Conwy: Llanrwst Anglers Club and Additional
Stakeholders

An advisory visit carried out by the Wild Trout Trust – March 3rd 2015
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1. Introduction
This report is the output of a Wild Trout Trust Advisory Visit (AV) undertaken
along approximately 0.5 km of tributaries plus approximately 1.5 km of
the main River Conwy, Llanrwst and surrounding area.
The visit was carried out by Dr. Paul Gaskell of the Wild Trout Trust (WTT) and
was hosted by Stuart Llewellyn and Jonny Cawley of Llanrwst Anglers' club. Also
in attendance were Roger Thomas - Chairman Clwyd Conwy & Gwynedd Rivers'
Trust, Mervyn Williams - Chairman Wirral Game Fishing club, Pierino Algieri Former Natural Resources Wales (NRW) Fisheries Officer, Dylan Williams Operations' Manager NRW, Matthew Hazelwood - NRW Fisheries Technical
Specialist, Richard Pierce - NRW Fisheries Officer for Conwy & Clwyd and David
Foster - Secretary Dolwyddelan Anglers.
Throughout the report, normal convention is followed with respect to bank
identification i.e. banks are designated Left Hand Bank (LHB) or Right Hand
Bank (RHB) whilst looking downstream.

Figure 1: Map overview of reaches visited on Afon Caes Person

Figure 2: Map overview of sites visited on tributary known locally as Afon Bach (little river)
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Figure 3: Map overview of reach surveyed on the main River Conwy from downstream limit (red circle)
to upstream limit (yellow triangle)

2. Catchment overview
The river rises as a complex of tributary streams on Migneint Moors. Originating
in the Silurian period (420 million years ago), the moorland area now
predominantly consists of thin, acidic soils supporting sheep grazing. As the
main river flows north, the Machno, Lledr and Llugwy join the Conwy as tributary
streams. A history of mining (slate and coal), combined with generally acidic
waters, tend to produce elevated metal concentrations – especially given the
varied bedrock geology that encompasses limestones, mud and sandstones, coal
measures and igneous rock intrusions. Surface deposits are characterised by
peat, glacial till, river terrace deposits, glacial and blown sand and gravel with
alluvial clay, silt and sand.
Although the two small tributaries visited (Afon Bach and Afon Caes Person) are
not allocated individual waterbody names – they both impact on the ecological
status of the main River Conwy (tidal-limit to Merddwr) waterbody that they
supply (Waterbody ID GB110066060030 under the European Water Framework
Directive). The overall “Moderate Status” of the water body contrasts strongly
with the generally high scores for all but three parameters: zinc and copper
levels (as mentioned in relation to historic mining and geology) and hydrology.
Recent works to block moorland drains in the Special Area for Conservation
(http://jncc.defra.gov.uk/protectedsites/sacselection/sac.asp?EUCode=UK00302
05) at the head of the system appear to be having beneficial impacts by slowing
the release of heavy precipitation falling in the upper catchment. In contrast,
channel modifications that were intended to reduce flood risk in Llanrwst are
likely to work in direct opposition to moorland drainage blocking by accelerating
the flow of water through a largely impermeable concrete chute.
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Table 1: Summary of assessed Ecological Quality for the Conwy (tidal-limit to Merddwr) under the
European Water Framework Directive
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3. Habitat assessment
The watercourse was examined for its general characteristics and broad
ecological issues. In addition, the focus of this AV was to identify whether there
were obvious shortages of (or lack of access to) habitat features that would
support the full lifecycle of wild trout (Salmo trutta), including the marinemigratory form for which the river is, historically, renowned. Figure 4 (below)
illustrates the effect that a lack of specific habitat features has on the structure
of trout populations.

Figure 4: The knock-on impacts to fish populations caused by a lack (or degradation) of specific types of
habitat at three crucial lifecycle stages: spawning, juvenile/nursery and adult. Spawning trout require
loose gravel deposits with a good flow of oxygenated water between gravel grains. Juvenile trout require
shallow water (quite variable around an average of 20-cm) with plenty of dense submerged/tangled
structure for protection against predators and wash-out during spates. Adult trout (both resident and
resting, migratory individuals) require deeper pool habitat (generally > 30cm depth) with nearby robust
structural cover such as undercut banks, boulders, sunken trees/tree limbs and/or low overhanging cover
(ideally within 30cm of the water’s surface).
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The existence of, or potential for, high quality habitat and possible problems in
the watercourse were surveyed at a variety of sites encompassing examples of
tributary and main-river habitat.
3.1 Afon Caes Person
The first location visited was a recently-modified section of the Afon Cae Person
– a small tributary stream. Although subject to a previous flood event caused by
a blocked culvert, the removal of that culvert is reported to have solved the
issue with subsequent flooding events; despite high rainfall. It is somewhat
surprising, therefore, that the further major modification was both consented
and carried out, with such ecologically-damaging consequences (i.e. Fig. 10).
Furthermore, an equivalent level of flood protection at that specific location
could have been provided by a more sympathetic scheme. Techniques that
would leave the natural stream bed predominantly intact should have been
prioritised. This would seem to be a minimum consideration for what was
previously a valuable spawning ground for sea trout.
Figures 5-9 (credit: Pierino Algieri) show the previous condition of the channel as
well as illustrating work in progress. In fact the same house pictured in Fig. 5
(pre-works) can also be seen in Fig. 10 (post-works).

Figure 5: Although building development had impinged on the original watercourse, a variety of natural
stream processes were in evidence prior to the recent flood mitigation scheme
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Figure 6: The green shed (left of shot) was observed to be adjacent to large sea trout redds (gravel nests)
in previous years and directly prior to construction. There were also reports of fish attempting to spawn
during construction (that had bypassed the measures intended to exclude them from the channel).

Figure 7: Failing revetment prior to works. A replacement scheme that provided the required level of
flood protection could - and should - have taken account of the condition of existing valuable habitat and
the range of species that were supported here (including the migratory form of the UK Biodiversity
Action Plan species Salmo trutta)

7

Figure 8: Example of construction process for new scheme – showing apparent space for a more
ecologically-valuable two-stage channel that would maintain required floodwater conveyance and provide
better habitat. Additionally, the winter timing of the build (from photos and accounts) would appear to be
an infringement of the Salmon and Freshwater Fisheries Act of 1975 (“SAFFA”
http://www.legislation.gov.uk/ukpga/1975/51) given the affected spawning habitat.

Figure 9: Detail of installation process of walls and base for stone-pitching on bend that also accounts for
a step in the gradient
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Figure 10: Artificial channel created at SH 80430 61283 with the intent to protect against possible
flooding. Each concrete section results in smooth and uniform channel. This is extremely degraded
habitat in the reaches that large sea trout redds (gravel nests) have previously been observed.

At the top of the concrete channel, a new “step” in the bed of the channel has
been installed – presumably as an intended “bed-check” designed to prevent
accelerated upstream erosion. This represents a new barrier to the free passage
of fish (both upstream and downstream – contrary to Water Framework
Directive objectives and SAFFA; Fig. 11). The public liability associated with
vertical concrete walls/falls into water is also likely to be of concern to local
council interests.
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Figure 11: The lack of depth at the foot of this step (with no prospect for bed erosion whilst the concrete
base remains intact) this seemingly small barrier will significantly impede fish movement (upstream and
downstream)

The bed-check may not have worked – as the increased flow velocities within the
smoothed channel appear to have accelerated erosion in the section upstream of
the modified channel (Fig. 12).

Figure 12: The demand for the large quantities of highly mobile substrate observed in the artificial
channel at the time of the visit (Fig. 13) is being met by erosion upstream of the bed-check.

The increased erosion has resulted in some natural bed substrate being imported
into the concrete channel. However, greater reach-mean velocities in spate
conditions (stemming from the reduced hydrological roughness in the artificial
channel) are now combined with a greater “bank-full depth” capacity; taken
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together, this dramatically increases the bed shear velocities experienced in the
modified channel – and makes any substrate extremely mobile and frequently
disturbed. Consequently, the instability of such a frequent disturbance regime
gives little opportunity for imported bed material to provide biological benefits.
Channel modifications (such as weirs/steps in the channel that intercept
sediment or reduce hydraulic “roughness” that increases conveyance)
significantly influence net erosion rates both upstream and downstream of those
modifications. Useful examples of well-established geomorphological impacts
resulting from changes in longitudinal bed-slope, channel capacity and
alterations to downstream transport of substrate are given in these videos:
https://youtu.be/OAZ_BuyM41s and https://youtu.be/ILofBcLiDts.

Figure 13: Large quantities of bed material (examples both left and right) imported by spate flows
(supplied by erosion of upstream channel). The extremely loose/mobile nature of the substrate was
notable. In addition, there was little sign of a defined algal biofilm on the upper surfaces of substrate
particles. This suggests a highly mobile substrate of low ecological value. Flow modelling to establish the
current “As built” conveyance performance (and whether this has increased or decreased flood risk
associated with the existing artificial channel downstream – pictured in Fig. 19) is imperative. In addition
to establishing efficacy, surveying and modelling the installed scheme can also be used to define
appropriate conveyance parameters associated with mitigation measures for damaged habitat.

Within the channel there were areas of extremely high shear velocity even under
normal flow conditions (Fig. 14). These were often found in conjunction with
steps in the base of the channel. The combined effect in each case produces a
significant barrier to upstream migration of fish. The uniformly fast flow requires
a high sustained swimming speed (potentially above the sustainable burst speed
on small/medium fish, and with no deeper resting areas for any size of fish),
before a fish is then faced with generating the additional momentum required to
jump up a step. Since there are several such obstacles associated with the
concrete channel (and these obviously occur on top of other challenging
obstacles that fish must overcome), their combined effect has serious
implications for migratory fish populations.
That the photographs were taken under normal flow conditions (rather than the
elevated flows often associated with migration) also highlights how their barrier
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effect will only increase precisely at the critical times that fish are attempting to
reach their spawning sites. Of course, previously, some of those breeding sites
were located within the newly constructed artificial channel – and that
opportunity is now lost to them.

Figure 14: Although a static image does not adequately represent the flow velocity, the standing wave
forming at the base of the step (and also the indication from the wading figures) give some sense of the
sustained pace of water in the section below this abrupt drop in the bed-level. As well as acting as a
barrier to migration, these high shear velocities will act disproportionately on the softer, mid-channel
substrate and could easily undermine the hard concrete footings (e.g. visible on LHB).

Similarly, the smooth stone “pitching” installed on some of the bends are steep
with shallow, uniformly-fast flows. These will act as barriers to migration under a
wide range of flow conditions – being too shallow at low flows and too uniformly
fast at higher flows (Figs. 15 and 16).

Figure 15: Detail of smooth stone pitching
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Figure 16: Stone pitching (extending from bank to bank) with uniformly fast/shallow flow dropping over
a step into a deeper glide section

There was just one example of original habitat being left in place (Fig. 17). A
vegetated point bar is a welcome concession to flora and fauna. Hopefully at
higher flows the structural variety may aid fish migration and, in the interim,
provides shelter and also habitat for a variety of flora and fauna.

Figure 17: Some original habitat left in-situ with modular concrete units installed on both sides of the
corridor – however the same risk of undercutting of the pre-cast base along the visible line of preferential
flow is present due to the design of the concrete structures used.
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The current condition of the section of river at a point level with the green shed
pictured in Fig. 6 can be seen from the reverse angle (i.e. looking downstream)
in Fig. 18. This is one of the reported main, recognisable sites that had
previously supported breeding efforts of sea trout.

Figure 18: Location of reported previous sea trout breeding efforts. The substrate now appears to be too
poorly-retained within this reach to support salmonid fish breeding (and the lack of necessary cover from
predation is another significant, negative impact). Similarly, the excessively-frequent remobilisation of
substrate also significantly inhibits colonisation by other biota.

Biodiversity can be severely constrained in habitats that encounter very frequent
“disturbance” events – such as the complete turnover of stream-bed substrate.
The “flashy” discharge characteristics (very rapid rises and falls in river level in
response to rainfall) of smoothed, artificial channels tend to place their stream
biota at high risk of excessively frequent disturbance.
Immediately downstream of the recently-constructed scheme, there is an
existing, extremely narrow section of concrete channel (Fig. 19) that appears to
have been constructed many years ago (probably in the order of decades).
Although a proportion of fish must be able to ascend this section of channel, it
represents a severe challenge to the majority of fish attempting to migrate
upstream. The steep and narrow channel combined with its smooth concrete
surface will produce powerful flows with little or no respite from the full force of
the current throughout an approximate length of 60 m. Although there is very
little prospect for this older concrete channel to provide functional habitat
benefits, there are measures that could improve the ability of fish to pass
upstream (See Section 4 “Recommendations”). As with all mitigation measures
considered for this scheme, the existing (and any required modifications to)
modelled flood risk can inform on the degree to which flood risk would be altered
- if at all - by mitigation measures for fish passage.
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Figure 19: Existing, much older concrete "chute" section directly downstream of the newly-constructed
channel. Photograph taken at SH 80280 61286

The downstream limit of the Afon Caes Person visited (Fig. 20) was the section
that passes under the B5427 road bridge. Although constrained by stone walls,
the stream-bed had returned to a more natural composition of cobble and gravel
substrate. Just upstream of the bridge (no photo available) a rock-ramp had
been constructed in order to improve access for fish into the concrete channel
sections above.
Sections of the Afon Caes Person upstream of the flood scheme were visited in
order to understand the consequences of both reduced access through - and
direct loss of habitat within – the newly-constructed channel. In the area around
the school (Ysgol Dyffryn Conwy; Fig. 1), the channel has been split into two
arms. One arm flows through the grounds of the school.

Figure 20: Afon Caes Person flowing through the school grounds at SH 80714 61217– note one of several
weirs in this section
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The presence of multiple barriers (Figs. 20 and 21) again cause significant
problems for migrating fish. However, the situation of the stream within the
school grounds (and even beneath a raised corridor) make weir-removal and
associated changes in the course of the stream problematic.

Figure 21: Series of weirs photographed at SH 80778 61209

Figure 22: Willow spiling (LHB in centre of frame) and sand-bags (RHB on right of frame in
background) show evidence of the propensity for breaches of the bank in spates (particularly where weirs
encourage bank erosion)
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The other limb of the stream runs through a more natural channel and is
separated from the school car park by a small berm (Fig 23). In spate conditions
and with the presence of naturally-occurring woody dams, the car park and
adjacent school buildings are often flooded.

Figure 23: Natural channel bypassing the school grounds. At this point (SH 80768 61263) the stream is
elevated above the school car park which is on the other side of the narrow belt of trees to the left of the
frame). The car park is often flooded from this point (especially when debris dams naturally occur).

Figure 24: Culvert that leads the stream down through the school-grounds. The path to the right of frame
is the upstream branching-point between the two channels at SH 80891 61253.
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Figure 25: Central berm (stabilised by tree roots) presumably historically-constructed in order to split
the channel. The original channel, which bypasses the school, is to the left of frame.

Downstream of the school grounds the stream runs through a grazed and/or
mown field that is currently impacted by some unsympathetic management
practices. Scattered, localised patches of lateral (bank) erosion can provide
specific and valuable habitat. It is also the main mechanism by which spawning
gravels are supplied into streams. However, managing surrounding land so that
only this type of shallow and uniform habitat-type is represented will prevent the
formation of other vital habitat features such as pools.

Figure 26: Grazed/mown field downstream of school grounds at SH. Note the accelerated bank erosion
caused by the spiling designed to reduce erosion. Mowing right up to the edge of the channel prevents any
deep root-structure from forming. This promotes lateral erosion in preference to vertical (pool-creating)
scour.
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Figure 26 illustrates precisely this scenario. Preventing the development of any
root structure that penetrates more than the top few centimetres beneath the
short turf has produced long sections of bank that have almost no resistance to
erosion. Additionally, the flat panel of spiling introduced to control erosion
prompted by the placement of a low weir is now actually accelerating that
erosion. Installing weirs that join the banks at around 90-degrees will produce
strong eddying flows on the downstream side of that perpendicular joint. These
vortices rapidly erode banks and the panel of spiling is concentrating additional
erosive forces now that the spate flows have worked their way behind this
structure. At the upper end of this section (close to where the two separate
limbs re-join below the school), low branches had been cut off from small bankside trees. Whilst this action will have had no impact on flood risk to the school
(being downstream of a significant weir below the school), it has had the effect
of removing some of the only available cover against predation for stream
inhabitants.
A camera malfunction prevented the capture of a photograph of the weir at the
foot of the “school ground” limb of the river that forms the confluence between
the two separate arms at SH 80663 61252. Given the difficulties in tackling the
series of barriers to migration within the confines of the school premises, the
best approach would seem to be to encourage fish to continue up the less
modified channel that bypasses the school. Currently, though, there may be a
significant amount of what is termed “attraction-flow” issuing down the weir at
the foot of the “school ground” channel. Particularly in the raised flows that can
be associated with salmonid spawning migration, the concentrated discharge
over the lip at the base of the weir is likely to attract fish and induce them to try
to jump up the barrier. It may be possible to install some simple in-channel
structures that help to focus the flow from the “bypass” channel that could
encourage fish to select that route in preference to the school-ground route. See
section 4 “Recommendations” for further details.
3.2 Afon Bach
Two locations were visited on this small tributary. At the first point (SH 80065
61967) at Cae’ r Felin a floodwater overflow scheme has been installed (Fig. 27).

Figure 27: Undershot "throttle" that diverts flood-flows into the main river Conwy via an extensive
underground culvert (estimated at around 500m in length).
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The basic design (using an undershot throttle) can have merit since it does not
impede fish passage or impound water under normal flow conditions. However
problems with the modified river-bed and culvert have previously lead to
leakages that have resulted in the river channel downstream of this point (over
500 m) completely drying up (i.e. 100% of the flow being diverted down the
culvert). Furthermore, despite spawning activity (and the presence of juvenile
salmonid fish), the gravels are routinely dredged at this location as part of an
ongoing maintenance regime.
The second location visited on the Afon Bach was at Glanrafon (SH79916 61813)
and was within the reach previously affected when the river channel dried up.
There are a number of modifications to the channel here that impede fish
migration (Figs. 28 and 29).

Figure 28: Vertical weir that impedes fish migration

Figure 29: Stepped weir construction producing another obstacle to both upstream and downstream
migration

3.3 Main River Conwy
A striking aspect of the main river was that, despite water levels being several
inches above normal base-flow conditions, it still maintained excellent clarity
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(Fig. 30). This, along with a more gradual and extended rise and fall of the
hydrograph in response to heavy rainfall, must be attributed to the extensive
efforts to block peat-drainage grips (ditches) at the head of the catchment.

Figure 30: Gravel substrate clearly visible under elevated river flows in response to substantial rainfall in
the days preceding the visit.

Given the size of the river at this point, this is a significant indication of the
efficacy of those changes in land management at the head of the catchment.
There were notable examples of valuable habitat in the main river that will
compound the benefits of an improved flow regime. For example, areas of
excellent low, overhanging (and partially-submerged) brashy cover along the
channel margins of the RHB at SH 79936 61353 (Fig. 31).

Figure 31: Good marginal cover allowed to develop on a section of the main River Conwy at SH 79936
61353
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Conversely, there was, in general, a lack of higher bank-side canopy and
associated benefits to bank-structure, cover and temperature regulation (Figs.
32 and 33). Blocks of grazing-exclusion coupled with scattered supportive treeplanting would confer biological benefits as well as naturally-increased bank
resistance (See section 4 “Recommendations).

Figure 32: Two mature bank-side trees within an area dominated by closely-cropped turf

Figure 33: A handful of younger trees were in evidence - but with apparently limited potential for further
succession

The confluence of the Afon Cae Person with the main river at SH 79965 61178
was photographed (Fig. 34) showing good access to this important potential
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recruitment habitat. The sea trout populations running the main river to and
from the estuary rely completely on the existence of – and access to – these
small tributary streams in order to complete their lifecycle. However, the
photograph does also illustrate the dominance of heavily-grazed or mown
surrounding land with a single line of veteran trees along the bank of the main
river.

Figure 34: Confluence of the Afon Caes Person with main River Conwy (joining on the main river's
RHB)

The propensity for a single line of veteran trees to line the bank (with ongoing
heavy grazing of any understory vegetation) leads to a lack of succession in
trees as well as a poorly-structured overall understory vegetation. The death of
a veteran tree (or several within quick succession – as is likely with a flat agestructure of trees) from this single line leaves areas with almost no resistance to
bank erosion. Long sections of block-failure of the banks tend to make the
channel wider and also more uniform – which is of lower value to the rivercorridor biota. Block-failure occurs when the toe of the bank (the junction
between the bed of the river and the bottom of the bank) is eroded to produce
an undercut bank. In the presence of only shallow root systems associated with
turf, the earth of the riverbank that is suspended above the gap created by
undercutting is not sufficiently cohesive – and collapses into the river (Figs. 35 37).
With heavy grazing and mowing regimes present on the tributary streams, as
well as the main river, there will be several combined impacts specifically
affecting salmonid fish populations. Firstly, the preponderance of bank erosion
over bed erosion will lead to uniform shallow sections of river being overrepresented compared to deeper scour-pool habitat. This reduces opportunities
for both adult and developing juvenile (parr and smolt) stages of salmonid fish –
depending on the dimensions of the affected channel. Secondly, mortality of
juvenile fish will be much higher in sections that have no submerged woody and
brashy cover. This results in a much lower conversion of eggs into adult fish –
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and is particularly wasteful of eggs produced by in-stream breeding of wild fish
that are:
 Adapted over many generations to survival and reproduction in the Conwy
system
 Able to select their ideal breeding time and location according to those
accumulated local adaptations
 Able to exercise degrees of selection of mate in order to produce optimal
disease resistance and other parameters
This is why in-stream breeding efforts are far more effective at producing
persistent self-sustaining populations of trout, sea-trout and salmon than
numbers boosted from hatchery or fish-farm sources. The artificial mixing of milt
and eggs in hatcheries bypasses the opportunity for individual fish to select the
right mate. This is vital in ensuring:
 Optimal timing of emergence from gravels
 Emergence in locations within which fry are adapted to thrive
 Optimisation of behavioural traits (such as foraging skills learned from
experienced peers)
In combination, these (and other) factors cause wild fish to consistently outperform hatchery-produced fish in terms of survival and reproduction. More
detail on the evidence for these conclusions can be found here:
http://www.wildtrout.org/sites/default/files/library/Stocking_position_2012_final
.pdf.
A short example of the finding that increased, stocked fry numbers (via a
hatchery) does not produce an increase in returning adult fish (especially with
the loss of the natural breeding contribution that would have been made by fish
stripped
for
hatchery
can
be
found
here:
http://www.riverdee.org.uk/FileLibrary/publications/2011%20Hatchery%20stock
ing%20assessment%20Survey%20Bulletin.pdf
Concise video information and practical guidance is also available here:
https://vimeo.com/63397187 and here: https://vimeo.com/63397188.
For all fish, a lack of cover habitat equates to the loss of far more fish to
predation. For this reason, allowing the re-development of a more diverse bankside vegetation lost to current land-use practices would significantly increase the
potential resilience of migratory and resident salmonid populations.

Figure 35: Block-failure in riverbank that is grazed right up to the river's edge
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Figure 36: Another example of overgrazing between isolated veteran trees demonstrating the inhibition of
natural tree regeneration when grazing occurs along the bank. The cross-sectional depth and flow profile
of the river will be shallower and more uniform compared to the same channel with areas of banks with
much greater resistance to lateral erosion

Figure 37: Typical overview of the predominance of shallow-rooted turf and the associated reduced river
habitat variety and quality
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One means of countering both block failure and salmonid mortality due to
predation is to promote the growth of sapling trees and to “hinge” or “lay” (as in
hedge-laying) a proportion of the developing trees into the river margins (see
section 4 “Recommendations). This work requires the exclusion of grazing in
order to allow plants to establish. During the site visit, examples of
fortuitous/spontaneous grazing exclusion had occurred on some of the steepest
banks and allowed the self-setting of banks of saplings (e.g. Fig. 38).

Figure 38: Young saplings at an ideal stage for laying into the channel. Obvious care should be taken if
access is difficult and sited above deep water.

Although the current land-use practices largely prevent the development of deep
root structure (and associated bank-resistance), land and/or river managers
have historically attempted to reduce bank erosion rates. For instance, areas in
which block-stone bank-revetments have been installed (e.g. Fig. 39).

Figure 39: Stone revetment beginning to fail. The water has worked behind the stone and, just as with
spiling panels in Fig. 26, the flat, angular faces are producing highly erosive eddying flows during spate
conditions. This achieves the direct opposite to the intended result and actually accelerates bank-erosion
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This effect,and the contrasting benefit of tree roots or hinged saplings that
increase marginal roughness and baffle scouring flows to reduce erosive forces
acting upon a bank is illustrated in detail using the Emriver model in this video:
https://youtu.be/q7zq1yxaPEA.
Some examples of bank erosion (including that affecting the stonework in Fig.
39) are associated with the anglers’ “croys” installed in an effort to provide
holding water for migrating salmonids (Fig. 40). Counter-intuitively, stone croys
angled in a downstream direction actually divert overtopping flows into the bank
– accelerating bank erosion and tending to make the channel wider and
shallower. Having to install stone revetments to resist this bank erosion and
allow the croys to have the intended effect is simply fighting against the
continual action of natural river processes.

Figure 40: Downstream-angled croy that is generating some diversity in flow and cross-sectional depth
profile at SH 79915 60821. However, it will be a constant fight to control the accelerated bank erosion
induced by the downstream angle of the structure. The effect is quite localised and also may be achieved
at the expense of producing poorer habitat upstream of the structure through an impounding effect (note
the uniform sluggish flow to the right of frame) - far better to, instead, increase trailing tree habitat that
will provide cover and shelter while also diversifying flow characteristics, without the impounding effect.

While it is possible to re-orientate stone croys in order to produce more scour
away from the river bank, probably a more beneficial option is to redistribute the
constituent boulders in a haphazard fashion throughout the reach. This is likely
to generate many more holding lies and additional benefits throughout a larger
area compared to retaining a croy. Again, useful reference and demonstrationcase information has been produced by the River Dee Trust:
www.riverdee.org.uk/FileLibrary/publications/Bulletin%202015_Removing%20Cr
oys.pdf.
Any proposed modifications to riparian (river-side) land-use should be
considered in conjunction with requirements for grazing stock having access to
drinking water. A prominent example of a formal channel-access point providing
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stock-watering was noted during the visit (Fig. 41). See section 4
“Recommendations” for examples of improved land-use strategies (i.e. grazing
exclusion) that incorporate stock-watering - including pumped or mains-water
drinking options - as well as habitat improvement.

Figure 41: Channel access point that is presumed to be maintained in order to provide access to drinking
water for grazing livestock

As well as entirely grazed reaches, there were isolated examples of good cover
and structural variety in channel margins (Figs. 42 and 43).

Figure 42: Excellent, partially-submerged cover on RHB at SH 79936 60690 (far bank in picture
middle/right of frame). More frequent patches of habitat like this along each bank would be highly
valuable – a point highlighted by the sightings of goosander on the river during the visit. Increased
habitat complexity provides fish protection and increases predator forage time, helping to balance
predator/prey population interactions and promotes greater long-term stability of both (rather than
boom and bust dynamics)
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Figure 43: Another isolated example of good quality cover. It should be noted that there is no need for the
entire reach to consist of this type of habitat - but the river would certainly benefit from increased
representation in patches throughout the sections of watercourse visited

Figure 44: Goosander photographed during visit. Increased habitat complexity through additional
complex submerged cover would help to improve long-term prospects for both predators and prey by
decreasing predator efficiency (limiting population numbers and associated propensity for overexploitation of prey; thereby increasing the number of surviving fish). Over-exploitation of prey increases
the risk of local extinction of both prey and predator.

The propensity for lateral spread of the channel in overgrazed sections will tend
to lead to uniformly sluggish flows under low-water summer conditions. When
low flows, a dark riverbed and prolonged hot weather are combined – the
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function of passive cooling provided by submerged and tree-canopy shade in
marginal habitats can become crucial. This is especially so for cold-water
specialist species like salmonid fish and a range of warm-water intolerant
invertebrates.
The breast-wire for cattle, in combination with restricting mowing to behind the
flood levee is having at least some effect on grazing impacts (Fig. 45).
Concentrating the grazing on fresh (post-cutting) regrowth seems to have
encouraged sheep to avoid grazing off the new tree growth adjacent to the river.
Of course, in a powerful and dynamic spate river system like the Conwy, there
are always issues around maintenance and repair of fences; a point that is well
illustrated by the strand-line around the base of fencing posts on a riverbank
that is high above the normal flow depth (Fig. 46). However, siting the fence a
little further back (behind the levee) would be likely to eliminate much of that
issue.

Figure 45: Breast wire for cattle. Although the wire is not directly excluding sheep, the mowing-regime
seems to be taking pressure off the riverbanks themselves and allowing some trees to re-establish.

Figure 46: Accumulated spate debris
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However, there are many successful fenced “grazing-exclusion” projects that
have been installed on large spate-river systems as a means of allowing the
regeneration of a diverse and well-vegetated “buffer strip”. As well as the bankresistance, temperature regulation and improved aquatic habitat benefits;
additional flood-water runoff attenuation is also associated with grazingexclusion
and
increased
areas
of
deciduous
tree
cover:
https://youtu.be/00tcTY_UEk4. This and other recommended actions are
outlined in the following section.

4. Recommendations
4.1 General measures
Some simple and readily generalised actions are recommended for the visited
sections of river – and any other comparable sections of the Conwy system.
 Redress the widespread lack of vegetated riparian zones by
creating blocks of grazing exclusion. If possible these should be at least 5m wide (where the river does not typically move more than 5-m laterally
year on year) and preferably much more. It is worth exploring local and
regional support for Catchment Sensitive Farming and Stewardship
schemes. Fencing initiatives can be complemented by related actions
including:
o Using breakaway panels (or top-hung panels) where the fenceline
crosses the floodwater egress and ingress points to reduce
maintenance burden
o Supportive tree planting of locally-appropriate species
o Either siting blocks of grazing exclusion so that existing stockwatering points remain accessible or by installation of robustlyfenced stock-watering bays (Fig.47) or, best of all, by installation of
mains-water troughs or pasture-pump drinking stations that bypass
the need for livestock to access the channel at all:
https://youtu.be/1Feob01eEGM.
 Cease the routine and automatic cutting back of low, overhanging
branches on tributary streams.
 Change mowing regimes so that a substantial buffer strip is left
unmown adjacent to tributary streams and main-river sections maintained
for aesthetic purposes. Access paths and/or much wider mown areas can
still be maintained behind the buffer zone and, if desirable, mown access
points to the riverbank can also be maintained.
 Use existing and future (planted and self-set) sapling growth to lay
live, brashy-cover into margins to provide juvenile fish cover, passive
cooling and increased bank-resistance (Fig. 48). This should be
undertaken on no more than 50% of saplings, and ideally alternated to
maintain a healthy array of shrub sizes/shapes.
 Dismantle and redistribute rock croys in a scattered pattern to reduce
impoundment effects and provide greater and more widespread
opportunities for fish-holding feature creation.
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Figure 47: Livestock drinking station incorporating top-hung side-panels to accommodate spate flows

Figure 48: Live sapling growth laid to create marginal cover and bank stabilisation

4.2 Afon Bach (and other weir locations)
Due to the variety of case-specific details pertaining to each barrier to migration,
separate project proposals that are specific to each case will be required. For all
impounding structures the option for removal should be robustly explored.
Similarly, significant channel modifications should also be considered as a next
priority if removal cannot be undertaken. Preference should also be given to
“rock-ramp” structures that are constructed as fair analogues of conditions that
can occur in natural river channels. In general, as a last resort, the weirs on the
Afon Bach may be made more easily passable by a combination of notching and
installation of a series of pre-barrages that break down the vertical head-loss
into a series of more manageable transitions. The important consideration here
is that the slot allowing water to flow from one resting pool to the next should be
smooth enough to produce a solid plume of water (with little to no entrained air
that would show up as “white water”). Pre-barrages can be made to work where
the retaining walls at the side of a channel are sufficiently high and will,
consequently, support the increased depth of water held back behind each
barrage (e.g. Fig. 49).
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Figure 49: Pre barrage arrangement (shown dry to illustrate construction). When filled with flowing
water - the sleepers will form a series of pools that break the impassable jump down into a series of
smaller steps using a solid plume of water produced by each narrow slot.

Conversely, with any kind of weir that has a sloping (rather than a vertical) face,
it may be possible to ease passage via the installation of a diagonal “baulk” such
as the one illustrated in Figure 50. These function by holding up sufficient depth
of water in the angled joint between the weir face and the edge of the baulk
which is approximately perpendicular to that face and are limited by the
distance, gradient, water velocity and correspondingly, burst swimming speed of
the fish requiring access. Notching may be required in order to enable fish to
successfully pass the crest of the weir (and to train the water flow down through
the full length of the baulk from top to bottom).
It should be noted that pre-barrages, diagonal baulks and any other
engineered easement or fish pass that consists of anything other than a
naturalised river channel will never work equally well for different
species of fish (or even different individual fish within a species). No
fish pass/easement is as good as no weir. Furthermore, easements and
engineered passes that leave some or all of the weir in place do nothing
to improve habitat within the upstream, impounded reaches. Neither
can they reduce the significant mortality of juvenile sea trout and
salmon as they attempt to migrate downstream (a combination of
hugely increased predation mortality and disorientation occurs within
impounded reaches).
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Figure 50: Diagonal baulk (this one is made out of concrete, but a variety of construction methods are
available - including wooden sleepers)

With reference to the routine dredging of gravels from the floodwater bypass
culvert/undershot throttle scheme has been installed, the presence of salmonid
eggs within those gravels could constitute a breach of the Salmon and
Freshwater Fisheries Act of 1975. Clearly it is a priority to replace this practice
with a more sustainable solution. The very act of removing those gravels will
automatically increase the demand for further supply of that material from
upstream; a self-defeating action as well as ecologically-damaging. Furthermore,
efforts should be made to prevent the recurrence of the scenario under which all
of the flow is diverted down the underground culvert – as a completely dry
channel is disastrous for aquatic life in the surface watercourse (and without an
abstraction licence is illegal). This situation, and other curious decisions made at
the local watercourse-management scale, indicate that there is a lack of
awareness of how prized a wild sea trout run is in other parts of Britain and
around the world. Socio-economic contributions of resident and migratory
salmonid fish can be hugely significant when embraced – a fact highlighted by
research carried out by the social research co-operative Substance:
http://www.resources.anglingresearch.org.uk/sites/resources.anglingresearch.or
g.uk/files/Substance_AnglingReport_Section5_RuralCommunities.pdf
Substance have made all of their collected data publicly available for
anyone to use and develop further reports and schemes. There is a huge
amount of information available and each of their final project reports
are necessarily extremely concise summaries. More information is
available by clicking a variety of links on the page at this address:
http://resources.anglingresearch.org.uk/project_reports/final_report_2012.

34

A failure to understand the value of wild salmonid populations in ecological AND
socio-economic terms could lead to the unwitting “killing of the goose that lays
the golden egg” for many communities in post-industrial Britain. Destruction of –
and prevention of access to – the small and sometimes disparate breeding
grounds that such populations rely on would quickly see runs of migratory fish
drop to levels beneath the minimum required to support an angling amenity for
local and visiting anglers, or even below that which is required for a selfsupporting population.
4.3 Afon Caes Person
The installation of the most recent flood-risk mitigation scheme could be argued
to have breached elements of European and UK law (notably the European
Water Framework Directive’s requirement for “no deterioration” in watercourse
ecological potential or status and also the Salmon and Freshwater Fisheries Act
of 1975). Irrespective of whether that legal status is formally tried and
established, it is clear that the impacts on valuable local ecological goods and
services (including migratory salmonid fish populations) have been inadequately
considered and addressed.
It is also important to note that any measures suggested in this report to
ameliorate a proportion of those impacts within the modified channel will not
bring back the equivalent ecological function of a more natural channel. For this
reason, restoration options (i.e. removal and replacement of current scheme)
should be fully investigated before time and money is invested in making minor
improvements to what are now Heavily Modified watercourses. In all cases there
is a need for an “As-built” survey and associated revised flood modelling prior to
any works. As well as determining the efficacy (actual level of flood protection)
and appropriateness (structural stability, ecological potential and impact on
upstream watercourse incision) of the current scheme, this will also allow the
ramifications of changes to the scheme to be assessed.
However, in the absence of stream restoration (via complete removal of the
installed scheme), there are available options that could provide a limited degree
of mitigation compared to the current severely-degraded state.
As a minimum, the following measures should be implemented:
Baffles should be installed in the older, narrow chute downstream of the most
recent scheme (pictured in Fig. 19). These could take the form of simple batons
with rounded upper faces and could be resin-bolted into the base of the artificial
channel. Batons should fit relatively snugly against one side of the channel but
should also leave a gap large enough to accommodate fish passage (and
sediment transport) at the opposite end. The longitudinal spacing between
successive batons should be sufficiently short so as to generate a resting pool
between each one, but long enough to cater for large migratory salmonids (e.g.
1500mm min). There are many potential alternative means to achieve the same
effect – including designs that are explicitly constructed so as to prevent debris
blockages (e.g. Fig. 51).
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Figure 51: Culvert baffles with a gently-sloping upstream face that prevent debris accumulation

Within that specific section of channel, this would represent an improvement
over conditions following the most recent channel modification scheme (but still
far from the passability of a natural river channel).
In order to realise some potential benefits from easing fish passage in the older
artificial chute, modifications within the most recently installed channel are also
required. These come under two distinct but inter-related aims:
 Improvement of the inherent quality of habitat within the artificial channel
 Improvement of access for fish to habitat upstream of the recentlyconstructed channel
The specific objectives (i.e. actions) that could be completed in-stream are likely
to act on both aims simultaneously; but it is important to acknowledge the dual
value of such actions.
Of course, the most desirable outcome would be a scheme that removes the
artificial confines to the channel and re-creates a natural stream-bed and banks
(in combination with flood protection measures to the same standard of
protection in terms of flooding-event return period). This could be achieved by a
combination of surface water runoff attenuation/rainfall absorption/floodwater
storage at the head of the catchment through land-use management practices
along reach-level and property-level protective measures within the floodsensitive locations. Even with this as a long-term aspiration, there are some
minimal interim objectives that will improve ecological potential.
For example, the smooth, impervious base of the artificial channel can be
modified so as to encourage the formation of low, streamlined gravel point-bars
and riffles with a much lower rate of substrate turnover. This measure has
the benefit of reducing demand for substrate from the upstream channel
(reducing erosion rates and associated maintenance costs). Work done by
geomorphologist Professor Richard Hey indicates that streamlined riffles are
possible to construct that have the same (or even slightly greater) conveyance
than the empty (larger-capacity) trapezoidal channels into which they are
installed.
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Consequently, it is counterintuitive – but nonetheless true – that exactly
the same level of flood protection at this location could be preserved by
having additional structure and material in the base of the channel.
Light rotational vegetation management could be carried out at absolutely
minimal cost at intervals of 12 to 24 months to maintain a balance between
ecological value and flood risk. Consideration should be given to paying local
stakeholder groups such as angling clubs and potentially local residents’
associations to carry out this work in accordance to training provided in
partnership with the Wild Trout Trust and interested Rivers Trusts. In other
urban projects with Wild Trout Trust involvement, staff from local and regional
“River Authority” agencies (e.g. Environment Agency) have taken part in habitat
works events as volunteers on the basis of day-release for charitable activities.
A site-specific design would be required in order to meet this aim, but it may be
possible to install a particular degree of hydraulic roughness into the base of the
channel that would promote the retention of gravel and cobble bars. One option
may be to secure appropriately-shaped low “fins” to the channel bed that would
act in a similar way to the coastal groynes that counteract longshore drift. A
dedicated project proposal and appropriate modelling to demonstrate that the
required degree of flood protection is preserved would be required.
Installation of gravel stabilised with rubble mats or another form of retained
riffle (e.g.s in Figs. 52 and 53) could be used to raise downstream water-levels
below each gradient step within the artificial channel (e.g. Figs. 11, 14, 16 and
18 plus any other comparable instances on site). With the dramatically-raised
bank-full depth afforded by the installed wing-walls, there is a greatly increased
level of flood protection in the immediate surroundings of the artificial channel.
It will be possible to ensure, via modelling, that protection to an acceptable
return period is retained following installation of the suggested measures.
An important measure that will simultaneously improve ground penetration of
rainfall and increase the biomass of invertebrate food-webs that juvenile
salmonids depend upon would be to explore opportunities for woodland planting
upstream of the installed scheme. There is a significant opportunity in the field
directly upstream of the installed scheme – as well as much of the land between
that point and Ysgol Dyffryn Conwy. This also extends to ceasing the overzealous management of low branches that occurs on the few trees that are
allowed to persist in that corridor of stream. There is more information on the
research, carried out in Wales at the Pontbren site, previously alluded to in the
youtube link to the video “Grazing Exclusion: Reduced Silt, Pollution and Flash
Flood Risk“ on this link: http://www.ceh.ac.uk/sci_programmes/pontbren.html.
At the same time – the inputs of leaf litter and other organic nutrient-containing
material provided by riparian woodland are vital to foodwebs within nutrientpoor upland streams. The headwaters of the Conwy system (including the Afon
Caes Person) cannot sustain anywhere near the levels of in-stream
photosynthesis that rich, calcarious, lowland streams achieve. Consequently the
production and input (in riparian woodland) AND sufficient retention of leaf litter
is critical to thriving upland stream biotic communities at microbial and
macrofaunal scales (Fig. 54). The retention of leaf-litter inputs is only achievable
via incorporation of the same type of hydraulic roughness (and associated cross-
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sectional, localised variation in flow velocities) that will enable retention of gravel
bars within the artificial channel.

Figure 52: Elevation view of gravel retention and raising of downstream water-levels via rubble-mat
installation. This measure should extend from bank to bank in order to generate the required effect

Figure 53: An alternative means of raising water levels and producing sufficient retention of gravel. In
the case of Afon Caes Person - it would not be necessary to import gravels due to the ample supplies that
are routinely swept through the artificial channel. In addition – it is advisable to adopt an alternative to
chestnut posts as a means of retention (use of stone/wooden blocks of the appropriate dimensions could be
secured to the stone base using rebar pins with resin adhesive where the substrate needs to be drilled to
accept each pin). Drawing by Mike Blackmore.
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Figure 54: The subsidies of nutrients provided by riparian woodland (both from leaf litter and in the
form of crash-landing terrestrial invertebrates) are critical to supporting the entire food-web associated
with thriving upland streams. The predominance of grazing and mowing of vegetation right up to the
stream-side on the Afon Caes Person is significantly limiting its carrying capacity for species of
conservation and local cultural importance

Given the existing scale, environmental-impact and cost of the works, it is
essential for stakeholders to know what existing flood-risk modelling has been
carried out to determine the need for (and efficacy of) the scheme that is now in
place. This can also help guide restoration works such that an equivalent (or
ideally better) degree of actual – rather than perceived – flood protection is
achieved alongside environmental benefits. The use of riparian woodland
plantation can provide simultaneous flood attenuation and ecological benefits
that should be viewed in concert with the increases in hydraulic roughness within
the artificial channel.
Finally, in order to encourage fish to migrate around (rather than through) the
school grounds – it may be possible to diffuse the “attraction flow” falling over
the lip of the weir leading to the “school arm” of the stream. This could be
achieved by installing a tree “kicker” or similar brash around the base of the
weir. This would have the additional effect of pinching and narrowing the flow
from the preferred “bypass” channel – improving its attractiveness for migrating
fish. Figure 55 is an indicative schematic for achieving this effect.
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Figure 55: Indicative schematic for decreasing attractiveness of the school-grounds arm of the Afon Caes
Person (right of frame) compared to the more natural channel that bypasses multiple weirs
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