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Introduction

A number of studies have shown that rainfall in Scotland has increased in recent decades (Gosling
2009, Sniffer 2014). Changes in rainfall have not been uniform across the country or throughout the
year but statistically significant increases in winter and autumn precipitation in the east of Scotland
during the period 1961 — 2011 have been identified. During that period the annual precipitation in
the east region increased by 24.2% and in the north region by 25.8% (the Spey catchment straddles
the boundary of the east and north regions used by the report authors). Spring and summer totals
have also increased but not significantly (Sniffer, 2014).

Of equal relevance is the increased frequency of high rainfall events. The east region has
experienced an extra 5.2 days per annum on average in days when the precipitation was equal to or
greater than 10mm. The maximum 5 day period rainfall total each year has increased by 26.3% in
the east region between 1961 -2011 (16.1% in the north region), the greatest increase of any region
in Scotland (Sniffer, 2014).

These precipitation statistics suggest that there are likely to be impacts on average flows in the Spey
as well as in the frequency and magnitude of spate events. Using Peaks over Threshold (POT)
analysis Gosling demonstrated that the 1990s and 2000s were periods with increased frequency of
high flow events including in the Spey at Grantown.

The “Hurricane Bertha” aftermath rainfall and large spate that occurred on the Spey in August 2014
prompted an investigation into river flows and spate frequency in the River Spey.

River Spey flows

SEPA operate a number of river flow gauging stations on the Spey with data from 14 stations
published daily on the SEPA website http://apps.sepa.org.uk/waterlevels/. Historical data from these
stations are also available on the Centre for Ecology and Hydrology National River Flow Archive
http://www.ceh.ac.uk/data/nrfa/index.html. Medium term data from some of the Spey gauging
stations are also available e.g. from 1938 for the Aberlour station.

River gauging stations are subject to inaccuracies as they depend on the relationship between the
measured river height and the calculated discharge at that height. Factors such as errors on the river
height measurement, river bed erosion, sediment deposition, seasonal weed growth etc could all
affect the conveyancing capacity of the river at the gauging station. An example would be the
Delnashaugh station on the Avon which has been out of calibration for over five months since the
Hurricane Bertha spate due to scouring of the riverbed at the site. The value of data derived from
gauging stations therefore relies on regular maintenance and calibration. All Scottish data is subject
to quality check by SEPA.

Mean daily flow data for the SEPA Boat o’Brig station were obtained from 1953 to the end of 2014.
There is considerable variation from year to year in the mean annual flow but these data show that
there has been an upwards trend in the mean annual flow over the period (Fig 1) although the 1960s
and 70s were drier decades (Fig 2). The Boat 0’Brig station is well gauged although the actual flows
have been gauged twice when the flows were greater than 500m3/s and a further four times when
the flows were between 400 to 500m3/s (Joe Glennie, SEPA Hydrologist 2015).


http://apps.sepa.org.uk/waterlevels/
http://www.ceh.ac.uk/data/nrfa/index.html

River Spey Average Annual Flow 1953-2014 m3/s
100

== Average annual flows 1953-2012

Linear (Average annual flows 1953-2012)

20

0 TN T TN T T N T T T T T T N T N T T T T T T T T T T T T T T T T T T T T T O T T T T |
N NN DO A N WIS A NN A 0N OO d O WnNSNO d oW - m
N 1N wmwwwwwowwuwUNSNINININDNDOGOOWOWONWOO OO O O O OO0 O O -
A OO OO OO O OO O O O O OOy O O O OO OO O O b OO O O O O O
L B e B B B B IR T D e B o IR B e TR e B e R e B o O B IR T B B e IR I o I o VA o\ IR o VI o VI o VI o\

Figure 1: River Spey Average Annual Flow (mS/s) at Boat o'Brig station 1953 to 2014
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Figure 2: River Spey average decadal mean daily flow (m3/s) at Boat o’Brig

The mean daily flows were analysed by season, with winter including the December total from the
preceding year. The seasonal analysis shows that over the period 1953 to 2013 the trend in river
flows has been upwards in the winter, spring and autumn with a slight decreasing trend in the
summer flows. The steepest upwards trend was during the winter period followed by the autumn.
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Figure 3: River Spey seasonal mean daily flows 1953-2013
(m>/s). Years in which spates over 500m3/s occurred are
highlighted in red. Trend line slope and intercept shown.

The figures show that the mean daily flow in the river Spey has increased over the period 1953 to
2013 in all periods of the year except the summer. Since 2000 the incidence of autumn spates has
increased (see below). It should be noted that the major hydro abstractions in the upper river were
already operational by 1953

Incidence of spates

In the Introduction the increasing frequency and magnitude of heavy rainfall events in Scotland was
noted. Spates are a natural, and frequent, feature of precipitation fed rivers such as the Spey but
extreme flows can be potentially harmful to fish stocks through impacts such as redd or emergent
fry washout, stranding or habitat instability. In order to investigate the incidence of large flows an
arbitrary threshold of 500m>/s mean instantaneous flow at Boat o’Brig was selected as representing
a potentially damaging spate. 15 minute hydrograph data for each occasion when the flow exceeded
500m?/s were obtained from SEPA. Between 1953 and 2014 the peak flow at Boat o’Brig exceeded
500m?>/s on 23 occasions. If peak flows exceeded the threshold within a five day period they were
amalgamated for this analysis and counted as a single event. During the Aug 1970 and Sep 1995
events there were multiple peaks over 500m>/s within short periods. Due to the close sequence of
these multiple peaks three were excluded and those spates considered as a single event. An example
of the multiple threshold peak flows that occurred in Sept 1995 are shown in Figure 4.
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Figure 4: Sept 1995 spate hydrograph



Based on this analysis there were a total of 20 events where the peak flow exceeded 500m?/s. The
frequencies of these events per year during each decadal period are shown in Figure 5. It should be
noted that the 1950s record is incomplete as records only began in 1953 and the 2010s covers the
first half of the decade only.
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Figure 5: Boat o'Brig peak flow events over 500m>/s per decade

In the 1960s and 1980s there was only one event in each decade where the flow exceeded the
threshold used for this analysis. In contrast the 1990s and 2000s saw increased frequency of events
with the 2000s being the decade with the highest frequency of what could be considered potentially
damaging spates. The trend has continued in the 2010s with three events in a five year period, two
occurring in 2014. Details of each event are shown in Table 1.

Table 1: Details of river flows at Boat o'Brig when peak flow exceeded 500m3/s. The events shaded grey were excluded
from the decadal analysis as they were considered part of multiple peak spate events.

Start date Start End date End time | Duration | Peak flow
time m3/s

30/07/1956 | 11:15:00 | 31/07/1956 | 07:00:00 | 19:45:00 | 953.07

14/08/1956 | 06:30:00 | 14/08/1956 | 21:00:00 | 14:30:00 | 729.44

15/08/1957 | 08:30:00 | 16/08/1957 | 04:15:00 | 19:45:00 | 826.98

17/12/1966 | 18:30:00 | 19/12/1966 | 23:00:00 | 52:30:00 | 727.68

17/08/1970 | 05:00:00 | 18/08/1970 | 10:45:00 | 05:45:00 | 1556.06

21/08/1970 | 00:45:00 | 21/08/1970 | 07:30:00 | 06:45:00 | 630.53

04/07/1978 | 10:45:00 | 05/07/1978 | 00:30:00 | 13:45:00 | 724.99

03/10/1981 | 02:30:00 | 04/10/1981 | 04:30:00 | 02:00:00 | 724.48

06/02/1990 | 07:15:00 | 07/02/1990 | 14:45:00 | 07:30:00 | 649.00

17/01/1993 | 02:00:00 | 17/01/1993 | 16:15:00 | 14:15:00 | 672.97

08/09/1995 | 12:15:00 | 08/09/1995 | 14:00:00 | 01:45:00 | 510.16

10/09/1995 | 04:30:00 | 10/09/1995 | 14:00:00 | 09:30:00 | 730.18

12/09/1995 | 07:00:00 | 12/09/1995 | 11:00:00 | 04:00:00 | 542.67

01/07/1997 | 10:15:00 | 02/07/1997 | 05:45:00 | 19:30:00 | 704.30

08/11/2000 | 11:30:00 | 09/11/2000 | 08:00:00 | 20:30:00 | 676.67

15/11/2002 | 12:15:00 | 16/11/2002 | 14:00:00 | 01:45:00 | 814.70

24/06/2004 | 10:00:00 | 24/06/2004 | 17:15:00 | 07:15:00 | 557.98

26/11/2005 | 15:15:00 | 27/11/2005 | 03:15:00 | 12:00:00 | 646.23

03/09/2009 | 22:00:00 | 04/09/2009 | 20:00:00 | 22:00:00 | 828.34

01/11/2009 | 23:30:00 | 02/11/2009 | 13:45:00 | 14:15:00 | 667.73

06/04/2010 | 02:15:00 | 07/04/2010 | 01:45:00 | 23:30:00 | 560.48

11/08/2014 | 06:45:00 | 11/08/2014 | 19:15:00 | 12:30:00 | 742.45

08/10/2014 | 03:30:00 | 08/10/2014 | 08:45:00 | 05:15:00 | 559.71




The largest measured flow occurred in Aug 1970 when the peak flow exceeded 1500m>/s, more than
twice the flow that occurred in Aug 2014. The longest lasting high flow event was in Dec 1966 when
the peak flow exceeded 500m?/s for over two days; all other events were of less than 24hours
duration.

An examination of the distribution of large spate events over the course of the year shows that they
are skewed towards the second half of the year with July/August and November the months when
large spates are most likely to occur (Figure 6), 55% of all peak flow events over 500m>/s occurred
during those three months.
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Figure 6: Peak flow over 500m3/s by month 1953 to 2014

The increasing incidence of peak flows over threshold in recent decades has been largely due to an
increase in autumn spates with 54% of all peak flows between 1990 to the present day occurring in
the autumn. In the earlier period from 1950 through the 1980s summer was the most common
season for peak flows with over 70% of events occurring during the summer months (Fig. 7). Figure 8
breaks down the incidence of spates in recent decades by month.
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Figure 7: Distribution of peak flow over threshold by season and decadal period
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Figure 8: Distribution of peak flow over threshold by month and decadal period

This increase in autumn flows is consistent with climate change predictions for increased winter
rainfall in east Scotland and drier summers. The UK Climate Projections website indicates high
probability of increased winter rainfall with drier summers for north east Scotland
http://ukclimateprojections.metoffice.gov.uk/21708

Impact on rod catches

The evidence of the destructive impact of extreme flows on juvenile fish stocks was apparent on the
banks of the river in the days following the August 2014 spate. Juvenile salmonids from multiple year
classes, as well as other fish species, were left stranded on river banks across much of the lower
river. That particular event occurred at the time of peak biomass in the juvenile salmon stock and it
is possible that the time of year that a potentially damaging spate occurs is an important factor in
determining the extent to which any direct mortality amongst the juvenile fish stock occurs.

Monitoring by the Spey Foundation in 2014 following the Hurricane Bertha spate found that there
had been a significant reduction in salmon fry counts in the Spey and Fiddich mainstems with fry
counts declining by 50% on average. In the Spey the decline was 40% and in the Fiddich, albeit from
a higher baseline, the decline was 66%. In contrast parr counts increased although not significantly
(Spey Foundation, 2014). Downstream migration or displacement of fish was identified.

To investigate whether there is any impact on subsequent rod catches the following hypothesis was
tested; “the greatest impact on a damaging spate will be on the smolt output in the following
spring”. If true the grilse rod catch in the spate year plus 2 and the two sea winter catch in spate year
plus 3 would be reduced. Three sea winter fish are generally present in low numbers in relation to
the dominant one and two sea-age classes; they therefore were ignored in this analysis, in addition
data to split the multi sea winter salmon into age classes were not available. The hypothesis assumes
that the flexibility available within the life strategy of salmon would allow for smolt production
losses in other years to be offset by effects such as increased survival or enhanced growth of the
remaining stock.


http://ukclimateprojections.metoffice.gov.uk/21708

Figure 9: Multiple year classes of juvenile salmon found stranded on the riverbank on the 12th August 2014

The rod catch records for the Spey were used to produce smolt year class rod catch data. The smolt
year class rod data from spate year plus one in years affected by floods were listed and compared
with the same data from years not affected by a spate (Table 2). It can be seen that the rod catch in
years where the smolt output was potentially affected by a spate(s) over the 500m?/s threshold
were lower than those when no spate had occurred, with the difference between spate affected
years and those not affected equal to 15.5%. The difference between the two groups was highly
significant (p = 0.007, t-test), or put another way there is a 0.7% chance of this difference in the rod
catches occurring by chance alone.

There was no significant difference between years affected by summer or winter spates although
there were still significant differences between summer spate years (p = 0.035, t-test) and winter
spate years (p = 0.031, t-test) compared to non-spate years.

There is likely to be a greater impact on rod catches if there are successive years with spates above
the threshold e.g. 2004/05 and 2009/10. There is not enough data for any meaningful analysis of this
aspect but those years highlight that the relationship is not straightforward. The rod catches from
the smolts produced in 04/05 were above average for the whole sequence, not just for spate
affected years, whilst in 09/10 the rod catches were below average. This natural variability in rod
catches is a factor even when no spates occur.



Table 2: Spey rod catch derived from smolts runs in years where potentially damaging spates had occurred

Year with Rod catch from | Year without Rod catch from smolt
spate smolt year +1 spate year +1
1956 8676 1952 11511
1957 9064 1953 9798
1966 6271 1954 9108
1970 11135 1955 12545
1978 9435 1958 8498
1981 8238 1959 8534
1990 9587 1960 11656
1993 8610 1961 8770
1995 6688 1962 11540
1997 7330 1963 9627
2000 7195 1964 9406
2002 8908 1965 9556
2004 10229 1967 8463
2005 12393 1968 7634
2009 7452 1967 11611
2010 5824 1971 9400
1972 14416
1973 6901
1974 12820
1975 15126
1976 12415
1977 14304
1979 8838
1980 10652
1982 11323
1983 14252
1984 10726
1985 10436
1986 9789
1987 9526
1988 6173
1989 6876
1991 12039
1992 12977
1994 9483
1996 8730
1998 8106
1999 6619
2001 8731
2003 10073
2006 9817
2007 6314
2008 11008
Mean 8565 10142
Discussion

This analysis highlights a threat to the Spey salmon fishery; the greater frequency of extreme spates,
a trend that is not likely to be reversed. This study has demonstrated an impact of extreme flows on
rod catches although the magnitude of that effect is not as great as many would have thought.
However with recent declines in the rod catch a 15% reduction becomes more significant for angling.



Large spates are an essential feature of a salmon river. Large spates maintain channel structure,
control excessive weed growth and refresh and replenish spawning gravels. A counter agreement
could be made based on the above analysis: that catches in years not affected by spates benefit
from improved juvenile production due to factors such as increased availability and quality of
spawning gravels. Indeed in autumn 2014, and following the Hurricane Bertha spate, in most
tributaries and even the mainstem, there were an abundance of spawning gravels. However,
stability is generally a desirable feature in salmon spawning burns/rivers with highly mobile rivers
such as the Feshie and Allt Gharbh Ghaig in the Spey catchment normally supporting low density
juvenile salmon populations.

River flow of 500m*/s at the Boat o’Brig gauging station has been used in this analysis as a threshold
point at which damage to the fish stocks in the river may occur. There is limited evidence to support
the use of this figure and it may indeed be the case that fish mortality is restricted to higher flow
events. It is known from direct observation and anecdotal reports that large scale fish mortalities
occurred during the Sept 2009 and Aug 2014 spates but in both these occasions the peak flows were
64% and 48% greater than the threshold used. There are likely to be incrementally greater impacts
as the peak flow increases but this analysis has established that there is an effect when flows exceed
the threshold used.

Redd washout has been identified as a risk to salmonid eggs with those buried at shallower depths
within the gravel being most at risk (Crisp, 1989). Washout is therefore more likely to affect trout
eggs than salmon. The concentration of extreme spates in the Spey in the months of Jul/Aug/Nov
suggest that redd washout may be less of a concern than direct loss of juvenile fish. Eggs or alevins
could be prone to mortality any time between spawning and emergence although the most sensitive
periods would be in the months following spawning but before the “eyed ova” stage, when the
embryos are highly sensitive to disturbance and at the point of emergence from the spawning
gravels. In the Spey catchment November is the only spate prone month during the most sensitive
period for eggs/alevins, although large spates could occur during any month. Redd washout occurs
largely unseen but extensive electrofishing surveys by the Spey Foundation has not identified redd
washout and loss of eggs as a major issue. However, a large spate of the magnitude of Hurricane
Bertha, which resulted in massive gravel shifts in many higher gradient burns, and in the Spey
mainstem, is likely to result in the loss of eggs if it occurred at the appropriate time of year.

The Spey is reputed to be “the fastest flowing river in Scotland”. This is a rather subjective outlook
but the combination of discharge and gradient, at least from Grantown downstream, creates the fast
flowing streams for which the Spey is famous; but with it the consequential risk of damage. This
same high risk applies to most salmonid rivers although Jowett and Richardson (1989) found that
there was a significant correlation between mortality of brown trout and stream gradient when
investigating the impact of a large spates event in seven different rivers in New Zealand.

The New Zealand study of brown trout populations found that numbers of small trout had declined
by 86% with larger size classes less affected by a major spate event. The same study also noted large
reductions in macrophyte abundance (Jowett & Richardson, 1989).

In January 2005 following the largest flood on the river Eden for over 100 years the River Eden Trust
completed an electrofishing survey of the catchment to examine the impact on fish stocks (Eden
River Trust 2006). Salmon fry numbers were found not to have been significantly affected whilst
trout fry were. The shallower egg depths of trout eggs in spawning gravel compared to salmon was
suggested as a possible explanation for the difference between the two species (Crisp, 1989). No
significant difference in the salmon or trout parr stocks was detected although the average values in
2005 were the lowest over the study period.



July and August spates are usually associated with short duration, intense rainfall events which are
often restricted in extent to just specific parts of the catchment with a more local effect. The most
famous Spey spate “The Muckle Spate” of 3" August 1829 was however due to a slow moving
depression although the rainfall on that occasion did not extend south or west of the Kingussie area.
The heavy and prolonged rain was widespread enough to produce the largest known flow in the
Spey and an estimated flow in the neighbouring River Findhorn of at least 1483m3/s; in a river with a
catchment size approximately one quarter of that of the Spey (McEwan et al., 2007). The flow
generated during that event on the Spey would have been much higher than any recorded since the
establishment of gauging stations.
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Figure 10: Flood level inscription on Aberlour underpass wall. The scribe must have mistakenly recorded July rather than
August as there were no large spates in July 1970.

Mitigation

If it is accepted that extreme spates are liable to be an increasingly frequent feature on the river can
anything be done? In common with many rivers the capacity of the Spey to cope with high flow
events will have been reduced over the last two centuries with modifications such as floodplain
disconnection, drainage schemes, deforestation, urban spread, habitat simplification, side channel
blocking and commercial forestry potentially all contributing. Combined with increased frequency
and intensity of rain it could be argued that this issue is one of the most challenging facing the river
and the fishery it supports. Some Trusts have become involved in delivering natural flood control
measures and the Spey Catchment Initiative is currently developing the brief for a study of the River
Avon as part of the Tomintoul & Glenlivet Landscape Partnership. Spate mitigation measures will be
one of the priorities of this study which may help identify Spey specific measures that could be
scaled up across the entire catchment; although the Avon is relatively pristine compared to the Spey
itself.



In Wales the Pontbren Project, a farmer led project on sustainable upland farming identified that
strategically placed shelter belts of trees planted across the slope increased infiltration rates of
surface run-off into the soil
(http://www.coedcymru.org.uk/images/user/5472%20Pontbren%20CS%20v12.pdf ). This finding has
been used by the Esk Rivers and Fishery Trust in the development of forestry based catchment
management initiative in the upper South Esk (M. Halliday, pers.comm). The issue with all landscape
scale initiatives such as the South Esk Forestry project is that they need to be implemented on a
large scale if they are to have any meaningful impact on catchments. Given the significance of this
issue on the Spey it may be worth seeking specialist advice.

Increased use of hatcheries have been suggested by some as a tool to mitigate against fish losses in
extreme spates but only nine threshold exceedance events have occurred in Jul/Aug/Sept during
the study period i.e. one every 6.7 years with fewer in recent decades. Only these months were
considered appropriate for stocking mitigation as the hatchery fish are currently stocked in
September at the latest and any stocked fish experiencing a major spate event are likely to suffer
disproportionately high losses compared to wild fish, particularly if recently stocked. As it is
considered best practice to stock only with locally sourced broodstock i.e. within 10km (FRS, 2003) a
spate mitigation stocking programme would necessarily involve the removal of broodstock from
many different areas of the river as a form of insurance in the event of threshold spate flows which
currently occur once in 6.7 years. SEPA calculate that the August 2014 spate had a return period of
once every 9 years as measured at the Boat o’Brig station (SEPA, 2015). If fish mortalities were to
only occur at peak flows significantly higher that the 500m*/s threshold used in this analysis the
justification for a spate mitigation stocking programme would be reduced even further.

In September 2014 50,000 salmon fry of lower Spey origin were stocked into the mainstem as
mitigation for the fish losses during the Hurricane Bertha spate. The fry were stocked in specific
areas and identifiable as they had been fin-clipped. During monitoring two weeks post stocking the
maximum number of stocked fish at any site was 14.3% with the average contribution 8.2%. This
highlights that even after a major spate event when salmon fry numbers had declined by 40% in the
Spey mainstem the wild fry population still comprised 92% of the total in areas which had been
stocked (Spey Foundation, 2014).
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