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2 INTRODUCTION

Originally named the Acid Waters Monitoring Network, the UK Upland Waters
Monitoring Network (UKUWMN) has been operating continuously since 1988. This
report presents a summary of work undertaken in the contract year 2014-2015 at three
Scottish forested sites currently supported in part by Forest Research: Allt na Coire nan
Con, Loch Chon and Loch Grannoch. The UKUWMN gratefully acknowledges Forest
Research for providing resources that contribute towards the continuation of monitoring
at these sites, and especially recognises Pete Madden for sample collection at Allt na
Coire nan Con. We would also like to thank Marine Scotland, Queen Mary University of
London, the NERC Centre for Ecology and Hydrology (CEH), the Scottish
Environmental Protection Agency (SEPA) and ENSIS Ltd who support the rest of the
programme at the three sites.

In order to present the Forest Research funded aspects of the UKUWMN in context, all
sampling performed in 2014-15 is described and time series summary data are
presented for the full suite of chemical and biological measurements taken from the
start of monitoring up to April 2014.

Detailed analysis of data has been presented in four interpretative reports, Kernan et al
(2010), Monteith and Shilland (2007), Monteith (2005) and Monteith and Evans (2000)
dealing with 20, 18, 15 and 10 years of accumulated results respectively. All four can
be found in the reports section of the UKUWMN web site. A special issue of the journal
Ecological Indicators was produced in 2014, the majority of the papers in which feature
interpretation of UKUWMN sites and data. The papers can be found online here. A full
description of sampling methods and analytical procedures, together with site
descriptions, is also presented on the UKUWMN methods web page.

Page 5 of 45


http://awmn.defra.gov.uk/resources/interpreports/index.php
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3 LOCATION OF UKUWMN SITES

. Loch Coire nan Arr (site discontinued)
. Allt a'Mharcaidh
. Allt na Coire nan Con
Lochnagar
Loch Chon
. Loch Tinker
. Round Loch of Glenhead
. Loch Grannoch
. Dargall Lane

10. Scoat Tarn

11. Burnmoor Tarn

12. River Etherow

13.0ld Lodge

14, Narrator Brook

15. Llyn Llagi

16. Llyn Cwm Mynach

17. Afon Hafren

18. Afon Gwy

19. Beagh's Burn

20. Bencrom River
A 21. Blue Lough

22. Coneyglen Burn
23. Loch Coire Fionnaraich

— 24. Danby Beck

1A2 25. Baddoch Burn
\’v \ "~
PSE
@16
@ Lakes A7
A Streams 18
_ / :
)
13
A
14
A
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4 SUMMARY OF WORK UNDERTAKEN 2014-2015

4.1 Summary Overview

During the period from April 2014 to March 2015 the chemical and biological sample
collection, analysis and data collation, quality control and archiving proceeded with few
problems at all three sites. The main issue to report was the 2014 macrophyte survey at
Allt na Coire nan Con being impossible due to spate conditions in the stream at the time
of sampling.

Of note during the reporting period was an approach by Highland Eco-Design Ltd. asking
for the UKUWMN consortium’s opinion on situating a small-scale Hyro-Power scheme
on Allt na Coire nan Con, upstream from all the sampling stretches. After consultation
the plans were shelved.

4.2 Water Chemistry

Samples were collected from Loch Grannoch in early June, September and December
2014 and March 2015 by Marine Scotland Pitlochry. The June sample from Loch Chon
was collected later than usual in early July. Monthly dip samples were collected from
Allt na Coire nan Con by a local Forestry Commission operative, Pete Madden. In April
2014 and January 2015 the samples were collected slightly later than usual in the
month. All samples were delivered to the analytical laboratories at Marine Scotland
Science, Pitlochry (MSS) and the Centre for Ecology and Hydrology (CEH) and are
being analysed and archived in the UKUWMN central chemistry database at CEH
Lancaster. Quality control is being performed on the data prior to it being presented in
the annual UKUWMN data report and online on the UKUWMN website.

4.3 Sediment Traps

Sediment traps were recovered and replaced by a team from ENSIS on the on the 13™
of August 2014 at Loch Chon and on the 5" of August 2014 at Loch Grannoch.
Diatoms in the sediment retrieved from the traps are being counted by Dr. G. Clarke
and will be QCd and added to the biological database at ENSIS. Spheroidal
Carbonaceous Particles from the sediment are being counted by Prof N. Rose. Trap
sediment samples for trace metals were collected and have been archived pending
funding becoming available for analysis.

4.4 Thermistors

Top and bottom thermistors and thermistor chains were removed and replaced on the
13" of August 2014 at Loch Chon and 5™ of August 2014 at Loch Grannoch. All units
had functioned well during the previous year and the data were added to the
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ENSIS/MSS thermistor water temperature database. The stream thermistor at Allt na
Coire nan Con functioned well and data have been added to the MSS stream
thermistor database.

4.5 Epilithic Diatoms

Epilithic diatoms were retrieved from three sampling points around Loch Chon on the
13" of August 2014 and at four sampling points around Loch Grannoch on the 5" of
August 2014. Three samples were retrieved from Allt na Coire nan Con on the 6™ of
July 2014. All the samples have been made into slides and are being analysed by Dr.
G. Clarke.

4.6 Macroinvertebrates

Aguatic macroinvertebrates were sampled at Allt na Coire nan Con by QMuL on the 8t
of May 2014, and at Lochs Chon and Grannoch by UCL on the 29" April 2014. Five 1
minute kick samples were performed at the sites. The samples were counted at QMuL
and the data sent to ENSIS Ltd. The data will be been quality screened and added to
the UKUWMN biological database at ENSIS.

4.7 Fish

Fish surveying was performed at the sites in autumn 2014 by Marine Scotland Science,
Pitlochry. The fish data have been checked and added to the MSS fish database.

4.8 Aquatic Macrophytes

Aquatic macrophytes were not surveyed at the loch sites in 2014. Allt na Coire nan
Con was not surveyed on the site visit dated 6™ of July 2014 due to dangerous, and
sudden, spate conditions in the stream.

4.9 Data Management and Reporting

No problems or hiatus with the collation and transfer of data within methodological
programmes, or to the UKUWMN databases occurred during the reporting period.

The 2013-2014 annual report (Shilland et al. 2014) has been uploaded to the AWMN

web site, and the sections on Allt na Coire nan Con, Loch Chon and Loch Grannoch
appear in section 7 below.
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5 DATA FORMAT

The chemical and biological data are presented in a series of sections, summarised
below, on a site-by-site basis.

Section 1:

Time series graphs of key spot sampled chemical determinands for
individual samples.

Summary table for key chemical determinands including: the mean over the
1988-1993 baseline period; the mean for the current year (2013-2014) and
the standard deviation for the current year. The normal number of
observations per year is 4 for lakes and 12 for streams.

Section 2:

Macroinvertebrates. Time series of macroinvertebrate taxon % abundance
in annual aggregated samples (5 kick samples from lake littoral habitats or
from riffle areas in streams), and annual total number of individual animals.
Some species occurring at less than 1% relative abundance are omitted.
Macroinvertebrate summary statistic time series:
1) total number of individuals;
2) number of individuals identified at Genus level only (excludes some
ubiquitous groups such as the chironomids and oligochaetes);
3) total number of taxa;
4) Diversity Indices:
a) Hill's N1, the exponent of Shannon’s Index and a measure of the
number of abundant species in a sample (Hill, 1973).
b) Hill's N2, the reciprocal of Simpson’s Index and a measure of the
number of very abundant species in a sample (Hill, 1973).
c) Es, a measure of evenness based on the ratio (N2-1):(Ni1-1). As a
single species becomes more and more dominant, Es tends to zero.

Section 3:

Salmonids. Summary histogram of mean density of trout and salmon, if
present, in three 50m reaches (number of individuals caught per m? survey
area) for each year of the monitoring period. (0+ = new recruits, “fry”, >0+ =
all fish over one year of age, “parr”).

Section 4:

Epilithic diatoms. Time series of annual mean percentage frequency (from
3-4 replicate samples) of taxa occurring at greater than 2 % abundance in
any one sample.

Epilithic diatom summary statistic time series. Mean, maximum and

minimum for:

a) Hill's N1 (see above)

b) Hill's N2 (see above)

C) Es(see above)

d) Diatom inferred pH (Di pH), reconstructed from the diatom data using
C2 (Juggins, 2007) running the Weighted Averaging Partial Least
Squares method and using pH training set data from the SWAP project
(Stevenson et al. 1991). Bootstrapping was performed to choose the
best Component to use for the reconstruction. Component 2 improved
the model prediction by over 5% and was therefore chosen, and is
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shown here alongside the diatom percentage abundance stratigraphy.
pH reconstructions are intended only for application to sedimentary diatoms
but directional trends in inferred pH of epilithic assemblages should provide
an indication of the direction of a response to changing acidity.

Section 5:

Aquatic macrophytes. For lakes relative species abundance determined on
a five point scale (comparable to the DAFOR scoring system, Palmer et al.
1992) following shoreline survey, shore transects and deep water grapnel
trawls, as follows:

1. rare/infrequent

2. occasional but not abundant

3. widespread but not abundant

4. locally abundant

5. widespread and abundant
For streams, total macrophyte cover estimated for 5m sections of a 50m
survey stretch and each then partitioned into proportional species
abundance to provide percentage cover for each species. Data analysed
for this report are the mean species cover estimates for the 50m stretches.

Section 6:

For lake sites only. Histogram of diatom species composition from annually
retrieved sediment traps. Species occurring at less than 1% abundance in
all years are omitted.

Section 7:

For lake sites only. Time series graphs of annual data from thermistors
attached to the sediment traps. Thermistor pairs are used, one 1.5m from
the lake bottom and the other 1m from the water surface.

Section 8:

For lake sites only. Time series depth-temperature contour plot of data from
a thermistor chain suspended near the deepest part of the site.
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7 SITE DATA

7.1 Allt na Coire nan Con

7.1.1 Spot sampled chemistry data
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7.1.2 Macroinvertebrate data

7.1.2.1 Percentage abundance summary, Allt na Coire nan Con
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7.1.2.2 Summary statistics, Allt na Coire nan Con
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7.1.3 Fish data

7.1.3.1 Summary of Salmon fry densities (numbers m-?), Allt na Coire nan Con
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7.1.3.2 Summary of Salmon parr densities (numbers m-?), Allt na Coire nan Con

0.8 0.8
| |

Density (n/m2)
0.4
|

0.0
|

1990 1995 2000 2005 2010

Year

o Lower Reach
o Middle Reach
o Upper Reach

Page 16 of 45



Density (n/m2)

1.0

7.1.3.3 Summary of Trout fry densities (numbers m2), Allt na Coire nan Con
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Density (n/m2)

7.1.3.4 Summary of Trout parr densities (numbers m-?), Allt na Coire nan Con
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7.1.4 Epilithic diatom data

7.1.4.1 Percentage abundance summary, Allt na Coire nan Con
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7.1.4.2 Summary statistics, Allt na Coire nan Con
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7.1.5 Aquatic macrophyte data, Allt na Coire nan Con

Percentage Species Cover
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7.2 Loch Chon

7.2.1 Spot sampled chemistry data
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7.2.2 Macroinvertebrate data

7.2.2.1 Percentage abundance summary, Loch Chon

OLIGOCHAETA .
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7.2.2.2 Summary statistics, Loch Chon
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1.0

7.2.3 Fish data (for outflow stream)

7.2.3.1 Summary of Trout fry densities (numbers m2), Loch Chon
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7.2.3.2 Summary of Trout parr densities (numbers m-?), Loch Chon
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7.2.4 Epilithic diatom data

7.2.4.1 Percentage abundance summary, Loch Chon

Eunotia [sp. 10 (minima)] |

|
Brachysira serians | |

Fragilaria [cf. oldenburgiana PIRLA pl 20, 61-2] u - |
|
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Achnanthes [altaica var. minor] |

Achnanthes marginulata]_l_._._. - - - - jﬂ
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7.2.4.2 Summary statistics, Loch Chon
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7.2.5 Aquatic macrophyte data, Loch Chon

Species Scores (1-5)

Potamogeton polygonifolius 3 - E:

Calliergon cordifolium } - E:

Callitichesp. 3 _ _ _ _ - E:

Filamentous green algae i_l_l_l_l_-_l - | | - f:

Fontinalis squamosa I_ E:

Utriculariasp. Z o m m mm = =m =m =m m = Es
Juncushulbosusvar.fuitans I BB BB DL B B B B = # @ E

Sphagnum(aquaticundet) g g w m B ® = B w = = = -
Batrachospermumsp. A g mmmm = m B w = =m =
Eleocharispalustis g mmmmm = = = = ®m ®m =
Juncuseffusus 3 p m m mm = = = 2w = = -
Menyanthes tifoliata _ _ _ _ _ _  _ _  ____F
Potamogeton berchtoldii 3 - E
Phragmites australis L_m____________—é
Ranunculusflammula s mmemm = = = = =m =m o
Sparganiumangustifoliumi, o s mm = = = = = = -

5
1]
5
s
0
5
0
5
0
5
0
5
s
0
5
0
5
0
5
0
Juncusarticulatus/Juncus acutifiorusindet I B BB H B = B 0B s B Ei
Myriophylumatemiffoum g g m m e m = = m =m H = i:
5
0
5
0
]
0
5
0
5
0
5
0
5
0
5
0
5
0
5
0
5
s

Potamogeton natans 3 E
Equisetumfluviatile I _ o w — ~ _ _ & w m w2
Marsupella emarginatay  _ _ = _  _  _  _ F
Scapania undulata 3 - - E

Elatine hexandra 3
Subularia aquatica 3 -

Chara virgata i e 4—5

1%319%1992199419%19%2&0“2@4%%@102012

No surveys between 2007 and 2012 due to funding cuts.
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7.2.6 Sediment trap diatom data, Loch Chon

Relative percentage frequency of diatom taxa

Navicula madumensis |
Fragilaria [cf. oldenburgiana PIRLA pl 20, 61-2] | _ -
Surirella linearis |

Synedra minuscula |
Eunotia [sp. 10 (minima)] |
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Navicula leptostriata L_._—_-_._—_._- - - {
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EunotiaexiguaL_ mw =l m o Hom mmm Emm in
Eunotia sp. | | T, 4—_-__4—___&

Eunotia pectinalis var. minor | - - |

20

Peroniaﬂbu\aL- ATl F R R RN emlnm -iﬂ

20

Frustulia rhomboides var. saxonicaL - . - s limeee=-0E.8 | | .

Brachysira brebissonii | - - - -
Navicula sp. | |
Eunotia rhomboidea | - - - |
20
Tabellariaflocculosah- mEm ..l...ll..-.-. .in
Pinnularia subcapitata var. hilseana | -

Eunotia vanheurckii var. intermedia | |

20
Brachysira vitrea _-...l-l-l-..... -Jﬂ

Eunoctia paludosa | L,

20
Achnanthes minutissima] - u - Em in

Gomphonema angustatum agg. |

|
Eunotia naegelii | _ — - - . m

Cymbella lunata | — - - -

Eunotia pectinalis var. minor f. impressa | |
Cymbella microcephala | L,

1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

Traps not recovered in 1993 or 2011
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7.2.7 Sediment trap thermistor data, Loch Chon
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7.2.8 Thermistor chain data, Loch Chon
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7.3 Loch Grannoch

7.3.1 Spot sampled chemistry data
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7.3.2 Macroinvertebrate data

7.3.2.1 Percentage abundance summary, Loch Grannoch

Pisidium sp. | o .

40
20
OLIGOCHAETA o

- ' I,

Ameletus inopinatus | - |

Siphlonurus lacustris j|_

LEPTOPHLEBIIDAE

20
Nemoura sp. L [ | II o

Nebrioporus depressus | | J 0

Oulimnius sp. | - o

j I ’rzn

Oulimnius tuberculatus | | o

POLYCENTROPODIDAE | - L,

Polycentropus sp. | - | 0

Polycentropus flavomaculatus | L-—Llu
Cyrnus sp. | - -

Cymus flavidus |
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LIMNEPHILIDAE | n

|
i
I
J
0
Anabolianervosa | o W I - - Jia
I
i
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No sampling in 2001 due to Foot and Mouth restrictions. Not sampled in 2011
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7.3.2.2 Summary statistics, Loch Grannoch

Hill's N2 Hill's N1 Total No. Taxa No. Inds Genus Level Total No. Inds
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No sampling in 2001 due to Foot and Mouth restrictions. Not sampled in 2011.
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7.3.3 Fish data (for outflow stream)

7.3.3.1 Summary of Trout fry densities (numbers m?), Loch Grannoch
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Density (n/m2)
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- e Hwmmod dm N & @@ D oo @ & ab &
I I I I I
1950 19945 2000 2005 2010
Year

o Lower Reach
o Middle Reach
o Upper Reach

Page 39 of 45




7.3.4 Epilithic diatom data

7.3.4.1 Percentage abundance summary, Loch Grannoch

Navicula difficillima |

Nitzschia gracilis |_
Pinnularia subcapitata var. hilseana ]_I_- -

\

g
Eunotia exigua% - - izo

[

\

l
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Achnanthes [altaica var. rninor]i.___._-_._._l_. -
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20
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\
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|

\

m |

-

Nitzschia perminuta |
Eunotia flexuosa |

Eunotia pectinalis var. minor |

Eunotia pectinalis |

Eunotia pectinalis var. ventralis | |

1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

Page 40 of 45



7.3.4.2 Summary statistics, Loch Grannoch

Hill's N1 Range & Mean
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7.3.5 Aquatic macrophyte data, Loch Grannoch

Species Scores (1-5)

Aftrichum sp. 3_ E:
Brachythecium sp. i E:
Plagiomnium sp. 3 - E:
Cephalozia connivens 3 - E:
Mniumhomum 1 _ _ _ _ - E:
Calliergon sp. 3_ - - - E:
Hygrohypnum sp. L. - - - E:
Amblystegiumsp. 1 _ _  _  _ E>
Drepanocladus fluitans 3________.___. - - - E:
Filamentous green algae i Al e W . BE - f:
Nardia compressa i BEEEENE B B B B || E:
Marsupella emarginata a_u_;___—_—_—E:
Equisetum fluviatile ; EEEENE = = W . ™~ £ :
Eleocharispalustis mmmmmm = = m = - £
Littorella uniflora i_l_l_l_l_l_l_l_l_- n i:
Carexrostatt mmmmmm = m m = [ é:
Isoeteslacustris MMM AN N N N N | E

Juncus articulatus/Juncus acutiflorus indet. ; EEEENE = = = = m éz
Phragmites australis mammmm = = = m - -,
Ranunculus flammula } o - j:
Juncus bulbosus var. ﬂuiians}_._._m_._._._. ™ i:
Nymphaea alba 3 R R I - fz
Sphagnumaquaticundet s mmm @0 B H H § | | E:
Lobeliadortmanna p pmmmB B N N N - E
Glyceria fluitans R - - j:
Polytrichum commune 3 - E:
Hyocomium armoricum 3 - E:
Atrichum undulatum ] - E:

T T T T T T T T T

T T T T
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

No surveys between 2007and 2012 due to funding cuts
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7.3.6 Sediment trap diatom data, Loch Grannoch

Relative percentage frequency of diatom taxa

Pinnularia divergentissima |

Navicula soehrensis |

20
Achnanthes [altaica var. minor]. I I I | - {
\
|
\

Achnanthes altaica |

Pinnularia subcapitata var. hilseana .

Fragilaria [cf. oldenburgiana PIRLA pl 20, 61-2] | -

Eunotia rhomboidea amEEm - - - - -

Tabellaria binalis | o -

Brachysira brebissonii |

Eunotia [sp. 10 (minima)] |

Achnanthes austriaca var. minor | T E BN .

Cymbella perpusilla | e mom - - momw -

Eunotia microcephala var. tridentata |

Navicula cumbriensis |

Navicula hassiaca |

|
\
|
|
\
Pinnularia irorata | _ |
\
\
|
\
\
|

Navicula mediocris |

Eunotia incisa

Eunotia microcephala | |

Tabellaria binalis f. elliptica |

- - - |
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7.3.7 Sediment trap thermistor data, Loch Grannoch
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Water Depth (cm)

7.3.8 Thermistor chain data, Loch Grannoch
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