Not having 

these aspects explicitly considered within the project at all ï and especially the very first ï stages of the 

project has significantly reduced the confidence associated with the analysis of some of the datasets.  

This has, in turn, limited the number of definitive conclusions relating to the success of the restoration 

project. 

Conclusions from the data 

In spite of the obstacles mentioned, several reasonably firm conclusions regarding the trajectory of the 

project in terms of the specific aspects of geomorphology, hydraulics, etc. mentioned above can be 

made, including the following: 
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1. The most significant changes in morphology occurred very quickly after construction, likely 

owing to the high flows which occurred in this period, as well as the unconsolidated channel 

bank and bed material.  A much more complex and varied set of cross-sections than the design 

sections followed has formed. 

 

2. Whilst small-scale adjustment is in evidence throughout the loop, the most significant changes 

have occurred on the main Rother immediately downstream, where the loop re-enters at a fairly 

sharp angle.  This was the only practical planform option, however, owing to the need to protect 

valued historic stonework. 

 

3. By 2007, most of the initially bare banks had established a good cover of vegetation, whilst 

mature woody vegetation retained during the works had begun to contribute to morphological 

change within the channel. 

 

4. In-channel macrophytes quickly established and continue to develop a varied community, 

though somewhat dominated by a few key species. 

 

5. Minnow and 3-Spined Stickleback initially dominated the loop and scrape, respectively, during 

fisheries surveys, though the dominance of these species has been decreasing, with the new 

scrape habitat in the floodplain being colonised quite dramatically. 

 

6. The fish community of the loop was comparable with the wider catchment, though Bullhead, 

Chub, Brown Trout, Grayling, Sea Trout and Barbel were consistently found to be more 

common in the loop than sites up- and downstream (the latter three species found only in the 

loop).  Gudgeon, Dace, Roach, Lamprey, Pike, Bream and Carp were consistently under-

represented. 

 

7. The range of macro-invertebrate communities reflected the diversity of meso-habitats which 

developed within the loop, and generally, invertebrate biomass and species richness have 

increased.  The loop also now supports a much less pollution-tolerant community than the pre-

project baseline, with the óvegetationô and ócobbleô habitats particularly important from this 

point of view. 

Recommendations 

General recommendations for similar monitoring programmes relate directly to the points identified in 

the Evaluation section ï namely, to define measurable objectives; to plan fully in advance, explicitly 

considering experimental design and adequate control data; and to ensure effective central coordination 

of data collection. 

The remaining recommendations are of a technical nature, relating to the specific types of data 

collection adopted within the programme.  Recurring themes are consistency; control and baseline data; 

building in redundancy and planning for unforeseen problems; timeframes; sample sizes; and collecting 

sufficient data to allow further analysis should additional resources become available. 

Those recommendations which could be applied to a continuation of monitoring at Shopham Loop are 

clearly identified. 
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1. Introduction 

In 2004, a project to reconnect an approximately 850 m length of river meander, which had been 

bypassed by a navigation cut, was completed.  In recognition of the rarity of post-project appraisal on 

river restoration and enhancement ventures such as this at the time, a second phase was initiated, aimed 

at determining its success, or otherwise, via an integrated programme of monitoring which extended 

over 5 years.   

This report presents an analysis not only of the data collected and the success of the works, but also the 

approach taken to monitoring and its implementation.  Lessons learnt through the exercise are identified, 

so as to inform the holistic design of future river restoration projects and their appraisal processes. 

1.1 The site 

Known as the óShopham Loopô, this meander is part of the natural course of the Western River Rother, 

in West Sussex, England, between national grid references (NGRs) SU9804619061 and SU9830018825 

(see Figure 2).  The reach was bypassed in the 18
th
 century with a gated channel, to allow the passage of 

boats upstream to Midhurst.  The lock gate structures later fell into disrepair, however, with the result 

that the majority of the Rotherôs flow took the shorter, straighter route of the canal cut.  The limited and 

slow flows remaining within the loop caused it to silt-up gradually.   

With the overall aim of restoring the diverse physical habitat associated with a naturally meandering 

lowland river, without adversely affecting hydraulic performance, the Environment Agency (EA), in 

cooperation with the River Restoration Centre (RRC), led a project to excavate and divert flow back 

through this meander. 

1.2 Objectives 
Post-project appraisal should always be undertaken with reference to the projectôs original objectives.  

Those for both phases of the Shopham Loop scheme are presented below. 

1.2.1 Restoration project objectives 

Though these were not defined sufficiently explicitly from the outset to provide the framework for post-

project appraisal, the following have been identified retrospectively as encapsulating the main 

ambitions: 

¶ Restore 1 km of degraded watercourse and its associated floodplains. 

¶ Restore natural river processes to provide additional habitat diversity to benefit the ecology of 

the river. 

¶ Enhance and diversify the fishery of the lower river Rother catchment. 

1.2.2 Monitoring objectives 

The monitoring programme sought to identify, over three years: 

¶ Changes in geomorphology (as the basic template of the physical habitat) of the restored and 

adjacent reaches, looking at the evolution of features (banks, sidebars, point bars, flow types, 

vegetation establishment, etc.), using a time sequence to give rates of morphological change. 

¶ Changes in the hydrology and hydraulics of the restored and adjacent reaches, to ensure the 

project has no adverse impact on flood levels, as well as to enable detailed analysis of the in-

channel hydraulic conditions within the restored reach.   
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¶ The ecological response within the restored and adjacent reaches, to document how flora and 

fauna adjust to the changing physical habitat over time.  This would also be supplemented with 

the application of habitat suitability models to analyse the mechanisms driving observed 

changes. 

¶ The ecological response of the surrounding landscape and species influenced by the restoration 

of the river and the floodplain, and through changes in management. 

¶ The drivers of changes (e.g. response to faulty design, influence of extreme events, etc) in 

channel morphology, substrate composition and the establishment/evolution of flora and fauna.  

It was intended to compare the nature of the restored physical habitat (i.e. the project outcomes) 

with those anticipated at the design phase of the project. 

1.2.3 Report objectives 

This document seeks to: 

¶ Establish what the available data can tell us about the success and sustainability of the project 

(Section 2). 

¶ Determine whether the monitoring objectives have been met, and to what extent (Section 3).   

¶ Address any shortcomings of the monitoring, identify further data requirements and discuss 

what could be done to add value to the information (also Section 3). 

¶ Summarize lessons learnt and provide specific recommendations for future monitoring 

strategies both at Shopham Loop and more widely (Sections 3 and 4). 

1.3 Methods 

1.3.1 Restoration methods 

In terms of planform, the reference point for restoration was relatively clear, from that of the loop as 

surveyed in 2002.  The designed course does deviate slightly from the pre-existing at the upstream end, 

with a new entry channel cut to bypass the flume in front of the gate structure remnants (Figure 1).   

The loop was excavated to one of two cross-section designs (for bend apices and straight reaches), or a 

point on the transition between them (Figure 5), with the assumption that the banks would erode to a 

more natural form in higher flows.  It was the original intention to cut only to the evident historic bed 

level, but this could not be identified upon excavation, possibly owing to historic dredging.  

In order to prevent undermining of the remnant stonework (with high archaeological value) at the 

downstream confluence, sheet piling was sunk across the river and a óbed checkô created from a base 

layer of coarse, locally-sourced sandstone.  This downstream feature fixed a minimum bed elevation, 

and was intended to mimic bedrock.  At the entry to the loop, a similar technique was employed so as to 

minimize the impact on water and bed levels in the upstream reach of the river (which had adjusted to 

the backwater effect of the collapsed gate structure), as well to create a crossing point for farm traffic.  

This was dressed with gravel, to mimic a natural riffle.  It is acknowledged that these features have 

limited the opportunity for the channel to adjust its course naturally over longer timescales. 

Finally, to divert the flow and create a backwater intended to be both a sediment trap and novel habitat 

type (e.g., for fish refuge in high flows), a large bund was constructed in the downstream portion of the 

canal cut, using spoil from the loop.  The embankment of this straight cut was repaired, and an upstream 

bank portion (at the ford) lowered and set back, to encourage inundation of the floodplain in high flows.  

An approximately 1.5 m deep hollow scrape was also excavated on the floodplain.  
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Figure 1:  Upstream entrance to Shopham Loop, showing the pre-project arrangement (red), the designed 

course (blue) and a smaller meander remnant (orange).  Overlaid on excerpt of survey by 

Halcrow Geomatics. 

  

1.3.2 Monitoring methods 

Between 2002 and 2009, the following datasets were generated: 

¶ Topographic survey 

¶ Fixed-point photography 

¶ 15-minutely water levels 

¶ Macro-invertebrate kick samples 

¶ Electro-fishing 

¶ Macrophyte survey 
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Topographic survey 

A complete total station topographic survey, with channel cross-sections in the canal cut and in the loop 

as it existed, was undertaken by Halcrow Geomatics in December 2002 (before any work had 

commenced).  This was followed up by an óas-builtô survey in October 2004.  Three further surveys, 

including up to 24 cross-sections in the loop, and thalweg surveys on 2 occasions (see Table 1), were 

conducted by Southampton University in 2005, 2006 and 2009.  The layout of the surveys is given in 

Figure 2. 

Data 2002 As-built  2005 2006 2009 

Loop thalweg No No Yes (91) Yes (307) No 

Canal cut 

thalweg 
Yes (14) 

Yes (dam 

only ï 84) 
No No No 

Loop sections 14 (unknown) 14 (358) 24 (440) 17 (423) 20 (451) 

Non-loop 

sections 
18 (unknown) 5 (132) 2 (30) 3 (105) 3 (74) 

Table 1:  Topographic survey datasets.  Numbers in brackets refer to number of points within the channel.   

Note that where a complete thalweg survey is absent, this can be approximated using the 

lowest elevation points from the cross-sections. 

 

Fixed-point photography 

The site was recorded photographically from 24 fixed angles, with coverage quite variable between 

years, and increasing to more than 28 angles over the last few sampling sessions.  Images are available 

taken during and soon after construction, twice in 2005, three times in 2006 and once in 2007.  35 mm 

colour slide film was used, because of its fine resolution. 

 

15-minutely water levels 

Three pressure transducers were installed in and around the loop to monitor water levels.  The data were 

logged at 15 minute intervals.  Sensor 1 was mounted from an overhanging tree in the middle of the 

loop in 2005 (NGR: SU9833919060); sensor 2, approximately 240 m upstream (NGR: SU9783219147); 

and sensor 3, approximately 430 m downstream, at Shopham bridge at a later date, in 2006 (NGR: 

SU9847718555), as illustrated in Figure 3. 
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Figure 2:  Position of cross-sections and thalweg survey points.   

Orange: 2004 (as-built);  Red: 2005;  Blue: 2006;  Green: 2009;  Black: thalweg, 2006  © Crown 

Copyright and database right 2011.  All rights reserved.  Ordnance Survey Licence number 

100026380 

 

Figure 3:  Position of logging pressure tranducers within the study area.  © Crown Copyright and database 

right 2011.  All rights reserved.  Ordnance Survey Licence number 100026380 
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Macro-invertebrate kick samples 

Standard 3 minute benthic kick samples were performed once pre-project, both in the loop and canal cut 

in September 2002, and post-project in August 2009 in the loop only.  1 minute samples were also taken 

in 2005, 2006 and 2007. 

Kick samples were stratified by ómesohabitatsô (defined by substrate type, including vegetation), with 

approximately 3 replicates per year for each type.  The position of these samples on the reach varied 

from year to year to account for any migration of features and bed material, and also because of access 

issues (Figure 4).   

 

Figure 4:  Layout of macro-invertebrate kick samples around the loop. 

In addition, 3 minute samples were taken at 5 fixed points around the loop, intended to coincide with 

survey cross-sections 2, 4, 7, 9 and 13A.  The aim here was to investigate the relationship between the 

evolution of channel form and channel biota.   

Sampling point/type  2002  2005  2006  2007  2009  

Transects    5 5 1 

Scrape  1 1 1 1 

Cobbles  3 3 3  

Gravel 2 3 2 3 2 

Sand 3 3 3 3 3 

Woody debris/Vegetation   3 3 3  

Ȭ$ÅÅÐ ÃÌÁÙȭ 3  
(depth 

unspecified) 

3 1 3 3 

Ȭ3ÈÁÌÌÏ× ÃÌÁÙȭ 3 3 3  

Table 2:  Number of kick sample replicates by type and year. 
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Comparable 3 minute data are available for EA surveillance monitoring stations at:  

¶ Selham, approximately 7.8 km upstream (NGR: SU9350021260; May & Sep 2005, Apr & 

Sep 2006, Oct 2007 and May 2009)  

¶ Shopham bridge, just 430 m downstream (NGR: SU9847018500; May & Sep 2005, Apr & 

Aug 2006, Apr & Oct 2007 and August 2009) 

¶ Fittleworth, approx. 3.6 km downstream (NGR: TQ0088018239; Apr & Sep 2002, Apr & 

Nov 2005, Apr 2006, and May 2007) 

 

Fisheries surveys 

EA standard electro-fishing methods were applied through the length of the loop and in the scrape in 

2005, 2006, 2007 and 2009.  The loop data were stratified by position along the reach, aggregated into 

six 100 m sections and two shorter (approx. 40 m each) sections covering the bed-checks.  Some basic 

information about size classes is available for 2005 and 2007, and for the scrape only in 2006 and 2009. 

Comparable data are available for EA surveillance monitoring stations at:  

¶ Coultershaw, approx. 1.3 km upstream (NGR: SU9729819058; Jul 2006, and Aug 2007 and 

2008) 

¶ Fittleworth, approx. 3.6 km downstream (NGR: TQ0088018239; Jul 2006, 2007 and 2008) 

In addition, species larvae present and their approximate location were recorded in 2005 in the canal cut. 

 

Macrophyte survey 

Coarse vegetation in the channel and on the banks of the loop was recorded in July 2005, June 2006, 

summer 2007 and August 2009.  Species and approximate coverage were mapped. 
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2. Summary of results and conclusions 

The results of analyses and conclusions emerging from the monitoring data are presented in this section, 

grouped according to the monitoring objectives as set out in Section 1.2.2. 

There are a number of complicating factors placing limits on the confidence with which conclusions can 

be asserted, and the contents of this section should be interpreted with this in mind.  Further discussion 

of the data collection and monitoring design, including explanation of these limitations, is presented in 

Section 3.   

In recognition of this, conclusions are presented at three levels of confidence: 

High degree of confidence ï These conclusions are completely supported by the evidence collected and 

the analyses performed within the context of this evaluation.  In many cases they are broad and 

general in nature, but all are intended to be unequivocal. 

Reasonable confidence ï These statements are highly likely to be true, but there may not be complete 

data in support of them.  Though further investigation may find otherwise, the great weight of 

evidence supports the claim. 

Tentative conclusions ï These are suggested by the data, but cannot be definitively asserted.  Typically, 

some data support the conclusions but the bulk of the data is inconclusive, or the data collection 

was likely to produce artefacts. 

 

2.1 Geomorphology 

2.1.1  Topographic survey 

Dr. Steve Darby (Darby, 2007) examined the first two post-project surveys (ô05 and ô06) in January 

2007, and concluded that overall, channel adjustments observed to 2006 indicated that the channel 

morphology remained consistent with the design concept.  Some local channel adjustments had 

occurred, particularly within the curved reaches.  However, these adjustments appeared to be mostly 

minor and had introduced an increasing (but small, up by that point) degree of morphological 

variability into the restored reach, both in terms of the long profile and cross-sectional morphology.  

This variability was anticipated to be a key factor in underpinning habitat diversity, and therefore a 

priority for monitoring.  These conclusions still hold true in light of the analysis of further evidence 

presented in the current study. 

More specifically, Dr. Darby concluded the following: 

¶ Morphological changes within the loop were generally of small scale.  Moreover, observed 

changes seemed to be reflecting inter-annual variability rather than a systematic temporal 

trend, but this needed to be verified as the duration of monitoring increased. 

The 2009 survey suggests this still to be partly true, but some changes, particularly local 

scour, appeared to be continuing in the same trajectory in some cross-sections (see 

overlays, below). 

¶ Straight reaches of Shopham Loop appeared to be less sensitive to morphological change 

than the curved reaches. 

This was no longer clear in the sections included in the analysis below, but this is likely 

owing to the decreased distinctiveness between straight and curved sections due to small 
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morphological adjustments.  See particularly Section 4 (Figure 8), which is likely to have 

been considered a straight reach (this is not explicitly stated in the report), but has 

adjusted significantly, most likely as a result of considerable adjustment of the upstream 

curved reach (Section 4A; Figure 9). 

¶ Within straight reaches of the loop, variations in mean width relative to the design concept 

had been negligible.  However, the variability  of the channel width in these straight reaches 

(as quantified using the standard deviation), had increased markedly during the period 2005 

to 2006. 

(no subsequent analysis of width standard deviation has been undertaken) 

¶ Within straight reaches of the loop by 2005 the channel had considerably enlarged its cross-

sectional area (by deepening) relative to the restoration design.  Some recovery of cross-

sectional area had subsequently (2005-2006) occurred, as the channel (on average) 

narrowed in this period.  However, the cross-section surveys indicated that localised scour 

was continuing in some sections.  The net effect was that the cross-section area of straight 

reaches remained in 2006 larger than the restoration design value. 

In the sections examined below, cross-sectional area continued to increase to 2009.  Local 

areas of scour have also persisted since 2006. 

¶ Curved reaches of the loop had, on average, widened significantly (25% increase relative to 

design value by 2006).  The variability of width had also increased in these curved reaches. 

(it has not been possible to determine any further major conclusions relating to channel 

width)  

¶ Within curved reaches, the variabil ity  of most of the key morphological parameters had 

increased substantially during 2005-2006. 

This conclusion holds (see also section on perimeter length, below). 

¶ Some localised changes in the morphology of the Rother cross-sections immediately 

downstream of Shopham Loop were observed, but the change appeared to involve a degree 

of channel migration, rather than a systematic shift in morphology per se. 

Section B, the closer of the Rother sections to the loop outflow, has been the site of the 

greatest change, with substantial erosion of the bank on the outside of the bend (right 

bank) occurring between 2006 and 2009.  This is indeed a form of channel migration 

resulting from the introduction of a tight curve where there was none before.  There has 

also been morphological change, however, in that the thalweg has moved from being close 

ÔÏ ÔÈÅ ÌÅÆÔ ÂÁÎË ÉÎ ÔÈÅ ȬÁÓ-ÂÕÉÌÔȭ ÓÕÒÖÅÙȟ ÔÏ ÂÅÉÎÇ close to the right bank in 2009, though this 

is a predictable adjustment (even if perhaps not anticipated to such a degree in the design 

process) and is consistent with the design concept. 

Cross-section overlays 

Visual comparison of a time series of coincident cross-sections can give an indication of the occurrence, 

direction and approximate rate of any changes in the channelôs transverse morphology.  There were just 

under 40 original design sections, broadly based on those illustrated in Figure 5, or a linear transition 

between the two quasi-trapezoidal forms. 

These results are limited by the complications discussed in Section 3, but the loop cross-sections which 

match most closely between years are presented in Figures 6-18, below.  Note the vertical exaggeration 

in the section plots. 
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Figure 5:  Schematic design cross-sections for straight reaches or meander cross-overs and bend apices. 

 

Figure 6:  Overlays from surveys of loop section 1 (at downstream bed check).  LB: left bank (facing 

downstream);  RB: right bank (position on planform inset). 
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Figure 7:  Overlays from surveys of loop section 3.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 

 

Figure 8:  Overlays from surveys of loop section 4.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 
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Figure 9:  Overlays from surveys of loop section 4A.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 

 

Figure 10:  Overlays from surveys of loop section 7.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 
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Figure 11:  Overlays from surveys of loop section 7A.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 

 

Figure 12:  Overlays from surveys of loop section 12.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 
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Figure 13:  Overlays from surveys of loop section 12A.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 

 

 

Figure 14:  Overlays from surveys of loop section 13A.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 
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Figure 15:  Overlays from surveys of loop section 14.  LB: left bank (facing downstream);  RB: right bank 

(position on planform inset). 

 

Sections surveyed on the main course of the Rother give an indication of the wider impact of the works, 

and are presented in Figures 16-18, below. 

 

 

Figure 16:  Overlays from surveys of main river section A.  LB: left bank (facing downstream);  RB: right 

bank (downstream of loop - position on planform inset).  
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Figure 17:  Overlays from surveys of main river section B.  LB: left bank (facing downstream);  RB: right 

bank (downstream of loop - position on planform inset). 

 

 

Figure 18:  Overlays from surveys of main river section F.  LB: left bank (facing downstream);  RB: right 

bank (upstream of loop - position on planform inset). 
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High confidence conclusions: 

¶ There was no significant (> 1 m) lateral channel migration between autumn 2004 and the 

survey in 2006. 

¶ Small-scale channel adjustment is widespread. 

¶ Apart from in the vicinity of sections 4 and 4A, the most significant changes in sectional 

morphology since the 2004 survey have occurred in the original channel, immediately 

downstream and upstream of the connection to the meander loop. 

¶ Bed levels are consistently lower than those designed (this was already known, however ɀ 

see Section 1.3.1, 2nd paragraph). 

¶ The design section morphology is not strongly evident. 

Reasonable degree of confidence: 

¶ The increases observed in cross-sectional area suggest the dominance of erosion over 

deposition over the period of observation, and that the pre-restoration concern of 

sedimentation in the loop has been resolved. 

¶ The outer bank appears to have slumped into the channel at section 4A. 

¶ Assuming the design sections were followed in construction1, the most significant changes 

occurred very quickly ɀ indeed, before the as-built survey was conducted.  The report 

accompanying this survey states that there were high flow conditions in the loop, which 

supports this conclusion. 

¶ Imported coarse material on the downstream bed-check (cross-section 1) appears to be 

somewhat mobile, resulting in significant changes in bed level at the surveyed section. 

 

 

Thalweg data 

Figure 19 presents an overlay of the 2005 and 2006 surveys of the maximum channel depth data 

(longitudinal section), including regressions giving the mean bed gradient. 

 

The following can be concluded with a high degree of confidence from these results: 

¶ The depth variability is very much greater than that of the channel design. 

Tentative conclusions: 

¶ The average bed gradient appears to be exhibiting small oscillating changes from the 

design value of 0.00083, rather than any long-term trend (thi s was also a preliminary 

observation from the initial report in 2007 (Darby, 2007)) 

¶ Depth variability may have increased between 2005 and 2006, though there is a 

significant probability that this is an artefact of lower sampling density in the former. 

 

                                                      

1
 The actual bed is likely to have been more deeply excavated (see 1.3.1 (restoration methods)) 
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Figure 19:  Overlay of 2005 and 2006 thalweg survey data, annotated with selected features and including 

linear regressions approximating the mean bed gradient (bottom left).  Please note caveats in 

Section 3. 

 

Section perimeter length 

Cross-section shape complexity (and, by extension, assumed habitat diversity) may be measured by the 

length of the sectionsô perimeters from the cross-section dataset.  Table 3 presents the data from 

coincident sections and years. 

Section 2005  2006  2009  

4A 14.3  (33) 14.4  (25) 14.6  (24) 

7A 12.1  (27) 11.6  (17) 13.0  (20) 

12A 15.4  (17) 12.2  (18) 11.0  (21) 

A 15.9  (15) 19.5  (34) 16.4  (28) 

B 17.0  (15) 15.9  (24) 20.7  (27) 

Table 3:  Estimated channel cross-section perimeters from survey data.  Number of measurements in 

brackets. 
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The following tentative conclusion can be drawn from this analysis: 

¶ All the sections analysed except 12A appear to have increased in complexity between 

2004 and 2009. 

 

2.1.2 Fixed point photography 

The repeat images recorded may be used to detect local changes in channel forms above the waterôs 

surface.  However, as more conclusions may be drawn about the ecological response from these 

photographs, these are presented later, under óChannel ecologyô, in Section 2.3.1.  

 

 

2.2 Hydrology and hydraulics 

2.2.1 15-minutely water levels 

The position of the three pressure transducers is given in Figure 3.  Time series of the data are presented 

in Figures 20-22.   

It was the objective of these datasets to enable change detection in flooding.  As such, a number of the 

peak flow events for each time series were examined in more detail.  The assumption of bank 

overtopping was made where a marked decrease in the gradient of the rising limb of the hydrograph was 

observed.  These rising limbs are graphed in Figures 23-25. 
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Figure 20:  Time series with quality information from the three water level loggers for the 2005/06 hydrological year. 



James Holloway  21 RRC 

 

 

Figure 21:  Time series with quality information from the three water level loggers for the 2006/07 hydrological year.  
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Figure 22:  Time series with quality information from the three water level loggers for the 2007/08 hydrological year. 
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Figure 23:  Rising limbs of hydrographs of some peak flow events as recorded by logger 1.  Dashed lines 

represent estimated bank top.  Scale is metres above an arbitrary datum. 
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Figure 24:  Rising limbs of hydrographs of some peak flow events as recorded by logger 2.  Dashed lines 

represent estimated bank top.  Scale is metres above an arbitrary datum. 
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Figure 25:  Rising limbs of hydrographs of some peak flow events as recorded by logger 3.  Dashed lines 

represent estimated bank top.  Scale is metres above an arbitrary datum. 

It can be assumed with a high degree of confidence that: 

¶ At the very broadest level, the water level and, by extension, flow and flooding dynamics 

in the restored loop are comparable to the up- and downstream monitoring points. 

With a reasonable degree of confidence, one can say that the data demonstrate: 

¶ The river came out of its banks many times at all three monitoring points. 

It can be tentatively concluded from analysis using the rising limbs of the hydrograph of logger #1 (in 

the loop, assuming a bank top (flood threshold) level of 2.7 m) that, over the full period covered by the 

data: 

¶ There were 48 flood events. 

¶ The total time in flood was 1306 hours (54.4 days), which amounts to 5.6 % of the 

monitoring period. 

¶ The mean flood event duration was 28.4 hours, with a similar median of 23.4 hours. 



James Holloway  26 RRC 

 

2.3 Channel ecology 

2.3.1 Fixed point photography 

Conclusions not only relating to the ecological response within the restored reach, but also that of the 

floodplain and those relating to geomorphological effects of the reinstatement of the loop are presented 

in this section.  Note that the evaluation of this dataset is presented in Section 3.2.2 under 

óGeomorphologyô, as there are more opportunities for adding value from this perspective, as opposed to 

that of assessing channel ecology. 

Complete sets were not recorded at each of the 24 main positions, and a large number of photographs do 

not properly match, so a selection of the best results is presented below.  The full collection of images is 

provided in Appendix C.  Analysis here is limited to the main 24 positions (red symbols in Figure 26), 

as these have the best temporal coverage. 

 

 

Table 4:  Coverage of main fixed point photography positions.  Selected positions presented here are 

highlighted. 

Year Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

2004June

2004Nov

2005Jan

2005May

2006Feb

2006May

2006Nov

2007Jul

2007Nov

6 5 6 7 6 5 7 5 6 6 5 2 4 5 7 5 8 7 7 6 8 2 2 2 2

FloodplainChannel

Total images
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Figure 26:  Plan of positions from which repeat images were taken.  Main positions analysed here are in red circles 
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Figure 27:  Repeat photo set from position 2 
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Figure 28:  Repeat photo set from position 7 
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Figure 29:  Repeat photo set from position 9 
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Figure 30:  Repeat photo set from position 16 
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Figure 31:  Repeat photo set from position 19 



James Holloway  33 RRC 

 

 

Figure 32:  Repeat photo set from position 21 
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The following conclusions can be drawn with a high degree of confidence from these image 

comparisons: 

¶ Virtuall y all originally bare banks had established a good cover of vegetation by the 2007 

growing season. 

¶ Mature woody vegetation retained during the project is contributing woody debris to the 

channel (e.g., position 7). 

¶ The plant structural and species diversity of the floodplain has increased significantly  (e.g., 

position 19). 

¶ The change in cross-section 4A can be confirmed to be attributed to extensive slumping 

(presumably following under-cutting) on the outside of the bend (positions 4 and 5 (not 

shown)). 

One can conclude with reasonable confidence that: 

¶ The greatest morphological changes have been attributed to localized bank erosion and 

collapse following the first winter high flows.  These events have declined sharply in 

frequency. 

¶ The canal cut appears to be holding significantly more suspended sediment than the 

restored loop (from the turbidity of the water in the photos). 

 

2.3.2 Macrophyte survey 

Summary data from the surveys are presented in Table 5, below, with more detailed information about 

plant cover in 2006 presented in Table 6. 

Statistic / Sp ecies 2005  2006  2007  2009  

Summary statistics  

Number of species 23 13 13 18 

Number of genera  18 13 11 17 

Total estimated % cover  7-10 8 13 n/a  

Species present and % cover (where available)  

Achillea millefolium     + 

Alisma plantago -aquatica  +  < 0.1  

Amblystegium sp.  +   

Apium nodiflorum  +    

Bidens sp.    + 

Callitriche hamulata  +    

Carex acuta  +  + 

Heracleum sp.    + 

Impatiens glandulifera  +   + 
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Statistic / Sp ecies 2005  2006  2007  2009  

Iris  pseudacorus + +  + 

Juncus spp. (+) +  (+) 

Juncus articulatus  +    

Juncus effusus +   + 

Juncus inflexus +    

Lemna minor  +  < 0.1  

Lemna trisulca   +   

Lycopus europaeus   < 0.1 + 

Lythrum salicaria  +  0.1 + 

Myosotis spp. (+) +   

Myosotis scorpioides +  < 0.1  

Oenanthe crocata + + < 0.1   

Persicaria amphibia  +  0.1  

Persicaria hydropiper  + + < 0.1 + 

Phalaris arundinacea  + + 6.2 + 

Polygonum amphibium     + 

Potamogeton berchtoldii    0.2  

Potamogeton pectinatus  +    

Potamogeton pusillus   +   

Rorippa amphibia  +    

Rumex spp. (+) +   

Rumex hydrolapathum  +  < 0.1  

Sagittaria sagittifolia  +    

Scrophularia auriculata     + 

Senecio sp.    + 

Sparganium emersum  +  4.3 + 

Sparganium erectum  + + 0.8 + 

Stachys palustris    + 

Urtica dioica     + 

Veronica anagallis -aquatica  +    
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Statistic / Sp ecies 2005  2006  2007  2009  

Veronica beccabunga +    

Veronica catenata   +   

Table 5:  Species and cover data from aquatic plant surveys.  + indicates presence, and species-level 

coverage data are available and presented for 2007 

U/s limit of 
sub-reach 

100 m 200 m 300 m 400 m 500 m 600 m 700 m 800 m 900 m 

Estimated 
cover (%)  

n/a  n/a  5 - 10 15 15 <5 10 - 15 10 -15 5 

Table 6:  2006 cover estimates by sub-reach (measured from the downstream confluence) 

The following conclusions can be drawn with a high degree of confidence: 

¶ Macrophytes quickly colonized and established themselves within the newly excavated 

loop. 

¶ Sparganium spp. and Phalaris arundinacea are among the most common and ubiquitous 

plants. 

¶ There was a significant range (>125 % of average for whole loop) of spatial variation in 

macrophyte cover in 2006. 

The following can be concluded with a reasonable degree of confidence: 

¶ Total macrophyte cover appears to be increasing. 

¶ The loop was initially colonized by a diverse macrophyte community, which has since 

stabilized at lower species richness. 

 

2.3.3 Fisheries surveys 

Numbers and biomass 

Summary results of numbers, comparison with results from monitoring outside of the study reach, 

dominance of the most frequently recorded species and fish length, where available, are presented in 

Table 7, below. 

 2005  2006  2007  2009  

Loop:  all species excluding M inno w 

No. individuals  294 318 225 186 

% Fit -Coul avg. 69 45 87 n/a  

Loop dominant species:  M innow  

No. individuals  1527  375 190 165 

B-P dominance 0.84 0.54 0.46 0.47 
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 2005  2006  2007  2009  

Scrape: all species excluding 3 -Spined Stickleback  

No. individuals  n/a  7 179 714 

Total length (cm)  n/a  45 1038 4650  

Avg. fish length (cm)  n/a  6.43 6.48 6.51 

Scrape dominant species :  3-Spined Stickleback  

No. individuals  n/a  1000  612 7 

B-P dominance n/a  0.99 0.77 0.01 

Table 7:  Summary of fisheries totals.  '% Fit-Coul avg': area-normalized percent of mean of catches from 

Fittleworth (d/s) and Coultershaw (u/s).  B-P (Berger-Parker) dominance index is fraction of 

whole sample due to the most frequently occurring species.  Highest values are in heaviest 

type. 

The following conclusions can be drawn from these results with a high degree of confidence: 

¶ Minnow has been the dominant species in the loop, particularly in 2005, when they were 

observed spawning on the cobble and gravel bed-checks. 

¶ 3-Spined Stickleback has been the dominant species in the scrape in 2006 and 2007. 

¶ The dominance of these two species has been decreasing. 

¶ Reports of the sampling in 2005 and 2007 show that the lower limit of the age classes of 

sampled fish increased for Dace (from 0+ to 4+) and Chub (from 3+ to 4+) over this 

period. 

¶ Total numbers of fish other than Stickleback in the scrape have been increasing 

significantly. 

¶ The average length of fish in the scrape has been increasing. 

The following can be concluded with a reasonable degree of confidence: 

¶ Total numbers of fish other than Minnows in the loop appear to have peaked in 2006 and 

declined since.  However, accounting for wider trends (% Fit-Coul avg.), catches within the 

loop appear to have increased between 2006 and 2007. 

¶ Biomass of fish other than Stickleback (represented by total length) in the scrape appears 

to be increasing dramatically, though is fairly stable when accounting for this dominant 

species (assuming average length of 5cm). 

It can be tentatively suggested that: 

¶ Recruitment to the scrape is being maintained by regular flooding 
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Community structure 

Species-specific catch numbers for the loop are presented in Figure 33 and as a proportion of catches at 

nearby surveillance monitoring sites in Figure 34.  Diversity indices
2
 for the sampled loop and scrape 

communities are given in Table 8, in which óɓ-diversityô is between samples from different 100 m 

stretches of the loop. 

 

 

Figure 33:  Fish numbers recorded, by species, in samples from the restored reach (excluding Minnow). 

                                                      

2
 Ŭ-diversity is a measure of heterogeneity within a sample, and ɓ-diversity, between samples.  

The Ŭ-diversity index used in this report is Simpsonôs diversity index (the probability that two randomly selected 

individuals will be of different species: 1 ï D, where D = × (n/N)
2
, in which n is the number of individuals of one 

species and N is the total number of individuals)  

The ɓ-diversity index used is Whittakerôs measure: ɓ = (S / Ǖ) - 1, where S is the total number of species recorded 

and Ǖ is the average number of species per community. 
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Figure 34:  Area-normalized catches displayed as a percentage of the mean of those from surveillance 

monitoring down- and upstream at Fittleworth and Coultershaw.  Gradient-filled bars 

represent species not found at either of these sites.  Note logarithmic scale. 

 

 

 

Figure 35:  Ŭ-diversity of electro-fishing samples, by sub-reach. 

  



James Holloway 40 RRC 

 

 2005  2006  2007  2009  

Loop  (including Minnow)  

Number of species  12 16 15 12 

ɻ-diversity 
(Shannon-Wiener H)  

0.77 1.64 1.83 1.76 

ɻ-diversity 
ɉ3ÉÍÐÓÏÎȭÓ $Ɋ 

1.41 3.06 3.96 3.79 

ɼ-diversity 
ɉ7ÈÉÔÔÁËÅÒȭÓ ɼɊ 

0.66 0.94 0.62 0.60 

Scrape  (including 3 -spined Stickleback)  

Number of species n/a  3 10 11 

ɻ-diversity 
(Shannon-Wiener H)  

n/a  0.04 0.78 1.52 

ɻ-diversity 
ɉ3ÉÍÐÓÏÎȭÓ $Ɋ 

n/a  1.01 1.56 3.44 

Table 8:  Diversity measures for fish samples. 

These data yield the following conclusions with a high degree of confidence: 

¶ The loop is particularly favoured by Bullhead, Chub, Brown Trout, Grayling, Sea Trout and 

Barbel, relative to Fittleworth and Coultershaw. 

¶ Diversity of the fish community (ɻ-diversity ) in the loop increased to peak in 2007, though 

the decline to 2009 levels appears to be minor. 

¶ Diversity of the scrape community appears to be increasing significantly, developing a 

more robust community structure. 

The following conclusions can be drawn with a reasonable degree of confidence: 

¶ The four most common species (Chub, Eel, Dace and Bullhead), as well as Roach, appear to 

reflect the trend in total numbers, peaking in 2006 and then declining.  This pattern is not 

apparent when trends outside the loop are taken into account (Figure 34). 

¶ Relative to the control sites, Gudgeon, Dace, Roach and Pike are consistently under-

represented, and Eel and Bream numbers appear to be low in the loop. 

Tentatively, it may be suggested that: 

¶ Relative to wider trends, Bullhead and perhaps Stone Loach may be declining, whilst Sea 

Trout and Dace may be on the increase in the loop. 

¶ The increase in Sea Trout numbers may indicate improving continuity of fish passage in 

the Western Rother/Arun system. 

¶ Fish habitat diversity in the loop (ɼ-diversity ) has been relatively stable except for a peak 

in 2006. 
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2.3.4 Macro-invertebrate kick samples 

Kick sample results, where possible, were evaluated in terms of: 

Outputs generated by the EA BIOSYS system
3
: 

¶ Biological Monitoring Working Party (BMWP) score ɀ a cumulative index of the pollution 

sensitivity of the families recorded and, by extension, the water quality. 

¶ Average Score Per Taxon (ASPT) ɀ a meta-statistic from the BMWP method, indicating the 

average pollution sensitivity of the invertebrate community. 

¶ Community Conservation Index (CCI) ɀ an integrated measure of community species 

richness and presence of locally and/or nationally rare species, constituting conservation 

value. 

¶ Lotic-invertebrate Index for Flow Evaluation (LIFE) score ɀ an index for inferring flow 

characteristics (typical velocity and frequency of flow) from macro-invertebrate 

communities.  The species-level method was used here. 

Other calculated (non-BIOSYS) variables: 

¶ Total number of individuals. 

¶ Number of taxa recorded. 

¶ 3ÉÍÐÓÏÎȭÓ ÄÉÖÅÒÓÉÔÙ ÉÎÄÅØ (see Footnote 2 in Section 2.3.3 for explanation). 

¶ Berger-Parker Dominance (fraction of whole sample contributed by most frequent 

species)  

 

Note: 

Owing to differences in data collection (discussed in Section 3.4.3), comparisons can only be made 

between 2002 and 2009, and between 2005, 2006 and 2007.   

For the ó05-ó07 (1 min) samples, up- and downstream surveillance monitoring (3 min) is not directly 

comparable, and the data are presented on separate axes or qualified in the caption.   

For certain non-BIOSYS variables, the stratified samples have been aggregated to inspect for overall 

trends. 

The format convention for up- and downstream surveillance monitoring sites is as follows (this is 

difficult to read from some axis labels): 

 _____  Shopham Bridge 

 _____  Fittleworth (downstream) 

 _____  Selham (upstream) 

  

                                                      

3
 NB. Outputs for the 2005, 2006 and 2007 samples are not true index values as these were 1 min (as opposed to 

the standard 3 min) kicks, hence they are referred to as ópseudo-ô values.  It is however assumed that comparisons 

can be made between them within these years. 
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Figure 36:  Average BMWP scores for 3 minute kick samples in 2002 and 2009.  Results for EA surveillance 

monitoring sites up- and downstream are also plotted where available. 

 

 

Figure 37:  Average ASPT scores for 3 minute kick samples in 2002 and 2009.  Results for EA surveillance 

monitoring sites up- and downstream are also plotted where available. 
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Figure 38:  Average CCI scores for 3 minute kick samples in 2002 and 2009.  Results for EA surveillance 

monitoring sites up- and downstream are also plotted where available. 

 

 

Figure 39:  Average species LIFE scores for 3 minute kick samples in 2002 and 2009.  Results for EA 

surveillance monitoring sites up- and downstream are also plotted where available, but note 

that these are Family LIFE scores. 
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Figure 40:  Average numbers of individual organisms recorded in kick samples in 2002 and 2009.  Note 

logarithmic scale.  Numbers are also presented for the average of both habitats and an 

aggregate of samples, as well as for EA surveillance monitoring sites up- and downstream 

where available. 

 

 

Figure 41:  Average numbers of taxa recorded in kick samples in 2002 and 2009.  Note logarithmic scale.  

Numbers are also presented for the average of both habitats and an aggregate of samples, as 

well as for EA surveillance monitoring sites up- and downstream where available. 
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Figure 42:  Average Ŭ-diversity (Simpson's 1-D) for kick samples in 2002 and 2009.  Numbers are also 

presented for the average of both habitats and an aggregate of samples, as well as for EA 

surveillance monitoring sites up- and downstream where available. 

 

 

Figure 43:  Average Berger-Parker Dominance Index for kick samples in 2002 and 2009.  Numbers are also 

presented for the average of both habitats and an aggregate of samples, as well as for EA 

surveillance monitoring sites up- and downstream where available. 
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Figure 44:  BMWP BIOSYS outputs for kick samples between 2005 and 2007.  Note that for the loop samples, these are not true BMWP values as they are an average of values for 1 

minute of sampling effort.  Inset are true BMWP (1x 3 min) values for EA surveillance monitoring outside the study site.  
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Figure 45:  ASPT BIOSYS outputs for kick samples between 2005 and 2007.  Note that for the loop samples, these are not true ASPT values as they are an average of values for 1 

minute of sampling effort.  Inset are true ASPT (1x 3 min) values for EA surveillance monitoring outside the study site. 
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Figure 46:  CCI BIOSYS outputs for kick samples between 2005 and 2007.  Note that for the loop samples, these are not true CCI values as they are an average of values for 1 

minute of sampling effort.  Inset are true CCI (1x 3 min) values for EA surveillance monitoring outside the study site, where available. 
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Figure 47:  LIFE BIOSYS outputs for kick samples between 2005 and 2007.  Note that for the loop samples, these are not true LIFE (species) values as they are an average of values 

for 1 minute of sampling effort.  True LIFE (1x 3 min) values are given for EA surveillance monitoring outside the study site, but these are derived from family, not 

species scores. 
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Figure 48:  Number of individual organisms recorded for kick samples between 2005 and 2007.  Note logarithmic scale.  Sampling effort is 3 minutes except for Gravel (2x 1min), 

and note that outside the loop (Selham, Fittleworth and Shopham Bridge) these are 1x 3 min samples each.  The graph inset represents the number of taxa when the 

loop samples are aggregated. 
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Figure 49:  Number of taxa recorded for kick samples between 2005 and 2007.  Sampling effort is 3 minutes except for Gravel (2x 1min), and note that outside the loop (Selham, 

Fittleworth and Shopham Bridge) these are 1x 3 min samples each.  The graph inset represents the number of taxa when the loop samples are aggregated.  








































































