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1. Introduction

This report presents and summarises data from the Stream Water Qudity project
ingigated by the Rannoch Trugt in 1992. The project is a component of the Loch Laidon
Cachment land-use experiment, which is invedigaing the effects of differing catle
grazing regimes on the terredtrid and aguatic upland environment. Allott et al (1994)
described the project rationde and background whilst progress reports (see References)
have provided ongoing updates of the accumulating dataset.

2. Methodology

Sampling methodologies followed those of Allot et al (1994). Annud biologicd surveys
of fish, epilithic diatoms, aguatic macroinvertebrates and aguatic macrophytes continue to
be undertaken. Aquatic macroinvertebrates were not surveyed in 1995, Biologicd
sampling dates are given in Appendix 5 Spot water chemistry samples have been
collected a gpproximately monthly intervals.

A total of 33 cattle (1 bull, 16 cows and 16 cdves) were introduced within the fenced
experimentd plot from mid July to late September 1993. A dmilar grazing period has
been practiced in subsequent years though stocking levels were reduced by one cow and
one caf in 1994.

In summer 1995 an additiond four spot water chemistry sampling points were added to
the project:

a alower gtation on the experimenta burn

b. an upper station on the Allt Riabhach na Bioraich burn
c. alower gation on the Allt Riabhach na Bioraich burn
d. the Loch Laidon Outflow

Since 1996 the Allt Riabhach na Bioraich burn has dso been sampled for epilithic
diatoms, aguatic macrophytes, aguatic macroinvertebrates and fish following the pre-
existing protocols.

Sampling locations are presented in Figure 2.



3. DataAnalysisand Presentation

Data are held on a centrd Access database a the Environmenta Change Research Centre
(ECRC) and in this report are presented as raw data, graphs and summary datigtics.

Thefollowing biotic and diversity indices have been used for macroinvertebrates:

Hill’s N1 gpproximates to the number of abundant species

Hill’s N2 gpproximates to the number of very abundant speciesin the sample.

Hill’s E5 is a measure of the evenness of species occurrences in a sample. E5 approaches
zero as a single species becomes more dominant in the community.

Richness (rareftn 100) predicts the expected number of taxa in a sample of 100
individuds.

BWMP is a scoring system for macroinvertebrates based on a scae of 1 to 10 given to
eech taxonomic family. It provides an indication of waer qudity by assgning families
very sendtive to organic pollution a score of 10 whilst those that thrive in organicaly
polluted systems, such as bloodworms, are assigned a score of O.

ASPT is the Average Score Per Taxon, based on the BMWP score divided by the number
of taxain the sample. A range of 6.3t0 6.7 istypica for adiverse fauna

Multivariate daidicd methods were applied to the epilithic dialom and aguatic
meacroinvertebrate data from the Control, Experimentd and Allt Riabhach na Bioraich
burns to examine the extent of between year variability and test for time trends, these
included Detrended Correspondence Analyss (DCA), Principd Components Andyss
(PCA) and Redundancy Andyss (RDA). DCA was used as an initid test on the dita to
check their suitability for the subsequent linear modds of PCA and RDA. PCA is an
indirect gradient approach that provides a sendgtive measure of between sample variance
in the species assemblage. RDA is a form of PCA in which the components are
congrained to be linear combinations of explanatory variables. For the purpose of this
dudy the sngle explanatory varigble was “time’, coded as year of sampling. Statistica
dggnificance of the results was tested usng a redricted verson of the Monte Carlo
permutation test, running 999 permutations. All andyses were peformed usng the
progran CANOCO (ter Braak 1988, 1990). For a fuller explanation of the datistica
methodologies see Patrick et al (1995).



4. Results

4.1 Water Chemistry

4.1.1 Comparison of the Control and Upper Experimental Burn

Figures 3.1 to 33 show the redaionship between Control and Experimental burn
concentrations of key chemica determinands. In generd the ratios between the streams
continue to demongrate the condstency of the reaionship over time. These therefore
provide strong evidence that the water qudity of the upper reaches of the Experimenta
burn reman unaffected by the catle-grazing regime. Conductivity and dkdinity persst
in beng rddivdy devaed in the Experimenta Burn during the summer period and
Figure 3.4 drengthens the case made by Monteith (1999) that this change in the ratio
occurs during periods of lower flow. The effect is less pronounced during the reatively
wet summer of 2000.

Nitrate concentrations have remained low in the two burns over the last two years with
the exception of a summer pesk in 1999 in the Experimentd Burn. This echoes a smilar
occurrence in 1998 and possbly arises from minor nitrification within the sream channd
dter periods of paticulaly low flow. Within stream biological uptake of nitrate may
account for the reduction in these peek levels between the upper sampling point (Figure
3.3) and the lower sampling point (Figure 3.5).

4.1.2 Comparison of the Control and Lower Experimental Burn

Although the time series for the lower dtation of the Experimenta burn is rdatively short,
the effects of changes in catchment management are more likely to be detectable here
than in the upper reaches. In Figures 3.5, 3.6 and 3.7 however, the ratios of selected
chemica variables between the lower sampling Ste on the Experimenta Burn and the
Control Burn demondrate a lack of any discernable trends since caitle grazing began.
Conductivity is condgently higher a the lower dte than the Control Burn though
akainity in the two is more closely maiched.

4.1.3 Comparison of the Allt Riabhach na Bioraich with the Control And Lower
Experimental Burn

The conductivity plot (Figure 3.9) illustrates how better matched the chemistry of the Allt
Rigbhach na Bioraich burn is to the Control burn, in comparison with the Experimenta
bun. This is paticulaly the case for summer pesk vaues and suggests better
hydrologica competibility. Alkdinity and Totd Organic Carbon graphs (Figure 3.8 and
3.11), like conductivity, reved a propendty for higher vaues in the Lower Experimenta
Burn during the late summer months. Nitrate (Figure 3.10) vaues in the three burns again



fluctuate seasondly but pesks are seen during the winter months when biologicd activity
is & a minimum. The Lower Experimenta Burn exhibits generdly lower nitrate vaues
than the other burns.

4.2 Biology

4.2.1 Epilithic Diatoms

Epilithic diatom data is presented graphicaly in Figures 4.1, 42 and 4.3. Trend test
datistics are provided in Table 1.

The Control burn distom assemblage continues to be dominated by three species. The
most abundant taxon dternates between, Tabellaria flocculosa and Synedra miniscula.
Brachysira vitrea is amog dways the third most abundant species.

The diaom flora of the Experimentd burn continues to show drong inter-annud
fluctuations, as identified in previous years. The most persgtently abundant species are
Tabellaria flocculosa, Peronia fibula, Eunotia naegelii, Brachysira vitrea, Eunotia incisa
and Frustulia rhomboides.

In the Allt Riabhach na Bioraich burn distom assemblage compostion has remained
much more stable than in the other two study burns. Tabellaria flocculosa has dominated
the assemblages every year, with Brachysira vitrea usudly the next most abundant
Species.

Detrended Correspondence Analyss was peformed on the diatom data from the
Experimental Burn and the Control Burn. Both datassts proved to have short time
condrained gradient lengths of less than 3 dandard deviaion units and were thus
gopropriacte  for subsequent Principd  Components Anadyss. The PCA fird axis
dgenvaues (?:7°), which provide the maximum proportion of totd betweenyear
variance tha can be explained by a sngle hypotheticd varidble, are provided in Table 1.
Also provided in this table are RDA Axis 1 egenvaues, which give the variance that can
be explained by a time trend (?,"P*). Vaiance explained by time a both sites is small
relative to variance on the firg Principd Component ad is not deemed sgnificant by
Monte Carlo permutation tests (P> 0.05) This suggedts that it is unlikely tha there is any
time trend in the data a ether dte and that cattle grazing is having no discernible effect
on the diatom flora of the Experimenta burn.

Table1 Diatom Trend Test Statistics

A A ROA T\ RPANZ A | Restricted P Vaue

Control Burn 042 (015 |0.36 0.38

Experimenta Burn | 0.42 | 0.21 | 0.49 0.27




4272 M acroinvertebrates

Macroinvertebrate data are presented in Table 4 and Figures, 5.1, 52 and 5.3.
Macroinvertebrate summary ddistics in Table 5 demondrate that the tota numbers of
individua animals caught have tended to increase a dl three burns in the lagt four years.
Over the same period the number of species found per sample has fluctuated a each Site,
demongrating no obvious trends (Figures 5.4, 55 and 5.6). The Allt Riabhach na
Bioraich, however, is consgently dightly less species rich than the other burns.

The Control and Allt Riabhach na Bioraich continue to show close resemblance in their
sonefly dominated assemblages. Amphinemura sulcicollis was the most abundant species
in both burns in 2000, while Sphonoperla torrentium has dedined dightly in both
dreams over the last three years. Another stonefly, Isoperla grammatica is the third
consgtently abundant species in the Allt Riabhach na Bioraich whereas in the Control
Burn the beetle Limnius volckmari is the next most frequent taxon.

Unlike the stonefly dominated assemblages of the other burns the Experimenta Burn has
been dominated by midge lavae (CHIRONIMIDAE) and larvee of the caddis family,
Limnephilidee, over the past three years with these condituting approximatdy hdf of the
sampled macroinvertebrates. The beetle Oulimnius tuberculatus and the <onefly
Amphinemura sulcicollis have represented the most abundant of the other species in this
burn.

Detrended Correspondence Anadlyss on the macroinvertebrate data from the Control,
Experimentd and Allt Riabhach na Biorach Burns confirmed their suitability for
Principd Components Andyss. Sttidical results for the macroinvertebrates can be
found in Table 2. Smilar to the diatom data, variance explained by time is andl rddive
to variance on the Principd Component, while sgnificance tests suggest tha there are no
time trends a any of the three Stes.

Table 2 Macroinvertebrate Trend Test Statistics

| 17 [ARPA |1 RPAN A |Restricted P Vaue
Control Burn 0.39 | 017 | 0.44 0.43
Experimental Burn 0.34 | 0.20 | 0.60 0.36
Allt Riabhach naBioraich Burn 0.50 [0.26 | 0.52 0.39




4.2.3 Aquatic Macrophytes

Aquatic macrophyte data for the three study burns is summarized in Table 6. No magjor
changes in assemblage species compogition have been observed a any dte, though very
gndl amounts of Racomitrium aciculare were recorded in the Allt Riabhach na Bioraich
Burn more recently. This species tends to colonise rocks above normd water leve and
these records are likey to result from eevated flow conditions a the time of sampling,
effectivdly increesng the area of survey. The Experimental burn continues to show
ggnificantly greater aguatic macrophyte cover than the other two burns and is the only
one regularly to host Juncus bulbosus var. fluitans. The Control Burn consigently
displays lesser amounts of cover and the Allt Riabhach na Bioraich Burn hasleast of dl.

424 Fish

Fish population data are presented in Table 7.and Figures 6.1, 6.2 and 6.3, which show
that trout spawning and recruitment continues in dl three burns sudied. With the
exception of older classed fish in the Experimental burn, dengties for the year 2000 were
gengdly low. However sampling was hampered by the exceptiondly high flow
conditions that followed a prolonged period of high rainfdl. There has been an apparent
gradud rie in the dendty of more mature fish gnce 1995 in the Experimenta burn
though this has merely brought levels back to those at the start of the study. No
discernable longer-term trends are apparent in any of the burns, with the 1998 and 1999
dengties for dl burns and fish ages fdling well within the previoudy recorded limits.

5. Discussion

With the monitoring of the Loch Laidon burns now in its ninth year, there is gill no
evidence that grazing has had any chemicd or biologicad effect on the experimenta burn
Although the tedting of any grazing effect hypothess has been hampered by the fact that
chemicd monitoring of the Experimentd burn did not begin before catle were
introduced to the catchment, comparisons with data from the Control dte suggest there
has been no dream response to the change in management. This concluson is
corroborated by the most recent datisics performed on biologicd data from the
Experimental burn. These show no evidence of time trends or any other tempora pattern
inindices

The data continue to show that the Allt Riabhach na Bioraich Burn is better matched to
the Control burn than the current Experimenta Burn and this re-emphasises the point
made in the previous report, that the Allt Riabhach na Bioraich Burn is better suited than
the latter as the experimental par for the Control. Physcdly, the two burn’'s sampling
dretches have rdativey smilar channd and caichment characteristics. Hydrologicaly,
neither would appear subject to the summer base flow conditions found in the current
Experimenta  burn. Unsurprisingly therefore, the two ae chemicaly wel maiched, both



with respect to seasondity and in the amplitudes of measured determinands. These two
dreams ae dso more comparable biologicdly, especidly as regards agudic
macroinvertebrates and aguatic macrophytes.

It is intended that the fencing on the eastern edge of the experimenta enclosure will be
moved further east, to enclose the lower reaches of the Allt Riabhach na Bioraich Burn,
in a few months time. Part of the Allt Riabhach na Bioraich caichment will therefore fall
under the grazing regime to become a second experimental burn. With closer physicd
characteritics to the Control, impacts of trampling and manuring may be more evident.
However, as topographic condraints will prevent enclosure of the entire Allt Riabhach na
Biorach catchment it is less likdy that the chemidry of this new ste will be any more
sendtive to catle induced effects on soil condition. In addition to chemicd and biologicd
monitoring of the Allt Riadbhach na Biorach we have dso indigaed a monitoring
programme for aguatic macrophytes and littord zooplankton within the shalow bay
where the burn enters Loch Laidon. Basdine biologicd data were gathered during 2000.
Aquatic macrophyte transects have been established and zooplankton samples have been
collected by the Freshwater Fisheries Laboratory. Zooplankton samples are as yet
unanaysed and await the continuation of further research.

The nine years of chemicd and biologicd data accumulated so far on the Loch Ladon
Project provide an important and unique freshwater record for an area of Scotland that
has been under-represented by monitoring programmes over the last few years. Our
andyss provides a veay dear indication that the catle grazing regime has had no
ggnificant effect on the chemistry and biology of the Experimenta Burn. Doubts reman
however over the sengtivity of this burn to grazing impacts and it is to this end that the
project is to incorporate a second, physicaly more appropriate catchment. Meanwhile,
the chemicd daasets from the individud burns provide an intriguing record of spetid
consdstency but dso demondrate the importance of catchment specific hydrologica
factors in determining differences in seasona behaviour. The biologicd datasets indicate
drong persstence between years in the flora and fauna of the dtes, while synchronous
between year varidion in severa of the applied biologica indices demondrates that the
biota of al dtes are sendtive to common (possbly climatic) influences. It is a particular
grength of the Laidon stream data-set that sampling protocols are consstent with those of
the UK government funded Acid Waters Monitoring Network (UKAWMN, see Monteith
et al, 2000, http://mww.geog.uc.ac.uk/ukawmn) which has been in operation since 1988.
Increesingly, it should be posshble to compare chemicd and biological changes in the
grazed catchments not only with the Control ste but dso with other Scottish stream Sites
from the UKAWMN, enhancing the sengtivity of our investigation. Conversdy, data
from the Control Ste would be of great vdue in improving the regiona coverage of
remote freshwater chemistry and biology in the UKAWMN.
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Figure |I: The Loch Laidon catchment indicating the boundaries of Rannoch Moor NNR and SSSI
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Figure 2: Loch Laidon study area
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Figure 3.1 Theratio of dkdinity and itstempora variahility in spot samples from the Experimenta and Control burns, August 1992 —

October 2000.
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Figure 3.2 Theratio of conductivity and its tempord variagbility in spot samples from the Experimental and Control burns, August

1992 — October 2000.
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Figure 3.3 Tempord varidbility of nitrate in gpot samples from the Experimental and Control Burns, August 1992- October 2000
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Figure 3.4 The rdationship between theratio of dkdinity in spot samples from the Experimenta and Control burns and the stage
board height of the Control burn over the period August 1992 — October 2000.
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Figure 3.5 Comparison of the nitrate concentration of the Control and Experimental Burn (Lower site) June 1995 — October 2000.
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Figure 3.6 Theratio of akalinity and its tempord variability in spot samples from the Control and Experimental Burn (Lower site)
June 1995 — October 2000.
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Figure 3.7 Theratio of conductivity and its tempord variability in spot samples from the Control and Experimental burn (Lower Site)
June 1995 — October 2000.
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Figure 3.8 A comparison of dkainity in spot samples from the Control burn, Experimenta burn (Lower ste) and the Allt Riabhach
na Bioraich, June 1995 — October 2000.
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Figure 3.9 A comparison of conductivity of spot samples from the Control burn, Experimenta burn (Lower site) and the Allt

Riabhach na Bioraich, June 1995 — October 2000.
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Figure 3.10 A comparison of nitrate concentrations of spot samples from the Control burn, Experimenta burn (Lower site) and the

Allt Riabhach na Bioraich, June 1995 — October 2000.
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Figure 3.11 A comparison of Tota Organic Carbon concentrations of spot samples from the Control burn, Experimenta burn (Lower

gte) and the Allt Riabhach naBioraich, June 1995 — October 2000.
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Table 3 Summary satistics of sdlected chemica determinands for individud years at the Control, Experimenta (Upper and Lower)
and Allt Riabhach na Bioraich (ARnB Upper and Lower)

Site Name_|Year pH Alkalinity (peg 1”1y | Conductivity {(u8 cm™1) | Nitrate (weq 1’1} | Sulphate (ueq 11} | Total phosphorous {ug 1) | Labile Aluminium (peq 1)
mean| min | max| mean | min | max | mean | min | max | mean| min|max| mean| min| max mean | min | max mean | min max
CONTROL 1992 587 S.44| 646 350 180 &7.0 22.3 20.0 24.0 0.0 008 o0 263 250 28.0 8.0 20 18.0
CONTROL 1993 B.23 553 B9 B87 180 1470 292 200 350 03 000 201 281 110 44.0 225 19.0 25.0 B.3 0.0 290
CONTROL 1994] 622 5.18| 6B.GE 55.2 7.0 105.0 283 23.0 32.0 05 048] 20 338 230 g5.0 18.9 25 58.0 4.4 n.ao 17.0
CONTROL 1995 B42 572 7.02 77 240 181.0 322 210 45.0 05 000 19 B20 180 1750 3.1 25 B.0 4.6 0.0 2a80
CONTROL 1996 603 539 6O 56.0 120 1730 28.8 20.0 44.0 1.2 00 521 405 180 52.0 3.3 25 10.0 3.8 n.ao 100
CONTROL 1997 B.32 565 B34 590 ZB0 1460 289 230 37.0 09 00 19 258 130 43.0 29 25 B.0 5.3 0.0 100
CONTROL 1993 6.19 561| B.A2 53.0 190 1890 26.8 21.0 36.0 0.3 048] 1.4 223130 35.0 3.3 25 11.0 4.9 n.ao 16.0
CONTROL 1999 586 529 BA3 373 100 1030 28.4 19.0 43.0 02 00 08 254 100 4.0 5.0 25 6.0 4.0 20 7.0
CONTROL 20000 6534 546 G675 7120 130 1310 31.4 26.0 36.0 05 0480 15 291 160 55.0 29 25 5.0 56 n.ao 130
UFFEREXFT |1992] 571 523 B19 37 90 &30 26.0 18.0 330 00 00 005 437 230 820 0.3 0.0 1.0
UFPEREXPT |1993] 604 529 &G g9.2  11.0 2130 Ei 19.0 45.0 e 0oy 20 242] 80 45.0 20.5 19.0 22.0 27 n.a 2.0
UFPFEREXFT |1994] E19 547 B7S 763 130 1360 S 240 440 05 00 101 268 130 51.0 18.9 0.0 E0.0 29 0.0 7.0
UFPEREXPT |1995] E.14 521 BE1 928 100 2210 A 220 63.0 B DAf 12l F4 2 130f 3020 3.0 25 5.0 26 0o .o
UFFEREXFT |1995] 588 516 B75 BB B0 2050 327 230 45.0 07 00 158 374 160 750 26 25 3.0 4.0 0.0 13.0
UPPEREXPT |1997] 5590 546 &5 594 210 2160 34.0 26.0 74.0 5 00f Joel d4z2ar =nl 2330 2 25 25 23 0o 10.0
UFFEREXFT |1995] 592 544 B46 43 130 2120 30.0 21.0 420 1 e ] 186 890 290 28 25 B.0 139 0.0 50
UPPEREXPT |1999] 579 529 G649 B02 100 2150 32.4 18.0 S0.0 BRp Al i 45.0 4.7 25 6.0 3.1 oo 10.0
UFFEREXFT (2000 B10 533 BA43 1.4 100 1300 B 270 41.0 B8 D8l 213 100 320 4.1 Bt 6.0 49 0.0 90
LOWEREXPT | 1995] EB.13 513 677 1014 7.0 2200 61.2 29.00 1Ma0 0.2 00 03] 2912 550/ 7490 53 25 1.0 1.8 0o 4.0
LOWEREXPT | 1995] 582 493 BE7 BEE -11.0 2310 422 220 75.0 04 00/ 18] 1051 2100 2780 3.1 25 B.0 4B na 120
LOWEREXPT | 1997] 591 554 BE7 526 190 1400 34.7 28.0 44.0 05 048] 12| 518 230 g0.o0 56 25 17.0 24 0o 7o
LOWEREXPT | 1998] 585 544 B34 726 130 2050 381 200 B5.0 05 00 22| 884 2000 2320 32 25 5.0 75 na 42.0
LOWEREXPT | 1999] 570 497 629 558 -1.0 2060 38.3 20.0 g1.0 04 00/ 14 670 100 320 54 25 8.0 4.2 0o 2.0
LOWEREXPT | 2000] 6.17 563 B39 729 110 1340 41.2 270 54.0 08 0o/ 21 823 180/ 1280 4.1 25 5.0 4.1 na 130
LOWERARNE|1995] B16 541 KBS 598 170 1220 AL 250 43.0 240 05f 90l 842t el 1560 3.4 25 6.0 3.2 0o g.0
LOWERARRE|1995] 597 526 BRI 572 100 1410 cilze 21.0 44.0 1.8 00 7B 468 220 g8.0 27 25 4.0 74 1.0 29.0
LOWERARNE| 1997 BOZ 564 BE3 499 260 1040 25.0 250 35.0 T 02y 35 80is) 200 49.0 28 25 6.0 4.0 0o 10.0
LOWERARRE|1998] 595 546 B52 Ba4 160 1630 284 21.0 380 BELDup Eel 33 2] 180 B2.0 25 25 25 32 na 120
LOWERARRE|1999] 579 502 BAS6 40.9 20 1150 287 21.0 43.0 Ay 16l 293 140 51.0 e 25 6.0 4.3 0o 20.0
LOWERARRE | 20001 B03 547 B59 516 11.0 1020 0.9 260 350 BE mf a8l 33 2 200 47.0 4.1 2a 6.0 B.1 20 150
UPPERARNE | 1995] EB.19 556 659 5000 190 8&0 0.8 23.0 41.0 27 00 77 768 2000 1580 3.4 25 6.0 23 0o g.0
UPPERARKE | 1995] 594 528 BE7 443 80 1140 28.4 200 43.0 1.7 00 74 426 210 g2.0 28 25 4.0 50 1.0 1.0
UPPERARNE | 1997] EB.05 563 B.51 550 17.0 2020 254 24.0 46.0 1.2 00 38 256 170 44.0 29 25 5.0 7.3 0o 25.0
UPPERARKE | 1998] 602 554 BES 05 160 1300 253 200 320 05 00O/ 24 2300 140 330 3.1 25 5.0 5.8 na 270
UPPERARNE |1999] 582 522 G646 34.4 g.0 900 279 19.0 45.0 0.4 008 16] 248 150 39.0 4.1 1.0 10.0 3.7 0o 130
UPPERARKE | 20001 EB.15 554 B51 478 140 850 29.0 250 320 07 0o/ 18] 274,170 45.0 4.1 25 5.0 24 na G0
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Figure 4.1 Control Burn Diatom Abundances
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Figure 4.2 Experimenta Burn Diatom Abundances
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Figure 4.3 Allt Riabhach na Bioraich Diatom Abundances
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Figure 5.1 Control Burn Macroinvertebrate Abundances
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Figure 5.2 Experimenta Burn Macroinvertebrate Abundances
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Figure 5.3 Allt Riabhach na Bioraich Burn Macroinvertebrate Abundances
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Table 4 Macroinvertebrate taxon list and total abundances.

TAXON

CONTROL BURN

1993 1994 1996 1997 1998 1999

2000

EXPERIMENTAL BURN
1993 1994 1996 1997 1998 1999 2000

1996

ARNnB BURN
1997 1998 1999

2000

NEMATODA

1

2

1

1

Pisidium sp.

1

OLIGOCHAETA

22

8

N

14

10

26

W

12

12

HYDRACARINA

=

COLLEMBOLA

Siphlonurus lacustris

35

17

Ameletus inopinatus

1]

Baetis sp.

52

Baetis rhodani

\‘

39

30

20

Baetis muticus

HEPTAGENIIDAE

(o]

Heptagenia lateralis

18

11

N

13

Ecdyonurus sp.

=

Ecdyonurus dispar

Leptophlebia marginata

16

19

D

\‘

Leptophlebia vespertina

20

61

©

Brachyptera risi

Protonemura praecox

Protonemura meyeri

Amphinemura sulcicollis

168

32

27

52

54

103

20

14

23

28

25

99

Nemurella picteti

Nemoura sp.

Nemoura avicularis

=

Nemoura cambrica

LEUCTRIDAE

=

Leuctra inermis

4]

22

30

14

27

17,

Leuctra hippopus

Leuctra nigra
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CONTROL BURN EXPERIMENTAL BURN ARnB BURN
TAXON 1993 1994 1996 1997 1998 1999 2000f 1993 1994 1996 1997 1998 1999 2000, 1996 1997 1998 1999 2000
Perlodes microcephala 2 1
Isoperla grammatica 106 4 8 9 20 25 25 7 2 4 6 3 46 45 36 74
Siphonoperla torrentium 109 48 54 2| 61 29 30 23 5 5 3 1 2 7 8 33 24 20
Chloroperla tripunctata 11 5
Pyrrhosoma nymphula 1 1 1
Cordulegaster boltonii 1
Dytiscidae undet. (larvae) 1 1 1
Oreodytes rivalis 1§ 36 7 1 il
Oreodytes sanmarkii 1
Agabus guttatus 1
Platambus maculatus 1
Anacaena globulus 1
HELODIDAE 1
Elmis aenea 17 1 88 2 1
Limnius volckmari 129 16| 46 17 34 65 2 5 17, 1 1 1 3 7 9 18 22
Oulimnius sp. 3 9 1
Oulimnius tuberculatus 55 22 21 5 14 8l 151 9§ 19 15 120 20 9 10 4 56
Rhyacophila dorsalis 1 1 2 4 2 1
Plectrocnemia conspersa| 6 1 5 3 2 13 9 9 15 1 2 5 11 1 1 1 2
Plectrocnemia geniculata 2 1
Polycentropus sp. 2 2 6
Polycentropus
flavomaculatus 2 3 4 23 6 6 3 5 il 3
Hydropsyche siltalai 1 1
HYDROPTILIDAE 38 2
Hydroptila sp. 2 1
Oxyethira sp. 1 29 4
LIMNEPHILIDAE undet. 10 7 6 3 3 4 66 2 74 17 41 47 g 3 6 5 8
Ecclisopteryx guttulata 1




CONTROL BURN EXPERIMENTAL BURN ARNB BURN
TAXON 19931994 1996 1997 1998 1999 2000] 1993 1994 1996 1997 1998 1999 2000f 1996 1997 1998 1999 2000
Potamophylax
rotundipennis 1
[Halesus sp. 1
[Halesus radiatus 6
[DIPTERA 2 2 1 1
TIPULIDAE 2 1 1 1
[Dicranota sp. g 2 3 3 1 5 1 6 2 1 3 2 2 3 1 9 9
[Psychodidae 1
CHIRONOMIDAE 26 17| 28 13 6 11 4 56 86| 104 15 24 36| 22 14 71 10 18 6
SIMULIIDAE 23 1 23 3 11 1 2 1] 1 5 6 11 12 1 76 1
Simulium latipes 3
[EMPIDIDAE 2 2 1
Clinocera sp. 1
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Figure 5.4 Selected Control Burn Macroinvertebrate Summary Statistics
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Figure 5.5 Selected Experimental Burn Macroinvertebrate Summary Statistics
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Figure 5.6 Selected Allt Riabhach na Bioraich Macroinvertebrate Summary Statistics
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Table 5 Macroinvertebrate Summary Statistics

CONTROL BURN EXPERIMENTAL BURN ARNB BURN

1003 [ 1094 | 1996 | 1997 | 1998 | 1999 | 2000 | 1993 | 1994 | 1996 | 1997 | 1998 | 1999 | 2000 | 1996 | 1997 | 1998 | 1999 | 2000

Total Count 768 | 231 | 256 | 178 | 307 | 257 | 314 | 477 | 231 | 247 | 110 | 96 | 142 | 162 | 109 | 128 | 171 | 268 | 315
Total no. of taxa 24 |22 |27 |19 |24 |28 |18 |2 |2 |20 |18 |20 |22 |19 |17 |13 |16 |22 |13
RICHNESS (aeftn 100) | 17 | 17 |18 | 15 |12 |17 |13 |18 |14 |14 |16 |19 |10 |16 |17 |12 |13 |16 | 10
HILL'SNI 115 | 119 | 128 | 106 | 801 | 118 | 78 | 113 | 79 |77 | 114 |1190| 98 | 1011|126 |76 | 879 | 103 | 657
HILL SN2 84 |90 |90 |75 |587 |93 |557 |69 |54 |46 |100 |85 |64 | 731 |119 |55 | 679 |75 | 509
EVENNESS (E5) 071 | 0.73 | 068 | 068 | 0.69 | 0.76 | 0.67 | 057 | 064 | 0.54 | 0.87 | 0.60 | 061 | 060 | 0.94 | 0.67 | 0.74 | 0.60 | 0.73
BMWP 110 |99 | 125 |88 |88 |118 |93 |108 |83 |82 |6/ |94 |84 |93 |89 |78 |8 |105 | 75
ASPT 64 |66 |66 |63 |63 |66 |606 |64 |55 |59 |61 |63 |65 |701 |69 |71 |64 |66 | 606
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Table 6 Aquatic Macrophyte Cover

CONTROL BURN EXPERIMENTAL BURN ARNB BURN

1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 1993 | 1994 | 1995| 1996 | 1997 | 1998 | 1999 | 1996 | 1997 | 1998 | 1999
Batrachospermum | + 0.7 + + 333 | 127 | 542 | 328 | 350 | 288 | 178 16 03 03
sp.
Marsupella 44 40 49 04 15 02 19 12 380 | 373 | 94 274 | 232 | 2657 | 267 | +
emarginata var
aguatica
Scapania 2.8 37 17 09 20 19 37 33 50 217 | 120 | 118 | 152 | 221 | 04 02 0.7 05
undulata
Racomitrium 0.3 + 21 04 + + 0.7 02 0.2
aciculare
Juncusbulbosus | 0.1 + 26 9.0 2.7 6.6 33 0.2
var fluitans
TOTAL COVER 7.6 84 8.7 17 35 22 5.6 52 739 | 640 | 880 | 788 | 700 | 73 668 | 04 18 12 10
(excluding
filamentous green
algae)
Filamentous + 107 | + 01 + + + 13 680 | + 04 + +
green algae

Control burn and Allt Riabhach na Bioraich burn sampling stretches are 50m long
Experimenta burn sampling siretch is 20m long.
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Figure 6.1 Control Burn Fish Dengties
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Figure 6.2 Experimentd Burn Fish Dengties
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Figure 6.3 Allt Riabhach na Bioraich Fish Dengties
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Table 7 Fish Population Data

Site Year | AreaFished (m") | Density (no. m®)
AgeO+ | Age> 0+
Control Burn 1993 | 115 0.25 0.14
Control Burn 1994 | 115 0.35 0.02
Control Burn 1995 | 118 0.33 0.05
Control Burn 1996 | 87 151 0.26
Control Burn 1997 | 109 0.20 011
Control Burn 1998 | 101 042 0.05
Control Burn 1999 | 1175 0.29 0.04
Control Burn 2000 | 114 0.06 0.02
Experimental Burn | 1993 | 32 0.97 0.13
Experimental Burn | 1994 | 32 0.14 0.28
Experimental Burn | 1995 | 36 034 0.03
Experimental Burn | 1996 | 38 0.78 0.03
Experimental Burn | 1997 | 45 0.31 0.07
Experimental Burn | 1998 | 44 0.36 014
Experimental Burn | 1999 | 31.2 0.32 0.13
Experimental Burn | 2000 | 42 0.14 021
ARNB Burn 1995 | 79 054 0.05
ARNB Burn 1996 | 57 0.63 0.24
ARNB Burn 1997 | 73 021 0.07
ARNB Burn 1998 | 71 0.27 0.18
ARNB Burn 1999 | 63 0.60 0.13
ARNB Burn 2000 | 75 0.04 0.05
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Appendix 1 Water Chemistry for the Control Burn August 1992 — October 2000

Date |pH J|AIk [Cond|[Na K [Mg|Ca [Cl [NO;s |SO4 [POs-P [Total P|AI-NL |Al-L |Abs-250 [TOC [NH4
12-Aug920 544 18 24 106§ 3 34 68 94 0.00 26 1 70 18 0.740
30-Oct-920 644 67 23 112 4 32 68 99 0.00 28 0 29 4 0320 5.0
06-Dec-920 570 20 20 104 3 174 43 103 000 25 1 33 22 0250 35
04-Jan93 563 18 20 105 4 25 41 101 0.00 44 0 21 3 0270 38
30-Mar-93 591 25 39203 5 44 67 278§ 0.00 41 1 20 3 0170 3.1
03-May-93 657 93 35 177 6 42 97, 18§ 0.00 35 0 9 5 0170 33
18-un-93 6.3 68 31 145 4 39 88 13C¢ 0.00 30 4 190 15 29 0550 94
10-ul-93 6.31] 61 27 141 4 33 77 129 0.00 19 2 260 71 1 0.610 9.1
25--93 6.0 51 27134 3 38 92 117 000 16 2 72 0 0.780 11.0
09-Aug-93 591 40 23 114 3 33 72 9§ 200 11 4 92 13 0.880
22-Aug-93 654 94 27 148 4 42 91 141 0.00 18 2 39 4 0480
04-Sep-93 6.7 147 3¢ 168 7 44 111 151 0.00 26 0 177 1 0.290
29-Sep-93 6.91 141 3¢ 161 6 47 114 155 0.00 31 0 20 5
06-Dec-93 559 18§ 20 99 4 25 32 8§ 1.00 38 1 37 5§ 0459 6.7
18-Feb-94 634 61 39 210 6 66 101 211 2.00 41 0 5.0 14 (q 0.132 0
01-May-94 6.03 37 24 141 9 34 56 123 0.00 25 g 100 3 8§ 0309 44 (
12-May-94 6.48 66 29 161 6§ 49 82 143 0.00 30 0 22 5 0213 32 (
10-un-94 6.39 60 39 201 9 68 110 174 0.00 85 1 30 4 0.283 0
08--94 598 45 27 151 6 52 83 111 000 35 1 80 (O 0.632 0
07-Aug-94 6.12 41 23 140 5 49 71 109 0.00 26 4  58.0 60 2 0
25-Aug94 647 72 29 152 5§ 61 113 118 0.00 27 1 41 1 0
03-Sep-94 6.6 1059 31 163 6 60 110 125 2.00 24 1 2.5 28 7 0339 55 (
22-Sep-94 650 83 29 152 € 54 119 123 0.00 23 1 26 171 0385 75 O
29-Dec-94 518 7 23108 4 30 31 124 1.00 23 1 24 0 0198 40 (
27-Mar-95 58§ 24 21 121 § 31 41 122 0.25 22 0 2.5 29 2 0239 48 O
27-Apr-959 6.6 87 24 133 § 43 81 107 0.00 20 0 2.5 1§ 0 0204 48 G
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Date |pH J|AIk [Cond[Na K [Mg[Ca [Cl [NOs [SO4 [POs-P [Total P|AI-NL |Al-L |Abs-250 [TOC [NH4
02-Jun-95 638 62 24 137 4 41 75 103 0.10 1§ 3 3.0 29 2§ 0490 99 G
15--95 669 89 40 178 9 7§ 128 127 1.60 96 0 2.9 29 1 0340 89 (
06-Aug-95 7.04 161 37 195 11] 67 146 143 0.51 44 0 2 O 0289 60 G
25-Aug-95 6.77 116 37 186 10 64 115 144 1.90 37 1 2.5 20 1 0262 56 O
04-Sep-95 651 72 449 183 7 90 157 11§ 0.00 175 0 C 34 3 0313 79 (
24-Sep-95 574 260 34 156 5 64 99 108 0.20 107 0 62 4 0469 110 G
11-Nov-95 6.2 57 29 124 6 43 83 99 022 39 0 2.9 65 2 0430 87 G
10-Janr96 5.39 12 2C 100 6 37 S50 78 240 59 0 2.5 4 5 0297 6.4 3
27-Feb-96 549 17 29 152 5 55 68 16 0.82 60 28 2 0.238 0
03-Apr-960 5.7 21 24 124 6§ 39 61 112 520 49 1 2.9 28 0 0243 53 3
02-May-96 6.2 65 2§ 13 5 50 88 113 0.32 49 0 2.5 30 4 0251 51 C
12-Jun-96 568 260 224 109 2 3§ 62 83 000 21 3 100 70 2 058 11.3 (
04--96 6.2 521 28 131 4 49 83 93 0.00 47 2 2.9 43 10 0513 139 O
27--969 654 89 29 143 5 61 112 102 047 31 1 2.5 48 22 0551 110 G
18-Aug-96 6.90 173 34 160 7 69 144 110 040 26 0 2.9 24 Q0 038§ 7.7 G
07-Sep-96 6.6 124 30 159 7 71 131 114 0.56 24 1 2.5 3] 5§ 049 100 G
28-Sep-96 6.34 59 38 164 9 74 125 163 0.66 62 0 2.5 58§ 5§ 0480 112 C
30-Oct-96 569 24 20 94 7 374 57 79 044 18 4 69 10 0564 11.0 (
03-Dec-96 549 14 44 219 7 67 73 299 3.40 40 0 2.5 3§ 1 01659 40 3
28-Jan97] 6.29 47 26 128 5 44 72 102 1.90 43 0 2.9 40 0 0301 6.2 2
10-Mar-971 693 28 374 190 7 54 80 228 190 41 0 0
30-Apr-970 620 49 29 170 5 52 89 167 1.80 25 1 2.5 4 Q 0384 7.7 G
21-May-97 635 60 2 142 5 45 79 118 062 19 1 2.9 52 4 0487 99 1
05-dl-971 655 94 31 160 7 54 100 121 0.35 29 0 2.5 29 10 0410 88 A4
30-ul-971 620 59 24 135 4 54 100 104 0.3 13 2 2.9 8 4 0870 72 (
19-Aug-97] 6.94 146 3 169 § 67 135 122 0.23 24 0 2.9 322 9 047 95 (
07-Sep-971 602 40 25 130 4 48 82 10 0.00 17 1 2.5 8§ 4 0.708 137 G
05-Oct-97] 6.0 41 30 143 8§ 53 96 145 0.00 20 0 2.9 5§ 10 0.607 130 G
14-Nov-97 569 20 23 119 12 44 65 101 140 28 1] 6.0 73 7 0640 150 1




Date |pH |AIk [Cond [Na Mg|Ca [Cl [NOs [SOs [POs-P [Total P|AI-NL |Al-L |Abs-250 [TOC [NH4
05-Jan98 591 23 25 139 6§ 46 60 159 140 29 0 2.5 4 2 0213 43 C
05-Feb-98 58§ 27 21 105 4 35 53 94 120 27 1 2.9 4 0 0313 78 O
21-Mar-98 6.3 51 33 174 7 524 74 192 035 29 0 2.5 20 5 0161 335 C
07-May-98 594 35 24 137 5 42 66 115 0.00 15 1 2.5 49 § 0525 109 G
20-un-98 6.79 147 34 177 7 6(d 114 120 0.00 35 2 2.9 1 13 0204 51 O
20-JU-98 624 63 24 1259 2 51 87 82 000 13 1] 2.5 60 1 0.716 147 C
09-Aug-98 623 66 23 129 3 53 82 79 000 13 1 2.9 59 16 0.704 133 (
29-Aug-98 6.63 119 29 143 5 54 102 92 0.00 19 9 110 29 22 0369 69 C
27-Sep-98 6.87 169 33 151 6 67 132 10§ 0.00 23 0 2.5 21 2 6.4 O
25-0Oct-98 587 29 21101 § 374 61 89 0.00 18 2 2.9 9 3 0490 93 (G
25-Nov-98 561 19 2 129 3 4(0 57 149 0.00 24 2 2.5 4 2 0327 69 C
12-Feb-99 576 19 48 258 9 73 92 337 0.88 37 1 6.0 1 2 0112 31 GC
25-Mar-99 574 21 24 147 5 3§ 45 161 0.00 20 1 2.9 28 4 0289 64 1
10-May-99 581 31 26 149 6§ 43 64 133 0.00 27 3 6.0 53 4 0580 129 G
17-Jun-99 6.09 44 25 1469 4 44 73 134 0.00 10 2 6.0 63 4 0552 11.3 (
12-0-99 653 103 30 168 § 64 118 127 0.00 18 0 57 22 0617 130 G
1-Sep-99 604 49 30 146 4 62 106 120 0.00 54 3 6.0 59 7 0581 120 G
26-Sep-99 5624 24 19 104 H 31 54 81 000 16 4 6.0 50 3 0612 127 (
6-Nov-99 529 10 23 115 7 33 42 126 053 21 0 2.5 30 6 0357 81
20-Janr00 6.13 36 24 141 3 41 63 145 0.00 26 2 2.9 33 0 019/ 44 G
S-Mar-00 549 13 2§ 16§ 3 39 48 185 0.94 27 1 2.9 29 1 0192 48 (
14-Apr-00 659 83 31 166 6 52 106 158 0.30 21 0 2.5 19 7 0209 47 C
31-May-00 6.53 83 34 183 9 64 108 149 0.00 59 0 2.9 24 13 033 724 (
17-un-00 6.5 84 35 190 5 67 114 18] 0.69 31 0 2.5 322 0 0250 58 G
12-0-00 6.7 80 31 169 4 67 110 147 1.10 26 0 2.9 29 11 0354 82 (
5-Aug-00 6.60 97 35 179 5 64 10§ 149 1.50 38 0 2.9 30 3 0391 93 2
4-Sep-00 6.79 131 3¢ 170 5 67 128 154 0.00 18 0 6.0 20 6 0429 93 G

8-Oct-00 575 29 24 142 5 49 68 144 0.00 16 0 2.9 677 9 0613 129 (

43



Appendix 2 Water chemistry for the Experimental Burn (Upper site) September 1992- October 2000

Date |[pH |Alk [Cond [Na K Mg |[Ca [Cl [NO3 [SO4 |[POs-P [Tot-P |JAI-NL |Al-L |Abs-250 [TOC [NH4
18-Sep-92 5.71] 28 33 139 3 36 113 152 0.00 82 0 21 1 0410
30-Oct-92 6.19 58 26 130 3 32 61 128 0.00 26 0 15 g 0270 44
06-Dec-92523 9 19 93 2 14 27 83 000 23 0 21 0 0260 34
04-Jan93 543 14 19 98 2 21 31 86 0.00 35 0 12 g 0270 338
30-Mar-93 586 28 41230 § 44 64 296 1.00 45 2 9 3 0170 29
03-May-93 6.42 115 37 204 7 44 95 192 1.00 29 0 9 2 0260 4.2
18-un-93 6.33 122 37 202 4 44 100 156 0.00 14 0 190 19 9 0510 8.2
10-ul-93 6.05 66 29164 4 35 76 139 0.00 18 3 220 46 1 0700 9.5
25-JU-93 5.71 421 2915 2 42 73 130 0.00 12 3 48 9 03860 13.0
09-Aug-93 593 57 29 151 4 42 76 131 0.00 8§ 5 % g 0.880
22-Aug-93 6.36 142 33 186 6 60 10§ 159 1.00 14 3 28 2 0.650
04-Sep-93 6.47 213 45 210 7 68 159 171] 2.00 22 1 10 2 0410
29-Sep-93 6.60 171 45 209 15 64 135 207 2.00 2§ 0 20 0
06-Dec-93 5.29 11 2111059 3 24 26 87 000 39 6 24 2 0492 6.8
18-Feb-94 6.30 70 44243 G 75 109 246 1.00 49 1 0.0 9 0 0.096 0
01-May-94 5.8 35 29 183 4 44 538 159 0.00 28 1 130 20 7 0414 5.4 0
12-May-94 6.3 87 36202 7 58 90 176 0.00 26 0 19 4 0279 50 7
10-un-94 6.25 71 40 224 5 62 100 200 0.00 51 0 22 2 0.292 0
08-Jul-94 5.75 44 29178 3 53 75 122 1.00 24 2 45 1 0.836 0
07-Aug-94 6.78 130 31f 181 13 7§ 137 141] 1.00 19 4 60.0 17 0 0
25-Aug-94 6.29 80 32 177 4 71 111 141] 1.00 18§ 2 28 3 0
03-Sep-94 6.51 136 37 200 12 81 136 153 1.00 14 9 25 18 3 0488 7.6 0
22-Sep-94 6.27) 977 33 18 7 66 123 160 0.00 13 2 2] 0 7.3 0
29-Dec-94 547 13 24125 § 39 36 139 0.00 24 1 35 3 02383 4.4 0
27-Mar-959 5.74 23 22129 5§ 32 40 121 040 21 2 2.5 18 1 0260 5.3 0
27-Apr-95 6.10 65 29 168 15 48 8Q 158 0.46 24 1 25 30 1 0284 6.6 0
02-un-95 6.26 64 29169 9 47 68 129 042 13 1 25 35 7 0548 11.0 0




Date |[pH |Alk [Cond [Na K Mg [Ca |Cl [NOs [SO4 |POs-P [Tot-P JAI-NL |Al-L |Abs-250 [TOC [NH4
15--95 6.46 140 46 202 § 86 154 138 049 94 1 25 12 2 0343 85 0
06-Aug-95 6.51] 195 40 219 8§ 86 164 155 1.20 30 1 15 1 041/ 8.6 0
25-Aug-95 6.81) 221] 49 225 7 99 176 171 0.41] 39 1 25 9 0 0.266 6.1 0
04-Sep-95 6.220 74 63 239 § 134 208 125 0.87] 302 0 6.0 14 0 0239 6.3 0
24-Sep-99 5.21] 10 35167 5 66 84 115 0.37 117 0 37 5 0494 120 0
11-Nov-95 5.91 43 26 139 4 47 72 98 0.52 37 0 25 32 g 0473 8.7 0
10-Jan-96 5.3 10 23126 6 42 47 99 1.00 68 g 25 35 9 0305 6.6 2
27-Feb-96/ 5.28 10 28 152 4 51f 55 166 0.94 56 19 g 0.237 0
03-Apr-96 6.29 71 36 189 12 62 105 172 0.91] 75 1 25 15 0 0170 4.7 4
02-May-96 6.00 66 31§ 159 6 51 83 132 048 44 0 25 21 3 0311 65 2
12-dun-96 5.41] 21 24127 2 3 47 103 0.00 17 3 30 41 2 0.627] 12.6 0
04-Jul-96/ 5.83 45 27144 3 51 77 104 0.00 32 1 25 23 13 0.58q 19.8 0
27-JU-96 6.24 124 34 168§ 4 71 12§ 122 0.00 19 2 25 20 2 0.52 12.7 0
18-Aug-96 6.759 208 41 198 7 89 169 140 1.10 20 1 25 14 1 0464 9.7 0
07-Sep-96 6.13 1177 35 174 9 78 130 136 0.98 14 2 25 21 4 0.677 14.0 0
28-Sep-96 6.31) 1020 42194 9 7§ 128 183 1.40 47 1 25 18 1 0372 9.3 0
30-Oct-96 553 20 25 11§ 10 41 53 112 0.27] 20 2 46 g 0.505 10.0 0
03-Dec-96 5.1 6 46227 7 72 73 305 150 40 0 25 29 1 0166 3.9 0
28-Jan97/ 595 36 26 142 4 39 58 106 0.94 43 0 25 24 1 0371 7.4 2
10-Mar-97) 5.68 22 39204 6 5/ 70 241 0.92 3§ 0 0
30-Apr-97 588 39 30178 § 49 72 168 0.84 171 g 25 21 0 0370 7.5 0
21-May-97/ 5.98 47 27 152 3 43 67 125 0.45 13 2 2.5 33 0 0.550 11.2 0
05-dul-97/6.12 81 29 166 8§ 50 87 114 051 14 1 25 30 10 0.590 12.0 6
30-ul-97/6.02 67 28 155 4 58 93 112 0.19 9 2 2.5 39 0 0.841 17.7 0
19-Aug-97, 6.50 216 74 229 10 935 380 148 0.66 233 1 25 29 0 0638 14.0 0
07-Sep-97/ 569 31 26 140 4 52 73 11 0.00 12 2 25 59 g 0.766 15.0 0
05-Oct-97/ 5.7 34 33158 9 64 86 183 0.00 14 1 25 46 1 0541 12.0 0
14-Nov-97| 5.46 21 28 143 16 51f 59 127 0.39 271 1 25 50 3 0697 16.0 0
05-Jan98 544 13 32167 5 61 62 214 039 29 0 25 29 Qg 0199 40 0
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Date |[pH |Alk [Cond [Na K Mg [Ca |Cl [NOs [SO4 |POs-P [Tot-P JAI-NL |Al-L |Abs-250 [TOC [NH4
05-Feb-98 564 23 21j 110 3 35 45 93 0.75 271 1 25 24 0 0.361] 8.2 0
21-Mar-98 6.19 60 38 185 6 58 80 208 0.91] 24 0 25 9 5 0135 34 0
07-May-98 5.63 25 27 14 4 43 53 129 0.00 13 1 25 30 5 0507 10.9 0
20-un-98 6.46 161 36 194 6 65 119 129 0.00 20 2 25 14 g 0271 69 0
20--98 589 51 23130 1 52 74 77 0.00 9 2 25 46 1 0773 16.3 0
09-Aug-98 6.05 74 26 140 4 62 8§ 8¢ 0.00 10 2 2.5 43 3 0.75] 16.5 0
29-Aug-98 6.33 159 36 172 7 76 129 117 140 19 3 6.0 24 0 0437 90 0
27-Sep-98 6.43 2120 42189 § 96 169 145 3.90 17 2 2.5 35 3 0529 110 2
25-0Oct-98 556 23 23109 9 43 55 103 0.00 17 2 25 39 0 0522 938 0
25-Nov-98 546 16 26 136 4 42 52 144 0.00 27 1 25 39 4 0371 7.9 0
12-Feb-99 5.7 18§ 50 278 7 83 93 363 0.87 34 0 6.0 13 2 0119 3.7 0
25-Mar-99 556 18 28 167 9 37 42 17/ 0.00 20 1 25 29 g 0358 7.9 2
10-May-99 5.67 28 28 168 6 44 53 153 0.00 18 3 6.0 49 1 0.608 14.3 0
17-Jun-99 584 40 27164 2 49 60 143 0.00 7 3 6.0 47 1 0613 12.3 0
12--99 6.21) 133 36 196 6 87 129 13§ 0.8 11 31 50 5 0930 19.3 0
3-Aug-99 6.49 215 46 222 10 100 167 158 4.20 20 1 6.0 34 10 0.639 13.3 0
1-Sep-99 6.077 66 35173 5 70 109 157 0.00 44 0 25 18 2 0431 9.7 0
26-Sep-99 532 14 18 92 9 33 41 75 000 10 4 6.0 30 g 0.624 13.7 0
6-Nov-99 5.29 10 24 129 10 36 45 134 0.33 22 0 25 22 1 0354 59 0
20-Jan-00 6.01 43 28 16/ 3 4/ 70 167/ 0.47 32 6 6.0 13 0 0171 39 0
S>-Mar-00 5.33 10 27161 5 35 40 171 0.66 23 1 25 19 0 0190 45 0
14-Apr-00 6.31] 8§ 34 191] § 54 104 182 0.51] 19 0 25 1 3 0184 4.7 0
31-May-00 6.1 61 32193 3 56 84 155 0.85 30 g 25 24 9 0444 94 0
17-Jun-00 6.43 96 35207 5 68 100 177, 1.80 1§ 0 25 15 9 0347 8.1 0
12-2-00 6.3 81 33 189 4 67 104 158 0.89 19 2 6.0 23 g 0503 12.0 0
5-Aug-00 6.30 108§ 38 194 5 73 110 154 1.70 24 4 6.0 23 1 0546 13.6 2
4-Sep-00 6.34 1300 41] 200 7 83 129 182 0.80 10 0 6.0 22 9 0.624 130 0
8-Oct-00 5.62 26 30 160 13 5464 (171 | 0.00 131 2.5 37 7 0628 11.9 0
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Appendix 3 Water chemigtry for the Experimenta Burn (Lower site) July 1995 - October 2000

Date |pH |Alk [Cond [Na [K |[Mg [Ca |Cl |[NOs |SO4 |POs-P |Total P [AI-NL |Al-L |Abs-250 |TOC |NH4
15-ul-95| 6.63] 155 62| 210, 6| 73| 276 148 0.00, 206 1 2.5 12 0 0.348 7.7 0
06-Aug-95| 6.77| 220 115 287| 11 99| 868 154| 0.15 749 2 18 2 0.524) 11.0 0
04-Sep-95| 6.36| 87 67| 245 8| 110 275 144 0.28) 337 0 11.0 16 0 0.280] 7.6 0
24-Sep-95| 513 7 33 165 7| 64, 86 120, 0.00, 109 0 33 4 0.514| 13.0 0
11-Nov-95| 5.76] 38 29| 139 9 44 82 113 0.32] 55 0 2.5 o] 3 0384 7.4 0
10-Jan-96| 5.26] 9 22| 119] 31 39 43 82 0.66] 69 0 2.5 40 2 0.369] 8.0 2
27-Feb-96| 528 9 28| 148, 7| 48| 46| 165 0.21] 51 19 12 0.167 0
03-Apr-96| 6.31) 74 50| 185 8 59 211] 168/ 0.72] 188 1 2.5 11 0 0.149, 4.0 0
02-May-96| 6.03 67 48| 167 6| 50| 195/ 134 0.00| 175 0 2.5 18 3 0299 6.1 0
12-dun-96| 4.98 -11 27| 128/ 3] 34| 41) 109 0.00, 21 3 4.0 36 2 0.700, 14.3 0
04-Jul-96| 5.89| 44 34 151 3 501 113 1111 0.00, 79 0 2.5 26 6 0.538| 15.8 0
27-2-96| 6.15 125 48| 184 7| 67| 209 140 0.35 111 2 6.0 18 6 0.488 10.9 3
18-Aug-96| 6.67| 231 75 227) 9] 90| 430 148/ 0.00, 278 1 2.5 14 1 0.477] 10.0 0
07-Sep-96| 6.02] 125 51 193 12| 81| 228 147| 0.00, 118 3 3.5 4] 2 0.750] 15.7 0
28-Sep-96| 6.30] 99 49| 206 13| 75| 172 199, 1.60] 94 1 2.5 12 1 0.350, 9.0 0
30-Oct-96 549 21 20| 122| 15| 42| 57| 113 0.00, 27 0 49 10 0.479 10.0 0
03-Dec-96| 541 8 48| 230 10, 73| 77| 309 1.10f SO 1 2.5 22 10 0.155 3.6 3
28-Jan-97| 5.87| 32 30| 145 5 40| 83 114] 1.00, 75 0 2.5 24 1 0328 6.7 2
10-Mar-97| 554 19 44 207| 8 59 101 243 1.10 77 0 0
30-Apr-97| 5.77) 36 35 179 6| 48 96 174 0.66] 48 0 2.5 25 1 0.344) 7.3 2
21-May-97| 6.11] 46 33| 154 3] 40| 107 128/ 0.00, 65 1 2.5 3] 0 0.474 10.2 0
05-dul-97| 6.08 79 39 176/ 8 49| 143 127| 042 80 1 2.5 21 7 0.502 11.0 3
30--97| 6.02 79 34| 169 7| 57| 124) 135 0.45 38 2 16.0 29 3 0.731] 153 3
19-Aug-97| 6.67| 140 38| 173] 9| 67| 142 124 1.20, 39 1 2.5 29 0 0.445 94 3
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Date |[pH |Alk |Cond [Na |[K [Mg [Ca |Cl |NOs3 |SO4 [POs-P |Total P |AlI-NL |Al-L [Abs-250 [TOC |NH4
07-Sep-97| 5.72 30 29| 149, 6| 52| 81 125 0.00, 28 1 2.5 64 4 0.766| 16.4 3
05-Oct-97| 5.74 39 37| 171 121 65 115 194 0.35 39 0 2.5 36 2 0.519] 12.0 0
14-Nov-97| 555 26 28| 144 17] 49| 63 134] 0.00, 29 1 17.0 43 4 0.613 14.0 0
05-Jan-98| 544 13 33 170, 7| 59 67| 215 042 36 0 2.5 20 0 0.176] 3.7 0
05-Feb-98| 5.64] 22 22| 115 5 35 48 100 0.61) 32 1 2.5 28 2 0323 7.7 0
21-Mar-98| 6.00| 53 45( 210 9| 64] 142 241 130, 95 0 2.5 13 4 0.131] 3.3 2
20-dun-98| 6.26| 144 61 209 6| 70| 291 132 0.00] 232 1 2.5 4 13 0.270f 6.8 0
20--98| 5.75( 45 26| 137 3] 50| 91 86| 0.00, 29 5 6.0 420 42 0.759 16.0 0
09-Aug-98| 5.85 66 31 143 5 63| 124/ 85 0.00, 51 2 2.5 50 2 0.808 17.4 0
29-Aug-98| 6.21] 142 51 178 5 75 235 118 0.46, 145 3 6.0 31 0 0470, 9.8 0
27-Sep-98| 6.34 203 65 207| 10] 99| 351] 149 2.20, 218 1 2.5 32 2 0.482] 10.0 3
25-Oct-98| 5.58 22 20 100, 5 35 51 89 0.000 20 2 2.5 Y 6 0.496| 10.8 0
25-Oct-98| 5.58 22 20 100, 5 35 51 89 0.000 20 2 0
25-Nov-98| 5.44| 16 27| 143 6| 42| 54| 151 0.00, 26 1 2.5 3] 4 0.351] 7.9 0
12-Feb-99| 547 13 50| 255 12| 77| 84 336 0.63] 36 0 6.0 15 1 0082 28 0
25-Mar-99| 5.51 17 28| 163] 7| 36| 44 174/ 0.00, 24 1 2.5 28 4 0320, 7.2 1
10-May-99| 5.75( 34 29| 168, 7| 43| 63 161 0.00, 30 2 6.0 40 1 0474 11.3 0
17-dun-99| 5.71] 33 29 169 31 46| 72 155 0.00, 26 4 6.0 31 9 0.607| 12.9 0
12-l-99| 5.87| 111 45 207 9| 92| 195 150, 0.00, 75 3 109 7 1.195 23.0 0
03-Aug-99| 6.25| 206 81 246 12| 111] 432 156/ 0.76| 312 0 2.5 31 3 0.684| 14.1 0
01-Sep-99| 6.29] 73 39 175 7| 65 133 164 140, 67 3 6.0 19 0 0.380] 8.8 0
26-Sep-99| 4.97] -1 20 88 11} 29| 321 74 0.00, 10 6 8.0 30 8 0.691 14.7 0
06-Nov-99| 5.46, 16 24 131 12| 38 47| 137| 0.61] 23 0 6.0 34 5 0352 7.0 0
20-Jan-00] 5.99 42 35| 168, 4| 48| 110, 171 210, 71 1 6.0 11 2 0.149 3.6 0
05-Mar-00| 6.39] 11 27| 158, 6| 34| 401 171 0.00, 27 0 2.5 22 0 0.161) 4.2 0
14-Apr-00| 6.38 95 48| 200 6| 55 205 184 1.40| 128 0 2.5 7 3 0191 46 0
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Date |[pH |Alk |Cond [Na |[K [Mg [Ca |Cl |NOs3 |SO4 [POs-P |Total P |AlI-NL |Al-L [Abs-250 [TOC |NH4
31-May-00| 6.11] 63 37| 200 4| 58| 127 165 0.58, 78 0 2.5 22 13 0.310, 6.9 0
17-dun-00| 6.20] 85 46| 217 6| 70| 185 186| 0.76| 105 1 2.5 31 1 0.356| 8.6 0
12--00| 6.37] 81 411 200, 6| 69 170 169, 1.10, 86 0 6.0 15 9 0.468 10.3 0
05-Aug-00| 6.23| 119 52| 215 8 75 201 178 1.40, 114 1 6.0 24 6 0.535] 134 2
04-Sep-00] 6.27| 134 54 217 9| 83 228 189 0.54) 114 0 6.0 31 2 0.640| 14.0 2
08-Oct-00| 5.63 26 31 161 17] 52| 63 170] 0.00, 18 1 2.5 52 1 0580, 9.2 0
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Appendix 4 Water chemigtry for the Allt Riabhach na Bioraich (Lower site) June 1995 - October 2000

Date pH |Alk |Cond [Na |[K [Mg |[Ca |Cl |NOs |SOs [POs-P |Total P |AI-NL |Al-L |Abs-250 [TOC [NH4
02-dun-95| 6.15 48 25 137| 5 41 68/ 109 0.51] 26 0 2.5 53 0 0431 838 0
15-l-95| 6.35] 72 411 175 9| 76| 128/ 121 9.00, 104 0 25 30 8 0.436, 11.0 0
06-Aug-95| 6.80] 122 38 207| 13] 65| 142 148 2.20, 80 1 15 3 0.287] 6.6 0
04-Sep-95 6.19] 50 43| 182 9 84| 132 118, 0.47| 156 0 6.0 39 0 0.3477 85 0
24-Sep-95| 541 17 28| 150, 6| 63 85 107| 1.10;, 96 0 66 8 0.517] 13.0 0
11-Nov-95| 6.03| 50 26| 130, 6| 47| 81 94 120, 43 1 2.5 65 0 0411 7.9 0
27-Feb-96| 5.68) 25 30| 155 5@ 55 74| 166 2.50, 64 29 1 0.213 1
03-Apr-96| 6.07| 41 33| 153| 12| 59 100 135 7.60; 88 0 2.5 29 2 0194 46 6
02-May-96| 5.98 71 31 139 6| 48 98/ 115 0.30, 60 0 2.5 32 2 0.241 48 0
12-Jun-96| 5.52| 22 23| 115 3 37| 51 91 040 23 3 4.0 400 29 0563 6.7 0
04-1ul-96| 5.92| 41 27| 130 4] 49| 85 96| 0.00, 46 0 2.5 47, 14 0.553] 23.0 0
27-2-96| 6.36| 79 29| 140, 5 57| 117] 100] 0.54) 34 1 2.5 42 4 0.532] 10.7 0
18-Aug-96| 6.69| 141 35| 158 7| 62| 144 108 2.10, 39 2 2.5 24 2 0.398 8.0 0
07-Sep-96| 6.34 117 34 162 11| 65 137] 117} 0.54) 40 2 2.5 35 4 0.485 10.2 0
28-Sep-96| 6.21] 59 37| 169 10| 74| 120| 174 2.60, 57 1 25 46 9 0.484, 10.9 0
30-Oct-96| 5.61] 23 214 97| 7 36/ 53 80| 0.89 22 1 90 7 0.525 10.0 0
03-Dec-96| 5.26/ 10 44 218 8 71| 75| 293 210 42 0 2.5 35 7 0.160f 3.7 0
28-Jan-97| 6.09| 43 27| 129] 6| 41 73| 104 350, 49 4 6.0 45 0 0.305f 6.0 2
10-Mar-97| 5.64 26 38 184 9 56| 77| 218 2.60, 46 1 0
30-Apr-97| 5921 39 29 154, 5 48| 79| 149 0.76] 27 0 2.5 43 1 0382 7.8 0
21-May-97| 6.09] 47 26| 144 5 45 76| 120, 0.24] 25 1 2.5 52 7 0.501] 10.4 4
05-dul-97| 6.23 74 30| 148 7| 51 97| 108 0.20, 35 1 2.5 55 0 0480 99 3
30-l-97| 6.18] 61 27| 136] 5| 54| 97| 104 0.44 27 1 25 70 8 0.769] 15.7 0
19-Aug-97| 6.63| 104 33| 163] 8 60 112 120 1.20, 22 1 2.5 32 0 0478 98 0
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Date pH |Alk |Cond |Na |[K |[Mg|Ca |CI [NOs |SO4 |PO4-P |Total P [AI-NL |Al-L [Abs-250 |TOC [NH4
07-Sep-97| 5.68 28 250 125 4 47 71 103 040, 20 2 2.5 89 10 0.740, 14.5 0
05-Oct-97| 5.75 29 29| 143 7| 57| 84] 145 031 24 0 2.5 82 5 0.644 14.0 0
14-Nov-97| 6.02] 48 26| 139 8 50, 76| 114/ 1.60, 30 1 25 57 5 0.561] 12.0 0
05-Jan-98| 5.46| 16 28 146/ 6| 49| 55 168 1.70, 31 0 2.5 31 0 0209 39 1
05-Feb-98| 5.72| 23 21) 115 7| 36| 53| 102] 2.60, 30 1 2.5 47 1 0.346| 8.2 3
21-Mar-98| 6.05 49 34 171} 8 50 77} 183 1.00, 40 0 2.5 24 2 0.149) 38 2
20-un-98| 6.48) 148 39 180, 9 60 138 120 0.45 62 1 2.5 23 0 0.228) 5.7 0
20-Jul-98| 5.94| 52 241 129 4 48 77| 81 0.00, 18 1 25 85 3 0.735 152 0
09-Aug-98| 5.89] 43 22| 123 4 44| 71 82 0.00, 20 1 2.5 55 9 0.634, 125 0
29-Aug-98| 6.36| 120 31 156 8 51 106| 101 0.00, 34 1 2.5 27 1 0350 7.1 0
27-Sep-98| 6.52| 163 35/ 159 8§ 66| 159 109 0.72] 51 1 25 21 0 0312, 638 0
25-Oct-98| 549 22 24 109 12| 43| 51 107} 0321 20 2 2.5 49| 12 0.513] 10.3 0
25-Nov-98| 5.56| 18 26| 134 5 40| 55 145 0.85 26 1 2.5 45 4 0318 6.7 0
12-Feb-99| 5.80 24 43| 238 8 69 89 299 160 38 1 2.5 16 0 0.098 28 0
25-Mar-99| 5.56| 17 260 142 6| 35 42| 158 0.52] 23 1 2.5 39 0 0.274 6.2 0
10-May-99| 5.89] 35 27| 149 9 45 68 139 0.40 28 3 6.0 51 0 0.558 12.0 0
17-dun-99| 5.74] 31 25 142) 21 42| 61 129, 0.00, 14 2 2.5 92l 20 0.617] 129 0
12-2u-99| 6.20, 84 29 168 7| 57| 105 124] 0.00, 27 0 82 2 0.752] 153 0
03-Aug-99| 6.56| 115 36| 179 9 59 138/ 145 150, 51 0 6.0 24 0 0372 1.7 0
01-Sep-99| 5.83 35 28 136 5| 54 78/ 110 0.00 40 2 2.5 61 10 0.647] 13.0 0
26-Sep-99| 550, 25 21 108 5 36| 52| 88 0.000 21 3 6.0 68 5 0.563 10.6 0
06-Nov-99| 5.02 2 23| 110, 6| 35 31 119, 0.00, 22 1 2.5 18 2 0303 7.9 0
20-Jan-00| 5.86] 34 26| 140 4 40| 71 140 1.80, 33 1 2.5 31 2 0190, 41 0
05-Mar-00| 5.47| 14 28| 163 4 39 52 182 1.00, 29 0 25 24 2 0.188 4.4 0
14-Apr-00| 547 11 31 188 3] 43 57| 215 1.40, 27 0 2.5 10 5 0.108 24 0
31-May-00| 6.31 61 31 174 5 57| 95 145 0.00, 47 0 2.5 34 15 0364/ 8.0 0
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Date pH |[Alk |Cond |Na Mg |Ca |Cl |NOs3 [SOs |POs-P |Total P |[AI-NL |Al-L [Abs-250 |TOC [NH4
17-dun-00| 6.27| 68 35/ 187 6| 61 100 179 0.69] 40 0 2.5 34 3 0.269] 6.4 0
12-2ul-00| 6.33] 69 30| 163 5 59 109 139 0.00, 31 0 6.0 29 12 0.397] 85 0
05-Aug-00| 6.48 85 34) 174 6| 58 104 143 1.10, 45 0 6.0 26 3 0389 93 3
04-Sep-00] 6.59) 102 35 169 6| 62| 118 152 0.00, 27 0 6.0 24 4 0439 938 0
08-Oct-00{ 5.47| 20 28 144 6| 46| 62| 146/ 0.00, 20 2 6.0 83 9 0.636| 10.7 0
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Appendix 5 Biology Sampling Dates

Sampling Year | Fish Macroinvertebrates | Epilithic Diatoms [ Aquatic Macrophytes
1992* 15 Aug 15Aug

1993 29 Sept | 3May 29 Sept 29 Sept

194 27 Sept | 12 may 25 Aug 25 Aug

1995 27 Sept | Nosample 25 Aug 25 Aug

1996 24 Sept | 15 May 28 Aug 28 Aug

1997 17 Sept | 21 May 23 duly 23 uly

1998 1 Oct 1Aug 1Aug

1999 6 Oct

2000 20 Nov

* only control burn sampled in 1992
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