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Executive Summary

Introduction

Following a project to reconneetn 850m length ofbypassedneanderknown as Shopham Loop) on
the River Western Rothén West Sussein 2004,it was recognised that there was a needvialuate
anddemonstrate the successlnd restoration works terms of:

1 Changes imeomorphologyas the basic template of physical habitat.

1 Changes in thaydrology and hydraulic2o ensure no adverse impact on flood levels and also
from the point ofview of the hydraulic aspects of habitats.

1 Changes in theecolagy of the restored and adjacent reaches, as well as the surrounding
landscape.

1 Thedriversof these changes.

As such, a decision was made to implement a comprehensive monitoring programdsaamdected
variously between 2002 and 2009 are analysed here.

Objectives of the report
The current repodeekgo:

i Establish whathte available data can tell us&ion2).

1 Determine whether the monitoring objectives hbgen met, and to what extene¢don3).

1 Identify and address particular successes and shortceminthe programme, summarizing
lessons learntSection3).

1 Provide specific recommendations for future monitoring programmes bothoph&hLoop
and more generally Estion4).

Evaluation and lessons learnt

Key challenges encountered are identified, particularly in terms of the importance of deyelepin
measurable objectives; consistency in data collection; anprpject planning and design. Not having
these aspects explicitly considered within the project dtafld especially the very firgtstages of the
project has significantly reducdtle 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, sevezakonably 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 \auickly 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 ofsgoissns than the design
sections followed has formed.

2. Whilst smaliscale adjustment is in evidence throughout the loop, the most significant changes
have occurred on the main Rother immediately downstream, where the leoigrre at a fairly
sharp angle. This was the only practical planform optiomever 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 thehannel.

4. In-channel macrophytes quickly established and continue to develop a varied community,
though somewhat dominated by a few key species.

5. Minnow and 3Spined Stickleback initially dominated the loop and scrape, respectively, during
fisheries survey, 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, Grding, Sea Trout and Barbel were consistently found to be more
common in the loop than sites-ugnd 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 macrmvertebrate communities reflected the diversity of raegbitats which
developed within the loop, and generally, invertebrate biomass and species richness have
increased. The loop also now supports a much less poHatierant communit than the pre
project baseline, with the 6vegetationd and
point of view.

Recommendations

General recommendations for similar monitoring programmes relate directly to the points identified in
the Evaluatian sectioni namely, to define measurable objectives; to plan fully in advance, explicitly
considering experimental design and adequate control data; and to ensure efésttaleoordination

of data collection.

The remaining recommendations are of ahmétal 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; andgcollecti
sufficient data to allow further analysis shoalitlitionalresources 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, halidbeen
bypassed by a navigation cut, was completiedrecognition of the rarity of pogtroject appraisal on
river restoration and enhancement ventures such as this at tha 8e@nd phaseas initiated aimed

at determining its success, or othismy 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 leamagkhthe 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 t heom&hotpthiasn meander is part of the nat
in WestSussex, England, between national grid references (NGRs) SUIRIH6and SB8300L8825
(seeFigure?). The reach was bypassed in th& ¢&ntury with a gated channel, to allow the passage of

boats upstream to Midhurst. The lock gate structures later fell into disrepair, however, wébulhe

that the majority of the Rotherés flow took the
slow flows remaining within the loop caused it to-gift gradually.

With the overall aim of restoring thdiverse physical habitat assatdd with a naturally meandering
lowland river, without adversely affecting hydraulic performartbe Environment Agency (EA), in
cooperation with théRiver Restoration CentrdcRRC), led a project to excavate and divert flow back
through this meander.

1.2 Objectives

Postproject appraisal should alwageunder t aken with reference to the
Thosefor both phases of the Shophamdp scheme are presented below.

1.2.1 Restoration project objectives

Though these were not defined sufficiergkplicitly from the outset to provide the framework for post
project appraisal, the following have been identified retrospectively as encapsulating the main
ambitions:

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

1 Restore natural ver processes to provide additional habitat diversity to benefit the ecology of
the river.

1 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:

1 Changesn geomorphologyas the basic template of the physical habitat) of the restored and
adjacent reachefyoking at the evolution of features (banks, sidebars, point fiaws types,
vegetation establishmemtc), using a time sequence to give ratemofphological change.

1 Changes in théaydrology and hydraulicef 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 rest@reach.
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1 Theecological responswithin the restored and adjacent reach&s 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 analghe mechanisms driving observed
changes.

1 Theecological response of the surrounding landscapeé species influenced by the restoration
of the river and the floodplain, and through changes in management.

1 The drivers of changege.g. response to faulty dgsi 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 anticipatkat the design phase of the project.

1.2.3 Report objectives
This document seeks to:

1 Establish what the available data can tell us about the success and sustainability of the project
(Section2).

1 Determine whether the monitoring objectives have been met, and to what(Bxitiun3).

1 Address any shortcomings of the monitorimgdgntify further data requirements and discuss
what could be done to add value to the informataso Sectior).

i Summarize lessons learnt and provide specific recommendations for future monitoring
strategies both at Shopham Loop and more wiiedgtiors 3 and4).

1.3 Methods

1.3.1 Restoration methods

In terms of planform, the reference point fortoeation was relatively clear, from that of the loop as
surveyed in 2002. The designed course does deviate slightly from theigtieg at the upstream end,
with a new entry channel cut to bypass the flume in front of the gate structure rerfiguresl).

The loop was excavated to one of two cresstion designs (for bend apices and straight reaches), or a
point on the transition between thefigure5), 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 thearised a O6bed checkd cr e;
layer of coarse, locallgourced sandstone. This downstreaature 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 watemd bedevels in the upstream reach of the river (which had adjusted to

the backweer effect of the collapsed gate strucjuiges well to create a crossing point for farm traffic.

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

limited the opportunity for the channel to adjust isise 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 flowsg large bund was constructed in the downstream portion of the
canalcut, 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 alscavated 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:

1 Topographic survey

Fixed-point photography
15-minutely water levels
Macro-invertebrate kick samples
Electro-fishing

Macrophyte survey

=A =4 =4 =4 =1
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Topographic survey

A comgete total station topographic survey, with channel esegsionsn the canal cuand in the loop

as it existed was undertaken by Halcrow Geomatics in December A@@fore any work had
commenced) This was followed up bg n -Huwisl t 6 s u rr2@04. Three fubhesureehse
including up to 24 crossections in the loop, and thalweg surveys on 2 occasiond &xel), were
conducted by Southampton University in 2005, 2006 and 2009. The layout of the surveys is given in
Figure2.

As-built 2005
Loop thalweg No No Yes(91) Yes (307) No
Canal cut Yes (dam
thalweg ves (14) onlyi 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 morded 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 306 and once in 2007. 35 mm
colourslide 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 intervalsSensor 1 was mounted from an overhanging tree in the middle of the
loop in 2005 (NGRSU983391906)) sensor 2, approximately 240 m upstream (NGB978321914);

and sensor 3, approximately 430 m downstream, at Shopham bridge at a later date, in 2006 (NGR:
SU984771855% as illustrated ifFigure3.
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Macro-invertebrate kick samples

Standard 3 minute benthic kick samples were performed ongegjezt,both in the loop andanal cut
in September 2002, amqmbstproject in August 2008 the loop only 1 minute amples were also taken

in 2005, 2006 and 2007

Kick sampl es

wheesobabitats r (ad @ ff ii redld blyy 6substrate

type,

approximately3 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 FFigure4).

v
\ 4
N
\ 4
| 4
v
\ 4
', /0 (Transect)
| 4 A\, Cobbles
A\ Deep clay
4 Gravel
Sand
\ 4 Scrape
- A, Shallow clay
A\ 'Vegetation

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 crossections 2, 4, 7, 9 and 13A. The aim here was to investigate the relationship between the
evolution of channel forrmndchannel biota.

Sampling point/type 2002 2005 2006 2007 2009
Transects 5 S 1
Scrape 1 1 1 1
Cobbles 3 3 3
Gravel 3 3
Sand 3 3 3 3 3
Woody debris/Vegetation 3 3 3
OsAAD Al A 3 3 1 3 3
s . - (depth
O3 EAI T x Al unspecified) 3 3 3
Table 2: Number of kick sample replicates by type and year.
James Holloway 6 RRC



Comparable 3 minute data are available for EA surveillance monitoring stations at:

1 Selham approximately 7.8 km upstream(NGR: SU9350021260; May & Sep 2005, Apr &
Sep 2006, Ock007 and May 2009

1 Shopham bridge, just 430 m downstream (NGR: SU9847018500; M&ySep 2005, Apr &
Aug 2006,Apr & Oct 2007and August 2009

1 Fittleworth, approx. 3.6 km downstream (NGR: TQ0088018239; Apr & Sep 2002, Apr &
Nov 2005, Apr 2006, and May 2007

Fisheries surveys

EA standarcelectrefishing methods were applied through the length of the loopiaride scrape in
2005, 20062007and 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-ttteeblesl Some basic
information about size classissavailable fol2005 and 2007, and for therape only in 200&nd 2009

Comparable data are available for EA surveillance monitoring stations at:

1 Coultershaw, approx. 1.3 km upstream (NGRU9729819058 Jul 2006, and Aug 2007 and
2008)
1 Fittleworth, approx. 3.6 km downstream (NGR: TQ0088018239; JAD06, 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 207 and August 2009. Species and approximate coverage were mapped.

James Holloway 7 RRC



2. Summary of results and conclusions

The results of analyses and conclusions emerging from the monitoringreateesented in this section,
grouped according to the monitoring objectives as set ddtion1.2.2

There are a number obmplicating factcs placinglimits on the confidence with whiatonclusionsan
be asserted, and the contents of this section should be interpreted with this irFomifebr discussion
of the data collection and monitoring desigmcluding explanation of tlselimitations, is presented in
Section3.

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

High degree of confidencé These conclusions are completely supported by the evidence collected and
the aralyses 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 confidencké These statements are highly likely to be true, but there may not be complete
datain support of them.Though further investigation may find otherwisiee great weight of
evidencesupports the claim.

Tentative conclusion$ These are suggested by the data, but cannot be definitively asserted. Typically,
some data support the conclusidiut the blk of the data is inconclusive, or the data collection
was likely to produce artefacts.

2.1 Geomorphology

2.11 Topographic survey

Dr. Steve Darby (Darby, 2008xamined the first two pogtr oj ect surveys (0605 al
2007, and concludethat 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 appeédeanostly

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 &estsonal morphology.

This variability was anticipated to be a k&ctor 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 concludebe following:

1 Morphological changes within the loop were generally of small scale. Moreover, observed
changes seemed to be reflecting irtennual 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 somehanges, particularlylocal
scour, appeared to be catinuing in the same trajectory in some crosssections (see
overlays, below).

1 Straight reaches of Shopham Loop appeared to be less sensdiveorphological 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 4Kigure 8), which is likely to have
been considered a straight reach (this is notlicitly stated in the report), but has
adjusted sigrificantly, most likely as a result of considerable adjustment of the upstream
curved reach (Section 4AFigure 9).

1 Within straight reaches of the loop, variations imean width relative to the design concept
had been negligible. However, thvariability 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 ana}sis of width standarddeviation has been undertaken)

1 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 @hbhsequently (20052006) occurred, as the channel (on average)
narrowed in this period. However, the crosection surveys indicated that localised scour
was continuing in some sections. The net effect was that the eseston area of straight
reaches emained in 2006 larger than the restoration design value.

In the sections examined below, ross-sectional area continued to increase to 2009. Local
areas of scour have also persisted sin@906.

1 Curved reaches of the loop had, on average, widened signitfiy (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)

1 Within curved reaches, thevariability of most of the key morphological parameters had
increased substantially during 2002006.

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

1 Some localised changes in the morphology thie Rother crossections immediately
downstream of Shopham Loop were observed, but the change appeared to involve a degree
of channel migration, rather than a systematic shift in morphologer se
Section B, the closer of the Rother sections to the loautflow, 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
O OEA 1 AEGAGRAIN &6 EO O GEsA tb ibek@ht baAkAEZDAD, though this
is a predictable adjustment (everif perhaps not anticipated to such a degree in the design
process) and is consistent with the design concept.

Crosssection overlays

Visual comparison of a time seriesagfincident crossections can give an indication of the occurrence,
directonandapr oxi mate rate of any changes Therawerehust c han
under 40 original design sections, broadly based on those illustrakeguire 5, or a linear transition

between the two quatiapezoidal forms.

These results are limited by the complications discuss&edtion3, but the loop crossectons which
match most closely between years are presentBdjines 618, 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.
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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).
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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).
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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
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Figure 12: Overlays from surveys of loop section 12. LB: left bank (facing downstream); RB: right bank
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Figure 13: Overlays from surveys of loop section 12A. LB: left bank (facing downstream); RB: right bank
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Figure 14: Overlays from surveys of loop section 13A. LB: left bank (facing downstream); RB: right bank
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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 Figures 1618, below.
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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
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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

1 There was nosignificant (> 1 m) lateral channel migration between autumn 2004 and the
survey in 2006.

1 Smallscale channel adjustment is widespread.

1 Apart from in the vicinity of sections 4 and 4#)e most significant changes in sectional
morphology since the 2004 suwey have occurred in the original channel, immediately
downstream and upstream of the connection to the meander loop.

1 Bed levels are consistery lower than those designed (this was already known, however
seeSection 1.3.1, 2nd paragraph).

1 The design sectiommorphology is nhot strongly evident.

Reasonablalegree of confidence:

1 The increases observed in crossectional area suggest the dominance of esion over
deposition over the period of observation, and that the preestoration concern of
sedimentation in the loop has been resolved.

T The outer bankappears to haveslumped into the channel at section 4A.

f  Assuming the design sections were followed inonstruction’, the most significant changes
occurred very quickly z indeed, before the adbuilt survey was conducted. The report
accompanyingthis survey statesthat there were high flow conditions in the loop, which
supports this conclusion.

1 Imported coarse materid on the downstream bedcheck (crosssection 1) appears to be
somewhatmobile, 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 witthigh degree of confidence from thegesults:

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

Tentativeconclusions:

1 The average bed gradient appears to be exhibiting small oscillating changes from the
design value of 0.00083, rather than any longerm trend (this was also a preliminary
observation from the initial report in 2007 (Darby, 2007))

1 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.

! The actual bed is likely to have been more deeply excavated.@égrestoration 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 lemth

Crosssection shape complexity (and, by extension, assumed habitat diversity) may be measured by the
length of the sectihmd per i met er sectibnr dataset.Tdble 3 peesents 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 followingtentativeconclusion can be drawn from this analysis:

1 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 formis abovw it er 0 s
surface. However, as more conclusions may be drawn aboutettidogical response from these
photographs, these are presé&eatiorR8l1 ater, under 06C

2.2 Hydrology and hydraulics

2.2.1  15-minutely water levels

The position of the three pressure transducers is giveigime3. Time series of the datae presented
in Figures20-22.

It was the objective of these datasets to enable change detection in flooding. As such, a number of the
peak flow events for eactime 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 FigR@eX5.
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Figure 20: Time series with quality information from the three water level loggers for the 2005/06 hydrological year.
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Hydrological year 2006/07
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Figure 21: Time series with quality information from the three water level loggers for the 2006/07 hydrological year.
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Hydrological year 2007/08
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Figure 22: Time series with quality information from the three water level loggers for the 2007/08 hydrological year.

James Holloway 22 RRC



Logger 1 (in loop)

35

2.5

2
15

0.5

0.5

R g —

3.5

2.5

R i

2
15

0.5

35

3
2.5

2
15

0.5

3.5

3

2.5

2
15

0.5

2
15

0.5

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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Logger 3 (at bridge)
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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 assumedith ahigh degree of confidendhat:

1 At the very broadest level, the water level and, by extension, flow and flooding dynamics
in the restored loop are comparable to theip- and downstream monitoring points.

With areasonabledegree of confidence, one can say that the data demonstrate:

1 The river came out of its bankgnany timesat all three monitoring points.

It can betentativelyconcludedfrom analysis using the rising limbs of the hydrograptiogger #1 (in
the loop,assuming a bank top (flood threshold) level of 2.&maj}, over the fullperiod covered by the
data

i There were 48 flood events.

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

1 The mean flood event duration was 28.4 hours, with a similar median of 23.4 hours.
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2.3 Channel ecology

2.3.1 Fixed point photography

Conclusions not only relating to the ecological response within the restored reach, but al§ohthat
floodplain andthoserelating to geomorphological effects of the reinstatement of the loop are presented
in this section. Note that the evaluation of this dataset is presentedséantion 3.2.2 under

6Geomorphol ogyé6,
that of assessing channel ecology.

as there are more

0 @yoppogedita i t i e s

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 ®fsmage
provided inAppendixC. Analysis here is limited to the main 24 positigred symbols irFigure 26),

as these have the best temporal coverage

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

2004 June s o of

2004 Nov of of of of o

2005Jan | of f f f F F f F & AL Al S Al Al 4t 4l 4

2005May |V f S S S AL AL AL LALAL AL

2006Feb |« LaL Al AU 40 20 45 2l AN AL 4 S f

2006May |« LA S LA AL <

2006 Nov AL AL AL

2007Jul | of o o o & S S

200/Nov W S ¥ N SN NN NN ANSSL

Totalimaged 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
Channel | Floodplain

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

highlighted.
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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 29: Repeat photo set from position 9
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Figure 31: Repeat photo set from position 19
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Figure 32: Repeat photo set from position 21
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The following conclusions can be drawn with higgh degree of confidence from these image
comparisons:

1 Virtually all originally bare banks hadestablisheda good cover of vegetatiorby the 2007
growing season.

i Mature woody vegetation retained during the project is contribuing woody debris to the
channel (e.g., position 7).

1 The plant structural and species diversity of the floodplain has increased significtin (e.g.,
position 19).

1 The change in crosssection 4A canbe 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 witteasonableconfidence thia

1 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.

1 The canal cut appears to be holding significantly more suspendeskdiment than the
restored loop (from the turbidity of the water in the photos).

2.3.2 Macrophyte survey

Summary data from the surveys are presentddhble 5, below, with more detailed information about
plant cover in 2006 presentedTiable6.

Statistic / Sp ecies ‘ 2005 2006 2007 2009 ‘
Summary statistics

Number of species 23 18

Number of genera 18 17

Total estimated % cover 7-10 13 n/a
Species present and % cover (where available)

Achillea millefolium +

Alisma plantago -aquatica + <0.1

Amblystegiumsp. +

Apium nodiflorum +

Bidenssp. +

Callitriche hamulata +

Carex acuta + +

Heradeumsp. +

Impatiens glandulifera + +
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Statistic / Sp ecies ‘ 2005 2006 2007 2009 ‘
Iris pseudacorus + + +
Juncusspp. (+) + (+)
Juncus articulatus +

Juncus effusus + +
Juncus inflexus +

Lemna minor + <0.1

Lemna trisulca +

Lycopus europaeus <01 +
Lythrum salicaria + 0.1 +
Myosotisspp. (+) +

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 +

Rumexspp. (+) +

Rumex hydrolapathum + <0.1

Sagittaria sagittifolia +

Scrophularia auriculata +
Senecicp. +
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

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

Estimated

n/a n/a 5-10 15 15 <5 10-15 10-15 5
cover (%)

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

The following conclusions can be drawn withigh degree of confidence:

1 Macrophytes quickly colonized and established themselves within the newly excavated
loop.

1 Sparganiumspp. andPhalaris arundinaceaare among the most common and ubiquitous
plants.

1 There was asignificant range (>125 % of average for whole loop) of spatial variatiomi
macrophyte cover in 2006.

The following can be concludedth areasonabledegree of confidence

9 Total macrophyte cover appears to be increasing.

1 The loop was initially colonized by a diverse macrophyte communitywhich has since
stabilized atlower 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
Table7, below.

ﬁW
Loop: all species excluding Minno w
No. individuals 294 318
% Fit-Coul avg. 69 87 n/a
Loop dominant species: M innow
No. individuals 1527 375
B-P dominance 0.84 0.54
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‘ 2005 2006 2007 2009

Scrape: all species excluding 3-Spined Stickleback

No. individuals n/a 179 714

Total length (cm) n/a 1038 4650

Avg. fish length (cm) n/a 6.48 6.51
Scrape dominant species : 3-Spined Sickleback

No. individuals n/a 1000 612

B-P dominance n/a 0.99 0.77

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 witgradegree of confidence:

1 Minnow has been the dominant species in the loop, particularly in 2005, when they were
observed spawning on the cobble and gravel bechecks.

1 3-Spined Stickleback has been the dominant species in the scrape in 2006 and 2007.

The dominance of these two species hd®en decreasing.

1 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.

1 Total numbers of fish other than Stickleback in the scrapeéhave been increasing
significantly.

I The average length of fistin the scrape has been increasing.

]

Thefollowing can be concluded withraasonabledegree of confidence:

1 Total numbers of fish other than Minnows in the loop appear to have peaked in 2006 and
declined since. However, accounting for wider trends (% Fi€oul avg.), catches within the
loop appearto have increased between 2006 and 2007.

1 Biomass of fish other than Stickleback (represented by total length) in the scrape appears
to be increasing damatically, though is fairly stable when accounting for this dominant
species (assuming average length of 5cm).

It can betentativelysuggested that:

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

Speciesspecific @atch numbers for thiwop are presented IFigure33 and as a proportion of catches at
nearby surveillance monitoring sites Figure34. Diversity indice$ for the sampled loop and scrape
communities are given ifable 8, i n Madhiivcehr sG t y6 i s between sampl
stretches of the loop

90
80
70 m2005
82006
B2007
02009
T
(1]
T
©
o
2
B
-]
K]
£
2 |
—— =
&, G, [s) C & R, Sy, 4 8, A ~; G 8, S, &, G
///7 Ud Qe 6‘16 e/ Oe 0‘7 c?,h I'ow Erc /4‘8 fey/ !'ee ea erb af;o
oy Yoop © K o e%'o/‘ey 7 7}01;, " g 7}004‘ <

Species

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

Udiversity is a measure of -diresityeetwegresangpies y wi t hin a sal
T h edivélsity indexusedni t hi s report is Simpsonds diversity inde
individuals will be of different species:ilD, whereD =  x 2 it whict\n)is the number of individuals of one

species and N is the total number of individjals

The -diversity index used igvh i t t endasurebs ( S 1,/wheltk)S is the total number of species recorded
and U is the average number of species per community.
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Number recorded as % Fit-Coul average
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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.
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Figure 35: -diwdrsity of electro-fishing samples, by sub-reach.
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2005 2006 2007 2009
Loop (including Minnow)

Number of species 16 15
| -diversity
(Shannon-Wiener H) 1.83 1.76
] -diversity
j 3EIi POT 180 3.96 3.79
[ -diversity

ffffff 0.66 0.94

Scrape (including 3 -spined Stickleback)

Number of species n/a 10 11
] -diversity

(Shannon-Wiener H) n/a 0.78 1.52
] -diversity a oo ot

i 3EIi DPOI T80

Table 8: Diversity measures for fish samples.

These data yield the following conclusions withigh degree of confidence:

f

The loop is particularly favoured byBullhead, Chub, Brown Trout, Grayling, Sea Trout and
Barbel, relative to Fittleworth and Coultershaw.

Diversity of the fish community (| -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 significantlydeveloping a
more robust community structure.

The following conclusions can be drawn witheasonabledegree of confidence:

)l

The four most common specie$¢Chub, Eel, Dace and Bullhead), as well as Roach, appear to
reflect the trend in total numbers, peaking in 2006 and then declining. This pattaris not
apparent when trends outside the loop are taken into accour{fFigure 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:

)l

Relative to wider trends, Bullhead and perhaps Stone Loach may be declinimdyilst 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  -diversity) has been relatively stable except for a peak
in 2006.
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2.3.4

Macro-invertebrate kick samples

Kick sample resultsvhere possibleyere evaluateth terms of

Outputs generated by the EA BIOSYS system

1

1

Biological Monitoring Working Party (BMWP) scorez a cumulative index of the pollution
sensitivity of the families recorded and, by extension, the wateguality.

Average Score Per Taxon (ASP7T)a meta-statistic from the BMWP method, indicating the
average pollution sensitivity of the invertebrate community.

Community Conservation Index(CCl) z an integrated measure of community species
richness and presace of locally and/or nationally rare species, constituting conservation
value.

Lotic-invertebrate Index for Flow Evaluation (LIFE) scorez an index for inferring flow
characteristics (typical velocity and frequency of flow) from macro-invertebrate
communities. The speciedevel method was used here.

Other calculategnon-BIOSYS)variables:

f

1
1
1

Note:

Owing to differences in data collection (discussedéttion3.4.3, comparisons can only be made

Total number of individuals.

Number of taxa recorded.

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

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

For

t e 70 Q51 mi n-)anddewmgiréam surveillanre monitoring (3 min) is not directly

comparable, anthe data arpresented on separate aregjualified in the captian

For certain nofBIOSYS variables, the stratified samples have been aggregated to inspect for overall

trends.

The format convention for ypand downstream surveillance muming sites is as follows (this is

difficult to read from some axis labels):

Il shopham Bridge
Fittleworth (downstream)

Selham (upstream)

¥ NB. Outputs for the 2005, 2006 and 2007 samples are not true index values as teekenivetas opposed to
standard 3 min) kicks,0heakceesheyl brikesrbkbdbweved

t he

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.
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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.

James Holloway 42 RRC



16

Macro-
invertebrates-
CCl

14

=== Both habitats 12

(average) *
< Sand

10

== Gravel

L 2
&
=
4 (Shopham Bridge)
/
6

4 (Fittleworth) /

(Selham) Year

2002 2009

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.
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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.
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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 U-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.
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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 CCl 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.
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