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Introduction

This document contains all the main analyses due to be completed in the
project with the exception of the river bank analysis. Initial interpretations have been
provided as a basis for discussion at the TSG meeting. The rest of the project will
involve further interpretation of the results and synthesis into an integrated document.

The work on impacts tables being carried out by Roy Haines-Young is
continuing and two small sub-contracts on the interpretation of appropriate
management practices to Carys Swanwick at the University of Sheffield and FWAG
will be arranged after this meeting.



INFLUENCE OF GRAZING AND POLLUTION ON UPLAND VEGETATION

Vegetation data were analysed in presence/absence form.
Independent variables used in the analysis were:
-Northing, Easting (geographical location)
-Altitude of the plot (location)
-Nitrogen deposition, as extracted from critical loads atmospheric deposition
maps
-Nitrogen (% of dw) sampled in Calluna, Sphagnum and Rhacomitrium
samples in square
-Volume of dung collected in square
-Number of grazed shoots: a measure of grazing intensity
-Soiltype, from the Countryside Survey data
-Soil pH, as measured from soil samples taken in the squares

Partially dependent variables were calculated for each plot from the species data and
the recalculated Ellenberg scores and CSR scores. The following partially dependent
variables were used in the analysis alongside the independent variables:

-Mean Ellenberg moisture (F), light (L), pH (R), nutrients (N), temperature

(T), continentality (K) scores

-Mean C, S and R scores.

Vegetation was compared and allocated to a vegetation plotclass from the Countryside
Survey 1990. Environmental and partially dependent variables were initally analysed
using PCA. The whole dataset in its entirety was then analysed in CANOCO, using
CCA. The data were analysed as a set, because the interest in this specific case was in
the influence and interactions of variables on each other. As grazing is carried out on
vegetation, these two are inextricably mixed and cannot be analysed separately.

RESULTS

The result of the PCA on the independent environmental variables and partially
dependent species variables is shown in figure 1. This shows a gradient through the
data, with at one end high Ellenberg temperature and pH values and predominantly
ruderal growing strategies. At the other extreme, growing conditions are suited to
stress tolerators with high moisture and light values (open vegetation). In between
these two extremes, conditions with high continentality, high atmospheric
Ndeposition and high % tissue N suit competitive growing strategies. These sites are
found more in the East, which in this survey are the more continental sites (see map).



Map 1 Distribution of sites for 1996 upland grazing and pollution study

0

= Jods 10K
41029

QLSP

LAVIE

/- 955 LYON

f‘ﬂ% 3
FEAL 022
; + 506 RNCHL

/o.’

‘o“:

2837

-~ = 773
_GHRN n
758

705 708
;i} {pg 658 WEST

_MOSS

491
I

260

RIR




PCA Factor Loadings
Factor 1 vs. Factor 2
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Figure 1. Result of the PCA, showing the major gradients in the independent environmental variables
and the partially dependent variables. Alt = altitude, Comp = competitors in vegetation; East = Easting;
F = Ellenberg moisture indicator score; K = Ellenberg continentality indicator score; L = Ellenberg
light indicator score; Lcl = landclass; Ndep = Atmospheric Nitrogen deposition; North = Northing;
Nsam = % Nitrogen in plant tissue; PH = Soil pH; Rude = ruderals in vegetation; Shoots; number of
grazed shoots; Stres = stress tolerators in vegetation.

Figures 2 to 4 show results of the CANOCO analysis on vegetation and environmental
data using only the independent variables. Arrows show the significant variables
found in the analysis. The length of the arrow is related to the variance explained by
the variable, the proximity to an axis is a measure for how related the variable is to the
CANOCO factors. Hence, in figure 2, the most significant amount of variation is
explained by the North-gradient (p < 0.01), followed by the dung volume (p < 0.01),
then the soil pH (p < 0.01), altitude (p < 0.01), Easting (p < 0.01), and the nitrogen
deposition (p < 0.04). The first CANOCO axis is closely related to dungvolume and
Nitrogen deposition, the second to soil pH. The most important variable, Northing, is
related to both axes.

The sample sites in figure 2 are therefore distributed according to their geographical
position; with north Scottish sites to the left and English and Welsh sites to the right.
There is an obvious inverse correlation between the North gradient and both
atmospheric N deposition and dung volume found in a square.

Figure 3 shows the same result as figure 2, but for each sample site the aggregate
vegetation class (from CS1990) is depicted. It is clearly visible in this figure how dry
heath and bog vegetation (classes 8 and 9) are predominantly present in the more
atrophic, acid, Northern sites, whereas the eutrophic Welsh and English sites, with
higher Ndeposition and dung volumes and higher soil pH, are more moorland
grasslands (class 7).

Figure 4 shows the same result as figure 2, but here the landclass (from CS1990) is
depicted for each sample site. The higher landclasses are all scattered high along the



CANOCO species-environment ordination
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Figure 2: Result of CANOCO analysis of principal gradients using independent
environmental variables. Numbers above dots represent the CS square number.
Arrows depict variables: North = Northing; East = Easting, Ndep = atmospheric N
deposition; the arrow between East and Ndep is altitude; Dungvol = dungvolume; Soil
pH = Soil pH
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Figure 3: Result of CANOCO analysis of principal gradients using independent
environmental variables. Numbers above dots depict classes derived from the
Aggregate Vegetation Classes from CS1990. 7 = Moorland/grassland; 8 = dry
heathland; 9 = bogs. Arrows depict variables: North = Northing; East = Easting, Ndep
= atmospheric N deposition; the arrow between East and Ndep is altitude; Dungvol =
dungvolume; Soil pH = Soil pH


















































































Figure 4 Mean Ellenberg indicator scores for light.
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Figure 5. Mean Ellenberg indicator scores for moisture.
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Succisa pratensis Multtiple Regression
Coefficient T P

constant 4.19 1.11 0.272

January Temp 1.07 4.64 0.001 ***

July Temp -0.50 -1.82 0.075

Precipitation 0.00 -0.39 0.696

% Sea -0.01 -1.25 0.220

R2 31.6
Succisa pratensis Ordinal Logistic Regression

Coefficient Z P
Brown Earth 3.43 1.46 0.145
Gley 1.74 0.78 0.434
Rendzina -2.16 -0.76 0.450
Peat 0.25 0.12 0.904
Peaty-Gley 2.59 0.95 0.341
Podzol/Brown Earth 3.03 1.08 0.278
Gley/Brown Earth, Gley
& Brown Earth 1.05 0.49 0.624

Brown Earth & Calcareous 3.81 1.30 0.192
Peat & Peaty-Gley -0.74 -0.34 0.731
Mix of all major soil types 0.63 0.29 0.78
Mix of Podzols & Peat -0.45 -0.23 0.819
Mix of Brown Earth, Rendzinas

& Peat -1.96 0.71 0.475
Mix of Podzols, Brown Earth

& Peat -0.91 -0.34 0.732
Mix of Brown Earth & Peat 0.40 0.19 0.850
January Temperature -1.49 -4.66 0.001 ***
July Temperature 0.47 1.08 0.282
Precipitation 0.00 0.93 0.353
% Sea 0.02 1.46 0.144
G=3951,df=18 0.002 **






