Research report into potential causes
for Poor Ecological Status on:

Gayle and Cam Beck

Jack Spees

Charles Poate

Kyle Young



All material in this report is, unless otherwisatstd, the property Ribble Catchment Conservatiarsilr
Copyright and other intellectual property laws prot these materials. Reproduction or retransmission
the materials, in whole or in part, in any manneithout the prior written consent of the copyrigitaider,
is a violation of copyright law.

Contents:

1. Introduction
2. Methodology
3. Results
4. Discussion
5. Conclusions
6. Further Research
7. References
8. Appendices
a. Appendix A
b. Appendix B

c. Appendix C
d. Appendix D

This report is based on survey work carried outthg RCCT and it's volunteers, to whom we
are very grateful. The Volunteer team included:

Neil Burrows

lan Fleming

Roy Grice

Ron Wade

Dan Barlow

Dave Wilmot

Copyright © 2011 Ribble Catchment Conservation Trust



1.0 Introduction

Gayle Beck and Cam Beck are the formative tribataof the River Ribble, located in
the Yorkshire Dales National Park. Gayle Beck satthment drains from the Gayle
moor, a typical upland moor, where it then meandersn to the confluence with Cam
Beck near Selside. The Cam beck sub-catchmentsd@am fell, which is a mixture of
upland moor and Commercial Woodland. Both Catchaks within the Limestone
geology of the Upper Yorkshire Dales, and are fetth irom surface waters but also
from ground water from the large aquifer in theaare

The becks themselves represent typical upland beitkscourse large substrate types
and a relatively steep gradient typical of streamgporting salmonid fish populations.

Under the Water Framework Directive (WFD) the Gagihel Cam beck were assessed
against the standards for Good Ecological StatisS)G Unfortunately they did not meet
the criteria and were classified as in moderateylg&and poor (Cam) ecological status.
The reason for failure to meet GES, was less thedigted numbers of fish in the becks,
specifically anadramous salmonids.

In the recently published RBMP the reason for tailsire for fish was classed as
“unknown” and as a result the method to restore GEQuired by the WFD by 2027) to
the becks was also unknown. Early discussions stikeholders (including angling
interests, ecologists and landowners) suggested naarses for the failure, such as;
pH fluctuations, poor habitat, extreme peak andflows, water quality and poaching.

A proposal was put forward to investigate poterdalses for the failure and if causes
were identified then to suggest possible projextestore GES. The project received a
funding budget from the Association of Rivers Tsuashd DEFRA for a 1 year research
project.
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2. Methodology

Discussions were held with the Fisheries TeamherEnvironment Agency and it was
clear that a partnership would provide an effectind efficient outcome to the project by
combining the knowledge base.

The constraints of the funded part of the reseasete time and financial resource.
Following consultation with Stake holders regarding potential causes for failure it was
decided that we must identify key areas to invastig

Using the data from the initial WFD classificatibnvas possible to investigate with
sufficient accuracy:

habitat combined with fish density variation,
temperature,

pH

sub catchment size

As potential factors influencing fish populatiomgahus causes for failing to achieve
GES.

Habitat assessment:

The River Habitat Survey (EA 2003) is a flexiblethelology designed to describe the
physical character of the full range of running evathannels that occur in Great Britain.
This flexibility renders the RHS inappropriate fagorously quantifying habitat in
relatively ‘natural, mountainous’ rivers and streanidabitat was described at the
morphological unit scale (e.g. pool, riffle, ettmllowing methods designed for
quantifying habitat in salmonid bearing channelssgel et al. 1986; Hawkins et al. 1993;
ODFW). Beginning at the downstream ends of Gagte@am Becks, 3-4 person team
surveyed the channels upstream until the ‘end afleomy’ at impassable waterfalls. For
every habitat unit the following information wasoeded (see Appendix A):

GPS location of each unit

Unit photos (examples are included in the appesglice
Unit Type

Unit Length

Average Wet width

Average Active Channel Width

Average Depth

Maximum/Mean Depth

Percentage Riparian Shade on Left and Right Baghkigually
Percentage of wetted area with ‘cover’ for juvefib
Percentage composition of substrate

Fish Density assessment
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A total of six quantitative electro fishing surveysre carried out. Three on Gayle beck
and Three on Cam Beck. The site location for theeys were distributed equally from
the confluence to the end of anadromy on each beck.

The surveys involved stop netting a section ofrrimeluding both Pool and Riffle habitat
types. A three pass depletion electro fishing eymwvas conducted, using an Efish back
pack and single anode with two netters. Followaagh pass each salmonid’s length
(nose to fork in tail) was measured, and the togahber of each other non salmonid
species also recorded. The total number of fisiglotin each pass was compared to the
previous pass to ensure a significant depletionabagsrved.

Temperature

During the habitat inventory temperatures werenakehe start of each day and then at
various points through the day. Temperature loggee purchased to remote log the
temperature with 5 minute interval, but a delag@hvery meant that these were not
utilised in 2010. They will be installed in 2011.

pH

Combo multi parameter instruments were to be etllisy weekly visits to pre
determined sites. Unfortunately this was not utaken, due to resource constraints,
however it is planned that pH will be remotely sédpduring 2011 as with the
Temperature loggers.

GIS Data Collection and Analysis

GPS points were collected using a Garmin etrex tH &imetre accuracy at the start of
each unit of the walk over survey for Cam and G&gek and the unit number used as
the waypoint ID for later analysis using GIS softeceHabitat and channel data were
converted into a database table for use in Arc@tbjained to the waypoint file based on
the waypoint ID for both sets of data for Cam araylé Beck. Using Ordnance Survey
OS VectorMap District open source data overlaid with the paiataset the polygons
were created for each unit by splitting the rivelygon at the intersect of the point
location. Each polygon was edited and given thé lnof the point dataset which
allowed the two datasets to be joined. The uniygahs were then used to display
specific data collected during the survey. Theokwlhg data were selected for further
analysis using GIS;

Unit Type
Total Percentage Riparian Shade

Total Percentage Cover
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Unit type for each reach was displayed using simpiabolisation in ArcGIS was used

to display the ratio of Pool, Riffle and Glide wiPercentage Riparian Shade data were
collected on river left and river right during teervey. Analysis was carried out to
collate the data and display percentages of ripaiede for each unit split into the
following four categories, 0-25%, 26-50%, 51-75%q &6-100%. Total percentage
cover was calculated and displayed using the fotigwategories 0-25%, 26-50%, 51-
75%, and 76-100%.

Sub catchment analysis

For further analysis using Ordnance Survey LandarFBANORAMA® open source 50
metre DTM created from 10 metre contour data witlaecuracy of 3 m were used to
create watershed maps for Cam and Gayle beck. Wst@IS spatial analysis tools
watersheds were created for Cam and Gayle beckdalate the total area feeding each
river system and are shown in the appendices.
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3. Results

The data collected from the habitat walk over syt not attached to this document,
but are available upon request. Below are thdtsestithe analysis of the data.

Figure 1. Cam Beck River habitat unit type Reach 1
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Figure 2Cam Beck River habitat unit type Reach 2
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Figure 3Gayle Beck River habitat unit type Reach 1 — 4
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Figure 4Gayle Beck River habitat unit type Reach 5 - 10
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Table 1. Comparison length of each habitat unit type.

Water Pool Pool (%) | Riffle (m) | Riffle (%) | Glide (m)| Glide (%) | Total (m)
Body (m)

Gayle Beck| 1641.8 33 1855.1 38 1417 29 4913.9
Cam beck | 624.9 | 28 1237 55 369 17 2230.9

Figures 1, 2, 3, 4 and table 1 show the positrmhextents of each of the habitat type. And
the total length and proportion of each habitaetyft is clear that there is more Riffle than
pool and/or glide on Cam beck, however there is tBference in the quantities of habitat type
on Gayle Beck, and the length of the riffles areatgr than the pools and glides.
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Figure 5. Average depth for each habitat unit type for hehe Cam Beck
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Figure 6. Average depth for each habitat unit type for heae- Cam Beck
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Figures 5 & 6 show that the majority of the habitaits in Cam beck have an average depth of
less than 0.01 metres.
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Figure 7. Average depth for each habitat unit type for heacl, 2, 3, 4 — Gayle Beck
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Figure 8. Average depth for each habitat unit type for heac6, 7, 8, 9 and 10 — Gayle Beck
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Figures 7 & 8 show that the majority of the habitaits in Gayle beck have an average depth oftless 0.01 metres.

The areas in figures 7 with greatest depths wereiged caused by flow scour from joining side
streams, however the deepest habitat unit in fiusas an dredged by the land owner.
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Figure 9Cam beck total percentage cover per habitat ypé t
Cam Beck Total Cover Reach 1 and 2
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Figure 10Gayle beck total percentage cover per habitattypé reaches 1, 2, 3, and 4
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Figure 11Gayle beck total percentage cover per habitattypé reach 5, 6, 7, 8, 9, and 10
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Figures 9, 10 and 11 show that there is very litdbitat complexity providing suitable salmonid eov
per habitat unit. Certain sections did provideneiglevels of cover, from the habitat photos in
appendixd the areas with higher cover generally correspoidereas with trees in the river bank.
This is also demonstrated when comparing the ptagerof cover and percentage of riparian shade in
Figures 12, 13, and 14. Habitat complexity wae gl®vided by suitable substrate, such as a migture
of cobbles and boulders.
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Figure 12Cam beck total percentage riparian shade

Total percentage of riparian shade provided byldfeand right bank of each habitat unit
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Figure 13Gayle beck total percentage riparian shade redch&s3, and 4

Total percentage of riparian shade provided byldfeand right bank of each habitat unit
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Figure 14Gayle beck total percentage cover per habitattypé reach 5, 6, 7, 8, 9, and 10
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Figures 12, 13 and 4 indicate that a low percentdigiee river banks had vegetation providing
shading. This is also an indication of the amaumbdy riparian vegetation, that can be associated
with in river cover, provided by tree roots, cokagl trees or fallen branches.

Figure 16Juvenile densities of 0+ salmon
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Figure 17Juvenile densities of 1+ salmon
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Figure 18Juvenile densities of 0+ trout
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Figure 19Juvenile densities of 1+ trout
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Figures 16 — 19 show the low densities of salmahtewut populations for fry and parr in both Cam

and Gayle Beck. The low densities of salmonid fuieeconfirm the classification of poor ecological
status in Cam Beck, and suggest that Gayle Bedkidte reclassified from moderate to poor. The
data also show that the densities found are sirif@ughout the habitat units in the areas surveyed
despite site 3 and site 5 being in habitat unitk Wigher quality habitat.

Figure 20. Channel width and catchment size comparison.
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Figure 5 shows that with there is a relationshipieen catchment size and active channel width of
comparable sub-catchments within the Ribble catcitmig is possible to see that three of the sub-
catchments Gayle Beck, River Brennand and ParkkBdoanot show the same relationship. These
three sub-catchments have wider active channehwititan the other comparable sub-catchments.

Table 2Flow Duration Curve estimates from LFE for GaylecB.

Flow Percentile (Q) Flow (m?3/s)
5 5.042
10 3.297
20 1.768
30 1.092
40 0.721
50 0.508
60 0.353
70 0.268
80 0.199
90 0.139
95 0.107
99 0.068
Q mean 1.210
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Table 3Flow Duration Curve estimates from LFE for Cam Bec

Flow Percentile (Q) Flow (m?3/s)

5 2.509

10 1.641

20 0.906

30 0.584

40 0.402

50 0.291

60 0.218

70 0.165

80 0.121

90 0.086

95 0.071

99 0.050

Qmean 0.660
Table 4Average channel width and juvenile salmon survileai:
Water Body Gayle Beck Cam Beck
Average Wet Channel Width (day of survey) 7.081 98.9
Salmonid survival flow (0.03 cumecs per metre 0.21243 0.14994
channel width) on day of survey
Average Active Channel Width 10.641 7.55
Salmonid survival flow (0.03 cumecs per metre 0.319 0.2265
channel width) for active channel width

From Tables 2, 3 and 4 it is possible to see tlasurvival flow was not present on the day of the
survey for either Gayle or Cam Beck, and that & ftd between Q60 and Q70 would be required for
Gayle beck and Q60 on Cam beck to achieve threshusldval flow (TSF) on their active channel
width.
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4.0 Discussion

The data collected on habitat type and habitaufeatdemonstrate that there is a similar amount of
riffle, glide and pool habitat. However the avezatppths of units, including pool was low. This
combined with the lack of riparian shade is likedyresult in high water temperatures, this willuee
the dissolved oxygen content, and the carrying @apaFurther data collection and analysis on wate
temperatures is planned for 2011 to determine tememperature is higher than comparable becks
with riparian shading and greater water depth.

The reduced riparian shade also is representatitreemumber of riparian trees on Cam and Gayle
beck. This can also be assumed to indicate tlkedflsabitat complexity (and thus cover) provided
by woody debris and tree roots. This was refleatdatie survey data for percentage of cover in each
habitat unit. However in addition to woody debasyer from substrate was recorded and little cover
was provided from substrate. A lack of suitableerawill reduce the number of territories availate
1+ juveniles of both salmon and trout, but alsd indrease the rates of predation. Depth can also
offer a level of “cover” and reduce the rate ofgaton however as previously observed there was a
low average depth for most of the habitat units.

The electro fishing surveys showed a low densityabinon and trout juvenile densities, confirming
the classification of the waterbody given by theviEanment Agency, and for Gayle Beck suggesting
that it may in fact require the classification ®diecreased. The habitat inventory and flowyanal
provide significant evidence towards identificatmithe causing factors. The survey sites did
incorporate sites with higher quality habitat ird#ign to those with poor habitat. However a geeat
number of sites are required to provide statidticagnificant correlations between the electrdiing
results and habitat inventory data.

The results of the survival flow (calculated froln@ tmeasured active channel and wet width) show that
on the day of the survey that on average that Gatyle and Cam becks were below the TSF. With no
banks to constrain the wet width until the actihamnel width becomes equal to the wet width, the
flow at which Gayle and Cam beck have achievedigairflow, will be 0.03 cumecs per metre of
active channel width. Thus from table 2,3 and 4 @6d Q60 flows are required for Gayle and Cam
Beck respectively. Thus it can be assumed the&@366 and 40% of the time Gayle and Cam beck are
below the TSF. Although this method of assessnsdets than ideal, as several assumptions have
been made, such as a shallow angled “V” shapedeh&of which much of Gayle beck has) it does
suitably demonstrate that for a significant projoriof the time the flows are below the TSF, and it
will allow for approximate calculations on the ré@a channel widths to achieve TSF for Q95 and
above.

The comparison of active river channel width anitlument size for comparable water courses (based
on location, land use and topography) shows thgteG@eck has a wider active channel width given
the catchment size. There are two other watersesuhat have wider channels than expected, one is
Park Brook, and the other the river Brennand. fEason for Park Brook having a wider channel than
expected may be the result of the modificatiorhefsub-catchment, including the reservoir at the
source, culverting and urban areas. The rivenBxad has recently undergone a significant amount
of work done through the Sustainable Catchment Iigament Programme (SCaMP) to reduce
extreme peak and low flow events and reduce sediload. The work took the form of “Grip
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blocking” or the removal/blockage of drainage chelanre-introducing riparian vegetation, and
excluding livestock from river banks.

Liaison with local communities and stakeholderthie upper Ribble suggests impacts of the
“gripping” of the moors, was a major impacting farctor the demise of these water bodies. In fact
Stewart (1963) in a report for the Lancashire Rivigoard claimed that the impacts of Upland
drainage of Gayle Moor in 1946 and 1947 had leagigoificant decreases in the total catches of
Atlantic salmon. Stewart had evidence indicatimaf the grips had lead to increased sediment load
causing siltation of redds and other associatecatsp

The combination of grazing of river banks and mawd drainage would provide potential causes for
the limiting factors investigated in this projeas was identified on the river Brennand catchment
resulting in the SCaMP project. Drainage wouldilteis extreme peaks and troughs in flows, which
combined with a lack of riparian vegetation wowddd to increased rates of erosion (Which Stewart
(1963) believed further added to sediment loadd)aanover widened and shallow river channel,
resulting in the below survival flow experiencedlgotentially lower dissolved oxygen. The reduced
bankside vegetation would also lead to decreasediats of cover and potentially invertebrate
diversity and abundance. All reduce the carryiagacity of Gayle and Cam beck in their current
state.

5.0 Conclusions

The results show evidence that the habitat of th@&sand Cam back has become severely degraded,
and as such, fall below thresholds to support tpufations of juvenile salmonids expected in the
waterbodies. The results also show that theréoarguvenile densities in the area surveyed.

The lack of riparian shade, cover, depth and flper fnetre of channel width) are the main factoas th
appear to be the limiting factors. These pararsetray combine to provide further limiting factors
such as average water temperature, sediment labdigal growth impacting dissolved oxygen.

Removal or blocking of the grips in conjunction kviestoring the riparian vegetation zone through
fencing of buffer strips and planting of appropgiiee species would lead to a long term improvémen
of the habitat. For a more immediate improvemenmivier structures such as large woody debris
(LWD) could be utilised to improve amounts of coaed provide a narrower channel width at low
flows to maintain a survival flow.

A combination of both would achieve GES under theDWincrease the level of carbon sequestration,

and also have associated benefits of improvedogiulations, such as improved local economy
(through angling tourism) and improvements in biedsity.
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6.0 Further Research

It is still necessary to conduct research intoct@nges in water temperature and pH to determine
whether these are additional limiting factors. tRer more it is necessary to determine whether they
are independent or dependant on existing identiiiretting factors. Further electro fishing surveys
are required to determine whether there is a stati<orrelation between the data gathered ard fis
densities.

The initial aim of this work was to determine tleasons for the poor ecological status of Gayle and
Cam Beck strong evidence has been presented las tadsing factors, and further potentially
negative factors still require investigation. Hoee the factors identified so far require work to
reduce their impacts. Prior to commencing any wowould be necessary to undertake a feasibility
study and also continue to monitor conditions ptooany work.

Within the appendices is an outline for the reqilifieasibility study.
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8.0 Appendices

Appendix A: Habitat survey data sheet

HABITAT SHEET

Water course: Weather: Flow (L,M,H): Date: Page #/#:
Team: Start Time: End Time: Water T:
Spwn
Dpth | Pool Grvl Substrate % (1-5 then by 5%) Fish cover % (1-5 then by 5% LWD
Rch# | Unit# | Type |mx/mn]| Crst | Slope | m2/im | Silt | Sand ] Grvl | Cble | Bidr | Bed | Bldr | Bank | LWD | Root | AVeg | TVeg| d/l, etc. Notes
PL,GL POOL DPTH PL=0 >1m2 Silt NOT THIN LYR ">10cm fish" view LWD min.
RURI MAX AT GL 0-1 imbededness Sand 1-5mm predation, high flow 0.15x3m
RP,CA ALL TAIL RU.5-21to5 Gravel 5-64mm foraging, etc.
ST(ht) MEAN OUT RI.5-2 1='none' Cobble 64-256mm
NOTE! RP 3-8 5=buried Boulder >256
PHOTO CA4-10 Bedrock
ART. STEPS
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Appendix B:

Watershed areas:

Tributary Channel Width Catchment Area (sq
Name (m) km)
Wigglesworth 4.5 10.866236
Cam Beck 5.4 12.768674
Easington 5 13.46339
Rathmell Beck 54 14.633301
Long Preston 4.9 16.729069
Bashall Brook 5.7 17.202359
Croasdale 6.6 20.742409
Swanside Beck 7.35 26.721599
Skirden Beck 11 48.90556
Stainforth 7.9 27.484142
Stock Beck 8.9 37.263115
Mearley Brook 7.3 22.920297
Brennand 6.4 10.924425
Park brook 7.7 16.490848
Gayle Beck 9.6 26.515655
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Appendix C:

Example Habitat Unit photos:

Cam Beck:

Cam beck unit 3, no significant riparian vegetatmrshade, and limited habitat complexity
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Cam beck unit 8, showing low flow and wide channel.

Cam Beck unit 85, the river downstream of Nethelgep where for a short section habitat was much
improved

Copyright © 2011 Ribble Catchment Conservation Trust



Gayle Beck unit 21, poor quality habitat and nan#igant riparian vegetation or shading

Gayle Beck unit 31, shows the active channel widgignificantly greater than the channel width on
the day of the survey. Note: there is water flomugh the substrate across the entire width of the
channel
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Gayle Beck unit 58, low flow, no shade and litheear.
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Appendix D

Outline for feasibility study work:

Below is a brief list of the required activities toprovide sufficient information for a project to
undertake habitat improvements on Cam and Gayle Bdg as well as any grip blocking work.

Components of feasibility work:
1. GIS work
SCIMAP (Prioritise grips for blocking)
Polygons to organise land owners
Topographic index for water addition and dry area
Overflow (identifying river level peaks and how yhare adjusted by grip blocking
leading to identification of reduced flooding)
Prioritise woody debris addition locations usingding walk over surveys, electro
fishing data and flow calculations)
2. Walk over studies of Grips
3. pH
4. Temp
5. Costing the physical project work
Grip Blocking
Large woody Debris
Fencing and tree planting
Removal of artificial barriers
6. Electro fishing surveys
7. Fish tagging — “passport to the redds” and radicking to determine spawning locations of
spring salmon (expected to be in Gayle and Cam Beck
8. Liaison with land owners — lead to locating whesork can be carried out
9. Invert communities including crayfish
10. Potentially add in Otter monitoring (alreadysting populations)
11. Collate input and Report

Costings:

Item | Description Cost

1 GIS £5000.00

2 Grip Walk over studies £4000.00

3 pH monitoring £6000.00

4 Temperature Monitoring £2500.00

5 Costing physical work £2500.00

6 Electro fishing £6300.00

7 Passport to Redds £6000.00

8 Land Owner Liaison £2000.00

9 Invert and Crayfish Monitoringl £6000.00

10 Otter Monitoring £1000

11 Reporting £3000
TOTAL £44,300.00
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