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1. Introduction

The UK Upland Waters Monitoring Network (UWMN) was established originally as the UK Acid Waters

Monitoring Network (AWMN), specifically to assess the impact of air pollution emission controls on the

chemical and biological status of acid-sensitive upland lakes and streams. The original network came

into operation in 1988 and was renamed the UWMN in 2013. Together, the networks have provided

fundamental evidence to a number of national and international air quality impact assessments,

i ncludi ng befTraasbosnddRyeAir Polution (ROTAP, 2012). UK UWMN data are provided

to the UNECE International Cooperative Programme for assessment and monitoring of the effects of

air pollution on rivers and lakes (or ICP Waters) and form a central data resource for assessing the

influence of air pollutants on surface water ecosyste
(see http://lwww.apis.ac.uk/).

Originally, the AWMN was managed by ENSIS Ltd out of the Environmental Change Research Centre,
UCL, and was funded solely by the UK's Department of the Environment. In more recent years, the
UWMN funding base has broadened to currently include Defra, Welsh Government, Natural
Resources Wales, NatureScot, Forest Research, the Peak District National Park Authority and NERC
(through National Capability support to UKCEH), in-kind support from organisations including SEPA
and Marine Scotland, and crucial contributions to field sampling from several long-serving volunteers.
In 2019, management of the UWMN was transferred to UKCEH.

During the first ten years of monitoring, biological and chemical data were summarised in annual
printed reports, after which reporting was moved to the UWMN website (currently uwmn.uk). Annual
reporting ceased due to funding limitations in 2016 but was re-introduced in a revised format in 2023.
In this report we provide graphs and summary data describing trends in the water chemistry, water
temperature, and biological communities (diatoms and macroinvertebrates) in 24 UWMN sites. All
sites are located in catchments where local disturbances, other than through forest management, are
considered to be negligible, so that any long-term ecological changes are likely to be dominated by
regional-scale pressures. These pressures include long-term reductions in the atmospheric deposition
of acidic pollutants, the potential long-term accumulation of atmospherically deposited reactive
nitrogen, and changes in climate linked to global climate change.

Detailed analysis of data has been presented in six interpretative reports: Patrick et al. (1995);
Monteith and Evans (2000); Monteith (2005); Monteith and Shilland (2007); Kernan et al. (2010) and
Monteith et al. (2022). The last five of these reports are available on the UWMN website which also
provides information on sites, sampling methods and analytical procedures.



Table 3.1 UWMN site characteristics

Site Grid Ref. Type Alt.range (m) | Geology Soils Catch. area (ha) | Forestarea(ha) | Lake area (ha) | Lake max depth (m)
1. Loch Coire nan Arr | NG 808422 Lake 125 - 896 Sandstone Podzol, gley, peat 897 - 14 12

2. Allt a' Mharcaidh NH 881045 Stream 325-1111 Granite Podzol, peat 998 <1 - -

3. Allt na Coire nan Con | NM 793688 | Stream 10 - 756 Schist, gneiss Peaty gley 790 48 - -

4. Lochnagar | NO 252859 Lake 785 - 1155 Granite Alpine podzol 92 - 10 27

5. Loch Chon NN 421051 Lake 96 - 600 Schist, grits Podzol, gley 1,470 56 106 25

6. Loch Tinker NN 445068 Lake 418 - 703 Schist, grits Peat 112 - 11 10

7. Round Loch of Glenhead NX 450804 Lake 298 - 531 Granite Peat, peaty podzol 95 - 13 14
8. Loch Grannoch NX 542700 Lake 214 - 601 Granite Gley, podzol, peat 1,290 70 111 21

9. Dargall Lane NX 449786 | Stream 225 -716 Shale, greywackes Peaty podzol 210 - - -

10.Scoat Tarn NY 159104 Lake 602 - 841 Volcanics Peaty ranker 95 - 4 20

11. Burnmoor Tarn NY 184044 Lake 252 - 602 Volcanics, granite Ranker, podzol, peat 226 - 24 13

12. River Etherow SK 116996 | Stream 280 - 633 Millstone grit Peat 1,300 <1 - -

13. Old Lodge TQ 456294 | Stream 94 - 198 Sandstone Brown podzol, gley 240 8 - -

14. Narrator Brook SX 568692 | Stream 225 - 456 Granite Podzols 475 <1 - -

15. Llyn Llagi SH 649483 Lake 380 - 678 Slate, shale, dolerite Peaty podzol, peat 157 - 5 17

16. Llyn Cwm Mynach SH 678238 Lake 285 - 680 Cambrian sedimentary Rankers, peat 152 55 6 11

17. Afon Hafren SN 844876 | Stream 355 - 690 Shale, gritstone Peaty podzol, peat 358 50 - -

18. Afon Gwy SN 842854 | Stream 440 - 730 Shale, gritstone Peaty podzol, peat 210 <1 - -

19. Beagh's Burn D 173297 | Stream 150 - 397 Schist Peat 273 <1 - -

20. Bencrom River J 304250 | Stream 140 - 700 Granite Peat 298 - - -

21. Blue Lough J 327252 Lake 340 - 703 Granite Peat 42 - 2 5

22. Coneyglen Burn H 641884 | Stream 230 - 562 Schist Peat 1,410 15 - -

23. Loch Coire Fionnaraich NG 945498 Lake 236 - 933 Sandstone, quartzite Peat, peaty podsols 550 - 9 14
24. Danby Beck | NZ 692 024 | Stream 299 - 432 | Sandstone, siltstone and mudstone Peat 77 <1 - -

25. Baddoch Burn | NO 120804 | Stream 415 - 975 Socach Quartzite and Schists | Peat, rankers, podzol 2,260 - - -




2. Data Formats

The chemical and biological data are presented in sub-sections on a site by-site basis.

Sub-section 1: Water chemistry

Summary table for key chemical determinands, including medians and standard deviations for
historical 5-year periods, and the most recent April - March sampling year. The normal number of
observations per year is 4 for lakes and 12 for streams.

Sub-section 2: Aquatic 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 from the time series plots.
Annual macroinvertebrate summary statistics include: a) total number of taxa recorded; b) Hill's N1
diversity index - the exponent of Shannon's Index and a measure of the number of abundant species
in a sample (Hill, 1973); c) Hill's N2 diversity index- the reciprocal of Simpson's Index and a measure
of the number of very abundant species in a sample (Hill, 1973); and, d) E5 - a measure of evenness
based on the ratio (Hills N1): (Hill's N2). As a single species becomes more and more dominant, E5
tends towards zero. Separate macroinvertebrate acidity indicators are applied to the UWMN lakes and
streams - the lake acidification macroinvertebrate metric (LAMM) for lake sites (WFD-UKTAG, 2008)
and the acid waters indicator community index (AWICsp) for stream sites (Murphy et al., 2013). LAMM
assigns a sensitivity score to each taxon and then calculates an abundance-weighted average for all
scored taxon captured in a sample. Similarly, AWICsp assigns a sensitivity score to each of 48 stream
macroinvertebrate taxa with the final AWICsp index value being the average for all scored taxa
captured in a sample. LAMM and AWICsp scores were calculated for each lake and stream site in
each year from the pooled list of taxa from replicate kick samples.

Sub-section 3: Epilithic diatoms

Time series of annual mean percentage frequency (based on the amalgamation of species counts
from 3-4 replicates). Some taxa occurring at consistently very low abundances are omitted. Annual
epilithic diatom summary statistics include a) The Hill's N1 and b) Hill's N2 diversity and ¢) E5 metrics
(both determined as above); and the Diatom Acidification Metric or DAM score (based on Juggins et
al., 2016). The DAM score is calibrated so that communities considered to show no influence of
acidification should return a score of close to 100, whereas communities indicative of highly acidic
waters will return a score closer to zero.

Sub-section 4: Aquatic macrophytes

For lakes: relative abundance of each species determined on a five point scale comparable to the
DAFOR scoring system of Palmer et al., 1992 following shoreline survey, shore transects and deep-
water grapnel trawls. 1. Rare/infrequent; 2. Occasional but not abundant; 3. Widespread but not
abundant; 4. Locally abundant; 5. Widespread and abundant. For streams: total cover of each species
estimated for 5 m sections of a 50 m survey stretch. Data presented here are the mean of the species
cover estimates for all sections.

Sub-section 5: Water temperature

Water temperatures recorded using submersible thermistor loggers at an hourly frequency. For lakes:
plots represent daily mean temperatures recorded by thermistors across a range of depths in a deep
water location. Further information, data visualisations and access to raw data are available at
https://data.marine.gov.scot/dataset/previous-versions-daily-temperature-data-uk-upland-water-
monitoring-network-ukuwmn-standing. For streams: plots represent monthly temperature summary
data, including the monthly mean, maximum and minimum temperature, and the mean daily maximum
and mean daily minimum temperature for each month. Stream water temperature statistics are
provided only when data are available for at least 25 days in a month. Further information, data
visualisations and access to raw data are available at https://data.marine.gov.scot/dataset/previous-
versions-uk-upland-water-monitoring-network-rivers-summary-data.



https://data.marine.gov.scot/dataset/previous-versions-uk-upland-water-monitoring-network-rivers-summary-data
https://data.marine.gov.scot/dataset/previous-versions-uk-upland-water-monitoring-network-rivers-summary-data

The concentration of spherical carbonaceous particles (originating from incomplete high-
temperature combustion of fossil fuels i see Rose et al., 1995) in annually retrieved sediment traps
from UWMN lake sites is presented as a single summary figure in Section 5.
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4. Site Data

4.1.Loch Coire nan Arr

4.1.1. Loch Coire nan Arr site characteristics

Grid Reference NG 808422
Lake altitude 125m
Maximum altitude 750 m
Maximum depth 12.0m
Mean depth 48m
Volume 8.2x10°m?®
Lake area 11.6 ha
Catchment area 909 ha
Catchment area (excl.lake) 897 ha
Catchment:Lake ratio 78.4

Catchment geology

Torridonian sandstone

Catchment soils Peat
Catchment vegetation Moorland i 99% Conifers <1%
Mean annual runoff 2838 mm
CBED total oxidised sulphur (kg ha! yr?) (1990 - 2017) 20.77 14.6
CBED non-marine oxidised sulphur (kg ha* yr) (1990 - 2017) 9.971 25
CBED total oxidised nitrogen (kg ha* yr?) (1990 - 2017) 9.371 29
CBED reduced nitrogen (kg ha* yr?) (1990 - 2017) 9.471 5.0
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4.1.2. Loch Coire nan Arr water chemistry

Water chemistry time series
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Water chemistry statistics

period 1989-1993 1994-1998 1999-2003 2004-2008 2009-2013 2014-2018 2019-2022 2023-2024
metric median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev
sul phat e?) 42.70 7.85 37.49 6.96 34.37 6.90 31.24 10.46 N/A N/A N/A N/A N/A N/A N/A N/A
non-marine sul p#f)a 14.84 9.21 16.74 5.98 7.64 7.53 4.83 13.07 N/A N/A N/A N/A N/A N/A N/A N/A
ni trat el 2.14 1.42 2.14 1.47 2.14 0.78 2.64 0.94 N/A N/A N/A N/A N/A N/A N/A N/A
chloride 252.48 | 133.42 211.57 | 103.38 245.43 | 101.36 266.87 | 134.65 N/A N/A N/A N/A N/A N/A N/A N/A
cal ci um? 44.41 13.08 40.92 7.51 46.41 9.45 35.43 8.30 N/A N/A N/A N/A N/A N/A N/A N/A
magnesi um?( 57.99 28.66 53.06 18.61 57.99 18.25 56.35 21.13 N/A N/A N/A N/A N/A N/A N/A N/A
sodi um ®)g 224.02 88.11 202.27 65.26 228.38 65.88 223.59 80.74 N/A N/A N/A N/A N/A N/A N/A N/A
potassiun 8.44 3.42 7.42 1.94 7.93 2.49 6.39 2.67 N/A N/A N/A N/A N/A N/A N/A N/A
pH 6.46 0.31 6.50 0.29 6.44 0.27 6.20 0.29 N/A N/A N/A N/A N/A N/A N/A N/A
Gran al kal i 32.00 18.70 43.00 19.62 36.00 18.82 23.00 16.94 N/A N/A N/A N/A N/A N/A N/A N/A
Il abil e al umij 2.00 1.67 2.00 0.00 2.00 1.47 2.00 1.83 N/A N/A N/A N/A N/A N/A N/A N/A
conducti viY 38.00 15.69 35.00 10.96 40.00 11.23 38.00 16.40 N/A N/A N/A N/A N/A N/A N/A N/A
Dissolved Organic Carbon (mg L) 1.65 0.89 2.70 1.24 3.25 1.38 2.60 2.19 N/A N/A N/A N/A N/A N/A N/A N/A
Acid NeutralisingCapaci ty?)( 42.74 25.25 53.09 29.03 42.96 29.22 19.65 75.24 N/A N/A N/A N/A N/A N/A N/A N/A
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4.1.3. Loch Coire nan Arr macroinvertebrates

Time series of relative abundance

Procloeon pennulatum

Radix balthica

Glossiphonia sp.

Culicidae

Sericostoma personatum

Ceratopogonidae

Pisidium sp.

Oulimnius tuberculatus

Plectrocnemia sp.

Polycentropus sp.

Siphonoperla torrentium

Empididae

Ameletus inopinatus
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Leptophlebiidae

Centroptilum luteolum

Cyrnus sp.

mean % frequency per year

Oxyethira sp.

Oligochaeta

Baetis sp.

Limnephilus sp.

Nebrioporus depressus group

Siphlonurus lacustris

Tipulidae

Nemoura sp.

Hydroporus sp.

Procloeon bifidum

1990 1995 2000 2005
year

Time series of percentage abundance of the more abundant macroinvertebrate taxa. Taxa are ordered so that those most abundant in the early phase of
monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Macroinvertebrate diversity and acidity indicator metrics
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Time series of macroinvertebrate diversity metrics and acidity indicator score (AWIC for
streams/LAMM for lakes). Hill's N1 = measure of the number of abundant species in a sample; Hill's
N2 = measure of number of very abundant species in a sample; E5 = measure of eveness - the more
one species dominates the closer the score approaches zero.
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4.1.4. Loch Coire Nan Arr epilithic diatoms

Time series of relative abundance

Gomphonema intricatum 593
Eunotia pectinalis var. ventralis QEE
Achnanthes scotica ési =
Cvmbella microcephala 353
Eunotia pectinalis var. minor f. impressa 535
Svnedra acus %2
Navicula subtilissima 43
Nitzschia perminuta 12
Svnedra rumpens 943
Brachvsira vitrea QE E| | — — Ja—
Tabellaria flocculosa QE El p— —
Achnanthes sp. QE |
Peronia fibula QE E|
Svnedra minuscula i3
Frustulia rhomboides var. saxonica 3
Gomphonema anaustatum aaa. _Ea
Fraailaria virescens var. exiaua QE E|
Gomphonema aracile i3
Eunotia pectinalis var. minor 243
Eunotia curvata 2
Navicula leptostriata 283
Brachvsira brebissonii ési
Cvmbella lunata 353
Eunotia incisa 555
Achnanthes minutissi i3
Eunotia naeaelii §Ea
%
s

Achnanthes altaica

mean % frequency per year

Fraailaria vaucheriae

Eunotia vanheurckii var. intermedia 555
Eunotia sb. igi

Eunotia rhomboidea 533

Cvmbella minuta 555

Cvmbella perpusilla i3

Tabellaria auadri %
Nitzschia aracilis E (|

Achnanthes marainulata QE i
Eunotia exiaua %a

Achnanthes austriaca var. minor 333
Achnanthes modestiformis 535
Diatoma hvemale var. mesodon ELEN
Achnanthes Icf. abundans] 535
Eunotia iatriaensis 353

Cocconeis placentula QEE

1990 2000 2010 2020
year

Time series of percentage abundance of the more abundant epilithic diatom taxa. Taxa are ordered so that those that were most abundant in the early phase
of monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Epilithic diatom diversity and acidity indicator metrics
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Time series of epilithic diatom diversity metrics and the DAM acidity indicator score (Juggins et al.,
2016). Hill's N1 = measure of the number of abundant species in a sample; Hill's N2 = measure of
number of very abundant species in a sample; E5 = measure of eveness - the more one species
dominates the closer the score approaches zero.
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4.1.5. Loch Coire Nan Arr aquatic macrophytes

Aquatic macrophyte relative abundance (DAFOR scale)

Callitriche hamulata ; n n u n n ] |

Rhytidiadelphus sp. 3

Sphagnum auriculatum 3

oo

Potamogeton polygonifolius 3

(<]

Fontinalis sp. _ E:
Eleocharis multicaulis 3y - E:
Batrachospermum sp. 1_ Ez
Juncus articulatus/Juncus acutiflorus indet. _ 1 - - - Ez
Carex rostrata 3 E:
Glyceria fluitans 3_ E:
Equisetum fluviatile 3 = = i - - Ez
Nitella flexilis var.flexilis agg. ; u u u u ] E:
Utricularia sp. 3 n n - - - - fz
Filamentous green algae a - 1 _Ez
Myriophyllum alterniflorum i n n u n m - - _Ez
Isoetes lacustris i || ] | | | | n n u é:
Carex nigra 3_ — - = - - f:
Juncus bulbosus var. fluitans 3 | | | | | | | | | | | | | | fz
Potamogeton natans 3 | | | | | | | | - - | | éz
Lobelia dortmanna 3g u | ] | | n n | || éz
Littorella uniflora 3g n | | | | | | ", ] ] fi
Sparganium angustifolium 3_ - - - - - - _Ez
Juncus effusus 3_ fz
Ranunculus flammula 3 = n n n - n Ez
-,
£,
-ES

£

£

0]

Subularia aquatica 3

o
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Lake aquatic macrophyte summary. Relative abundance determined on a five point scale comparable
to the DAFOR scoring system of Palmer et al., 1992 following shoreline survey, shore transects and
deep-water grapnel trawls. 1. Rare/infrequent; 2. Occasional but not abundant; 3. Widespread but not
abundant; 4. Locally abundant; 5. Widespread and abundant
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4.2 Allt a'Mharcaidh

4.2.1. Allt a'Mharcaidh site characteristics

Grid Reference NM 881045
Catchment area 998 ha
Minimum catchment altitude 325 m
Maximum catchment altitude 1111m
Catchment geology Granite

Catchment soils

Alpine & peaty podsols, blanket peat

Catchment vegetation Moorland c. 94% Conifer woodland c. 4%
Mean annual runoff 773 mm
CBED total oxidised sulphur (kg ha* yr?) (1990 - 2017) 12,67 7.6
CBED non-marine oxidised sulphur (kg ha* yr?) (1990 - 2017) 9.27 2.6
CBED total oxidised nitrogen (kg ha* yr?) (1990 - 2017) 477 3.9
CBED reduced nitrogen (kg ha* yr?) (1990 - 2017) 6.81 5.6
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4.2.2. Allt a'Mharcaidh water chemistry

Water chemistry time series
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Water chemistry statistics

period 1989-1993 1994-1998 1999-2003 2004-2008 2009-2013 2014-2018 2019-2022 2023-2024
metric median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev
sul phat el 44.78 5.05 43.74 6.98 41.66 8.02 39.16 6.44 36.12 21.16 30.16 7.31 30.62 5.88 32.49 5.09
non-marine sul p#ha 33.18 5.35 33.05 6.37 30.22 8.51 28.59 6.08 26.68 | 15.67 19.21 7.05 20.42 5.27 23.12 4.67
ni trat eb 2.14 0.21 2.14 0.44 2.14 0.12 2.14 0.30 2.14 0.27 2.14 0.46 2.14 1.46 2.14 0.97
chloride) 104.38 28.89 104.38 20.40 98.73 48.27 99.02 14.66 91.40 57.72 104.66 43.22 94.50 19.69 91.12 14.68
calcium ( € e §) 42.66 6.39 42.41 8.75 39.42 | 10.02 37.57 6.92 36.88 | 19.46 41.17 7.60 40.87 | 16.33 4157 | 10.01
magnesi um?)( 28.79 4.80 27.97 5.14 27.97 9.51 27.15 8.10 25.50 17.52 28.54 6.07 26.73 4.06 27.97 4.06
sodi um ¢ 134.85 17.91 139.20 16.63 130.50 32.02 121.80 30.78 123.76 23.13 133.70 23.13 129.19 20.55 133.50 23.45
potassiun 6.78 2.53 5.88 1.52 5.63 0.95 5.40 1.21 5.61 2.02 6.96 4.14 9.13 4.76 8.54 6.93
pH 6.52 0.40 6.54 0.42 6.60 0.33 6.61 0.36 6.53 0.32 6.48 0.38 6.50 0.34 6.71 0.20
Gran al kal it)n 40.00 | 21.40 48.00 | 23.70 47.00 | 20.20 45.00 | 20.46 49.81 | 20.42 55.74 | 28.35 76.20 | 32.98 81.00 | 2551
Il abile al umj 2.00 6.14 2.00 8.55 2.00 4.26 2.00 5.03 4.00 4.98 6.00 8.34 N/A N/A 5.00 0.32
conducti vi® 23.00 3.36 24.00 3.40 22.00 2.92 23.50 2.28 21.65 2.74 24.00 4.92 24.45 4.42 25.00 4.63
Dissolved Organic Carbon (mg L) 1.70 1.23 2.00 2.03 2.30 1.81 3.13 3.01 2.90 2.08 2.52 2.77 2.29 2.41 2.37 1.42
Acid NeutralisingCapaci t y1)( 53.13 | 23.00 54.39 | 21.87 59.23 | 25.29 51.46 | 41.31 62.20 | 94.57 74.05 | 39.05 72.87 | 27.48 88.16 | 27.96
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4.2.3. Allt a'Mharcaidh macroinvertebrates

Time series of relative abundance
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Leuctra hippopus

Amphinemura sulcicollis

Tipulidae (including Limoniidae, Cylindrotomidae and Pediciidae)

Chloroperla tripunctata

Chironomidae

Isoperla grammatica

Rhyacophila sp.

Simuliidae

Leuctra inermis

Protonemura sp.

Rhithrogena sp.

mean % frequency per year

Siphonoperia torrentium

Brachyptera risi

Baetis sp.
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TR T N T Ty T

Elmis aenea

Ameletus inopinatus

Limnephilidae

Scirtidae

1990 2000 2010 2020
year

Time series of percentage abundance of the more abundant macroinvertebrate taxa. Taxa are ordered so that those most abundant in the early phase of
monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Macroinvertebrate diversity and acidity indicator metrics
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Time series of macroinvertebrate diversity metrics and acidity indicator score (AWIC for

streams/LAMM for lakes). Hill's N1 = measure of the number of abundant species in a sample; Hill's
N2 = measure of number of very abundant species in a sample; E5 = measure of eveness - the more

one species dominates the closer the score approaches zero.
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4.2.4. Allt a'Mharcaidh epilithic diatoms

Time series of relative abundance

Hannaea arcus

Eunotia sudetica
Fragilaria vaucheriae
Brachysira vitrea

Synedra minuscula
Tabellaria flocculosa
Achnanthes modestiformis
Peronia fibula

Achnanthes detha
Achnanthes minutissima
Gomphonema angustatum agg.
Achnanthes marginulata

Diatoma hyemale var. mesodon

mean % frequency per year

Achnanthes saxonica

Eunotia tridentula var. perminuta
Gomphonema parvulum

Fragilaria capucina

Synedra rumpens

Eunotia microcephala var. tridentata
Gomphonema parvulum var exillisima

Eunotia muscicola var perminuta
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Time series of percentage abundance of the more abundant epilithic diatom taxa. Taxa are ordered so that those that were most abundant in the early phase
of monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Epilithic diatom diversity and acidity indicator metrics
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Time series of epilithic diatom diversity metrics and the DAM acidity indicator score (Juggins et al.,
2016). Hill's N1 = measure of the number of abundant species in a sample; Hill's N2 = measure of
number of very abundant species in a sample; E5 = measure of eveness - the more one species
dominates the closer the score approaches zero.
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4.2.5. Allt a'Mharcaidh aquatic macrophytes

Aquatic macrophyte mean percentage cover of survey stretch
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Chiloscyphus polyanthos 7 + +++++ +++ +4°
Blindia acuta + f“’
Brachythecium rivulare |+ + + g g g g + B
Jungermannia exsertifolia ssp. Cordifolia |+ + + o+ 2
Philonotus fontana + e
Sphagnum (aquatic indet.) | rr++r+r+rr+rr+ +4°
Pellia sp. ] I

Marsupella emarginata ] +r++r+r+rr++ +4°
Bryum pseudotriquetrum ] + okt B e o& AP
Rhizomnium punctatum ] + + N
Viola palustris | 234 & N

Epilobium brunnescens ] + FH+++ + "
Hygrohypnum duriusculum + S e
Jungermannia sp. | +++ +4°
Gymnocolea inflata | g e
Polytrichum sp. ] & + +4°

Juncus effusus | + +4°
Racomitrium ellipticum ] + e
Diplophyllum albicans ] +4°
Mnium hornum ] y 4

30
20
Filamentous green algae 1+ + _ + +++gt+++ I+ + ;"

T T T T T 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 2014 2016 2018 2020 2022

Stream aquatic macrophyte summary. Relative abundance determined as the mean aerial cover of ten
5 m sections of the stream bed. + Represents <0.9% cover.
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4.2.6. Allt a'Mharcaidh water temperature

Time series of monthly mean, maximum and minimum water temperature
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Legend

— Mean_daily_maximum
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Water temperature (°C)
=

(3.}

2019
date

Daily monthly temperature summary data, including the monthly mean, maximum and minimum temperature, and the mean daily maximum and mean daily
minimum temperature for each month. Stream water temperature statistics are provided only when data are available for at least 25 days in a month.
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4 .3.Allt na Coire nan Con

4.3.1. Allt na Coire nan Con site characteristics

Grid Reference NM 793688
Catchment area 790 ha
Minimum catchment altitude 10m
Maximum catchment altitude 756 m

Catchment geology

Schists and gneiss

Catchment soils

Peaty podsols,

Catchment vegetation Conifers 42% Moorland 54%
Mean annual runoff 2262 mm
CBED total oxidised sulphur (kg ha* yr?) (1990 - 2017) 29.27 19.0
CBED non-marine oxidised sulphur (kg ha* yr?) (1990 - 2017) 16.471 3.6
CBED total oxidised nitrogen (kg ha* yr?) (1990 - 2017) 17.67 5.1
CBED reduced nitrogen (kg ha* yr?) (1990 - 2017) 23.97 7.7
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4.3.2. Allt na Coire nan Cowater chemistry

Water chemistry time series
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Water chemistry statistics

period 1989-1993 1994-1998 1999-2003 2004-2008 2009-2013 2014-2018 2019-2022 2023-2024
metric median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev
sul phat el 60.41 14.02 59.37 11.59 54.16 10.84 47.91 11.09 45.62 22.82 40.18 13.29 36.12 11.98 43.53 11.06
non-marine sul p#ha 27.93 15.23 32.61 11.60 23.21 11.51 18.17 10.16 17.41 17.73 11.09 8.96 11.87 9.61 18.75 | 10.81
ni trat eb 3.00 3.53 4.00 2.96 2.14 18.12 2.14 0.95 2.14 1.64 2.14 4.63 2.14 1.45 2.14 0.84
chloride) 287.74 | 145.83 236.96 | 100.46 282.10 | 121.33 274.06 | 103.76 230.76 | 111.01 240.08 | 124.62 213.55 | 114.76 231.46 69.63
cal ci um)( 57.38 18.91 53.89 12.88 57.88 16.91 45.71 11.99 50.90 14.93 43.54 14.63 43.61 18.38 55.39 15.00
magnesi um?)( 68.28 27.46 56.35 18.59 67.86 24.99 58.40 17.16 56.47 20.45 52.65 23.78 57.25 25.31 65.73 9.46
sodi um ¢ 267.52 87.18 232.72 61.36 265.35 71.64 239.25 67.49 234.90 66.96 229.35 86.28 210.54 70.20 238.05 42.16
potassiun 8.95 3.38 7.80 3.08 6.90 3.58 8.31 2.52 7.89 2.40 7.44 3.00 6.78 2.37 7.19 2.70
pH 5.81 0.49 6.02 0.41 5.92 0.42 5.78 0.43 5.94 0.40 5.86 0.47 5.96 0.45 6.36 0.40
Gran al kal it 12.50 22.46 23.50 18.51 20.00 18.96 16.00 16.55 25.00 17.54 25.32 24.31 36.60 28.35 54.40 30.89
Il abile al umj 15.00 21.88 8.00 11.28 6.00 11.81 8.00 13.08 12.00 10.97 13.00 9.80 N/A N/A 5.00 4.20
conducti vi® 47.50 16.83 41.50 11.32 47.00 13.98 43.00 13.15 42.00 13.27 40.20 15.76 39.00 14.89 42.45 8.41
Dissolved Organic Carbon (mg L) 3.10 1.62 4.15 2.19 5.10 2.85 5.30 3.03 5.95 3.41 5.93 3.20 6.33 2.72 5.22 2.44
Acid NeutralisingCapaci t y1)( 2520 | 44.74 47.41 | 32.07 36.64 | 39.75 26.84 | 37.90 55.82 | 46.95 50.33 | 33.63 49.84 | 36.34 91.35 | 42.08
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4.3.3. Allt na Coire nan Con macroinvertebrates

Time series of relative abundance

Culicidae

Protonemura sp.

Leuctra hippopus

Brachyptera risi

Isoperia gr

Plectrocnemia sp.

Rhyacophila sp.

Rhithrogena semicolorata

Chloroperla tripunctata

Leuctra inermis

Amphinemura sulcicollis

Tipulidae (including Limoniidae, Cylindrotomidae and Pediciidae)

Nemoura sp.

Oligochaeta

P B B p L D D G P p P P Pl i
I
n
|
I
|
I

Oreodytes sanmarkii

Chironomidae

T

Electrogena lateralis

#
3

Simuliidae

mean % frequency per year

Limnius volckmari

Polycentropus sp.

Siphlonurus lacustris

Ecdyonurus sp.

Baetis sp.

Siphonoperla torrentium

Elmis aenea

Silo pallipes

Hydraena sp.

Hydracarina

ISR C T C ST SN C T SETC ST C SO ST C SR ST C SRR C SR SN C SRR CRRPITC SN SISV C SITC ST T C RIITC SRS ST C SR ST T C SRTCY

Pl fl i i pi B p pi s
|
|
]
|
|
|

Hydroptila sp.

1990 2000 2010 2020
year

Time series of percentage abundance of the more abundant macroinvertebrate taxa. Taxa are ordered so that those most abundant in the early phase of
monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Macroinvertebrate diversity and acidity indicator metrics
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Time series of macroinvertebrate diversity metrics and acidity indicator score (AWIC for
streams/LAMM for lakes). Hill's N1 = measure of the number of abundant species in a sample; Hill's
N2 = measure of number of very abundant species in a sample; E5 = measure of eveness - the more
one species dominates the closer the score approaches zero.
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4.3.4. Allt na Coire nan Con epilithic diatoms

Time series of relative abundance

50 4

Gomphonema angustatum agg. ,, ]

75 ]
. 50 I I I I I I I
Achnanthes saxonica ;|
0

75 4
50 4

Synedra minuscula . | l
0d ] —

75 4
50 4

Eunotia exigua ;]|

754
50 4

Eunotia vanheurckii ]|

75 4
50 4

Achnanthes minutissima 25 |

75 4

. 50 4
Tabellaria flocculosa 25

04

mean % frequency per year

0 - = = = - = =
75 4
- 50 ]
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: = o P2 p———
75 4
Eunotia vanheurcKii var. intermedia gg:
- =
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Eunotia pectinalis var. minor f. impressa gg:
0 =
75 ]
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5 . - —
75 ]
> =
75 ]
50
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: —
T ! : I
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Time series of percentage abundance of the more abundant epilithic diatom taxa. Taxa are ordered so that those that were most abundant in the early phase
of monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Epilithic diatom diversity and acidity indicator metrics
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Time series of epilithic diatom diversity metrics and the DAM acidity indicator score (Juggins et al.,
2016). Hill's N1 = measure of the number of abundant species in a sample; Hill's N2 = measure of
number of very abundant species in a sample; E5 = measure of eveness - the more one species
dominates the closer the score approaches zero.
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4.3.5. Allt na Coire nan Con aquatic macrophytes

Aquatic macrophyte mean percentage cover of survey stretch
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k

0

Hyocomiumarmoricum]+.++++ +++ + + + +++ + AR am _F
10

Juncus bulbosus var. ﬂuitansq + + + .;.l:
10

Fontinalis antipyreticajl + + + + + 4+ + + + +|:
10

Nardia compressa:| +  + + + + + +F
10

Brachythecium plumosum—‘l + + .4‘7
10

Pelliasp} ++  + +++ + + +l:
10

Viola palustris:| n il .;.F
10
Marsupella emarginata :|+ + + + + + + + £0
10

Lemanaea sp.:l + + o+ +|:
10

Jungermannia sp.tl + +F
10

Mnium hornumjl + + + + +F
10

Sphagnum (aquatic indetA):l + + 41‘—
10

Rhizomnium punctatum—‘l g +F
10

Hookeria Iucens—‘l + .,.F
10

Diplophyllum albicans:| + + + 4-|:
10

Cephalozia connivens:I + .;.F
10

Marsupella sphacelatajl +F
10

Atrichum undulatum] +|:

10
Filamentous green algae [+ + + g + + + + I +

T LA S N S s S S S EO S Sy S A |
1988 1992 1996 2000 2004 2008 2012 2016 2020

Stream aquatic macrophyte summary. Relative abundance determined as the mean aerial cover of ten
5 m sections of the stream bed. + Represents <0.9% cover.
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4.3.6. Allt na Coire nan Cowater temperature

Time series of monthly mean, maximum and minimum water temperature
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Daily monthly temperature summary data, including the monthly mean, maximum and minimum temperature, and the mean daily maximum and mean daily
minimum temperature for each month. Stream water temperature statistics are provided only when data are available for at least 25 days in a month.
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4.4.Lochnagar

4.4.1. Lochnagar site characteristics

Grid Reference NO 252289
Lake altitude 785 m
Maximum altitude 1145 m
Maximum depth 26 m
Mean depth 8.4m
Volume 8.2x10°m?
Lake area 9.8 ha
Catchment area 108.5 ha
Catchment area (excl.lake) 91.9 ha
Catchment:Lake ratio 11
Catchment geology Granite
Catchment soils Peats

Catchment vegetation Alpine - moorland
Mean annual runoff 1295 mm
CBED total oxidised sulphur (kg ha* yr?) (1990 - 2017) 13.871 6.3
CBED non-marine oxidised sulphur (kg ha* yr) (1990 - 2017) 1147 3.1
CBED total oxidised nitrogen (kg ha* yr?) (1990 - 2017) 7471 5.1
CBED reduced nitrogen (kg ha* yr?) (1990 - 2017) 11971 7.1
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4.4.2. Lochnagar water chemistry

Water chemistry time series
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NOjs = nitrate; DOC = dissolved organic carbon; Labile Al = inorganic monomeric (labile) aluminium; ANC = Acid Neutralising Capacity (determined by the equivalent difference between total base
cation concentration and total acid anion concentration); Gran Alkalinity = alkalinity determined by a Gran titration; SO, = sulphate not derived from marine salts; CI" = chloride; NO3 = nitrate; DOC =
dissolved organic carbon; Labile Al = inorganic monomeric (labile) aluminium; ANC = Acid Neutralising Capacity (determined by the equivalent difference between total base cation concentration and
total acid anion concentration); Gran Alkalinity = alkalinity determined by a Gran titration; Ca?* = calcium; Mg?* = magnesium.
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Water chemistry statistics

period 1989-1993 1994-1998 1999-2003 2004-2008 2009-2013 2014-2018 2019-2022 2023-2024
metric median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev | median | stdev
sul phat e?) 58.32 8.44 55.20 4.34 45.83 2.87 40.83 3.82 33.12 7.16 27.00 2.45 23.68 2.43 22.50 1.46
non-mar i ne sul p#f)a 49.38 7.38 4511 4.23 38.05 2.27 33.43 3.60 25.49 1.99 19.89 1.93 17.14 2.20 14.58 1.82
nitrat e? 11.50 5.48 18.50 5.24 18.50 3.86 15.29 4.10 15.00 3.57 11.36 3.41 8.18 2.69 2.14 2.39
chloride 86.04 | 21.18 93.09 | 15.32 76.17 | 13.03 73.35 8.34 76.45 | 2181 68.55 | 14.21 67.56 | 14.07 72.50 8.24
cal ci um)( 27.94 5.87 27.45 4.29 23.95 3.14 21.96 3.08 19.04 2.69 18.16 4.26 15.74 2.27 17.71 0.86
magnesi um?( 32.90 9.00 31.67 3.57 29.20 3.35 25.34 2.60 23.77 2.43 22.70 3.10 19.29 2.21 20.73 1.46
sodium ¢ 91.35 | 20.15 91.35 | 11.40 82.65 | 10.97 78.30 6.66 77.65 7.38 7430 | 11.43 72.21 | 19.10 73.69 10.08
potassium) 7.16 3.93 5.88 1.56 4.73 0.65 4.60 1.19 4.95 2.84 5.24 1.29 4.13 1.65 6.16 5.09
pH 5.46 0.21 5.25 0.13 5.44 0.14 5.53 0.14 5.59 0.23 5.74 0.18 6.00 0.29 6.19 0.16
Gran al kal it)n 2.00 4.95 -1.50 4.80 0.00 1.90 2.00 2.61 3.92 4.06 8.58 7.33 18.10 5.84 29.40 4.80
Il abil e al umij 8.00 32.13 24.00 25.61 10.00 8.97 12.50 24.98 8.50 4.85 7.00 3.37 N/A N/A 5.00 231
conductiviy 21.50 5.87 22.00 3.09 19.00 1.91 19.00 1.28 16.85 1.87 15.50 1.62 14.25 2.84 14.10 1.77
Dissolved Organic Carbon (mg L) 0.85 0.47 1.20 0.66 1.40 0.48 241 1.49 2.01 0.76 1.83 0.80 1.87 1.05 1.93 0.22
Acid NeutralisingCapaci ty?)( 1.94 14.85 -3.43 9.53 0.05 10.86 0.18 5.28 3.20 21.48 14.94 12.99 14.65 12.43 15.11 7.89
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4.4.3. Lochnagar macroinvertebrates

Time series of relative abundance

Leuctra fusca

Leuctra nigra

Leptophlebiidae

Anabolia nervosa

Nebrioporus depressus group

Limnephilus sp.

Brachyptera risi

Diura bicaudata

Oreodytes davisii

Nemoura sp.

Protonemura sp.

Stictotarsus multilineatus

Drusus annulatus

Tipulidae (including Limoniidae, Cylindrotomidae and Pediciidae)

Capnia sp.

Siphonoperla torrentium

mean % frequency per year

Isoperla grammatica

Plectrocnemia sp.

Chironomidae

Limnephilidae

Empididae

Nemurella picteti

Oligochaeta

Polycentropus sp.

Chaetopteryx villosa

N0) G o RGO S0 RG) o o 0o oo 0o o o R ohoto o o i b o oha SR how i SR
R R o S T S I S I S i A I A i Wi O W A W i

Nematoda

1990 2000 2010 2020
year

Time series of percentage abundance of the more abundant macroinvertebrate taxa. Taxa are ordered so that those most abundant in the early phase of
monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.
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Macroinvertebrate diversity and acidity indicator metrics

Hill's N2 Hill's N1 Total no. taxa
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Time series of macroinvertebrate diversity metrics and acidity indicator score (AWIC for
streams/LAMM for lakes). Hill's N1 = measure of the number of abundant species in a sample; Hill's
N2 = measure of number of very abundant species in a sample; E5 = measure of eveness - the more
one species dominates the closer the score approaches zero.
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4.4.4. Lochnagar epilithic diatoms

Time series of relative abundance

Eunotia [tenella/paludosa]

Eunotia [vanheurckii var. 1]

Achnanthes austriaca var. minor

Eunotia exigua

Eunotia vanheurckii var. intermedia

Achnanthes [altaica var. minor]

Achnanthes austriaca var. helvetica

Eunotia naegelii

Achnanthes marginulata

Eunotia denticulata

Peronia fibula

Aulacoseira distans var. nivalis

Eunotia incisa

Eunotia rhomboidea

mean % frequency per year

Fragilaria virescens

Brachysira brebissonii

Tabellaria quadriseptata

Fragilaria vaucheriae

Diatoma hyemale var. mesodon

Frustulia rhomboides var. viridula

Tabellaria flocculosa

Synedra minuscula

Brachysira vitrea

Fragilaria capucina
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Time series of percentage abundance of the more abundant epilithic diatom taxa. Taxa are ordered so that those that were most abundant in the early phase
of monitoring appear at the top of the plot while those that have become most abundant more recently appear at the bottom.

42



Epilithic diatom diversity and acidity indicator metrics
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Time series of epilithic diatom diversity metrics and the DAM acidity indicator score (Juggins et al.,
2016). Hill's N1 = measure of the number of abundant species in a sample; Hill's N2 = measure of
number of very abundant species in a sample; E5 = measure of eveness - the more one species
dominates the closer the score approaches zero.
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4.4.5. Lochnagar aquatic macrophytes

Aquatic macrophyte relative abundance (DAFOR scale)

Lake aquatic macrophyte summary. Relative abundance determined on a five point scale comparable
to the DAFOR scoring system of Palmer et al., 1992 following shoreline survey, shore transects and
deep-water grapnel trawls. 1. Rare/infrequent; 2. Occasional but not abundant; 3. Widespread but not
abundant; 4. Locally abundant; 5. Widespread and abundant

44


































































































































































































































































































































































































































































































































































