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1. Executive Summary
The Western Rother (upstream of Petersfield) (GB107041012840) is currently failing to achieve
“good” ecological status under the EU Water Framework Directive (Directive 2000/60/EC) due
to failures in fish populations, phosphate levels and hydrological regime. The river is also at risk
of sedimentation and poses a significant risk of flooding to the towns of Liss and Petersfield.
The Petersfield Rother Enhancement Project (PREP) aims to deliver a range of integrated
enhancements and natural flood management interventions along the river corridor to help
improve the ecological condition of the waterbody and reduce flood risk.
A walkover survey of 8.2km of the main river was carried out by two experienced
surveyors from the Arun and Rother Rivers Trust in Autumn 2019. The purpose of the survey
was to:
•

assess the physical characteristics and quality of the river habitat;

•

to identify any major impacts that may be affecting the biological health, and

•

to provide recommendations for viable and sustainable delivery of projects that would
be most beneficial to PREP achieving its aims.

The key findings of the walkover survey are as follows:
•

The habitat quality assessment scores of the main river ranged from 46 to 71 which
suggests the river offers moderate to high quality habitat compared to other lowland
riffle dominated rivers assessed by Raven et al. 1998 (range: 10-90).

•

Gravel substrate and riffles, and other natural features that provide habitat for
freshwater biota, were present along the entire length of the river. On average, 19 inchannel and 10 bankside natural features were recorded per 500m survey section.

•

Most of the surveyed river sections had continuous or semi-continuous tree cover along
the banks with associated beneficial features including exposed and underwater tree
roots and large woody debris present in all survey sections. These provide physical and
fluvial diversity and important refuge habitat for fish.

•

Riparian buffer strips comprising 5m widths of woodland, wetland, rough grassland, or
tall ruderal vegetation were present on the left and right banks for 88% and 53% of
survey sections, respectively.
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•

Two non-native invasive species, Himalayan balsam and Japanese knotweed were
recorded during the surveys and were accompanied by garden escapes that include
bamboo and rhododendron.

•

Five of six weirs recorded during the survey were considered potential barriers to fish.
Further investigation into the removal or modification of these is recommended.

•

The water quality results showed a spike in conductivity at the confluence with
Stanbridge Stream which may indicate input from pollutants. The levels of ammonia
were low and within the “good” WFD status for alkaline rivers in Sussex. Dissolved
oxygen levels were >70% for all sampling locations.

The surveys identified a range of viable and sustainable projects that would help improve the
biological health of the river and/or help to reduce flood risk. These include:
•

Four weir modifications and the control of non-native species.

•

Tree planting opportunities in five landholdings to reduce bank erosion, reduce
overland surface flow rates and/or improve riparian buffer habitat.

•

Bank stabilisation work using natural materials and methods to mitigate sedimentation
risk from severe bank erosion.

•

Installation of flood attenuation features including four locations for offline storage
ponds/washlands, six ditches for installing in-ditch barriers, three fields where
intercepting overland flow paths would likely be beneficial and one location where the
installation of in-stream large woody debris would help reconnect the river with the
floodplain.
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their land. We would also like to thank the Adur & Ouse Catchment Partnership for allowing
the use and modification of the template field app that was created for their catchment walkover
surveys. Lastly, we would like to thank Gareth Williams from the Environment Agency for his
guidance and support in developing the application for the projects funding.
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3. Introduction
The Western Rother (upstream of Petersfield) (GB107041012840) is one of 68 waterbodies in
the Arun & Western Streams management catchment that lies within the South East River Basin
District. The river is classified as having moderate ecological status under the EU Water
Framework Directive (Directive 2000/60/EC). This is driven by failures in fish populations,
phosphate, and hydrological regime (Environment Agency, Catchment Data Explorer, 2016
https://environment.data.gov.uk/catchment-planning/waterbody/GB107041012840). The
main factors considered to be impacting on the rivers ecological status include physical
modifications resulting in barriers to fish migration, point and diffuse pollution from water
industry and rural land management and water abstraction. The waterbody is also within the
River Western Rother Surface Water Drinking Protected Area Safeguard Zone (SWSGZ4014)
and is designated at risk from turbidity, pesticides, and cryptosporidium (Environment Agency,
2019). Consequently, the waterbody is one of eight rivers in the Arun & Western Streams
catchment that have been identified by the Environment Agency as a priority for environmental
improvements (Environment Agency, 2016).
The towns of Liss and Petersfield are the two main conurbations within the catchment,
and both include areas considered to be at risk from fluvial and surface water flooding. Liss has
suffered from a number of historic and large-scale flood events, the most recent of which
occurred in December 2013 and resulted in significant flooding to a number of residential
properties and businesses. The area upstream of Liss has been identified through Environment
Agency modelling as one of the top 100 watershed areas for Natural Flood Management (NFM)
approaches. This approach seeks to slow and store water in the landscape using multiple smallscale interventions which have benefits for flooding, landscape, wildlife, and the water
environment.
The Arun & Rother Rivers Trust (ARRT) have recently acquired funding from the
Environment Agency through their Water Environment Improvement Fund to deliver the
Petersfield Rother Enhancement Project (PREP). The project is being delivered in partnership
with the Arun and Western Streams Catchment Partnership (AWSCP) and aims to improve the
WFD status of the waterbody by targeting fish passage improvements and delivering physical
habitat enhancement/creation projects within the channel and its corridor for the benefit of
riverine ecology. The project also aims to identify and implement natural flood management
interventions in partnership with Liss Flood Action Group.
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To direct enhancement work and to provide a baseline for measuring the project’s
success, a walkover survey of the river was carried out by experienced ARRT personnel in
autumn 2019. Walk-over surveys assess the physical characteristics and quality of river habitats.
The method has been developed by scientists and practitioners to provide data that helps direct
conservation and restoration of wildlife habitats along rivers and their surrounding floodplains.
These surveys have previously been shown to be an effective method of providing groundtruthed evidence that can be used to prioritise resources to combat a wide range of river-based
issues (Environment Agency, 2012).
3.1. Scope of this report
•

This report details the results of the walk-over survey to determine the physical
characteristics, water quality and major impacts that may be affecting the biological
health of main river within the Western Rother (upstream of Petersfield) catchment;

•

Recommendations are provided of where enhancements or further investigations
should be carried out to help improve the health of the river in-line with the PREP
objectives;

•

This report has been prepared with reference to best practise guidance for Catchment
Walkover Surveys published by the Environment Agency (Environment Agency, 2012).

4. Study Area
The Western Rother (upstream of Petersfield) waterbody is centred upon Ordnance Survey Grid
Reference SU7769827501. The catchment area is 56.8 km2 and comprises agricultural land,
woodland, heathland, and the urban areas of Liss village and Petersfield town. The survey area
comprised of the main Western Rother river corridor between its source in the village of
Empshott and the confluence with Stanbridge Stream (GB107041012790) east of Petersfield
(Figure 1).
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Figure 1: map showing the location of the Western Rother (upstream of Petersfield) catchment, surveyed sections of the main river, land use (based on Corine land cover map
2007) and the Environment Agency flood warning area south of Liss.
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5. Method
The methodology used for this survey followed previous walk-over surveys that have been
carried out across the neighbouring catchments of the River Ouse and River Adur. The data
collected fall into the following categories and are in line with the “Catchment Walkover Survey”
information booklet (Environment Agency, 2012):
•

Channel dimensions, profile, substrate, and flow types

•

Extent of trees and associated woody features

•

Land use and riparian vegetation structure

•

Bank and in-channel features

•

Bank and in-channel modifications

•

Presence of invasive species

•

Locations of potential sediment and pollution pathways

•

Other major impacts considered to be negatively impacting on the watercourse
Data were collected at 10 spot check locations within discrete 500m survey sections.

Sections varied in length where landscape features (such as roads) or changes in landownership
represented more meaningful section boundaries. Where visible, any features that occurred
outside of the spot check locations were still recorded in a “sweep up” and a total count of
channel features including riffles, pools, point and side bars, weirs and outfall pipes was also
undertaken for each section.
All data were collected using ESRI’s Survey123 field app for ArcGIS. The form included
all data related questions and provided the ability to take photos and record the location for each
spot check, weir, outfall pipe, and sediment and pollution pathway. The data were uploaded into
the Survey123 geospatial cloud and analytics were extracted in both form and shapefile format
for further analysis.
Water sampling was carried out at one spot check location within each survey section
and at additional points where tributaries adjoined the main river. Measurements of pH,
temperature, conductivity (µs/cm), dissolved oxygen (DO in % saturation) and ammonia (as N
in mg/l) were taken in the field using a YSI Pro DSS.

5.1. Analysis of data
The data were summarised for each river assessment category across the survey area and for each
survey section. Spot check locations were visualised in ArcGIS and the associated attribute data
7

were used to categorise adjacent land use types and explore the locations of in-channel features
and modifications, in relation to water quality. Using the criteria in Raven et al. (1998), each
survey section was analysed to give a Habitat Quality Assessment score (HQA) and a Habitat
Modification Score (HMS). This grading system allows individual river sections to be compared
against each other and indicates variation in habitat quality within the sub-catchment.

6. Results
A total of 8.2km (54%) of 15 km of river were surveyed between 30th September and 13th
November 2019. This comprised 17 surveyed sections and 147 spot checks and included eight
landholdings. The average distance covered by a survey section was 480m. The location,
landholding, distance surveyed and number of spot checks per section is provided in Table 1.
Table 1: showing start location, distance surveyed, number of point surveys per survey section and associated landholding for
each surveyed section of river.
Survey section

Start location (OS
grid reference)

Distance
(m)

No. Point
surveys

Landholding

WRP2

SU7433831022

480

6

A

WRP3

SU7467730711

431

10

WRP4

SU7505130664

414

10

WRP5

SU7542630627

796

6

WRP6

SU7608030523

543

10

WRP7

SU7663730303

603

10

WRP8

SU7688029893

272

6

WRP11

SU7789828793

419

10

WRP12

SU7798528435

431

10

WRP13

SU7787928071

511

9

WRP18

SU7696325989

294

5

WRP19

SU7664525678

494

10

WRP20

SU7646425390

505

10

WRP21

SU7614625212

504

10

WRP25

SU7657923884

479

5

WRP26

SU7696223521

489

10

WRP27

SU7696523172

487

9

8

B

C

D

E

F

G

6.1. Channel information
During the period of data collection, the mean water depth within the channel was recorded as
0.6m (range: 0.05 – 1m) and is considered to represent high level flows due to significant rainfall
preceding the surveys. The mean bankfull height on the left was 2.5m (range: 0.8 – 6.0m) and
2.6m (range: 1.5 – 5.5m) on the right. The highest bank height measurements were recorded in
the upstream sections where the channel flows through the Upper Greensand Hangers south of
Empshott. For these sections, the bankfull height was lower on the left than the right. Further
downstream, the height of the bank top was lower and showed a tendency to be lower on the
right bank (Figure 2).

Figure 2: Chart showing bankfull width, mean bank top heights across both banks and the difference between left and right
bankfull heights for each survey section.

The mean bankfull width for the watercourse was recorded as 5.3m (range: 2.5 – 8.0m)
and generally increased in width from upstream to downstream ( Figure 2). The mean water width
during the survey period being 3.6m (range: 1 – 6.5m). The dominant profiles (>33%) recorded
on both banks were steep (for 50% of sections), vertical/undercut and vertical/toe (each for
38% of sections) and composite (for 12% of sections). Reinforced banks were present (<33%)
in 10 (59%) sections and gentle profiles were present but not dominant in one survey section. An
average of four bank profiles (range: 2 - 5) were recorded for each section.

9

The channel substrate was not visible for 29% of spot check locations. This included 28
of the 29 spot checks located along the three Liss Riverside Walk sections (WRP11-13) which
were surveyed after heavy rainfall. Elsewhere, the substrate largely comprised of gravel/pebble
or sand, of which the former was present in all but two sections (WRP12 & 13). Silt was
present, but not dominant in two survey sections (WRP2 & 7) and boulders and earth substrate
were each present at one and two spot check locations, respectively (Figure 3).

Figure 3: Chart showing the proportion of each channel substrates recorded across spot check locations

A total of five different flow types were recorded across all spot check locations (Figure
4). The most frequently recorded was smooth downstream movement (for 50% of locations)
and rippled (for 32% of locations). Chaotic flows (3-4 flow types) were recorded at 10% of spot
check locations and chutes were present at two locations. Riffles (unbroken standing waves) that
are typical in gravel bed waterbodies, were only recorded at 11 spot check locations, but were
frequently recorded in the sweep-up, occurring in all sections. The diversity of flow types in
each section ranged from two to five with the highest diversity located upstream and
downstream of Snailing Lane (WRP6 & 7, Figure 5).

Figure 4: Chart showing the proportion of each flow type recorded across spot check locations.
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Figure 5: Map showing diversity of flow types recorded for each survey section of river.
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6.2. In-channel and bank side natural features
A total of 330 natural in-channel features comprising eight categories were recorded during the
surveys (Figure 7). This gives an average of 19 features per survey section or four features per
100m of river (based on the average length of surveyed sections). Large woody debris and
overhanging boughs (large tree branches that arc horizontally or dip close to the water) were the
most frequently recorded, with an average of 16 woodland related features recorded per survey
section. Exposed boulders were recorded at 17 spot check locations, all of which occurred in the
upstream survey sections (Figure 8). Mid-channel bars, vegetated rock and mature islands were
also present, but not extensive, with 1-2 of each being recorded at spot checks in less than half
of the survey sections (Figure 8). Photos showing some of the in-channel features recorded
during the surveys are provided in Plate 1a-d.

a)

b)

c)

d)

Plate 1: Photos of in-channel features recorded at spot check locations including a) exposed
bedrock (WRP8); b) fallen tree (WRP20); c) mid-channel bar (WRP18) and d) large
woody debris (WRP6).

A total of 170 bank side features, consisting of seven categories, were recorded during
the surveys (Figure 7). Stable and/or eroding cliffs were present in all survey sections and of
these, stable cliffs were the most frequently observed. Natural berms were present at 20% of
spot checks and eight survey sections. Side and point bars were the least recorded natural
feature and no features were recorded for approximately half of spot check locations. Photos
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showing some of the bank side features recorded at spot check locations are provided in Plate 2ad.

Figure 7: chart showing the proportion of in-channel feature types recorded across spot check locations.

Figure 6: chart showing the proportion of natural bank side features recorded across spot check locations.

a)

b)

c)

d)

Plate 1: Photos showing bank side features recorded at spot check locations a) stable cliff in section WRP11; b) mid-channel
gravel bar in section WRP18; c) eroding cliff in section WRP8 and d) point bar in section WRP4.
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A map showing the number and diversity of features recorded for each survey section is
shown in Figure 8. The highest number of bank and in-channel features (n = 42) were observed
upstream at Empshott Green (section WRP3) where the watercourse flows through Hawkley
Mill, south of the Lythanger. This section of river also had the highest diversity of features (n =
10), as did most of the sections upstream of Snailing Lane (WRP2, WRP4 and WRP6) where 9
different natural feature types were recorded. Over 30 features were recorded downstream of
where the River Blackwater adjoins the river, north of Liss (section WRP11), along a section that
flows adjacent to Adhurst Wood (section WRP20), and upstream of the confluence with
Stanbridge Stream (section WRP27). The lowest number (n = 17) and diversity of features (n =
5) were recorded upstream of the Station Road bridge in the town of Liss (section WRP13),
however, heavy rainfall may have reduced visibility of some features for this section of river.
A total of 169 riffles were recorded at, and between, spot check locations. This equates
to an average of 10 riffles per survey section (range: 3 – 26). The average riffle to pool ratio was
1 riffle to every pool recorded. Side and point bars were recorded in eight and 10 of the 17
survey sections respectively, including those present at and between spot check locations. In
total, 18 side bars and 31 point bars were recorded. Three survey sections, all upstream of
Snailing Lane, had a combined count of over 20 riffles, point and side bars with the highest
combined number of these features (n = 38) recorded at the source of the river at Empshott
Green (section WRP3). In contrast, seven survey sections had relatively few of these features
(<10) which included section WRP8, upstream of the A3 trunk road, sections WRP26 & 27 that
are situated upstream of the confluence with Stanbridge Stream, section WRP21 upstream of
Bridge Mill and all three sections that flow through the Liss Riverside Walk (Figure 9).
In-channel vegetation was present at spot checks within all but one survey section. The
most frequently recorded vegetation types present along the river were liverworts, mosses and
lichens, and grasses, sedges and rushes which were recorded in 15 survey sections and at 57%
and 48% of spot check locations, respectively. Emergent broad-leaved, submerged broad-leaved
and submerged linear leaved plants were recorded in seven, eight and nine sections respectively,
of which submerged linear leaved plants were observed most frequently (16% of spot check
locations).
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Figure 8: Map showing total number of bank and in-channel features recorded across point surveys and the proportion of feature types occurring within each survey section.
15

Figure 9: Map showing the combined counts of riffles, side and point bars recorded in each survey section and the proportions of the total number recorded of each feature
across all survey points, by survey section
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6.3. Bankside trees and alders
All but one surveyed section of river had continuous or semi-continuous tree cover on one or
both banks. Of these, two sections (WRP19 & 27) had regularly spaced and occasional clumps of
trees on one bank and the remaining had more extensive tree cover on both banks. The least
tree cover was observed in survey section WRP26 which had occasional and regularly spaced
trees on the left- and right-hand bank respectively, and this was mainly attributable to the loss of
trees from eroding banks (Plate 2a). Despite this, channel shading was considered extensive
(>33%) for all surveyed river sections. The composition of bank side trees was dominated by
broadleaved species with some conifer species located in Shadwell Copse (WRP2), Stodham
Copse (WRP18) and Adhurst Wood (WRP19-21).

a)

b)

Plate 2: Photos showing a) occasional/regularly spaced trees along section WRP26 and b) continuous tree cover along section
WRP12 located along the Liss Riverside Walk

Common alder (Alnus glutinosa), that provide protection against bank erosion owing to
their deep roots, were present (<33%) or extensive (>33%) in seven and nine surveyed sections
respectively. No alder trees were observed in Shadwell Copse (WRP2). Evidence of the
pathogen Phytophthora alni, that causes root and collar loss in alder trees, was present (<33%) or
extensive (>33%) in 10 of the 17 survey sections and showed high occurrence downstream of
Liss Forest (Figure 10). Ash dieback was also present in the woodlands adjoining the watercourse
upstream of Snailing Lane.
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Figure 10: Map showing survey sections where evidence of the pathogen Phytophthora alni was present (<33%) or extensive (>33%) on Alder trees.
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6.4. Bankside woody features
Features associated with bankside trees were present or extensive across all surveyed river
sections (Figure 11). Overhanging tree boughs and exposed and underwater tree roots were
extensive for the majority of surveyed sections (Plate 4a-b), whilst large woody debris and fallen
trees were largely present, but not extensive, within and/or adjacent to the channel. Leaky
woody debris dams (Plate 4c) that span the channel and play an important role in natural flood
management were present in all but the three sections located along the Liss Riverside Walk
(WRP11-13).

Figure 11: Chart showing proportion of woody feature types recorded as present or extensive across all surveyed sections of
river.

a)

b)

c)

Plate 3: Photos showing a) underwater tree roots (WRP5); b) exposed tree roots (WRP7) and c) leaky debris dam
(WRP7).

6.5. Land use & riparian buffers
Eight habitat types were recorded as the dominant (>33%) land use within 50m of riverbank.
The most frequently recorded habitats were broadleaved/mixed woodland and improved/semi19

improved grassland, of which the latter occurred most frequently upstream of the A3 trunk road.
Conifer and mixed plantation woodland, urban, arable land and rough grassland were each
dominant (>33%) for one survey section. Other habitats recorded as present (<33%), but not
dominant, included tall herb, wetland, and scrub/shrub.
A total of 12 different habitat types were present within 5m of the bank top (Figure 12).
The majority (>50%) of habitat adjoining the left bank was wooded, whilst the most frequently
recorded habitat for the right bank was improved/semi-improved grassland. In terms of buffer
habitat types, natural/semi-natural woodland (wet and dry), scrub, wetland, rough grassland, and
tall ruderal were all considered to provide some riparian protection from adjoining land uses.
Together, these made up 69% of left bank and 40% of right bank observations. Survey sections
were considered to have suitable 5m wide buffer strips if buffer habitat types were present at
>50% of spot checks within each section. This showed the majority (88%) of river sections to
have 5m wide riparian buffer habitat present on the left bank, whilst approximately half (53%) of
the survey sections were considered to have suitable riparian buffers on the right bank. A map
showing the dominant habitat within 50m of the bank and the presence of riparian (5m) buffer
strips is provided in Figure 13.

Figure 12: Chart showing the proportion of each land use type recorded on the left and right bank across all spot check locations
along the river.
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Figure 13: Map showing the distribution of dominant habitat types recorded for each survey section and the presence of 5m wide riparian buffer strips where >50% of bank
top is comprised woodland, scrub, wetland, rough grassland and/or tall ruderal vegetation.
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6.6. Habitat Quality Assessment scores
The habitat quality scores for the 17 surveyed river sections ranged from 46 to 71 (Figure 14).
The highest scoring (HQA: >65) sections are located near the source of the river at Hawkley Mill
(WRP3 & 4) and further downstream at Stodham Copse (WRP18). The lowest scoring sections
(HQA range: <50) were located along the Liss Riverside walk. This was mainly attributable to
unnatural habitat (improved grassland and urban) within 5m of the riverbank and a lower
number of in-channel and bank side features. Photo’s showing the highest and lowest scoring
sections of stream are provided in Plate 4.

a) WRP3: HQA=69

b) WRP4: HQA = 67

d) WRP12: HQA = 49

e) WRP13: HQA = 46

Plate 4: Photos of the highest and lowest scoring sections for habitat quality (HQA).
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c) WRP18: HQA = 71

Figure 14: Map showing Habitat Quality Assessment Scores for each surveyed section of river (from low to high).
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6.7. Water quality
Water quality sampling was carried out at 20 locations along the river. This included one location
within each surveyed section, one location at Sheet Mill and two locations where the river was
adjoined by tributaries including the Stanbridge Stream and an urbanised secondary watercourse
that arises east of Reeds Lane in East Liss (East Liss tributary).
Results from the field measurements (Table 2) showed that pH ranged from 7.3 to 8.3
and the water temperature ranged from 7.9°C to 12.6°C. Conductivity levels ranged from 276
µs/cm to a high of 613 µs/cm which was observed in section WRP2. The river is adjoined at this
point by a tributary that arises in Hawkley and that flows through arable land and a historic trout
fishery before its confluence with the river at Shadwell Copse. Relatively high conductivity
(>500µs/cm) was also observed further downstream at the road bridge at Hawkley Mill (WRP3)
and at the confluence with the Stanbridge Stream. High conductivity near the source is most
likely due to the calcareous sandstone geology and aquifer that provides base flows to the river.
The higher levels downstream at the confluence with the Stanbridge Stream, however, may be an
indication of pollution and further sampling is required.
Ammonia (NH3) levels ranged from 0.0 to 0.24mg/l, with most locations showing levels
of 0 - 0.01mg/l. Three locations, all downstream of two consented sewage discharges at
Hawkley Mill and the adjacent Mill Cottage, showed ammonia levels in excess of 0.2mg/l. These
values, however, are still within the “good” WFD status classification for lowland, high alkalinity
rivers in Sussex. Dissolved oxygen (% saturation) ranged from 70.1 to 90.4 with the lowest
levels recorded in section WRP2. This is likely related to the higher conductivity levels that were
observed near the river source as dissolved oxygen concentration is inversely related to
conductivity. A map showing relatively conductivity and ammonia levels is provided in Figure
15.
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Table 2: Table showing the water quality results for 20 sampling locations along the main river.
Survey Section

pH

Temp (°C)

DO (%
Saturation)

Conductivity
(μs/cm)

NH3 (as N in
mg/l)

WRP2

7.3

10.4

70.1

613

0

WRP3

7.77

12

93.8

508

0

WRP4

8.07

12.1

94.3

497.4

0.24

WRP5

8.28

12.5

94.7

490.5

0.22

WRP6

8.26

12.6

96.1

477.1

0.23

WRP7

8.07

11.5

92

461.3

0.01

WRP8

8.03

11.5

90.6

454.6

0.01

WRP11

7.46

10.8

90.6

371.8

0

WRP12

7.54

7.9

91.5

276.4

0

WRP13

7.62

8

91.7

281.2

0

WRP18

7.53

8.1

89.7

282.6

0

WRP19

7.75

10.9

90.5

375.2

0

WRP20

7.64

10.8

90.5

369.6

0

WRP21

7.79

10.9

90.3

369.8

0.01

WRP25

7.98

10.5

93.8

400.9

0.01

WRP26

7.72

10.2

90

396.4

0.01

WRP27

7.9

10.3

91.4

396.1

0.01

East Liss tributary

7.74

8.6

89.7

323.3

0.01

Sheet Mill

7.59

10.4

93

403.3

0.01

Stanbridge Stream

7.59

11.7

83

523

0.01
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Figure 15: Map showing water quality field measurements for conductivity (in μS/cm) and ammonia (NH 3 as N in mg/l) taken during field surveys of the main river.
The locations of Environment Agency consented discharges within the catchment are also shown.
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6.8. Pollution and sediment pathways
A total of 14 outfall pipes were observed during the surveys of which two, both along the Liss
Riverside Walk, were highlighted as potential point sources of pollution (Figure 16). This
included one outfall pipe in section WRP12 that was draining an arable field located 30m from
the right bank. The other was from a drain located 5m from the right bank top next to
residential garages in section WRP13. There were no spikes in the water quality field
measurements taken downstream of these locations during the surveys, however, this does not
preclude the risk of phosphate and nitrogen input from the arable field or other hazardous
substances from the urban drain.
Eight sediment pathways were identified during the surveys, of which six were associated
with riverbank erosion (Figure 16). These included numerous locations along the river as it flows
adjacent to Adhurst Wood (WRP19 & 20) and upstream of the confluence with Stanbridge
Stream (WRP26 & 27), and more isolated points of erosion upstream of Hawkley Mill (WRP2)
and on the right bank along the Liss Riverside Walk (WRP12). Road bank erosion was observed
along Tankerdale lane, near Stodham Copse (WRP18) and is a likely pathway for sediment into
the river as the road slopes steeply down toward the channel from the erosion point. The
remaining sediment pathway is in section WRP8 where no buffer strips are protecting the river
channel from grazed pasture that slopes down to the bank top. Photos of potential pollution
and sediment pathway are provided in Plate 5a-f.
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a)

b)

c)

d)

e)

f)

Plate 5: photos showing potential pollution and sediment pathways recorded during the river surveys
where a) shows outfall pipe from garage drain (WRP13); b) shows outfall pipe from arable field
(WRP12); c) shows right bank erosion along Liss Riverside Walk (WRP12); d) shows bank erosion
at bottom of pasture (WRP8); e) shows bank erosion upstream of the confluence with Stanbridge Stream
(WRP26) and f) shows bank erosion along banks of pasture fields as the river flows adjacent to Adhurst
Wood (WRP19-20).
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Figure 16: Map showing location of potential pollution and sediment pathways recorded during the walkover surveys of the river.
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6.9. In-channel modifications
A total of six weir structures (W1-6) were recorded during the surveys of which four (W1-4) are
located upstream of the A3 trunk road. A photo, brief description and likely impact of each weir
on fish movement and habitat is provided in Table 3 and the locations are provided in Figure 17.
Table 3: Showing a description of the weirs recorded during field surveys of the Western Rother (upstream of Petersfield) and
their likely impact on fish migration and habitat.

Impacts
Fish migration
Habitat
Likely to be
Natural habitat
impassable due to upstream and
headloss and low downstream of
culvert height at
weir with no
bottom of weir.
upstream
Low impact on
impoundment
populations as
observed during
located close to
surveys.
the source of
waterbody.

Weir ID (Section)
W1 (WRP3)

Description
Culverted weir associated
with historic watercress
beds and trout fishing
lakes located upstream.
Headloss of approx. 1.5m

W2 (WRP6)

Brick weir with headloss
of approx. 0.5m. Likely
remnant of larger historic
structure due to presence
of brick arm downstream.

Potential barrier
to fish passage.
By-pass channel
present behind
brick arm on left
hand bank but
investigation of
suitability for fish
passage advised
(e.g. presence of
attractant flows).

Natural habitat
upstream and
large weir pool
present. No
upstream
impoundment
observed during
the surveys

W3 (WRP6)

Metal flap sluice gate with
headloss of approx. 0.3m.
Gate open at time of
survey

Potential barrier
to fish passage
due to angle of
flaps and flow
regime through
structure.
Impassable if
flaps closed
(appears
inoperable).

Natural habitat
located upstream
and downstream,
impounding
water for
approximately
50m upstream.
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Impacts
Fish migration
Habitat
Likely to be
Natural habitat
impassable due to upstream and
slope and velocity downstream.
through the
Weir pool and
structure.
duck rearing
likely to be
impacting
habitat. No
upstream
impoundment
observed during
surveys.

Weir ID (Section)
W4 (WRP7)

Description
Brick smooth sloped weir
with headloss of approx.
1m. Located upstream of
where river splits around a
large island used for
pheasant rearing. Weir
pool used for rearing ducks.

W5 (WRP21)

Large weir associated with
Mill. Access to assess weir
was not possible as weir is
in private gardens.

Not assessed.

Natural habitat
upstream with
some
impoundment
observed during
the surveys

W6

Weir located at Old Mill
Lane. Weir associated with
Mill structure upstream of
photo where river splits
with one arm running
underneath old mill. Low
crest height.

Potential barrier
to fish passage
due to depth of
water across the
concrete slab.
Alternative
upstream channel
is present that
avoids movement
through Mill
which may act as
a by-pass.

Large weir pool
present
downstream
and natural
habitat
upstream with
no
impoundment
of water
observed during
surveys.

In addition to the weirs observed during the surveys a further two weirs located
downstream of Liss are considered, by the Environment Agency, to be potential barriers to fish
migration, however permission was not granted for us to access these sections of river (Figure
17).
A total of seven culverts were recorded along the surveyed river sections. Two culverts
were associated with road bridges, two with farm crossings, one with the Portsmouth to London
railway line, one with a footpath crossing and one with the weir in section WRP3. Other than the
weir culvert, all the culverts were clear and passable by fish at the time of surveying. Four road
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bridges were recorded during the surveys and all were considered a likely barrier to river flow
during flood events. A further 15 minor bridges were present and primarily associated with
footbridge or farm crossings. Minor bridges, however, do not constitute a modification to the
channel unless they have been culverted or have associated reinforcements to the bank.
Reinforced banks were recorded in over half of the surveyed river sections, being present
at 19 spot check locations. These included nine locations where the whole bank had been
reinforced (Plate 7b & g) and three where rubble and/or sheet piling was in place to reinforce the
bottom of residential gardens as the river flows through Liss (WRP13, Plate 7f). The remaining
reinforcements were associated with bridge structures. No poaching by livestock was recorded
along the riverbanks as the river was fenced where grazing livestock were present. Mown
riverbanks were present at three spot check locations in sections (WRP3, 7 & 21, Plate7a).
The river has historically been realigned near the source (in section WRP2) to create
watercress beds and a trout fishery. More recently, sandbags have been placed to divert water
into the lakes and the tributary that arises in Hawkley (Figure 17 inset). The river along section
WRP26 was also slightly embanked and most likely associated with sediment deposition
following flooding events.
Photo’s showing modifications to the channel that contribute towards the Habitat
Modification Scores are provided in Plate 6 and the locations of culverts, major bridges and weir
structures are shown in Figure 17.
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a)

b)

c)

d)

e)

f)

g)

h)

i)

Plate 6: Photos showing modifications to river recorded during field surveys and that contribute towards the Habitat
Modification classification for each section where a) shows road bridge culvert (WRP3); b) shows reinforced banks at
Hawkley Mill (WRP3); c) shows clear span road bridge at WRP7; d) shows culvert for farm crossing (WRP7); e) shows
bank top reinforcement along disused railway line at Liss (WRP12); f) rubble reinforcing banks where the river flows close
to houses at Liss; g) shows reinforced banks upstream of Snailing Lane (WRP6); h) Station Road bridge culvert and i)
shows Tankerdale Road Bridge (WRP18).
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Figure 17: Map showing distribution of culverts, road bridges and weirs (W1-6) recorded during walkover surveys of the river and the locations of potential barriers to fish
migration based on Environment Agency data.
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6.10. Habitat Modification Classification
The Habitat Modification Scores for all surveyed sections of stream ranged from zero to 28
(Figure 18). Based on Raven et al. (1998) classifications, 71% of the surveyed watercourse is
largely unmodified, with 18% classified as pristine, 24% as semi-natural and 29% as
predominantly unmodified. Of the remaining survey sections, three (18%) were classified as
obviously modified and two as significantly modified (11%) and this was due to the presence of
culverts, weirs, and reinforced banks along these sections of river. A map showing the habitat
modification classifications by survey section is provided in Figure 19.

Figure 18: chart showing the proportion of survey sections in each habitat modification class

6.11. Invasive species
Two non-native “invasive” species were recorded during the surveys which included Himalayan
balsam (Impatiens glandulifera) that was present in 11 of the 17 survey sections and Japanese
knotweed (Fallopia japonica) that was present in one survey section adjacent to Adhurst Wood
(WRP20). Possible mink tracks were noted in one survey section (WRP26), however, these are
not confirmed. Other species considered to be reducing habitat quality along the river included
Bamboo, which was present within four survey sections and Rhododendron (Rhododendron
ponticum) which was present in two survey sections adjacent to Adhurst Wood. A map showing
the distribution of non-native and invasive species recorded during the surveys is provided in
Figure 20.
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Figure 19: Map showing Habitat Modification Classifications for each surveyed section of river
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Figure 20: Map showing location of non-native “invasive” species and other species considered to be negatively impacting habitat quality along the riverbank.
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7. Opportunities
The Western Rother (upstream of Petersfield) waterbody is currently failing to achieve “good”
ecological status under the EU Water Framework Directive (Directive 2000/60/EC). This is
driven by failures in fish populations, phosphate, and hydrological regime (Environment Agency,
Catchment Data Explorer, 2016 https://environment.data.gov.uk/catchment-planning/
waterbody/GB107041012840). The waterbody is also within the River Western Rother Surface
Water Drinking Protected Area Safeguard Zone (SWSGZ4014) and is designated at risk from
turbidity, pesticides, and cryptosporidium (Environment Agency, 2019).
The Petersfield Rother Enhancement Project (PREP) aims to improve the WFD status
of the waterbody by targeting fish passage improvements and physical habitat
enhancement/creation and by implementing natural flood management interventions. The
walkover survey has identified a range of viable and sustainable projects that could be
implemented along the river. These include non-native species control, tree planting, installing
flood attenuation features, bank stabilisation works and weir removal or modification. A
description of each of these measures is provided below and the locations of each are shown in
Figures 21a -d.
7.1. Non-native invasive species control
Himalayan balsam was present along most of the river. The plant reduces habitat quality and is
particularly problematic for the catchment as it can leave riverbanks exposed during winter,
increasing the risk of bank erosion and sedimentation. The plant is currently being controlled
along the Liss Riverside walk and it has a more localised occurrence upstream of here, suggesting
eradication from the catchment is viable. Japanese knotweed was also present on the riverbank
on the boundary of Adhurst Wood. It is advised that the landowner is provided information on
suitable control measures as it is an offence to let this plant grow in the wild. Other ‘garden
escapes’ were also present along the riverbanks in Liss and due to the risk of them dislodging
and blocking bridges and culverts further downstream it is recommended that residents are
advised about suitable bankside vegetation. Please refer to Figure 20 which shows the distribution
of each species recorded during the field survey.
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7.2. Weir removal/modification
Five of the weir structures located during the surveys are considered as potential barriers to fish
passage (W1-4 & W6). It is also recommended that the landowners of W5 be contacted to seek
permission to assess the impact of this structure on fish passage.
W1 is thought to be technically or financially unfeasible to modify or remove, however,
its location near the source of the river means that little benefit would be derived from any
project directed at this location.
W2 itself is impassable to fish, however the presence of a by-pass channel behind the
brick arm on the left bank may be mitigating its effects. The site is worthy of further
investigation to ensure that the by-pass channel is functioning in a manner suitable for fish
passage (e.g. attractant flows are present). Should the by-pass not be functional then it is advised
that it, or the structure itself, be modified to facilitate fish passage.
W3 is a metal structure which appears to have no function within the existing channel.
At the time of surveying, flaps within the structure were open and water was flowing through.
However, the direction of these flaps is potentially infringing on fish passage and as such it is
recommended that the metal structure be removed entirely from the channel. If this is not
feasible then it is recommended that the flaps be removed from the structure and other suitable
modifications be made as required to facilitate multi-species fish passage.
W4 should be fitted with a bristle pass such as that installed on gauging stations on the
River Adur. This would offer a low-cost solution to fish passage at this site.
W6 should be assessed for the installation of a notched baffle to increase water levels
across the concrete sill. The headloss at this site is not considered to be a barrier but immediate
upstream water levels are likely to be a constraint to fish movement and this would offer a lowcost solution.
Ideally a strategy to remove/modify W2, W3, W4, W6 should be implemented. However,
should this not be feasible then it is suggested that resources be focused working from the most
downstream (W6) to the most upstream (W2) of these barriers.
7.3. Tree planting
Tree planting can provide multiple benefits to river habitats. These include bank stabilisation,
channel shading to reduce water temperature, structural diversity to the channel bed and riparian
protection against rural land management. In addition, trees and shrubs planted within the
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floodplain, either as wide buffer strips or hedgerows, can reduce the volume and rate of surface
water runoff, promote rainfall infiltration into the soil and delay the downstream passage of peak
flows. Whilst many of the surveyed river sections had continuous tree cover, there were a
number of areas where tree planting would be beneficial for delivering habitat enhancements and
natural flood management. These include:
•

Increasing the width of riparian trees upstream and downstream of Snailing Lane
(WRP4-8) to reduce the transfer of nutrients and sediment from adjacent pasture that
slopes down to the river on both banks (Plate 7);

Plate 7: Photo showing sloping pasture adjacent to river
(WRP7)

•

Planting an understorey of hazel and holly in the plantation woodland on the right bank
at Stodham Copse (WRP18) to increase floodplain roughness and attenuate out of bank
flow. This should be carried out following removal of Himalayan balsam that was the
dominant understorey species at the time of surveying.

•

Creating riparian woodland or planting bankside trees upstream of the confluence with
Stanbridge stream (WRP26) and on the right bank of the Liss Riverside Walk (WRP1112) to reduce bank erosion and attenuate out of bank flow.

•

Hedgerow planting at three locations including a) across a large pasture field upstream
of Snailing Lane where aerial imagery suggests a historic hedgerow once existed (WRP4,
Plate 9a); b) around agricultural field ~50m from the right bank of the river upstream of
Liss at Kippenses Barn (WRP11) and c) around an arable field at the confluence with
Stanbridge Stream (WRP27, Plate 9d). For the latter two, surface water runoff is evident
from lidar data (Plate 9b & c).

•

Tree planting along the opposite banks to Adhurst Wood (WRP19-21) where diseased
alder are present, and along the right bank of the Liss Riverside walk (WRP11-13). This
would help to increase riparian protection and reduce bank erosion.
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a)

b)
Surface
water
ruoff

c)

d)

ARABLE

Plate 8: a) showing aerial image of pasture field upstream of Snailing Lane where hedgerow could be reinstated; b) Showing
LiDAR image and location of new hedgerow (green line) upstream of Liss and c) LiDAR image with location of new
hedgerow (green line) and photo of arable field upstream of confluence with Stanbridge Stream

7.4. Bank stabilisation
Bank erosion is an integral part of a functioning river ecosystem that promotes riparian
vegetation succession and creates dynamic habitat crucial for aquatic and riparian plants and
animals. As such, stabilising the banks can simplify complex natural channel morphology
(Florsheim et al. 2008). However, given the river is considered at risk to turbidity, and sediment
pressures exist downstream in the Western Rother Durford waterbody, there is likely to be
beneficial outcomes to freshwater biota if some of the most severe bank erosion is addressed. A
total of six sediment pathways resulting from riverbank erosion were identified during the
surveys. For the majority of these, alternative measures, such as planting riparian woodland or
bankside trees, or creating offline flood storage are also proposed. However, if these changes
within the floodplain are not viable, then alternative measures should be considered. These
could include:
•

Creating an empty berm at the toe of the bank to allow the eroding bank material to be
captured, revegetate, and reduce further scour of the bank by diverting flow (Plate 10a).

•

Installing chestnut posts into the riverbed around the eroding bank and infilling with
brushwood faggots (Plate 10b).
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a)

b)

Plate 9: a) showing empty berm to capture sediment from eroding bank and b) showing chestnut stake and
brushwood option for bank stabilisation.

In addition to riverbank erosion, roadside erosion was recorded along Tankerdale Lane
as the road declines steeply down towards the river and road bridge. Loose soil was present on
the banks and it is considered likely that during high rainfall events, sediment will runoff into the
stream. Options to terrace and plant new trees along the eroding bank should be investigated to
stabilise and reduce impacts on water quality.

7.5. Flood attenuation features
There are a variety of techniques, other than tree planting, that can be implemented to slow and
store flood water during heavy rainfall events. These include changes to land management (e.g.
winter cover crops or changes to soil cultivation), installing ditch barriers, breaking field drains,
removing hard bank reinforcements, creating offline storage ponds and installing in-channel
large woody debris dams. Natural flood management techniques are most effective when a suite
of measures is implemented across a catchment. The walkover survey identified a selection of
locations where flood attenuation features could be installed within the river floodplain and with
further investigation using aerial imagery and LiDAR data, have resulted in the following
recommendations:
•

Four areas have been identified as potentially suitable for creating offline storage ponds
or washlands where flood water is directed at times of high flow (Plate 11). These
include two seasonally wet pasture fields adjacent to the river in sections WRP5 and
WRP19-20) and two areas on either side of the Liss Riverside walk (WRP12).
Construction typically involves either the installation of a diversion structure, (e.g. large
woody debris) in channel or by lowering of the bank which diverts water during peak
flows into the pond. The pond(s) can be constructed using leaky timber or earth bunds
which allow slow release of water back into the river. As these features are seasonally
dry, they often have minimal impact on farm productivity.
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•

Six small ditches that drain into the main river were identified during the surveys as
being suitable for in-ditch barriers to slow water flow during periods of high flow.
Barriers can either be located at the confluence with the river or as a series of barriers
along the length of the ditch. The barriers can be made of willow screens or other
brushwood and are designed to slowly leak and back up water during periods of high
flow (Plate 12). This measure has already been implemented at ditch confluences along
the Liss Riverside walk.

Plate 11: Example of washland where
the bank height is lowered on the bend
of a meander to allow a proportion of
the high flow to be stored in an offline
storage area © Newcastle University
Plate 10: Willow in-ditch barrier ©
Newcastle University

•

Overland surface water flow paths were not evident during the surveys; however,
LiDAR and aerial imagery shows they are likely present in three fields upstream of Liss
on the right bank of the River Blackwater (Plate 13). In addition to the proposed
hedgerow planting downstream at Kippenses Barn, two other measures are worthy of
further investigation. The first would look to build earth bunds with a raised outlet
pipe across the flow path to help intercept flow and capture sediment. The pipe allows
water to drain back into the river but at a slower rate. Alternatively, a series of ponds
could be created to intercept the surface water flow and provide new wetland habitat.
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River Blackwater

Western Rother

Plate 12: Lidar image and location of overland surface water flow paths on left bank of River
Blackwater upstream of Liss

•

One location suitable for the installation of a large woody debris dam was identified
during the surveys and this was adjacent to Adhurst Wood where a metal trash screen is
currently in place across the river (WRP21). The bank height is low here and the debris
dam could provide a means to reconnect the river with the floodplain on the right-hand
bank.

7.6. Further investigation
•

Water quality: the majority of field measurements taken along the river did not indicate
any major issues with ammonia, conductivity or dissolved oxygen at the time of
surveying. However, a spike in conductivity was observed at the confluence with
Stanbridge Stream which can indicate pollutants in the water. As the river is also failing
for orthophosphate it is advised that water quality sampling is carried out along course
of the river to isolate potential sources.

•

Walkover Surveys of the River Blackwater, Oakshott Stream/Batts Brook, Ashford
Stream and Tillmore Brook is recommended. This will help to identify other natural
flood management opportunities and potential enhancement works. Priorities for
waterbodies should be informed following further water quality testing along the main
river in 2020.
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Figure 21a: Map showing delivery project opportunities upstream of the A3 trunk road
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Figure 22b: Map showing delivery project opportunities upstream of Liss
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Figure 23c: Map showing delivery project opportunities in Stodham Copse and Adhurst Wood
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Figure 24d: Map showing delivery project opportunities upstream of the confluence with the Stanbridge Stream
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