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but the Remainder , by far the greatest part, may be judged wholly
irreclaimable, consisting of steep Mountains, deep Mosses and Tracks of
Land overspread with Rocks ... It has once been well wooded, and in
some of the steep Gullies, inaccessible to cattle, the Oak, the Birch,
the Holly and Rowan Tree, are still to be observed growing vigorously.

from this Place, | made a Journey to the highest of these Mountains
named Ascheval. From the shore we ascended through deep Mosses,
whose surface would scarcely carry us,... The rest of the Ascent, was
clambering amidst broken Rocks and falls of water; but among these
Rocks, and among the straggling Junipers, | found such a Variety of
rare Alpine Plants, as amply requited the Fatigue of the Journey. Some
of them, the Inhabitants of the highest Alps in Switzerland, and others
of Lapland and Spitsberg."

from the Rev. Dr. John Walker's
Report on the Hebrides of 1764 and 1771.

(McKay 1980).
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ABSTRACT

The climate, geology and vegetation history of the Island of
Rhum are briefly described. Rhum has a large area of ultrabasic rock,

mainly over 350m, which has distinctive soils and vegetation.

The vegetation of selected sites on several rock types was
described from 32 transects with a total of 285 IxIm quadrats. At each
quadrat a soil sample was taken and analysed chemically. The vegetation
and soil data were ordinated (by DECORANA) and classified (by TWINSPAN).
Twelve vegetation classes emerged which were related to previously
described communities. The soil factors which were significantly
correlated (rs) with the ultrabasic classes were: total nickel, chromium
and cobalt, pH and exchangeable nickel and calcium. There is a wide
range of soils on the ultrabasic and most are unusual for this type

since they have low Mg/Ca quotients and a sandy texture.

The above-ground parts of six species were analysed chemically
and samples from the ultrabasic soils had fairly high concentrations of
Ni and in some cases high Fe. Correlation coefficients for soil-soil,
soil-plant and plant-plant elements provided some insight into selectivity

and possible mechanisms of adaptation to the ultrabasic soils.

Soil solutions were extracted from 21 samples using a centrifugation
technique and analysed chemically. Four of these analyses from contrasting
soils were used as a basis for culture media for experiments to test the
importance for plant growth of certain ions (Ca™+, Mg™+, NinN+,
and Zn2+)‘ RGR's were measured in culture media with several ions varied
in a factorial manner and there were two harvests (after 3 and 6 weeks).

Ni * (0.2 ng 1-1) was mildly toxic to a non-ultrabasic race at Harvest 1
but there was no effect at Harvest 2. The implications of this are
discussed. The non-ultrabasic race had a reduced RCGR in the higher Ca

and My concentrations (combined) in the solutions simulating those in the



Abstract (cont.)

ultrabasic soils, but grew best of all the races in the solutions
simulating those from its site of collection. The plants grown in

the culture media were analysed chemically and compared with the

same species which occurred in the field. The experimental plants had
lower concentrations of Fe, and higher of K, but in other respects were

similar to the field plants.

Field experiments and observations were made on the effects of
added major nutrients to barren areas and erosion. Unfortunately most of
the nutrient addition experiments were lost, but earlier work was confirmed
that nutrient-addition causes an increase in plant cover on exposed barren

ultrabasic areas. Erosion is still rapidly occurring in some places.

No single factor can explain the distinctive vegetation of the
ultrabasic areas on Rhum, but the following singly and in combination are
probably important: high Ni (with its greatest effect in dry spells);
fairly high soil pH (for Rhum); low major nutrients; soil physical
factors, particularly its sandy texture, frost-heaving and erosion
(probably resulting from past-burning and grazing). The effect of a

high Mg/Ca quotient seems not to be important on Rhum
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CHAPTER ONE
INTRODUCTION

1.1 The Island of Rhum

Vegetation on serpentine and ultrabasic outcrops throughout
the world is very variable, but it is often quite barren, or at
least contrasts with surrounding vegetation (Proctor & Woodell 1975,
see below). Throughout this thesis the term serpentine is usually
used in the biological (or broader sense) to describe a group of
ultrabasic (ultramafic) rocks not on Rhum, the soils derived from
them, and the vegetation that is associated with them. | have used
the narrower geological meaning of ultrabasic when referring to the
rocks on Rhum, (however in Chapter 7 the different races of grass

used from Rhum are referred to as serpentine or non-serpentine).

The Island of Rhum (latitude 57°3'N, longitude 6°27'W; Inner
Hebrides, Scotland; National Grid Reference NM 37 98; Fig. 2.1.1:1)
has the largest ultrabasic outcrop in Britain. It is almost devoid
of plants in places and has a vegetation distinct from that found
on the other rock types on the Island. This has been appreciated
for some time: The New Statistical Account (of 1828)(MacLean 1845)
notes a difference between the strong heather on the east and the
grass on the west of the Island. It was with the acquisition of the
Island in 1957 by the Nature Conservancy Council that the differences
were described in detail in relation to the geology (McVean & Ratcliffe
1962; Ferreira 1970,1974). The four main vegetation regions
correspond generally with the chief geological formations: the
Torridonian sandstones in the north and east; the gabbro and ultra-
basic rocks of the centre; the basalt and limestone to the north west;
and the granophyre on the south west (Nature Conservancy Council 1974).
This thesis concerns the vegetation on the ultrabasic complex of the

Island.



The composition of the ultrabasic complex on Rhum is variable
with important effects for the soils and vegetation. The types of
ultrabasic rocks range from dunite (>90% olivine) and peridotite
(>50% olivine with the rest a 3:1 ratio of plagioclase: pyroxene)
through several intermediates, to nearly pure forms of the calcic
plagioclase rock, hallivalite (>50% plagioclase, 5-10% pyroxene, the
rest olivine). In general, the composition of olivine is represented
as (Mg Fen™ SijOn, wit*l MB: Fe ratio (for Rhum) about 4:1; while
plagioclase is represented as Ca Al SiE 0” and Na Al Si® 0N with a
Ca: Na ratio of 4:1 on Rhum (J. Volker, personal communication).
Many accessory minerals are found in ultrabasic rocks. Of particular
interest on Rhum are chromite and magnetite. The content of these
minerals can vary appreciably within ultrabasic rocks and on Rhum,
chromite is highest in the Ruinsival series (J. Volker, personal
communication), while magnetite is more variable across the Island.
In one restricted area on Rhum the peridotite and dunite have been
hydrothermally altered to the mineral serpentine (J. Volker, personal
communication). This area, near the Ruinsival Bealach is the site of
Transect 26 (Figure 1.1:1 and Section 2.1.1). (Emeleus & Forster

1979, have given more information on the igneous petrology of Rhum).

There is some uncertainty about the post-glacial vegetation of
Rhum  Skye once had woodland, sometimes extensive (Birks 1973)" but
the former extent of the woodland on Rhum is less well known. Walker's
Report on the Hebrides of 1764 & 1771 (McKay 1980, see frontispiece)
mentions the island as having been well wooded and Dean Munro in 1549
(R.W. Munro 1961) mentions a forest on the island. In The (Old)
Statistical Account of Scotland (McLean 1796) in reference to the
number of deer on Rhum refers to

a copse of wood that afforded cover ... while the wood
throve the deer also throve; now that the wood is totally
destroyed the deer are extirpated."” (Nature Conservancy Council
1974).
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Location of Transect 26 on the serpentinized dunite
(ultrabasic). Note the sharp transition with the non'
ultrabasic soils (which overlie peridotite) but are
probably derived from much non-ultrabasic parent
material
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It seems that the increase of man and grazing animals throughout the
eighteenth century at least coincided with the disappearance of

woodland. Heather burning was practised on Rhum and from the 18705
at least, it was not controlled and there is evidence of burning on

Cnapan Breaca above 360m. (Nature Conservancy Council 1974).

The present vegetation on the ultrabasic soils is quite
different from that of the surrounding soils on different parent
materials. Often the change in vegetation at a geological boundary
is very sharp and apparent at a distance of several km  (See Figs.
1.1:1 and 1.1:2). Several study areas were chosen with transects
located on both sides of several of these boundaries. Lichens are
often sensitive indicators of ecological conditions, and on Rhum

generally do not grow as well as on ultrabasic rocks (Figure 1.1:3).

Experimental work on the soils and vegetation on Rhum since
1957 has shown that erosion and nutrient deficiency are important
factors. Ragg & Ball (1964), in a survey of the soils on the ultra-
basic area of Rhum found thin (5-10cm depth) immature surface soils
overlying well-developed soils which, they concluded, could not have
formed under the present sparse vegetation. Wormell (Nature
Conservancy Council 1974) found that wind action was moving rocks both
up and down slopes, and Ferreira & Wormell (1971) found a substantial
(5-60%) increase in vegetation cover upon the addition of nitrogen-
phosphorous-potassium fertilizer with calcium. Unfortunately their
experiment had only one trial plot, and separation of the importance
of the factors is not possible (see Chapter 8). Work in conducting
irrigation water with relatively high calcium to magnesium-rich soils
showed a marginal change in the vegetation over two years. Production
studies related to deer grazing on herb-rich grasslands have found

indications that both exposure and the nitrogen content of the soil



Fig.

1.1:2.

Examples of vegetation contrasts between non-ultrabasic and
ultrabasic soils.

Top: looking east across Coire Dubh, non-ultrabasic on
left with ultrabasic (Hallivalite and Peridotite) on right.
Bottom: 'Sandy Coire' (NM 370 947), non-ultrabasic (T14)
in foreground, ultrabasic (T13) centre, basic gabbro (T15)
in left distance.









Fig. 1.1:3. Lichens growing on a boulder of two rock types.
The centre is gabbro (basic) and it is flanked
by peridotite which has few epiphytes.









may be critical limiting factors. (Nature Conservancy Council 1974).

Indications that other factors may be important are shown by
Proctor (1971a,b), who found that a race of Agrostis canina from
Hallival had nickel but not magnesium tolerance. However, in growth
experiments with oats, he found that soils from the Hallival-Barkeval
Bealach were not acutely nickel-toxic and the plants showed a signifi-
cant response to fertilization. Research measuring the change in
the vegetation cover from the removal of sheep grazing pressure from
1957 has shown a change in the community structure and competitive

balance between species (Ball 1974).

The oceanic effect on the climate, which is apparent from
other Hebridean recording stations, is not so strong for Kinloch
(Fig. 2.1.1:1). Results of selected climatological measurements
from Kinloch, from 1958-1968, are in Table 1.1:1. While the values
are not representative of the variation across the island they give
some indication of the island's weather. To supplement these data,
a temperature-recording station was established on the Barkeval
Bealach (NM 385 971, 490 m) from April 1981-January 1982. Temperatures
reported are: air temperature, soil temperature at 1-cm depth under
bare soil, and soil temperature at 1-cm depth under about 6cm mixed
vegetation cover (including heather, grasses and herbs). The results
are not complete because of equipment failure (Fig. 1.1:4). These
results support the cool, wet, windy and cloudy reputation of western
Scotland. The west of the island, (most often the windward side during
wet weather) is noticeably drier, but the tops of the mountains are
probably much wetter than the values for Coire Diish indicate (Nature
Conservancy Council 1974). Rhum lies in the area of western Scotland
where the overall mean monthly evaporation potential does not exceed
the mean monthly precipitation, (although it may for shorter spells,

Nature Conservancy Council 1974).
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1.2 The aims of the research

The main aim of the research was to investigate and identify
the possible causes of the poor vegetation cover and the distinctive
flora on the ultrabasic mountains of Rhum Several approaches to this

problem were made.

The first requirement was for an adequate description of the
vegetation, with measurement of the soil variables, for a range of
areas. Previous work (Proctor & Woodell 1971, Spence 1970) had been
restricted to small parts of the Island. To support this study, plant
analyses were made and correlation coefficients between plant and
soil metal concentrations calculated. Water culture experiments (with
media based on soil solution composition) were made to test the
response of the native races of Agrostis canina (a widespread plant
on many soils on Rhum). Finally, preliminary field experiments were
made but there were many difficulties with these (discussed in Chapter

8), and their contribution was less important.



CHAPTER TWO
Vegetation Description, Classification and Ordination.

2.1 INTRODUCTION

2.1.1 Transect location and vegetation description

A comprehensive survey of the ultrabasic formation was not
possible as this rock-type covers a large part of Rhum (Fig. 2.1.1:1).
Sampling areas were therefore selected subjectively which appeared to be
representative of three major vegetation types, evident to myself on the
island and recorded by previous workers (Ragg & Ball 1964, Proctor &
Woodell 1971, Proctor 1971a, Ferreira 1974). These earlier studies
proved a useful but insufficient basis for a detailed sampling programme
in any one area of the ultrabasic. Ferreira's (1974) work was thorough

across the island, but largely omitted the barren areas on the ultrabasic.

The three vegetation types sampled were: sparse vegetation on
the ultrabasic soils, closed vegetation on the ultrabssic soils, and
closed vegetation on the non-ultrabasic soils. No sparse vegetation on
non-ultrabasic areas was found except on rocky slopes where vegetation
developed (with virtually no soil) in mats overlying the rocks or in
pockets. (Transect 17 is the only transect located on an area resembling
these rocky slopes described here, but had more soil present and closed
vegetation). The summit vegetation on the tallest mountain on the ultra-
basic formation is markedly different from the summit vegetation on the
tallest mountain on the non-ultrabasic, yet both have soils present

(Fig. 2.1.1:2).

Transects were located in homogeneous areas of vegetation and
on ground with a slope of 30° or less. Each transect was usually 100m
in length (50m in some cases) and sample positions were taken at 10m
intervals from a randomly selected starting point. Regular samples
were taken to facilitate the relocation of the positions, since the

occurrence of a pattern in the vegetation or periodicity in environmental



Fig. 2.1.1:1 Map showing the area of Rhum included in this study.
The ultrabasic section of the Island is mainly within the boundary
drawn. Location 1 is the Harris rain gauge, Location 2 the Barkeval
Bealach temperature recording station, Location 3 the Coire Dubh
rain gauge, and Location 4 the Kinloch recording station. The
numbers along the margins are National Grid co-ordinates (reproduced
from the Ordnance Survey Map with the permission of the Controller

of Her Majesty's Stationery O ffice, Crown copyright reserved).
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Fig. 2.1.1:2. The contrasting vegetation of the summits of the highest
mountains on the ultrabasic (Askival, 812m), (Upper
photograph) and the highest on the non-ultrabasic
(Ainshval, 781m).



The contrasting vegetation of the summits of the highest
mountains on the ultrabasic (Askival, 312m), (Upper

pnotograph) and the highest on the non-ultrabasic
(Ainshval, 781m).






factors was considered unlikely to occur at the 10m scale across so
many and such diverse areas. At each position on the transect, a soil
sample (10x10x10cm) was taken, after removing surface vegetation and
loose surface stones, and the vegetation was described using a IxIm
quadrat. The IxIm quadrats were located along the transect with the soil
sample in the top left corner. Each individual soil and vegetation
sample is henceforth referred to by its quadrat number. Table 2.1.1:1
summarises the major features of each transect together with the intensity
of sampling. Transects 1 to 4 were established in October, 1979 and the
others in May-August 1980. Transects 2, 12, 19 and 29 have soils which
possibly developed from more than one parent material, whilst transect
13 is located on glacial till which is derived mainly from periodotite

and other ultrabasic rocks.

Kershaw (1973) and Mueller-Dombois & Ellenberg (1974) emphasise

that the method of vegetation description chosen must be one that best
Table 2.U2)

suits the objectives of the research. For this study, the Domin ScaleA
of cover abundance was adopted because it enables easy comparisons
between different areas, conveys more quantitative information than the
simple presence/absence method and is not as likely to overlook species with
low cover/abundance, or is as time-consuming, as the point quadrat
approach. This last consideration is important in view of the remote

working conditions of Rhum. (All data were recorded by myself so

any personal bias in assessing cover abundance will be consistent).

A IxIm quadrat was chosen for the vegetation description so
that whilst it was near the minimal area recommended for grasslands
and heaths (Mueller-Dombois & Ellenberg 1974) it would be most represen-
tative of the local soil sample. A larger quadrat would be too laborious
to record and more than one soil value would be needed to cater for the

increased soil heterogeneity. Species identification and Domin numbers

for every quadrat were checked twice, once by J. Proctor,after the first



Table 2.1.1:1 The number of quadrats, the location, and sore
features of the transects

Transect Quadrat National Grid Underlying Altitude Overall Overall

No. No. Reference Parent (Meters) Slope Aspect
(ATl NN) Rock * (Degrees)
1 1-10 394959 H 595 5 U
2 11-20 401962 H?P 375 5 SE
3 21-30 379972 G 570 5 E
4 31-40 387971 P 470 5 SE,NU**
5 41-50 397953 P 570 0 E
6 51-60 388974 P 350 20 NE
7 61-70 361939 P 440 5 E
8 71-80 356940 P 520 5 S
9 81-90 354947 UB 215 i0 N
10 91-100 368959 D 200 0 U
It 101-110 341972 p 250 15 SU
12 111-120 361945 P?B 240 20 N
13 121-130 369948 6T 330 10 SU
14 131-140 372946 L 365 15 NU
15 141-150 367949 G 335 5 S
Ib 151-160 383953 G 520 i0 S
17 161-170 378932 F 700 i0 SU
18 171-180 369936 | 610 i0 SU
19 181-190 371942 F71 400 i0 s
20 191-200 372954 P 610 5 NU
21 201-205 369953 P 520 10 U
22 211-215 378948 P 505 20 S
23 221-225 378941 F 745 5 S
24 231-240 382978 P 380 10 NE
25 241-250 386981 F 365 5 NU
26 251-260 360935 S 380 20 S
27 261-265 365932 P 420 25 U
<8 271-280 361938 UB 425 5 SE
29 281-285 369972 P?UB 300 5 U
30 291-295 352967 P 200 5 S
31 301-310 372959 UB 290 i0 u
32 311-315 378948 6 505 20 u

¢ H=Hallivalite P=Peridotite G-Gabbro UB=Ultrabasic Breccia
D=Dunite GT-Glacial Till L="Lewisian Gneiss F*Felsite
S*Serpentinized Peridotite and Dunite ? * Uncertain

** Transect crossed depression and aspect changed



Table 2 1 1:2

COVER about 100Z

COVER 75-95Z

COVER 50-752

COVER 33-50Z

COVER 25-33Z

ABUNDANT , COVER about 2=
ABUNDANT , COVER about 5Z

SCATTERED , COVER SNALL
VERY SCATTERED , COVER SHALL

SCARCE

, COVER SHALL

ONE INDIVIDUAL , COVER SHALL

Donin scale

The Donin scale and its transformation

(Bannister 1966)

Transformed
10 8.4
9 7.4
8 5.9
7 4.6
6 3.9
5 3.0
4 2.6
3 0.9
2 0.4
1 0.2
L 0.14



recording between April and August 1980 and May and September 1981.

Sone difficult identifications were confirmed on glasshouse grown material.

The nomenclature for higher plants follows Clapham, Tutin &
Warburg (1962); for bryophytes, Watson (1968); and for lichens,

Hawksworth, James and Coppins (1980).

2.1.2 Multivariate techniques

The large amount of data from the vegetation description was
analysed by multivariate statistical methods. Greig-Smith (1980) argues
that, especially for poorly known vegetation, these approaches reduce
the complexity of the data to a manageable form, from which important
inter-relationships can be highlighted. Gauch (1982) points out that

they summarise the data and allow for an objective interpretation.

Gauch (1982); Hill & Gauch (1980); Clymo (1980), Gauch

4 Whittaker (1981), Gauch, Whittaker & Singer (1981), and Prentice (1977)
have discussed the relative merits of different multivariate methods. The
most satisfactory methods for this research, and those | have used, are

the polythetic divisive method, TWINSPAN (Hill 1979a) for classification,
and the improved reciprocal averaging, DECORANA (Hill 1979b) for ordination.
The two techniques are similar, as TWINSPAN is based on two-way ordination
space partitioning repeated at each level of the hierarchy on the basis

of a fresh ordination axis.

While ordination was the primary multivariate technique for the
analysis, to highlight the important inter-relationships, classification
was used to identify vegetation classes. Vegetation data are often
amenable to either method, but more recently Gauch & Whittaker (1981)
recommend an integrated approach, which benefits from both techniques
and aims at arranging classes along gradients. Classification is discussed

first because the classes are later related to the ordination and the

edaphic factors.



TWINSPAN (Two-way Indicator Species Analysis) is an improvement
of the indicator species analysis proposed by Hill, Bunce & Shaw (1975).
It differs in its approach, in that the indicator analysis in TWINSPAN is
supplementary to the classification (two-way ordination space partitioning),
and is not the major classification. TWINSPAN has been shown to be generally
superior to most other classification techniques (Gauch & Whittaker 1981).
It is flexible in its implementation, robust to data editing, random
variation and outliers, and effective in extracting relationships. The
classes were not determined to be interpreted as true vegetation classes
in the sense of Braun-Blanquet (Poore 1955 , 1956; Moore 1962); but to
help clarify relationships between the vegetation distribution and the

edaphic  variables.

DECORANA (Detrended Correspondence Analysis) is an improvement
of the reciprocal averaging method of ordination (Hill 1973) that corrects
two major faults in the original method of Hill (1973). These are the
arch effect and the compression of the ends of the ordination axes.
DECORANA's superiority over reciprocal averaging, principal components-
analysis and non-metric multi-dimensional scaling has been discussed by
Hill and Gauch (1980), Gauch (1982) and Gauch et al. (1981). The ordi-
nation axes were used to interpret the relationships between the

vegetation classes and the edaphic and environmental variables.

2.2 Classification by TWINSPAN
2.2.1 Introduction
The exact form of analyses by TWINSPAN is controlled by several
input parameters to the program. Those recommended by Hill (1979a) were

followed with slight operating modifications.

The data were stored as couplets of species numbers and
transformed Domin values (Table 2.1,1:2). (TWINSPAN did not require

this transformation as it is flexible for input, but as the same data
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matrix was utilized in the ordination this facilitated computing). All
the vegetation data from the 283 quadrats (285 quadrats were sampled, but
one had no vegetation and another became a footpath) are recorded in
Appendices | and Il. The Domin scale expressed species abundance and
cover on a "logarithmic-type" scale, which are expressed in a linear
relationship by the use of Bannister's transformed values (1966). The
transformation combined with the pseudospecies cut levels of TWINSPAN
(see below) allowed the data to be classified with emphasis on presence

and absence, but incorporating some quantitative information.

Five cut levels of pseudospecies were used, as recommended, but
the numbers defining each level were changed. Hill's (1979a) recommended
values are for percent cover (0.00,0.02,0.05,0.10,0.20) and | chose values
from the transformed Domin range (0.0, 0.4,0.9,2.6,3.0) to correspond to
these recommended values. Pseudospecies cut levels allow the amount of a
particular species in a quadrat to be used semi-quantitatively in the
classification, by creating pseudospecies at the cut levels, and then
quantitatively classifying the stands on the presence and absence of
the pseudospecies. Hill (1979a), uses an example to help clarify this:
Stand 1 has species A at 25% cover and Stand 2 has species A at 15% cover;
therefore with pseudospecies cut levels of 0 and 20%, Stand 1 has Species
A*1 and Species A*2 while Stand 2 only has Species A*l; a qualitative
difference expressing quantitative information). As Hill (1979a)
recommended, these levels were chosen to "reflect typical values of

abundance, present, a little, a lot, and more or less dominant".

The other input parameters were set to the normal values, three
of which need further explanation. AIll the pseudospecies cut levels
were given equal weighting so that dominant species were not over-
emphasised nor were rare species given more than their normal downweighting.
All the pseudospecies cut levels were given equal potential as indicator

species, which allows pseudospecies to be used as indicators in addition
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to real species. Finally no species was prevented from potentially being

an indicator in the classification.

2.2.2 Results

The classes in TWINSPAN's hierarchical classification are

formed by the successive objective division of refined polarized ordi-
nations. There is no fully objective criterion for deciding at which level
in the hierarchy to stop the classification dichotomy, and therefore this
must be done by interpreting the classes formed. The classes | accepted
are at different levels of the classification for the two main branches,
(Fig. 2.2.2:1 and Table 2.2.2:1) reflecting the unevenness of the division
at the first level. It is noteworthy that so many of the non-ultrabasic
quadrats were separated from the ultrabasic quadrats in one branch at the

first level.

The classes were accepted upon criteria discussed below, which
were also supported by the ordination results (sections 2.3 and 2.4). The
species by stands two-way table, produced by the classification, is

shown in Appendix X.

The large number of quadrats and the possible number of classes
produced after six levels (maximum possible is sixty-four), made the
decision of which classes to accept complex. The criteria used to select
the classes were: class size; whether the class could be split success-
fully; preference (mine) to stay within a classification level; the
number of classes; the indicator and preferential species for each class;
and an assessment of the stands in each class from field experience. The
species classification was also used in the class selection, but its

information was largely included in the preferential species.

The smallest class TWINSPAN will create is set to five stands
(or species). Classes 2 and 4 have n m 8 and are the smallest classes

accepted. Connected with the acceptance of a class by its size is whether
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Table 2.2.2:1
ClciSs No. (n)
1 (19)

2 (8

3 (14)

4 (8)

5 (29)

6 (21)

; (45)

8 (28)

9 (12)

18 (28)

11 (28)

12 (43)

TUINSPAN vegetation classes and quadrats.
Quadrats*

152-168,164 166 168 169 178,198,211-214

2 7 18,311-315

28,171-177,184,221-225

161-163 165 167,178-188

4 6,17,22 38,32 34 40,58,151,191-197 199 210,
281-285,215,231 234 236,279

5,31 33 35-39,41-58,271 274 276

3,11 12 14,26,61 62 64-66 68-78,71-73 77-80,95
86,125 127 129,239 248,251 254-268,261-265,272
273 275 277 288

13 15 16 18-28,55,88 98,91 92 94-97 99 100,121
123 126 138,141,252 253,278,381 388

181-118.285,295

9,21 23 27,52,67,74-76,111-121,148,237 238,281
282,291-294

25,51 56 57 59 68,63,87 89,93 98,124 128,144
148 149,232 233 235,248,382-387 389 318

8,24,53 54,81-84,131-139,142 143 145-147 158
181-183 185-198,241-247 249 258,283 284

* spaces separate quadrats in the sane transect ,
connas separate quadrats in different transects.



12

it could be divided successfully. When a class is divided, if it

produces a new class that is "unsuccessful" (n<5), then preference would
be to accept the original class before division. This results, as mentioned
above, in the accepted levels of classification differing

for the two main branches. While, initially, one level was preferred for
all classes, the two branches were interpreted at different levels because
of the uneven division at the first level (n - 234 and n * 49). The
number of classes was initially expected to be about sixteen (i.e. up to
level 5 of the classification), but the final arrangement is intermediate

to levels 4 and 5 of the classification.

The interpretation of the classes by their indicator and prefer-
ential species, and the stands in each class is both more involved and
more subjective than implementing the other criteria. The species classi-
fication may be considered with the indicator and preferential species,

and these are discussed in Section 2.2.3.

The assessment of the classes by the quadrats in them was used
only to confirm how consistently neighbouring quadrats were classified
together. The quadrats in the same transect fell into the same class
(Table 2.2.2:1); with the transects being broken into subsets of several

quadrats more often than single quadrats.

The first run of the DECORANA ordination showed no outlying
quadrats (in the sense of Gauch 1982) though several were located at
relatively large distances from the median position of their class. The
omission of these quadrats from the data did not alter the classification
down to the fourth level (Sections 2.3 and 2.4), nor did it alter the
accepted groups at the fifth level, nor did it change the ordination

significantly.

Whilst running TWINSPAN on the vegetation data set, several minor
programming operating errors were discovered in the version loaded at

Stirling. The results are, however, reported from this analysis. Later,
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it was possible to reanalyse the data set on another implementation of
the TWINSPAN package at the Manchester Regional Computing Centre. The
results for the two analyses were very similar with 14 quadrats changing
classes in the 12 classes accepted. It is significant that every one

of the 14 quadrats were reported by the program as either "mis-classified"
or "borderline". Of slightly more importance was a change in the order
of the species classification and several of the indicator species for

the classes. However, since preferential species were used in the inter-
pretation of the classes the results were exactly the same. Because the
two analyses were so similar, with no important differences, the first

analysis, from Stirling, is reported here.

2.2.3 Discussion

The 12 classes from the TWINSPAN classification were compared
with described plant Associations and communities (Ferreira 1970, 1974;
McVean & Ratcliffe 1962; Birks 1973; and Spence 1970). With the
exception of the very barren Class 6, all other classes fit fairly
well into accepted communities. (Table 2.2.3: 3). Class 8 is inter-

mediate between several communities.

The indicator species (Fig. 2.2.2:1) and the 'preferential’
species (>572 frequency, Table 2.2.3:1, equivalent to Constancy Classes
IV and V), with reference to the general geological origin of the soil,
were used to characterise each class and to identify the plant-communi-
ties. Further characteristics of the vegetation classes were used in

the comparisons between the plant communities (Table 2.2.3:2).

The species classification was of additional use in determining
which species were consistently represented in a class. However, the
classes formed by the species classification were ordered by TWINSPAN
to fit the species and stands two-way table (Appendix X), and did not

always pertain to the stand (quadrat) class with the same number. This



TABLE 2.2.3:1

Species

Agro
Alch
Ante
Anth
Call
Care

spp
alpi
dioi
odor
vulg
bige
deni
flac
pilu
puli
cesp
flex
cine
tetr

spp

spp
saxa
lana
canp
sylv
caer
stri
ossi
sylv
lane
nari
erec
sela
prat
druc
cesp
nyrt
rivi

spp
albi
spie
cupr
conn
pili
lanu
squa

unc i

(50X for n < ?)
Vegetation Classes.

(Using abbreviations of the species nanes

teg

58

58
100

79

100
100

50
100

50
100

100
100

100

88

Class Nunber

93

6

7

89

62
93
67

75

100
75

100

10

100

82
100

100

79

in Appendix

1

Percent Frequency of «ill Species with Frequency > 572
in the Twelve TUINSPAN

1

12
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Table 2.2.3:3 Plant connunities®fron several authors, which nost closely corr-

espond to the twelve TUINSP4N vegetation classes.

Class Ferreira Hcvean T Ratcliffe Birk.s Spence
No. (1974) (1962) (1973) (1970)
1 Herb-rich Vaccineto-Callunetun -
Vacciniun-Calluna heoaticosun
heath (t)
2 Nardus Low alpine Nardus- OiriiHi-
grassland Pleuroziun nodun i Rhaconitretun
2) Nardus-Rhaconitriun lanuginosi-
provisional nodun (2) tvoicun (2)
3 Nardus Juncus squarrosus Nardo-
Juncus squarrosus Bog (3) eluncetun.
Bog (3) squarrosi (3)
4 Rhaconitriun- Festuceto-Vaccinetun Alehenilia -

10

12

For footnotes see next

Festuca-Vacciniun
grassland

(6) -

®)

Species-rich
Agrostis-Festuca
grassland (9)

Herb-rich
Calluna heath
facies on Hg-

rich soils (10)

Calluna-Tri-

cophorun-

Holmia Heath
(11

Rhaeonitriun-
Calluna. Heath
AL

page.

Rhaconitrosun a/or
Cariceto-Rhaco-
nitretun lanuginosi

4

aloina-
Vacciniun
nvrtillus
nodun

- Festuca vivipara
Juncus trifidus L.
open sociation (5)

- Arenaria norvegica
Gunn. Cardaninopsis
petraea (L.) Hiit.
sociation (7)

Agrosto-Festucetun (9)

Herb-rich facies
of Callunetun
vulgaris (10)

Trichophoreto-
Callunetun i
hgjincto-Cill-
unetiun

Trichophoreto-
Callunetun S
Holineto-Call-
unet iun.

Calluna vul-

garis Sieglingia
decunbens assoc.(10)

Holinieto-
Callunetun

Rhaconitreto-
Callunetun



Table 2.2.3:3 .Footnotes

O
@
(3)
4
®)

(6

M

(®)
©)

(10)
11

My class lacks Enpe. spp.

My class lacks Care. bige. and Trie. cesp.

My class has a frequency of only 50Z for June. squa.

My class 1is internediate to the two connunities.

Spence (1970 ) notes that on Hallival (on Rhun) Besc. flex, 1is
nore connon then Fest. vivi.(spp.), which is true for ny class.
Class 6 is barren and is not a recognized connunity; Call, vulj.,
Plan. nari., Thy«, druc., Rhac. lanu., Agro. spp.,and Fest. spp.
are the only frequent species.

My class did not have Card. petr. in the quadrats, but it was
nearby. Also Desc. flex, was less frequent for ny class and
Care. deni, and Care. flac. were nore frequent.

Class 8 is internediate between Classes 5 to 7 and ? to 12.

My class has less frequent Sie<|. decu. and nore frequent Moli.
caer. and Hole. lana.

My class has Sieg. decu. less frequently.

Classes 11 i 12 are internediate between the two connunities,
but are listed by the connunity to which they are nost sinilar.
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was probably due to the presence of more than one apparent gradient in
the data (Section 2.4), with the result that the structure of the

table was shifted to the right, thereby affecting the class numbers
(species). TWINSPAN orders the body of the table on the diagonal from
top left to bottom right, but in this data set the diagonal clearly does
not include Classes 5-8. Further, in TWINSPAN, species that obviously
show a poor relationship to the classification are termed unfaithful
(Hill 1979a), and species classified with these can also be interpreted

as showing a poor relationship to the classification.

Differences between the 12 TWINSPAN classes and the plant
communities from the above authors could be partially attributed to:
(i) difference in emphasis in sampling the vegetation; (ii) different
quadrat sizes; and (iii) the use of objective instead of subjective

methods.

Classes 5 to 8 were not included in the plant communities in
Ferreira (1974), McVean & Ratcliffe (1962) and Birks (1973), as they
were very barren, although Classes 5 and 7 do generally match those of
Spence (1970). These and other discrepancies between my Classes and

the described plant communities are in Table 2.2.3:3.

2.3 Ordination by DECORANA

2.3.1 Introduction

Ordination reduces the dimensionality of complex field data into
a few dimensions often representing community patterns or environmental
gradients that can be interpreted. The vegetation data were the same
as those used for the TWINSPAN classification (n»283, Appendix I). All
the input parameters of DECORANA were set to the default (standard)

analysis.
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2.3.2 Results

The eigen values for the ordination axes were: Axis |, 0.408;
Axis 11, 0.271; Axis 1ll, 0.232; Axis IV, 0.169. Only Axes I-111 were
used in the interpretation because the eigen value for Axis IV was
lower than the other axes. (Gauch 1982). The ordination scores of the
quadrats for their first three ordination axes are given in Appendix IV.
The ordination of the species for the first three axes are not included
since their information is contained in the ordination of the quadrats
(by reciprocal averaging, Hill 1973, 1979b). Also the information
concerning the species distribution from the species ordination agreed

well with the TWINSPAN species classification.

2.3.3 Discussion

The interpretation of the three axes for the ordination of the
283 quadrats was too difficult. Correlation coefficients between the
axes and environmental parameters are useful, but with a large number of
pairs of values it is a weak statistic. The groups from the TWINSPAN
classification were therefore used to reduce the complexity further in

a way suggested by Gauch (1982) (Section 2.4).

Overall,Axis | gave the clearest separation of the non-ultrabasic

from the ultrabasic quadrats (Appendix XlI).

2.4 The relationships of the TWINSPAN Classes to the DECORANA
ordination axes.

2.4.1 The relationships for all quadrats.

All quadrats (n-283) were plotted on pairs of the three
DECORANA ordination axes and each point was identified by the number of
its TWINSPAN class. The classes separated well on the three axes.
(Axes | and Il are shown with the quadrats plotted by their class

numbers in Appendix X1). One axis of the ordination considered alone
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may appear to illustrate a separation corresponding to a dichotomy found
in the classification. However, when the points are located in the
three-dimensional space (defined by Axes I—I11) a fuller interpretation

is possible, especially if there are interactions, between major gradients,

which are represented as classes.

There was good agreement between DECORANA and TWINSPAN in the
ordering of the quadrats. This was to be expected since the techniques
are similar, especially for the calculation of the first axis of the
ordination and the first division of the classification. (The small
differences that do occur are due to the second polarized ordination
performed by the TWINSPAN classification program which reorders the

quadrats).

Further agreement is found between the techniques (which is
axis separation corresponding to lower dichotomies in the classification).
This confirms class similarity of quadrats and between-class differences.
This is because while the second and third axes of the DECORANA ordination
are orthogonal to the first axis and to each other, in TWINSPAN the
successive dichotomies are fresh ordinations on subsets of the original

data.

Level 2 in the Classification separates classes 5 to 12 from
Classes 1 to 4, and as expected, this is expressed by Axis | of the
ordination (Fig. 2.2,2:1 and Appendix X1). Level 3 of the classification
further separates Classes 5 to 8 from Classes 9 to 12 and Classes 1 and 2
from Classes 3 and 4, which are primarily expressed by Axis Il of the
ordination, but improved by Axis | considered simultaneously. It is
possible to continue in this manner and determine which of the three axes
of the ordination best expresses the dichotomies of the classification

but this is too detailed to pursue here.

For several of the classes there were outlying quadrats that



distorted the classes' location. These were found to be quadrats with
distinct vegetation, that may have been mis-classified.(Hill 1979a).
Repetition of the analyses without these quadrats did not alter the
ordination or the classification so they were retained. In the demar-
cation of the classes in Appendix XI they were not included in the
classes' 'outline', but are individually ringed. (The outline is a line

enclosing all the points of a class).

2.4.2 The relationships between vegetation classes using
median values.

As the classes were clearly separated on Axes | to Ill, median
values of each class can be used to express their most typical location
on the axes (Table 2.4.2:1). Medians were used rather than means,
because while the quadrats in each outlined class (Appendix XI) were
approximately normally distributed, there were the few outlying quadrats
to consider. Expressing the classes' location as their median value
on each of the three axes (Fig. 2.4.2:1) allows the classes' attributes
to be more readily interpreted, and is a considerable aid in understanding

the data.

2.4.3 Discussion

TWINSPAN produced classes which could be interpreted in terms
of plant Associations and communities already described. These classes
were shown to be clearly distinct on the first three DECORANA ordination

axes, and to be similarly related to each other by the two techniques.

To investigate the relationships between the general environmental
parameters mentioned so far and the ordering of the classes along the
ordination axes, Spearman's rank correlation coefficient (rs) was
computed (n“12) for the following variables taken in pairs: the axes
with slope, altitude, the number of species per quadrat, the sum of the

transformed Domin numbers for all species in each quadrat, and the



Table 2.4.2:1
The nedian values of the co-ordinate
positions for Axes I-111 for the

twelve TUINSPAN vesetation classes.

Class Axis Axis Axis
No. | 1 1
1 203 206 146
2 203 156 96
3 2173 81 158
4 271 165 139
5 155 228 167
6 184 258 88
7 113 237 91
8 76 209 168
9 29 68 60
10 86 133 104
1 66 171 196

12 90 106 195



ig. 2.4.2:1. The median locations of the twelve TWINSPAN vegetation
classes on Axes I-11l1 of the DECORANA vegetation
ordination. Values for each class are in Table 2.4.2:1.
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transformed Domin number for bare ground in each quadrat (Table 2.4.3:1).
While strictly speaking significance tests are not valid in the inter-
pretation of results from multivariate analyses (Gauch 1982), because the
classes are not independent; it is more acceptable to use rank-order
correlation to determine relationships between axes and other variables.
By using a non-parametric correlation it is not attempted to show that
the classes are significantly different from each other, but that the
order for a variable corresponds significantly or not, to the classes'

order on an axis.

Axis | is correlated positively (p<0.001) with altitude. This
correlation reflects the fact that Classes 1 to 4 all had an upland
distribution (Fig. 2.4.2:1). While these classes are also the non-ultra-
basic classes, Class 12, also a non-ultrabasic class, is not as highly

ranked on Axis |I.

Axis Il is correlated negatively with slope, the number of
species per quadrat and the sum of the transformed Domin numbers, and
positively with bare ground (p<0.001). The higher ranked classes should
have gentler slopes, fewer species, less total cover and more bare ground.
This corresponds well with classes 5 to 8 which are the least vegetated

and are entirely located on the ultrabasic areas.

Axis |1l had no significant correlations with the variables

discussed here.






CHAPTER THREE

Soil Analyses

3.1 INTRODUCTION

Exchangeable ions and total quantities of nickel, chromium and
cobalt have been determined by many workers on serpentines, and I
analysed these soil parameters on Rhum to provide a basis for
comparison. The relevance of these analyses to plant-available
gquantities is dependent upon many variables and conditions (Nye & Tinker
1977), and will be discussed later. Also reported here are total analyses
of nitrogen and phosphorus, for which the determination of plant-available
fractions are particularly complex (Bartlett & James 1980, Batten 1978,

Briggs 1974).

3.2 Materials and methods
3.2.1 General

The analytical methods used in this study follow those of Allen
et £1.(1974), except where noted. Analar (Analytical) Grade chemicals
were used throughout. AIll glassware was rinsed in a chromic acid
solution before the first use; and for subsequent uses all glass and
plastic-ware was soaked in a dilute acetic acid bath for at least one hour

and rinsed four times with deionized water.
3.2.2 Soil preparation

Soil samples were collected from each of the 285 quadrats in
October 1979 for Transects 1-4, the rest from May to July 1980. Above-
ground vegetation and larger stones (>lcm) were removed, and the soil
sampled with a 10 x 10 x 10cm corer. The samples were stored, for u
to three weeks, in sealed polythene bags before drying at about 35°C

(Molloy & Lockman 1979). After drying the samples were lightly ground
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to pass a 2im sieve and stored in sealed polythene bags.

The analyses were completed within fifteen months of air drying.
Analyses were carried out on air-dry samples but the results are expressed

on an oven-dry (105°C) basis.

From Transects 1-4 an additional sample was collected from
10-20cm depth. Analytical results for these deeper samples were not
significantly different from those for the upper samples, and they were

not continued.

3.2.3 Methods of soil analyses

pH was determined on a suspension of I0g soil in 10ml (20ml in
about thirty, highly organic samples) deionized water. The suspension
was stirred and left for Ih and the pH determined using a Coming-EEL
Model 7 pH meter. Loss-on-ignition was measured by heating the soils

to 450°C for about 2h.

Exchangeable cations were extracted by gently shaking a 5.00g
subsample for 12h in 75ml of M ammoniumacetate adjusted to pH 7.0. The
suspension was filtered through Whatman's No. 40 filter paper and made
up to 100.0 ml with the ammonium acetate solution. One drop of toluene
was added to each sample and blank to prevent growth of micro-organisms,
and the samples were stored at 5°C until analysis (within 6 weeks of the

extraction).

Total nickel, chromium and cobalt were determined by digesting
0.500g of soil with 15ml of concentrated nitric acid for 6h. After
this time the acid was clear and a small white residue (assumed to be
silicon compounds) remained. The solution was filtered through Whatman's

No.40 filter paper and made up to 100.0 ml with deionized water.

Total nitrogen and phosphorus were determined by digesting

0.500g of soil for 8h (until clear) in a sulphuric acid digestion



mixture (Table 3.2.3:1). The solutions were made up to 100.0ml with

deionized water and filtered through Whatman's No.40 filter paper.

Table 3.2.3:1 Sulphuric Acid digestion procedure.

Materials
301 hydrogen peroxide
concentrated sulphuric acid with 0.1% weight/
volume selenium

Preparation
Sulphuric acid was heated until clear on a hotplate
with 0.1% weight/volume selenium metal added; a 3.0m
sodium hydroxide gas tap was fitted.

Procedure
The soil (about 0.5g) or plant (about 0.15g) material
was weigh ed into the digestion flask and 3.0ml of the
sulphuric acid mixture was added. 0.75ml of hydrogen
peroxide was added, and when frothing stopped, another
0.75ml of hydrogen peroxide was added. The digestion
flask was rotated to wash down material adhering to its

side and the sample was digested at 330°C for 8h (until
clear).

3.2.4 Chemical analyses

Lanthanum chloride (to obtain a concentration of lanthanum
greater than 800mg 1 1 in solution) was added to all samples and
standards for the determination of magnesium and calcium, to prevent
interference from other elements. Other ions and metals were determined

in solutions without this addition.

All cations were analysed by atomic absorption spectrophotometry

on a Perkin-Elmer 373 instrument (Perkin Elmer 1976, Walsh 1971).

Nitrogen and phosphorus were determined colorimetrically on a
Technicon auto-analyser; nitrogen by the sodium phenate/hypochlorite

method and phosphorus by the vanadomolybdate method (O 'Neill 4 Webb, 1970).



3.3 Results and Discussion.

3.3.1 Introduction

The results of all the soil analyses are in Appendix |11
and are summarised in Table 3.3.1:1. Although the quadrats were spaced
at 10m intervals along each transect, it is unlikely that this coincided
with any environmental or vegetation pattern. Therefore mean values
were used to summarise the soil variables for each transect, and an
analysis of variance was computed. The between-transect variance was
highly significant (p<0.001) for all fifteen soil variables (Appendix V).
For each transect the data were checked for normality. Some needed
no transformation but others were normalised by either square root or
logarithmic (base e) transformations (Table 3.3.1:1, Appendix V). If
the original distribution was used, the arithmetic mean is given,

otherwise the geometric, (back-transformed) mean is reported.

3.3.2 pH and loss-on-ignition

The mean pH values for the transects (Table 3.3.1:1) differ
between the ultrabasic areas (range 4.9 to 6.2, mean 5.6) and the non-
ultrabasic areas (range 4.0 to5.1, mean 4.6). Although the Rhum ultra-
basic soil pH values are relatively high, they are still generally
lower than those that are usually found on serpentines (Shewry 4 Peterson
1976). pH is important because of its effect on ion solubility, ionic
states and the availability of nutrients and metals to plants (Nye 4
Tinker 1977). (Also nickel toxicity is more likely to occur on

serpentines at lower pH values, Proctor & Woodell, 1975).

The loss-on-ignition values (Table 3.3.1:1) were used to
estimate the organic matter present in the soil. These values have
been used by Jeffrey (1970) and Harrison & Bocock(1981) to determine the

bulk density of soils, but Harrison 4 Bocock (1981) conclude that a
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different equation is necessary for each soil type, making application

of their equations inappropriate in this study. However, exchangeable,
total and soil solution ions are only estimates of the fraction of

the ions in the soil that are available to plants in any case, whether
expressed on a weight or volume basis. Also, while organic matter is
part of the exchange complex, the quantity and mechanisms of exchange are
unknown and can again only be estimated (Nye & Tinker, 1977). Water

loss from clay particle decomposition at 450°C was not expected to cause
significant error in the organic matter estimation by loss-on-ignition,
because of the sandy nature of many of the soils on Rhum. The ranges

for loss-on-ignition for the ultrabasic transects (2.2-54.4%) and
non-ultrabasic transects (14.2-49.2%) overlap, but the mean value for

the ultrabasic transects is lower (13.9 compared to 30.8%).
3.3.3 Exchangeable bases

Bohn et al®.(1979) suggested that the sum of exchangeable
bases can vary from I-60m-equiv. 100g ~ from coarse to fine textured
soils, and that in productive soils, the proportions of cations

generally are Ca*' '>Mg4,>K4Na+.

The sum of the exchangeable bases varies from 0.143 to 26.8m-equiv.
I00g 1 (mean *4.30) on the ultrabasic transects and from 1.10 to 3.24mrequiv.
I00g N (mean 2.18) on the non-ultrabasic transects (Table 3.3.3:1). The
lowest exchangeable bases sunms found were from four barren ultrabasic
transects, (T4,5,20 and 21, < 0.250 m-equiv.lOOg ), However, other
barren ultrabasic transects (T13,26 27 and 28) have sums of exchangeable
bases equal to or higher than several transects with closed vegetation.
Therefore low total exchangeable bases are not invariably associated
with barrenness. Also, on Rhum, the proportion of the bases are
usually ranked Mg>Ca>K>Na, with Fe and Ni in less proportion, on both

the ultrabasic and non-ultrabasic transects (Table 3.3.3:2).



Table 3.3.3:1 Mean exchangeable cation concentrations (n-equiv
100g-1 calculated fron Table 3.3.1:1
and their sun for each transect.

Tran- Exch Exch Exch Exch Exch Exch Total
sect Na K Ca Fe Ni
NO. * * * * * * %

1 0.085 0.196 0.337 0.521 0.016 0.002 1.16
2 0.053 0.056 0.377 0.984 0.008 0.006 1.48
3 0.071 0.105 0.682 1.32 0.012 0.002 2.20
4 0.021 0.034 0.047 0.095 0.004 0.002 4.20
5 0.022 0.030 0.040 0.089 0.004 0.000 0.1?
6 0.080 0.081 0.733 0.753 0.008 0.006 1.66
7 0.197 0.097 1.56 2.07 0.001 0.007 3.93
8 0.321 0.175 1.77 2.82 0.010 0.025 5.12
9 1.02 0.220 2.27 1.61 0.016 0.012 5.15
10 0.038 0.023 0.241 0.530 0.000 0.010 0.34
n 1.76 0.978 6.71 17.3 0.010 0.075 26.8

12 1.30 0.395 4.05 6.94 0.013 0.029 12.7

13 0.078 0.039 0.695 0.615 0.003 0.007 1.44
14 0.643 0.507 0.392 0.823 0.028 0.000 2.89
15 1.05 0.535 0.977 1.06 0.037 0.000 3.65
16 0.113 0.180 0.318 0.479 0.014 0.000 1.10
17 0.199 0.385 0.291 0.618 0.023 0.000 1.52
18 0.416 0.573 0.587 0.738 0.031 0.000 2.35
1?7 0.562 0.586 0.512 0.760 0.031 0.000 2.45
20 0.005 0.020 0.030 0.079 0.004 0.005 0.14
21 0.026 0.023 0.033 0.088 0.004 0.000 0.17
22 0.063 0.119 0.192 0.300 0.008 0.000 0.68
23 0.227 0.624 0.475 0.821 0.047 0.000 2.19
24 0.122 0.033 0.251 0.365 0.007 0.003 0.78
25 0.930 0.789 0.638 0.841 1.042 0.000 3.24
26 0.319 0.135 2.75 6.54 0.000 0.023 9.76
27 0.101 0.051 0.675 . 0.966 0.007 0.014 1.81
28 0.064 0.038 0.385 0.677 0.003 0.000 1.17
29 1.12 0.946 3.50 4.60 0.051 0.010 10.2

30 0.900 0.505 3.45 6.45 0.031 0.011 11.3

31 0.041 0.044 0.243 0.276 0.007 0.000 0.61
32 0.181 0.291 0.431 0.739 0.023 0.000 1.67



Most of the bases and metals analysed correlated (rs)
significantly with loss-on-ignition; the correlations were positive
for nitrogen, phorphorus, potassium, sodium, calcium, magnesium, iron
and zinc and negative for total cobalt and nickel (Table 3.3.3:3). This
is in part attributable to the higher cation exchange capacity (c.e.c.)
of soils with high organic matter. Also, the nitrogen and phosphorus
would be high in soils with high organic matter because they are

important constituents of it.

Ten of the ultrabasic transects have exchangeable potassium
below 20 ug g » (Table 3.3.1:1), which is below the range given in
Allen et~l.(Table 3.3.3:3), and it is possible that low potassium is
a limiting factor for the vegetation. Allen's values (Table 3.3.3:3)
are used as an indication of the ranges of soil parameters. Low
exchangeable potassium possibly results from low concentrations in the
parent materials as the ultrabasic transects do have significantly less
potassium than the non-ultrabasic (Table 3.3.3:3). Also, low organic
matter and the high leaching rate under the high rainfall could
contribute to the low potassium concentration. The importance of major

nutrients seems to vary from site to site (Proctor & Woodell 1975).

Six of the ultrabasic transects have exchangeable sodium below
10.0 ug g ™ (Table 3.3.1:1), again with this value below Allen's
(Table 3.3.3:3). However sodium is not known to be an essential element
for non-haloptytic plants. For Transects 14, 15, 19 and 25 though,
sodium exceeds twenty per-cent of the sum of the bases (Table 3.3.3:2),
and could be influencing the vegetation. None of these transects are
probably near enough to the sea to be affected by spray, and the sodium

is probably supplied from the parent rock.

The proportion of calcium in the sum of the bases is lower than
Bohn £t _al. (1979) suggest and it is generally exceeded on Rhum by

magnesium (Table 3.3.3:2). However the calcium-rich plagioclase in



Table 3.3.3:2 Mean exchangeable cation concentrations expressed
as a percentage of the sun of exchangeable
cations (frowTable 3.3.3:1) for each transect.

Tran- Exch Exch Exch Exch Exch Exch Total
sect Na K Ca «9 Fe Ni
No. VA YA YA YA YA YA !
1 7.3 16.9 29.1 45.0 1.4 0.2 99.9
2 3.6 3.8 25.4 66.3 0.5 0.4 100.»
3 3.2 4.8 31.1 60.3 0.5 0.1 100.»
4 10.3 16.7 23.2 46.8 2.0 1.0 10».»
5 11.9 16.2 21.6 48.1 2.2 0.0 10».»
6 4.8 4.9 44.1 45.3 0.5 0.4 100.0
7 5.0 2.5 39.7 52.6 0.0 0.2 1»0.0
a 6.3 3.4 34.6 55.1 0.2 0.5 1(0.1
9 19.9 4.3 44.1 31.2 0.3 0.2 1(0.0
10 4.5 2.7 28.6 62.9 0.0 1.2 99.9
11 6.6 3.7 25.0 64.4 0.0 0.3 10». (
12 10.2 3.1 31.8 54.5 0.1 0.2 99.9
13 5.4 2.7 48.4 42.8 0.2 0.5 10». 0
14 22.2 17.5 30.8 28.4 1.0 0.0 99.9
15 28.7 14.6 26.7 28.9 1.0 0.0 99.9
16 10.2 16.3 28.8 43.4 1.3 0.0 1(0.0
17 13.1 25.4 19.2 40.8 1.5 0.0 1(0.0
18 17.7 24.4 25.0 31.5 1.3 0.0 99.9
19 22.9 23.9 20.9 31.0 1.3 0.0 10». 0
20 3.5 14.0 21.0 55.2 2.8 3.5 100.0
21 14.9 13.2 19.0 50.6 2.3 0.0 10». 0
22 9.2 17.4 28.2 44.0 1.2 0.0 1(0.0
23 10.3 28.4 21.6 37.4 2.1 0.0 99.8
24 15.6 4.2 32.1 46.7 0.9 0.4 99.9
25 28.7 24.4 19.7 26.0 1.3 0.0 1(0.1
26 3.3 1.4 28.2 66.9 0.0 0.2 100. (
27 5.6 2.8 37.2 53.3 0.4 0.B 10». 1
28 5.5 3.3 33.0 58.0 0.3 0.0 10». 1
29 11.0 9.3 34.2 44 .9 0.5 0.1 110.0
30 7.9 4.4 30.4 56.8 0.3 0.1 99.9
3l 6.7 7.2 39.8 45.2 1.1 0.0 1(0.0
32 10.9 17.5 25.9 44 .4 e 1.4 0.0 1(0.1



Table 3.3.3:3 The mean concentrations (with ranges below) of elements in soils fronm
the ultrabasic (UEO and non-ultrabasic (Non) transects; the level of
significance of the F ratio for the differences for each element
between the UB and Non transects; and the correlation coefficients
(Spearman®s) between soil loss-on-ignition and elenents (for the UB
and Non transects combined). The element concentration ranges expected
in "Typical® soils (Allen et al. 1974) are given in the first column.

Element Type of "Typical*® UB Non F-ratio L0l Correlation
Analysis Soils (n=24) (n=8) Coefficient (1
N Total 1000-15000 3640 6320 * 0.953 **+

900-11700 3520-10260

P Total 100-2000 720 980 ns 0.658 **=
180-1790 750-1410

K Exch 50-500 79 192 * 0.936 #**
7.8-382.5 70.5-308.6

Na Exch 20-200 85 94 ns 0.841 x+
1.2-404.6 26.0-213.8

Ca Exch <00-2000 267 104 ns 0.553 **«
6.1-1340 58.3-102.2

Kg Exch 40-500 288 88 ns 0.516 ***
9.6-2100 58.2-102.2
Co Total 1-60 Hin. 120 10 ttt -0.514 **e
0.2-1 O0rg. 30-180 0-50
Cr Total 10-200 90 30 ol -0.164 ns
40-180 0-50
Fe Exch 50-1000 3.1 8.3 0.861 +*+

0-14.3 3.8-13.0

Ni Total 5-500 1700 60 e -0.747 ***
210-2990 0-420
Ni Exch not given 3.0 0.0 ns -0.098 ns
0-22.0
Zn Exch 1-40 0.28 0.33 ns 0.803 **¢
0-1.9 0-0.7
(1) n=32 except Zn where n=28 Hin. * Hineral soils Org. * Organic soils

* P<0.05 P<0.001
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hallivalite results in some of the ultrabasic soils having a very low
(for serpentines) magnesium/calcium quotient. The quotients are lower
than nearly all previously reported for serpentine soils (Proctor &
Woodell 1975). Calcium varies widely in serpentine soils (Proctor 4
Woodell 1975), and is probably a major factor in accounting for intra-and

inter-site differences in vegetation.

Exchangeable magnesium in the ultrabasic transects, (Table
3.3.1:1) is generally lower than the concentrations from other serpentine
areas in Proctor & Woodell (1975), and in some cases below those in

Shewry & Peterson (1975).

None of the transects attained the lower value of Allen (Table
3.3.3:3) for exchangeable iron. This indicates the complexity of
determining iron in solution (Nye & Tinker 1977), as the iron concentrations

in plants analysed from Rhum are very high (see below).

Nickel is important in many serpentines (Proctor. & Woodell
1975, Shewry & Peterson 1976) and has been shown to be toxic at a
concentration as low as 0.1-0.18 ng 1 ” in solution (Wong & Bradshaw 1982).
However the states of nickel in the soil are complex as nickel is often
strongly bound to sites on soil particles and organic matter (Russell
1973, Nye & Tinker 1977), which renders the problem more difficult. In
barren ultrabasic transects (T4, 10,20 and 27) nickel ranged from 0.8-3.52
of the total exchangeable bases (Table 3.3.3:2). This is a relatively high

proportion and might suggest a possible influence of nickel in those soils.

Exchangeable zinc is a low proportion of total bases in the
soil samples where it was determined (n“245), however it may be important
and is discussed later.

3.3.4 Total analyses

Total nitrogen is highly correlated with loss-on-ignition

(Table 3.3.3:3), which is to be expected because of the importance of
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Nitrogen in organic compounds. While total nitrogen is near Allen's
values (Table 3.3.3:3) this gives no indication of its availability
to plants or the status of nitrogen in the soil. Nutrient deficiency
has often been considered as an important factor in the ecology of

serpentine soils (Proctor & Woodell 1975).

Phosphate is most readily available to plants at pH 6-7 (Bohn
et al. 1979). Because of the relatively high soil pH's, combined with
the amounts of phosphate present (Tables 3.3.1:1 and 3.3.3:3), of
which over one half will be in organic compounds (Allen et al. 1974), it is
possible that phosphorus is not acting as a limiting factor at most
transects. However, it is impossible to predict phosphate in solution

from total phosphorus (Nye & Tinker 1977).

Total cobalt (Table 3.3.1:1) correlated negatively with loss-on-
ignition (Table 3.3.3:3), probably indicating the lower organic matter
present on the ultrabasic transects, however cobalt has been shown to be
toxic to plants (Austenfeld 1979). The concentrations found in the ultra-

basic soils are similar to those in Proctor & Woodell (1975).

The concentrations for total chromium elsewhere (Proctor &
Woodell 1975, Shewry &Peterson 1976) are generally much higher for other
serpentine locations than those from Rhum (Tables 3.3.1:1 and 3.3.3:3).
However chromium is variable in ultrabasic rocks and is known to be at
relatively low concentrations in Rhum rocks (J. Volker, personal

communication).

Total nickel (Table 3.3.1:1) was negatively correlated with loss-
on-ignition (Table 3.3.3:3), with less organic matter present in the
transects with higher total nickel. The total nickel concentrations are
similar to many other British serpentine areas (Proctor & Woodell 1975
and Shewry & Peterson 1976), but do not reach the high nickel concen-

trations that are found on some foreign serpentine soils.
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3.4 Multivariate analysis of the soil variables.

3.4.1 Introduction

As noted in the last chapter, multivariate analysis is an
efficient method of sunmerising data and determining relationships
within them (Gauch 1982). The vegetation classes will be discussed

in relation to the soil variables in chapter four.

Multivariate analysis is also useful to investigate interrelation-
ships between the different soils. Webster (1977) discussed the
application of multivariate techniques to soil classification and
survey (generally using principal components analysis). However,
DECORANA has been shown to be a superior ordination technique, and
was used to ordinate the soil data. TWINSPAN was used to classify the
soil data and while true classes may not exist, classification helps

define groups on the ordination.

The mean values for the soil variables measured (Table 3.3.1:1)
were used in the multivariate analyses after rescaling. The values for
exchangeable zinc were not included in the analysis since it was not
determined for all transects, and the magnesium quotient was not
included since it is a derived quantity (Webster 1977). Mean transect
values, rather than those for individual quadrats, were used for the
analyses to reduce the complexity (After Gauch 1980, 1982). Each variable
was rescaled(from 0-1), transforming all the variables to the same
scale, so that the different ranges for the variables did not affect the

analyses (Gauch 1982).

For both DECORANA (Hill 1979b) and TWINSPAN (Hill 1979a) all the
operating parameters were set to the recommended values, except for the
pseudo species cut levels in TWINSPAN. These new cut levels (0.0, 0.2,
0.4,0.6,0.8), were set to divide the range of values (0-1) into five

equal classes, since all parameters had been rescaled to this range.
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3.4.2 Results

The two multivariate techniques used to analyse the soil data
produced results that agreed well. Most of the information in the
soil data was expressed in the first axis of the ordination (eigen value
= 0.36368). The second axis, while having a much lower eigen value
(0.03364), further separated the transects and contributes to the inter-
pretation. Further axes had very low eigen values and did not contribute

new information.

The ordination scores for each transect for the first two axes
(Table 3.4.2:1) are plotted in Figure 3.4.2:1. Also marked on the figure
are the groups from the TWINSPAN classification. The larger Groups 1

and 5, are clearly shown with intermediate Groups 2-4.

Group 1 consists mainly of the transects that are located on the
non-ultrabasic soils,clearly separating the ultrabasic from the non-
ultrabasic transects. Transect 15 (on gabbro, a basic rock) is included

in the non-ultrabasic group.

Group 5 consists entirely of the more-or-less barren transects
on soils from a range of ultrabasic rocks (dunite, peridotite, and

hallivalite).

Groups 2 and 3 both consist of transects located on well-
vegetated ultrabasic soils, while Group 4 consists of transects
(1, 16, 22) that are located in Bealachs (Gaelic for col, saddle
between two mountains), and Transect 8, which is at the same altitude

though not in a Bealach.

It is noteworthy that the "species" (soil variable) ordination
scores (Table 3.4.2:2) for nickel, cobalt and chromium are distantly
located from loss-on-ignition and major nutrients. This is discernible
from an appraisal of the transects in the groups and their location

on the ordination plot (Figure 3.4.2:1).



Table 3.4.2:1 The transect ordination
scores for Axes t 3 2 iron
the DECORANA ordination of
the soil data by transect

neans.
Transect Axis |1 Axis 1l
No.
1 188 28
2 187 29
3 152 19
4 288 31
5 215 24
6 182 38
7 177 37
8 143 54
9 188 44
18 281 41
11 83 104
12 185 73
13 178 3
14 28 38
15 48 34
16 181 14
17 28 29
18 9 41
19 7 39
28 221 34
21 214 15
137 8
23 8 22
24 191 29
25 11 36
26 167 67
27 198 38
28 198 24
29 58 58
38 96 58
31 176 25

32 56 5
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Table 3.4.2:2 The order and ordination scores for
the soil variables in the soil
data ordination by DECORANA, for

Axis

Soil Variable

Total Ni
Total Co
pH

Total Cr
Exch  Ni
Exch 3
Exch Ca
Total P
Exch Na
Total N
Exch Fe
Loss-on-ignition
Exch K

Exch * Exchangeable

I of the “species ordination®,
Ordination Score

288
237
189
168
140
113
101

85

26

-4
-14
-51
-65
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Axis |l separated the transects with higher milliequivalent
cation totals from the transects with lower totals, especially Groups

2 and 3.
3.4.3 Discussion

While the soil ordination and classification results help the
interpretation of the vegetation distribution, care must be taken in
interpreting causality from correlations. Spearman's correlation
coefficients (rs) were calculated between Axes | and Il of the ordination
and the soil variables (Table 3.4.3:1). Additionally, Spearman's
correlation coefficients were calculated between Axes | and Il and the
arithmetic means for each transect for: the number of species in each
quadrat, the sum of the transformed Domin numbers for all species in each
quadrat, and the transformed Domin number for bare ground in each quadrat

(Table 3.4.3:1).

As would be expected, the soil variable data which were ordinated
correlated strongly with the axes and a strong agreement exists between the
order of the ordination of the soil variables (Table 3.4.2:2) and the order

and magnitude of their correlation coefficients.

The correlation between Axis | and the different measurements are
useful in describing the separation between the ultrabasic and non-ultra-
basic transects (Table 3.4.3:1). Total cobalt and nickel, pH and bare
ground are highly positively correlated with Axis |I. Loss-on-ignition,
total nitrogen and phosphorus, exchangeable potassium, sodium and iron,
the number of species in each quadrat and the sum of their transformed
Domin numbers all have high negative correlations with Axis |I. The soil
variable ordination further supports the separation of ultrabasic and non-
ultrabsasic transects (Table 3.4.2:2). From this one can see

the strong relationship between the vegetation and the



Table 3.4.3:1 The Spearnans correlation coefficients
between the first two axes of the soil
data ordination and the transect Means
(Table 3.3.1:1) for the soil variables;
and the nean nunber of species in each
quadrat , the sum of the transforned
Donin no.s (A) for all species in each
quadrat, and the transforned Donin no.
(6) for bare ground in each quadrat.

Variable Axis 1 Axis 11
pH #.6194 *** 0.1979 ns
Loss-on-ignition -#.898« *** 0.3495 *
Total N -#.8929 «** 0.4519 **
Total P -#.6829 *** «.5754 ***
Exch K -«.9412 m 0.3715 *
Exch Na ~#.TT47 %7 0.6110 ***
Exch Ca -«.4634 ** 0.6642
Exch hg -#.4385 ** 0.6763 ***
Total Co 0.6911 *** 0.3929 *
Total Cr 0.296# * 0.2004 ns
Exch Fe -«.8658 *** 0.1297 ns
Total Ni #.8813 *** 0.1805 ns
Exch Ni #.2443 ns 0.6652 #**
No. Species -0.4991 ** 0.3236 ¢
) -#.7173 *** 0.1197 ns
(8) #.8287 *** -0.1724 ns

ns not significant , * P<0.05 , ¢* p<#.#i , *»* P<0>.001
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different soil measurements.

Axis |l helps separate Group 1 from Groups 2 and 3, separating
the non-ultrabasic vegetated transects from the ultrabasic vegetated
transects. While many of the soil variables that correlated negatively
with Axis | are positively correlated with Axis Il (Table 3.4.3:1)
exchangeable magnesium, calcium and nickel correlate more strongly with
Axis Il than Axis |. Exchangeable nickel however, is the variable that
best separates Group 1 from Groups 2 and 3 by considering the correlations.
It is noteworthy that the number of species in each quadrat also correlates
positively with Axis Il, supporting the observation that ultrabasic
areas (when vegetated), often have a richer species composition (Proctor

& Woodell 1975).
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CHAPTER FOUR

Relationships Between the Vegetation Classes and'the Soil Variables.

4.1 Introduction

The twelve vegetation classes (Section 2.2) are related to the
vegetation ordination (Section 2.3) by using the class mean values for
each of the soil variables (Table 4.1:1). This method of integrated
analysis is similar to that recommended by Gauch 4 Whittaker (1981)

and Gauch (1982).

It has been argued in Chapter two that the vegetation classes
cannot be tested statistically. This probably applies to the soil
parameters associated with each class and hence no tests of probability
are attempted between the soils. Spearman's (rg) correlation coefficients
(Table 4.1:2), were calculated (it was determined there were no effects
from spurious points by plotting) between the mean soil values for each
class (Table 4.1:1), and the median coordinate positions for each class
on Axes I-11l1 of the vegetation ordination (Table 2.4.2:1). These
correlations help the judgment of possible causality of vegetation by

soil factors but they must be used with caution.

Additionally, Pearson's (r) correlation coefficients were
calculated between all quadrats (n»283), and the soil variables, to
determine if the use of the classes had reduced the variability of the
data and affected the results. There was strong agreement between the
Spearman's correlation coefficients (Table 4.1:2) and the Pearson's
correlation coefficients. Between the three axes, the axis where
Pearson's correlation was the highest (for a soil variable) was usually
the same axis as was significantly correlated by Spearman's (e.g.
Pearson's correlation coefficients for pH were: Axis |, -0.482;

Axis 11, 0.327; Axis Ill, -0.393; and Spearman's correlation was
also highest with Axis 1). The only differences between the two

correlations (Table 4.1:2 for Spearman's) were: exchangeable calcium
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Table 4.1:2 Spearnan®s correlation coefficients between the
nedian coordinate postions for the twelve TUINSPAN
vegetation classes , on each of the axes of the
ordination , and the nean values for the soil
variables. (See Table 4.1:1) (n=12)

Soil Axis | Axis 11 Axis 111
Variable

pH -0.7891 444 0.2211 -0.3018

LOI -0.0523 -0.9580 444 -0.0629
Total H -0.0525 -0.9580 444 -0.0629
Total P 0.0806 -0.8881 444 -0.1329
Exch K -0.0035 -0.9441 444 -0.0539
Exch Na -0.1856 -0.8881 *** -0.1399
Exch Ca -0.5009 4 -0.6434 4 -0.1678
Exch  «3 -0.3888 -0.6573 ** -0.3287
Total Co -0.7321 44 0.1748 -0.3916
Total Cr -0.7916 444 0.2238 -0.2517
Exch Fe 0.3783 -0.7902 *4* 0.2587
Total Ni -0.4842 ¢ 0.7426 444 -0.0981
Exch  Ni -0.8644 444 -0.1233 -0.1015
Exch Zn -0.0799 -0.3194 444 0.0213
Mg / Ca 0.1684 0.0806 -0.7916 ***

LOI 1 2 Loss-on Ignition
+ P<0.055 , * P<0.05 , ** P<0.01 , »** P<0.001
All other correlations not significant.
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(Pearson's negatively with Axis I1l), exchangeable magnesium (Pearson's
negatively with Axis I11), and exchangeable nickel (Pearson's positively
with Axis 111).

4.2 Interpretation and discussion of vegetation classes.

Several relationships between the vegetation classes are clearly
represented by their positions on the ordination axes (Fig. 2.4.2:1),

and are related to soil differences.

Axis | separates most of the non-ultrabasic from the ultrabasic
vegetation classes, and is significantly negatively correlated with the
soil pH, exchangeable nickel, total chromium and cobalt, and less
significantly negatively correlated with exchangeable calcium and total
nickel (Table 4.1:2). However, in interpreting the correlation it is
necessary to consider if it is due mainly to the soil's effect on the

vegetation or the vegetation's effect on the soil.

The difference of one pH unit between the ultrabasic and non-
ultrabasic classes is important (Etherington 1975), though heathy
vegetation can reduce soil pH (Grubb & Suterl971) . However, it seems
likely that the primary effect is due to the higher base supply from
the ultrabasic rocks (Proctor & Woodell 1975). High total chromium,
cobalt and total and exchangeable nickel are well known constituents
of serpentine rocks (Proctor & Woodell 1975, Shewry & Peterson 1975).

It is possible that the contrast in vegetation between the non-ultrabasic
and ultrabasic classes, along Axis |, is primarily due to soil differences
for these heavy metals and pH. The other soil variables measured were
not related to the change in the vegetation along this axis. The
vegetation is not likely to concentrate toxic metals in the soil, more
likely effects on metal concentrations (expressed on a weight basis),
would be a 'dilution’' by the vegetation contributing organic matter,

which would usually contain a lower total concentration of the metals
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than mineral soils. Total nickel is probably more important in the
interpretation of this axis than its correlation coefficient (Table 4.1:2)
indicates. Correlation coefficients are more useful for gradients than
abrupt changes, such as occur for nickel along Axis | (Table 4.1:1). The
negative correlation with exchangeable calcium is less readily inter-
pretable, but probably indicates the lower calcium concentrations present on

the non-ultrabasic soils.

It is of interest to consider the metal concentrations on a unit
volume basis. Initially, | intended to use Jeffrey's (1970) equation
but a paper published after nmy soil work had finished (Harrison & Bocock
1981), has indicated the necessity of using equations determined for each
soil. However, a general indication of the bulk density can be
obtained by using Jeffrey's equation in Harrison & Bocock (1981): Bulk
density (gml S - 1.562 - 0.727 log.” loss-on-ignition(X). Expressing
total nickel on a ug ml * basis slightly reduces the difference between
the non-ultrabasic (1-4) and vegetated ultrabasic (9-11) classes, but
increases the differences between the non-ultrabasic, (1-4) and the
barren ultrabasic (5-8) classes. (Class 12 is somewhat intermediate

between ultrabasic and non-ultrabasic).

Axis |l primarily separates the more barren ultrabasic classes
(5-8) from the vegetated ultrabasic classes (9-12), but also further
separates the non-ultra.basic classes (1-4) (Fig. 2.4,2:1). Axis Il is
significantly negatively correlated with loss-on-ignition, total nitrogen
and phosphorus, exchangeable potassium, sodium, calcium, magnesium, iron
and zinc, and positively with total nickel (Table 4.1:2). While many
of these variables are plant nutrients and would therefore be expected to
be strongly associated with the amount of vegetation and organic matter
present (because of plant interactions with the soil), the opposite
significant correlation with total nickel is important. As above,

this potentially toxic metal is unlikely to be affected by the vegetation
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(as a total measurement), except by 'dilution' with organic matter.
It is possible therefore that total nickel is in some way involved in

the barrenness of these sites (through a plant-available form).

Of additional importance is the fact that total cobalt and
chromium and exchangeable nickel are not correlated with the barrenness
of the ultrabasic sites, indicating the relative unimportance of cobalt
and chromium, and that exchangeable nickel is an inappropriate measure
of the fraction of nickel that may be affecting the vegetation. Nickel
is known to bind with various sites, particularly in organic soils

(Nye & Tinker 1977).

It is possible that the importance of total nickel in the
barrenness of ultrabasic Classes 5-8 is not as clear as these correlations
might indicate. The 'dilution' effect of organic matter on the concen-
tration of metals in the soil (mentioned above), must be considered
for the vegetated ultrabasic Classes 9-11. It is possible that these
soils had higher concentrations of metals, particularly nickel, in their
mineral states, and that the higher organic matter is 'diluting' the
nickel (Table 4.2:1). However, when considered on a bulk-density basis,
(pg ml *) the difference between the barren ultrabasic classes (5-8) and

the vegetated ultrabasic classes (9-11) are even more extreme.

Axis |1l correlates significantly negatively with the derived
magnesium/calcium quotient, but is not readily interpreted from the

classes.

Exchangeable zinc is related to the vegetation classes and the
ordination axes. The probable higher cation exchange capacity of the
vegetated classes may explain the higher zinc concentrations for these
classes, when compared to the barren classes. However, zinc is of interest
because of its similar ionic radius to that of nickel and the possibility

of its competing with nickel for binding sites in the soil and



activation sites on plants

fully in Chapter 7.

(Chapin 1980).

Zinc is discussed more

35
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CHAPTER FIVE
Plant Analyses
5.1 Introduction
5.1.1 Introduction and sample collection

The concentrations of nutrient ions and heavy metals, in plants
growing on serpentine soils, can be useful in determining relationships
between the soil factors and the vegetation (Lyon £t al . 1971, Johnston
& Proctor, 1979, Proctor ef£ al. 1980). Five species were chosen and
collected for analysis and correlation with the soil analyses to investigate
these relationships. Agrostis canina, Calluna vulgaris, Festuca vivipara,
Plantago maritima, and Rhacomitrium lanuginosum were collected from
eight transects (T 1, 2, 4, 7, 16, 18, 22 and 32) in July 1980. These
transects were chosen from field observations from the descriptive work
to represent a range of sites and plants within 1 in2 of a randomly chosen

quadrat were sampled.

Arenaria norvegica ssp. norvegica was collected from transect 7
and analysed because of its restricted distribution on Rhum and preference

for ultrabasic localities.

5.1.2 Methods and materials of plant analysis.

After collection the plant material was washed four times in
deionised water and dried at 60°C for 3d. It was then stored in sealed
polythene bags until February 1982 when it was re-dried at 60°C for 3d

and stored in a desiccator.

Two digestion methods were used. For the determination of the
metals each plant sample was subsampled and about 0.3-0.5g was wet ashed
with three replicates (four for Rhacomitrium lanuginosum) in 7.5mi

of concentrated nitric acid at 120°C, for 3h or until clear. For the
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determination of nitrogen, three replicates of the plant samples (except
for Festuca vivipara from Quadrats 151 and 171 and Agrostis canina from
Quadrat 11, which had insufficient material remaining for analysis) were
wet ashed in a sulphuric acid digestion mixture (Allen et al. 1974,
Table 3.2.3:1) at 330°C until clear (for at least 8h). AIll digests
were made up to 100ml with deionised water and filtered through Whatman's

No. 42 filter paper.

Chemical analyses of these solutions followed the methods

described for the soil analyses (Section 3.2.4).

5.2 Results

The typical concentrations of elements in plant material from
non-metalliferous soils are shown in Table 5.2:1. Previous work on
serpentine sites has included some plant analyses of the same genera
(and often species) as analysed from Rhum (Table 5.2:2). The results
of all the plant analyses for the Rhum plant samples are in Appendix VII

and are summarised in Tables 5.2: 3-8.

Agrostis canina.

The concentrations for all the metals measured for Agrostis
canina varied significantly between the different samples. The
concentration of nitrogen and potassium all fall within the typical
range (except for Quadrat 61 for potassium, which is slightly below the
lower limit). The concentrations of calcium are much lower than the
value in Allen (1974) Table 5.2:1) but are higher than the values from
other analyses from serpentine sites (Table 5.2:2). The concentrations of
magnesium for two of the samples (Q.31 and Q.61) are higher than Allen's
range and are similar to the other serpentine values. It is noteworthy
that the concentration of iron in most of the samples is much higher

than Allen and even higher than the values from the other serpentine sites.



Table 5.2:1 The typical elemental concentrations of some elements in

plant Material. (Fro« Allen et al. 1974)
Element Concentration lug g-1)

N If 000 - 30 000

K 5 000 - 30 000

Na 200 - 3 000

Ca 3 000 - 25 000

*Q 1Hi - 5000

Co 0.1 - 0.4

Cr 0.05 - 0.5

Fe 40 - 500

Hi 0.5 - 5

in 15 * 100
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Table 5.2:4

Quad N
rat

2 13900
30
un 11700
260
31 13100
100
¢l 13000
520
151 12500
260
211 13000
230

The netal

concentration

upper parts of Calluna vulgaris.
Means with Standard Errors below.

5830

3740

310

5010
29

4020
140

6120
83

6420
250

Na

630

27

700
110

660
43

1010
110

750
20

550
64

Ca

2250

100

2750
160

2940
48

2860
110

2670
79

3210
29

rg
1580
90

2120
46

4940
570

2890
180

2700
42

1980
110

Co

<0.1

<0.1

<0.1

16

0.3

<0.1

Cr

<0.1

<0.1

16
0.3

<0.1

(n=3)
Fe
450

12

460
98

2500
480

1180
260

2350
250

1270
260

Ni

<0.1

<19 9-1 dry weight) of elenents

46
16

59

44

in the

11
0.1

1.0
0.0

0.6
0.0
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Also noteworthy are the higher concentrations of cobalt and chromium
in Quadrats 31, 61 and 151 and nickel in Quadrats 31 and 61. While
these are higher than the values in Allen they do not attain the high

levels found in analyses from the other serpentine sites.

Calluna vulgaris.

For Calluna vulgaris the concentrations for the elements
varied significantly between the samples except for zinc. Nitrogen and
potassium concentrations were within the range given by Allen, except
for Quadrats 11 and 61 for potassium. For these, potassium was lower but
agreed with values from other serpentine areas. The calcium concentrations
were generally below Allen's range and were intermediate for the values
from other serpentine areas. The magnesium concentrations in C.vulgaris
were within the range in Allen and were generally lower than values from
other serpentine areas. Again the concentration of iron and heavy
metals are quite high compared to Allen, but not as high as other values

from serpentine areas.

Festuca viyipara.

For Festuca vivipara the variance between the samples was
significant for all the elements analysed except for nitrogen and zinc.
For nitrogen the range of values was generally below the range in Allen,
while zinc was within Allen's range. The concentrations for both
potassium and sodium were in the low end of Allen's ranges and for
potassium the concentration was below the values found for F.rubra from
Johnston & Proctor (1980). Again, the concentration of calcium was
below the range given in Allen and is generally higher than values from
other serpentine areas. The concentration of magnesium varied widely
between the different quadrats with the non-ultrabasic quadrats (Q.171,
Q.311) below Allen's range, with one ultrabasic quadrat (Q.31) far above it.

The other ultrabasic quadrats had magnesium concentrations that were low
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when compared to other serpentine areas. The concentration of iron was
high for the ultrabasic quadrats but was within Allen's range for the
non-ultrabasic quadrats. Quadrats 31 and 61 had iron concentrations

higher than the other serpentine areas. The heavy metal concentrations for
cobalt, chromium and nickel were higher for several of the ultrabasic

quadrats than Allen's values and were similar to other serpentine areas.

Plantago maritima.

The concentrations of the elements analysed in Plantago maritima
varied significantly between the samples except for nitrogen. (The
material analysed was the upper part of P.maritima but included the
'‘woody' stock of the plant). For nitrogen the concentrations for the
samples fell within the low end of Allen's range except for Q.61. The
concentration of sodium was much higher for P.maritime than the other
species analysed, exceeding the range in Allen in several quadrats

(Q.31, 151, 311).

The concentrations of calcium were much higher as well, with the
sample concentrations all within Allen's range. Magnesium concentrations
were correspondingly high, all exceeding the range given by Allen. The
resulting Mg/Ca quotients are higher than the few others reported from
serpentine areas. Iron again is much higher, with all sample concen-
trations much higher than Allen's values, and the heavy metal concen-
trations in the samples are all higher than Allen. The sodium concen-
trations for Plantago maritima are noteworthy, since a maritime species
is accumulating high concentrations, even when distantly removed from

the sea, as previously found by Johnston & Proctor (1980).

Rhacomitrium lanuginosum.

For Rhacomitrium lanuginosum all the metals analysed varied

significantly between the samples. The potassium concentration for all
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the quadrats on Rhum are generally below the range of values reported

from other serpentine areas, while the concentrations of sodium in the
quadrats are generally higher than the reported sodium values. The
concentration of calcium is higher than most of the other serpentine areas,
with magnesium for the ultrabasic quadrats quite high compared to

other serpentine areas. The concentration of iron again is quite high
compared to other serpentine sites while the heavy metals concentrations

from the quadrats are generally lower than other serpentine areas.

The metal concentration of Arenaria norvegica ssp.norvegica
is noteworthy. The shoot levels of potassium sodium and zinc correspond
well with Allen's ranges while calcium is very low and magnesium, iron,
cobalt, chromium and nickel are all very high. Also noteworthy are
the different concentrations between the shoot of the plant and the
flowers for these metals. Calcium is much higher in the flowers
resulting in a lower magnesium/calcium quotient and there is less iron,
chromium and nickel. There is also less potassium though more sodium
and cobalt. The mechanisms here are best compared to the results in
Proctor 4 Woodell (1975) for Centaurea paniculata and Alyssum bertolonii

to realise the complexity of the problem.

It is noteworthy that the concentrations of the metals in the
species often were significantly different between the ultrabasic and

non-ultrabasic quadrats.

5.3 Discussion of correlations with the soil analyses.

Correlation coefficients (r) were calculated between the metal
concentrations within each species, within the soils at the site of
occurrence for each species, and between these plants and soils (Proctor
et ¢1. 19%#). Only the coefficients where P<0.01 have been reported

(chance significant correlations would be expected at a lower level of
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probability), and are discussed by species. (It is emphasised that

the analyses and correlations are for shoots only). The representation
of plant-available quantities by soil total nitrogen, cobalt, chromium
and nickel and exchangeable cations must be considered in the inter-
pretation of the correlations. All correlations for exchangeable nickel
were not significant and the soil nickel correlations reported are for

total nickel.

While some of the correlations for Agrostis canina (Table 5.3:1)
are attributable to differences between ultrabasic and non-ultrabasic
quadrats (e.g. high soil cobalt and high soil nickel on the ultrabasic;
soil potassium and soil sodium; plant cobalt and plant chromium),
several indicate possible preferential or selective ion absorption or
translocation by the plant. It is noteworthy that nickel, magnesium
and iron are highly correlated within plants of A.canina but not within
the soils nor between the plants and soils. Also noteworthy are the
correlations for the magnesium/calcium quotient with nickel and with
magnesium but not with calcium; even though there is a correlation between
magnesium and calcium in the soil. These results tend to support a
selective absorption of magnesium (and possibly iron) with increasing
plant nickel (Proctor & Woodell 1975). The negative correlations between
plant zinc and soil nickel and cobalt might indicate competitive

absorption or translocation between these ions.

For Calluna vulgaris several of the correlations again can be
attributed to differences between ultrabasic and non-ultrabasic
quadrats (Table 5.3:2). Also magnesium is again correlated with nickel
as is the magnesium/calcium quotient, possibly suggesting an increased

magnesium absorption or translocation.

There were many more significant correlations for Festuca vivipara
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than for the other species analysed, with again many attributable to
the differences between ultrabasic and non-ultrabasic quadrats (Table
5.3:3). It is noteworthy that iron, magnesium and the heavy metals
cobalt, chromium and nickel are all highly correlated in the plants,
and that they are correlated with the magnesium/calcium quotient. Of
particular interest is the correlation between calcium and magnesium,
cobalt, iron and nickel, which indicates a possible preferential
absorption and ameliorative effect of calcium. Calcium has often been
considered as ameliorating the effects of heavy metals (Proctor &
Woodell 1975) and these results support this idea. Again a possible
ameliorative effect of magnesium needs to be considered (Proctor &
McGowan 1976). Also of interest is that zinc in the plant correlates
positively with soil nitrogen while negatively with soil nickel, and
that the plant magnesium/calcium quotient is positively correlated with

soil nickel.

The correlation coefficients for Plantago maritima (Table 5.3:4)
must be interpreted considering the plant analysed included the ‘'woodyl
stock, part of which is root. P.maritima is the only species analysed
where the plant and soil concentrations of cobalt, chromium and nickel
were correlated. Also plant magnesium, iron and nickel were correlated,
and the magnesium/calcium quotient correlated with nickel, again
suggesting a possible amelioration for nickel. The zinc concentration
is negatively correlated with both plant and soil nickel again indicating

a possible competitive interaction.

For Rhacomitrium lanuginosum (Table 5.3:5) the plant is not
actually growing in the soil. Again, in the plant material magnesium,
iron and nickel are all correlated and the magnesium/calcium quotient is
correlated with nickel, indicating possible preferential absorption or

translocation for these elements.



Table 5.3

Plants
Ca «9
Ca Co
Ca Fe
Ca Ni
Ca Zn
Hg Co
Hg Cr
Hg Fe
Hg Ni
Co Cr
Co Fe
Co - Ni
Cr - Fe
Cr - Ni
Fe - Ni
Hg/C
Hg/Ca
Hg/Ca
Hg/Ca
Mg/Ca
Hg/Ca

:3 Correlation coefficients (Pearson®s) (P<0.0l) between netal

concentrations : within plants of Festuca vivipara ; uithin
soils at sites of occurence of this species ; and between
these plants and soils.(Soil Ni corr. are for Total Ni).

Soils Plants-Soils

8.897 *** N - K 8.782 44 Ca - N -8.817 44
8.845 44 K - Na 8.922 444 Fe - Ni 8.785 44
8.912 444 K - Co -8.839 44 Zn - N 8.841 44
8.989 444 Na - Ca 8.785 44 Zn - Ni -8.743 4
-8.744  aa Ca - hg 8.828 44 Hg/Ca - Ni 8.779 a4
8.833 a4 Co - Ni 8.981 444

8.871 44

8.943 444

8.988 444

8.785 44

8.935 444

8.857 44

8.893 444

8.818 a4

8.951 444

-Ca 8.884 **x
-Hg 8.994 *«*

-Co 8.858 «*

-Cr 8.894 ***
-Fe 8.977 *¢«
-NI 8.974  +x»

+ the value of 8.745 corresponds to P=8.81 , ** P<8.81 , *** P<8.881



Table 5.3:4

Plants

K - Fe -0
Mg - Fe 0.
Mg - Ni 0.
Co - Cr 0.
Co - Ni 0.
Co - Zn -0
Fe - Ni 0.
Ni - Zn -0.
Mg/Ca - Mg
Mg/Ca - Fe
Mg/Ca - Ni
*¢ P<0.01 ,
Table 5 3:5
Plants

Na - Zn 0
Mg - Co 0
Mg - Fe 0
Mg - Ni 0
Co - Cr 0
Co - Fe 0
Co - Ni 0
Cr - Fe 0
Fe - Ni 0
Ng/Ca - Mg
Mg/Ca - Co
Mg/Ca Ni

+ the value

Correlation coefficients (Pearson's) (P<0.01) between netal
concentrations : within plants of Plantago naritina ;
soils at sites of occurence of this species ; and betueen

these plants and soils.(Soil Ni com. are for Total Ni).
Soils Plants- Soils

871 ** K - Na 0.803 ** Co - Co 0.957
878  ** Na - Ca 0.813 ** Co - Ni 0.854 **
890 ** Ca - Mg 0.863 ** Cr - Cr 0.807 **
844  ** Co - Ni 0.989 *** Ni - Co 0.835 **
938  *** Ni - Ni 0.827 t*
.801  *e Zn - Ni -0.827 **
859  **
798  **
0.979  #**
0.838 **
0.813 **

»*¢ P<0.001

Correlation coefficients (Pearson's) (P<0.01) between *etal
concentrations : within plants of Rhaconitriun lanuginosun
within soils at sites of occurence of this species ; and
between these plants and soils.(Soil Ni com. are for Total

Soils Plants-Soils
.849 ¥ Noo- K 0.782 ** Ca - Fe -0 897 ***
938 * K - Ha 0.922 *** Fe - Mg -0 773 **
.882 * K - Co -0.839 t* Cr - Mg -0 763 ¢
.980 * Na - Ca 0.785 ¢*
.783 « Ca - «8 0.820 *¢
.936  * Co - Ni 0.901 ***
.895 *
.946  *
.821 =
0.949  ***
0.840 *¢
0.910 ***
of 0.765 corresponds to P=0.01 y ** P<0.01 , *** P<0.001

within

Ni)
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CHAPTER SIX

Soil solution Analyses.
6.1 Introduction

A useful estimate of plant-available ions and nutrients is
obtained using soil solutions (Nye & Tinker 1977). Previous work using
soil solution estimates have reproduced tissue metal concentrations and
symptoms broadly resembling those from field grown plants or grown on
soil from serpentine sites (Anderson et al.l973t 1979; Johnston &
Proctor 1981). Soil solutions weie determined for comparison with
other workers and are used as a basis for growth experiments (Chapter 