




















































































































































Analyses of rumen contents showed that stags and
hinds ate the same plant species, but that stags generally
took more dwarf shrubs (mainly Calluna vulgaris) and
less grasses and sedges than hinds in winter. Also, on
Rhum as well as at Glen Feshie, hinds had higher
quality food than stags throughout the year except in
summer, and there was a suggestion that stags in
winter compensated for poorer food by recycling more
nitrogen, possibly to maintain a suitable environment
for the rumen micro-organisms. Stags generally have
lower fat reserves than hinds in winter and, since they
live lower down the valley, it could be that they generally
seek more sheltered areas in preference to those with
better food. However, no consistent difference was
found in the quality of shelter at sites where stags and
hinds rested and fed. In fact, when conditions were very
bad, hinds were invariably in better shelter. Possibly,
if they are in better condition hinds can live over a wider
area and move further to get both good food and, when
needed, better shelter.

The interactions between the different environmental
variables affecting the segregation of the sexes are
undoubtedly complex. Obviously, more detailed analy-
ses of the available data are needed before any firm
conclusions can be drawn, but the evidence that
animals of 'like-kind' associate within, as well as
between, groups, and that there is more aggression in
mixed groups may suggest that social behaviour is
more important than differential habitat-selection in
maintaining the segregation of the sexes. This breaks
down only when other factors, such as food or shelter,
become limiting, as in deep snow.

B. W. Staines

SHEEP AND CATTLE DENSITIES IN MEDIEVAL GWYNEDD

Effects of domestic grazing animals on the nature of the
upland vegetation in Britain confuse those attributable
to environmental factors, such as local rainfall and soil.
It is known that the vegetation of the mountains of
north-west Wales have been more severely altered by
man's indirect activities during the past century than at
any time since the medieval period, when populations
of grazing animals were less dense. Estimates of
numbers of grazing animals at different periods in time
and their variation in relation to major ecological
factors are thus a necessary part of studies of vege-
tational change.

Contemporary sheep densities during the summer are
of the order of 2-1-3 adult animals per ha, but range
between 0-5 and 18 adult animals per ha according to
local environment (Hughes 1958 Hugheset al. 1975).
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Analysis of medieval records enables approximate
estimates of grazing densities to be given. Lands held
by Cistercian foundations supported 0-10 adult sheep
per ha but only 0-01 adult cattle per ha, a density which
seems to have been standard for cattle over most of the
upland grazings. On the mountain lands of Gwynedd
generally the ratio of sheep to cattle was much less,
from 1-6 :1 to 2-1 :1, implying that sheep were kept at a
density of about 0-02 per ha (Hughes et at 1973).
Other studies of medieval farm economies in limited
areas (Thomas 1968, 1974) show that lowland dis-
tricts, as would be expected, carried higher densities of
both sheep and cattle (0-02-0-05 and 0.02-0-04 per
ha respectively) although their ratio of from 1 :1 to
2-8 :1 was similar to that found in the uplands.

Information of this kind, in addition to providing a
baseline for assessing the continuing influence of man
on the landscape, its vegetation and fauna, is also
relevant to studies of economic history and of the
nutrition of subsistence communities.

R. E. Hughes J. Dale Jane Lutman A. Thomson
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EFFECTS OF CUTTING CALCAREOUS GRASSLAND ON

INVERTEBRATE ANIMALS

(This work was largely supported by Nature Conservancy

Council funds)

Most grasslands must be managed if they are to survive.
In the absence of management, grassland changes
rapidly to scrub and eventually to woodland through
the processes of succession. On many calcareous grass-
lands grazing by sheep or cattle is the traditional
agricultural method of management, but for wildlife
conservation mowing of grasslands has the advantage
of not requiring the maintenance of stock. Cutting, like
grazing, has the effect of lowering the mean height of
the vegetation and reducing its biomass, but it is not
selective and there are no effects of trampling or
fertilisation.
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Experiments were undertaken at Castor Hang lands
National Nature Reserve to determine the responses of
invertebrate animals to contrasting annual cutting
regimes. Cutting in May was compared with cutting in
July, cutting in both May and July and with no cutting
at all. In the main experiment, a randomised block de-
sign was set up on tall, unmanaged  Arrhenatherum
grassland in October 1970. There were four replicates
of the four treatments, each plot measuring 16 x 12m,
and the first cuts were made in May 1971.

Several groups of invertebrate animals were sampled,
but emphasis was placed on Hemiptera, particularly
leafhoppers (Auchenorhyncha). The animals in this
group are all plant-feeders but in the main are known to
be particularly affected by the structure, or architecture,
of the vegetation, as well as by its floristic composition.
Auchenorhyncha from the experimental plots were
sampled using a 'vacuum net', i.e. by using a motor-
driven fan to create a partial vacuum to suck the
insects into a collecting net. (Plate 42).

Results show that the richness and diversity of plots
cut in July or in May and July are much lower than on
similar plots cut in May only or not cut at all. Most
leafhoppers become adult in August and September and
are particularly vulnerable to a July cut. Some species
overwinter in tall grassland and cannot survive on
plots which are mown in July ; regrowth of vegetation
on plots cut in May is usually adequate for these plots to
support overwintering populations of leafhoppers.

A few species of leafhoppers are able to exploit short,
recently managed grasslands and some of these were
found on the plots cut in July or in May and July.
However, many species characteristic of tall grassland
were eliminated from these plots. A few species which
became adult in June or early July were reduced in
numbers by the May cut and some individuals of these
species survived on the plots cut in July only, as well as
on the untreated plots. Most species recovered well
from the May cut but several were reduced in numbers,
though not so markedly as on the plots cut in July or in
both months.

The results strongly support the conclusions reached
from examination of the effects of grazing that rotational
management of grassland will maintain a greater
faunal richness than any one overall management
treatment. Annual management is likely to eliminate
some species, or .at least to reduce their abundance.
If nature reserves, or other areas, have to be cut annually
the results show that midsummer cutting is particularly
damaging. With leafhoppers a May cut is less damaging
but since other insect groups would be approaching
their peak in that period and would show an adverse
reaction similar to that shown by the leafhoppers in

July. Cutting between early spring and late autumn
should be avoided if compatible with other management
objectives.

M. G. Morris

EFFECTS OF AGEING PLANTATIONS OF SITKA SPRUCE ON
THE SEMINATURAL VEGETATION OF SOUTH-WEST
SCOTLAND
(This work was largely supported by Nature Conservancy
Council funds)
Large areas of upland Britain are now being transformed
by large scale afforestation with conifers. Almost the
only quantitative studies of the effects have been on
birds. This paper outlines a project, under contract to
the NCC, to investigate the effects on natural assem-
blages of plants. Work in 1975 was concentrated on the
Southern Uplands of Scotland, an area that has been
particularly heavily afforested in recent years (Figure
15). The research had two main aims : first to follow the
effects of plantations of Sitka spruce  (Picea sitchensis)
on the former semi-natural vegetation, and second to
investigate the value of forest roads, rides, streams,
lakesides and walls in maintaining species diversity in
forest environments.

Methods
The basic sampling units were 1 km squares of the
Ordnance Survey National Grid. Only squares con-
taining substantial proportions of coniferous plantation
or of agriculturally unimproved land were regarded as
relevant to the study. The total number of these squares
in the study area was  c.  1900, of which there was time
to sample 65. To ensure that the range of variation was
adequately assessed, a system of stratification was used,
one square being sampled from each stratum. As a
preliminary to the stratification, all eligible squares were
classified using five criteria.

(1) Altitude at the centres of the 1 km Ordnance
Survey squares (four classes, 0-230 m, 231-380 m,
381-460 m and 461 —760m above sea level).

(2) Steepness of the ground, assessed from contour
densities on the map (three classes, 0-4,5-9 and 9-25
sixteen-metre contour intersections per km).

(3) Proportion afforested (two classes, 0-30% and
31-100%).

(4) Nature of bedrock (two classes, granite and shale).

(5) Position east or west of the Ordnance Survey
National Grid easting 28

In factorial combination the classes give 96 possible
strata : in the event only 63 were represented. Additional
strata reflecting forest age would have been desirable,
but at the planning stage, planting dates were not



available. Six replicate locations were sampled in each
selected square. Most of these were systematically
arranged to allow an unbiased assessment of the effects
of afforestation ; some, however, were specially placed
in order to characterize the floristics of linear features
such as roads, streams, rides, lake margins and walls.

Field records were made in quadrats 200 m2, using the
system developed for the National Woodlands Classifi-
cation by Shaw and Bunce (1971). The occurrence of
plant species was recorded as were (i) diameters of trees
at breast height, (ii) tree heights, and (iii) selected fea-
tures of management and terrain. Soils were described
in some detail from 30cm pits in the centre of each
quadrat and samples from each horizon were collected
for subsequent analyses.

Site characteristics
Since the formation of the Forestry Commission in the
1920s an increasing proportion of planting has been
done on peat rather than good mineral soils. As a
result, old and young plantings tend to be on different
soils. Comparisons between planted and unplanted
ground were vitiated because unplanted areas tended
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to be steeper and at higher altitudes. Techniques of site
preparation have also changed, with deep ploughing,
drainage and the use of fertilisers often modifying site
characteristics to such an extent that conditions
prevailing before planting were hard to assess.

To obviate these difficulties, it was decided to start by
classifying the semi-natural vegetation. This classifica-
tion was then used as the basis for a site classification
which was used in turn to assess the effects of forest age
on each site type.

Classification of semi-natural vegetation
The data were classified by Indicator Species Analysis
(described elsewhere in this Report), modified to
utilize quantitative information. 190 unafforested plots
were assessed, the data being supplemented by those
from 34 stands described in the literature. This analysis
allowed the computer-generated classification to be
related directly to existing phytosociological schemes
such as those of McVean and Ratcliffe (1962), King
and Nicholson (1964) and Birks (1975), at the same
time biasing the classification slightly in the direction of
the present study. The analysis generated 32 groups,

'Dumfries
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Figure 15 Study area in S.W. Scotland. Afforested areas shown as they were in 1973, although some had
increased appreciably by 1975. The dotted line is the Ordnance Survey National Grid easting 28.
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but many of these were similar and were therefore
pooled to give a total of 19 groups. These groups pro-
vided a satisfactory description of the range of variation
according to impressions gained from field experience,
and, at the same time, closely agreed with vegetation
types already described by other workers.

The area occupied by each vegetation type was esti-
mated using a knowledge of the frequency of each
stratum and of the frequency of the vegetation type
within the stratum. Although some of the estimates were
very imprecise, because of lack of information, it seems
that :

(1) There is less vegetational variety on soils on granite
than on shale : most Molinia-heather vegetation occur-
red on granite.

(2) Three vegetation types are exclusively western,
two being characterized by an abundance of Molinia;
the third is a high altitude association of matgrass
(Nardus stricta) a nd bilberry (Vaccinium myrtillus).

(3) Bog cotton (Eriophorum vaginatum) tussock
communities showed no particular geographical affini-
ties.

(4) Matgrass (Nardus stricta) and Heath rush (Juncus
squarrosus) communities cover a larger area in the east
than in the west whereas communities with an intimate
mixture of Sheep's fescue (Festuca ovina) and
Molinia were strongly eastern.

Ordination of environmental data
After classifying the vegetation it was necessary to
relate stands of vegetation to groups of selected
environmental variables, choosing those that seemed
likely to be affected by changing land use, e.g. slope,
altitude and solid geology. This was done using multiple
discriminant (canonical) analysis, which discovered
combinations of environmental variables that identify
sites with similar vegetation. The results were applied
to afforested areas, making it possible to compare the
ground vegetation of sites having similar environmental
characteristics but at different stages (ages) of
afforestation.

Vegetational changes in afforested areas
Species richness of unplanted stands naturally varied
among the differing vegetation groups, but patterns of
change, as Sitka spruce plantings aged, seemed to be
similar. There was often a slight rise in species numbers
immediately after planting, mainly attributable to
invading lichens and bryophytes colonizing bare
ground, e.g. on the sides of drainage ditches. There-
after numbers progressively decreased for a period of
c. 30 years ; flowering plants being the most affected,

whereas some shade-tolerant bryophytes, taking advan -
tage of decreased competition, often increased to cover
large areas of the forest floor. In the densest shade, how-
ever, even the shade-tolerant bryophytes were some-
times eliminated, although few plantations were with-
out small areas where minimal light penetration
allowed depauperate survivors to persist (Figure 16).
In south-west Scotland. Sitka spruce plantations have
been thinned from 30 or so years after planting, a
practice that signalled an increase in species numbers
with bryophytes remaining prominent and ferns some-
times appearing in quantity for the first time.

Different species of plants behave differently in ageing
plantations of Sitka spruce. Heather at first increased
when grazing and burning ceased, but, afterc. 10 years
it decreased, though patches persisted here and there
where sufficient light penetrated the canopy. On the
other hand, plants of open moorland, notably Bog
asphodel (Narthecium ossifragum), Deer grass (Tri-
chophorum caespitosum), matgrass (Nardus stricta)
and fescue (Festuca ovina) decreased from the start,
being superseded by heather (Calluna vulgaris), Bent
grass (Agrostis canina and A. tenuis) and Molinia
caerulea. Some species of ferns and bryophytes
(Dryopteris dilatata, Lophocolea cuspidata and
Plagiothecium undulatum) became conspicuous for the
first time after thinning. (Plates 45-47.)

Unplanted

0-5

6-10

Numbers of species

Figure 76 Mean numbers of plant species including
bryophytes and lichens, within different age Sitka
spruce plantations.



Some 10-15% of afforested areas remain unplanted, e.g.
along linear features such as streams, rides and forest
roads. Rides, though thickly vegetated, were often
dominated by coarse grasses such as  Molinia caerulea.
Whereas stone walls supported only a few species that
were absent from adjoining habitats, streamsides seemed
to provide the habit for greatly increased numbers
(Figure 17). Vegetation alongside forest roads was
usually richer than in adjoining plantings but the effect
was very variable, ranging from little or no increase along
newly established roads, to a sixfold increase in two
plantations more than 20 years old (Figure 18). Unlike
rides, roads and their verges provide new habitats,
gravel surfaces and exposed mineral soils, which
become colonized by 'new' plants.

Conclusion
This study has already shown that the composition of
the ground flora in afforested areas changes sequen-
tially as plantations of Sitka spruce increase in age.
Forest roads, like many streams, act as refuges for many
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Figure 17 Relation between numbers of plant
species found alongside streams and mean numbers
found in nearby afforested (  • )  and unafforested (  • )
areas.

plant species. These observations made in Scotland will
be extended to Wales where effects of older forest
plantings will be more closely assessed.

M. 0. Hill D. F. Evans

References
Birks, H. J. B. (1973) Past and present vegetation of the Isle of
Skye. Cambridge University Press.
McVean, D. H. and Ratcliffe, D. A. (1962) Plant communities of
the Scottish Highlands, H M SO.
King, J. and Nicholson, I. A. (1964) Grasslands of the forest and

sub-alpine zones. In : The Vegetation of Scotland. Edited by

J. H. Burnett, 168-231, Edinburgh.
Shaw, M. W. and Bunce, R. G. H. (1971) National Woodlands
Classification, Handbook of Field Methods, ITE Merlewood.

SOIL EROSION ON THE FARNE ISLANDS

Introduction
The Farne Islands off the Northumberland coast are an
internationally famous breeding station for sea birds and
grey seals. They belong to the National Trust and are
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Mean no. of species in systematically placed plots.

Figure 18 Relation between numbers of plant
species found alongside roads and numbers found
in areas afforested with Sitka spruce for less than
(  • )  or more than (  • )  20 years.



58 Ecosystem processes

managed as a nature reserve under the guidance of a
local Committee. In the late 1960s the Committee,
which was preparing a management plan for the islands,
learnt that areas of bare and eroding soil had appeared
on some of the islands. Figure 19 shows map of islands.

The present project was developed to :

(1) provide basic data on the soils for inclusion in the
management plan ;

(2) examine the extent, causes and processes of soil
erosion ; and

(3) investigate possible stabilisation and 'reclamation'
measures for use on the eroding areas.

The soils
Apart from some very small areas of sedimentary rock,
the islands are entirely composed of the very resistant
quartz dolerite of the Great Whin Sill. Five islands (Inner
Farne, West and East Wideopen, Staple Island and
Brownsman) have remnant deposits of glacial drift.
On West Wideopen and some of the drift-free islands
there are also recent accumulations of sand and/or
storm beach deposits. The main factors influencing the
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Figure 19 The Fame Islands.
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distribution pattern of the soils within the island group
are the presence or absence of glacial drift, the texture
(this varies from sandy loam to clay loam), thickness
(from a few centimetres to 5 m) and degree of compac-
tion of any such drift, and disturbance by man and
animals.

Where drift is absent the soils are shallow humic
rankers, usually between 15 and 30cm deep, which
have formed in situ from the accumulation of plant
debris plus some addition of blown sand. Deeper soils
have formed where glacial drift remains or where blown
sand has accumulated. Most of these drift soils have
peaty or humic surface horizons, which resemble the
humic rankers, while the deeper horizons show signs of
gleying.

A further group of drift soils also have peaty surfaces
and subsoil gleying but are characterised by the de-
velopment of a cemented horizon. This is up to 20cm in
thickness and begins at 20 to 50cm below the surface.
On some islands soils of this type are developed over
the whole of the drift mass with the cemented layer
forming an almost continuous sheet but on other
islands they occur alongside gleys or gleyic brown
earths. The cementing substance is a dark brown
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resinous material, largely composed of iron, aluminium
and phosphorus, infilling cracks although in some
instances it permeates the soil peds themselves. It seems
likely that it is a complex iron aluminium phosphate,
the iron and aluminium derived from the drift and the
phosphorus from bird droppings. The cementation may
be a relatively old feature, and it is therefore difficult to
explain its formation in terms of variables which can be
measured at the present day. Despite this, the cementa-
tion appears to be correlated with drift texture and with
water table levels, and in some instances it corresponds
with the upper surface of a highly compacted horizon.
These soils are of great pedological interest and the type
of cementation may be unique in Britain. The presence
of the horizon is also important in the present ecology
of the islands. It prevents or slows down percolation of
surface water, it provides an effective barrier to rooting
and when exposed by erosion it vegetates very slowly
and is hard enough to form a distinct feature on slopes.
The level of the upper surface of the cementation also
determines the depth of soil available for puffin burrow-
ing as the puffins are not able to penetrate it. The check
on water percolation can also result in flooding of
burrows during periods of very wet weather with con-
sequent mortality amongst chicks.

Modification of soils by puffins, seals and man
The soils on most of the islands show evidence of
modification by breeding birds (particularly puffins),
seals or man. All the soil types outlined above have been
burrowed by puffins. Except on a few steep slopes,
burrowing is restricted to the peaty or humic surface
horizons (or the whole thickness of the humic rankers)
and in areas of dense burrowing, either formerly or at
present, this has produced a characteristic modification
of this part of the soil profile. Detailed investigation
reveals that some areas with only scattered burrows at
present had much larger numbers in the past. These
disturbed soils have a sequence of surface layers which
show a partial 'inversion' of the humus horizons. They
also contain frequent buried feathers, fish and puffin
bones, and plant material. The level of the former burrow
floors is marked by large numbers of plant stems which
were dragged into the burrows by puffins. (Plate 48.)

On islands utilised by seals the surface horizons
commonly contain hairs from moulting pups and adults.
Where there has been puffin burrowing in areas also
used by seals, old surfaces can sometimes be recognised
by their compaction and by layers of seal hair beneath
material subsequently excavated by puffins.
Gleyic brown earths on Inner Farne were cultivated
over a long period and the effects of ploughing and
digging are reflected in the profile morphology. The
cultivated soils have also been manured and are now
considerably less acid, with a surface pH of around 6.0
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and calcium as the dominant cation. The humic
horizons of the uncultivated soils, and of the rankers,
are strongly acid (pH 4-0-4-5) and sodium and mag-
nesium, probably from sea spray, are the dominant
cations. The influence of the dense sea bird colonies
and of the seals are shown by very high nitrogen and
phosphorus levels in all soils.

Studies of erosion
Previous attempts to assess the rate of soil erosion
involved measuring the rate of lowering of the surface
relative to exposed boulders and rock outcrops or the
tops of remnant tussocks of Sea campion (Silene
maritima), or the comparison of surface levels inside
and outside enclosures. These methods only gave a
rough idea of the mean rate of lowering over a number
of years. In order to obtain improved data covering
shorter time spans and showing any variations in
erosion from place to place various types and lengths of
metal rod have been implanted as markers (erosion
pins). Even these do not give a very precise measure of
the rates of erosion, but they proved a considerable
improvement on the earlier methods and highlighted
the variations in the rates of surface lowering both
within and between islands. On Staple Island the
highest rates (2-3 cm/annum) were found around the
fringes of seal wallows while lower rates were found
over a wider area of the north end of theisland (also
heavily used by seals) and there was little or no surface
lowering over the southern part. On Brownsman the
highest rates (1-2 cm/annum) occur in the area of
densest puffin burrowing. The results from West
Wideopen show variations between the rates found in
bare ground with few puffin burrows (< 0.5cm) and
bare ground with many, actively used, burrows (up to
2 cm/annum). Vegetated areas of West Wideopen show
little or no apparent surface lowering. In those parts of
this island where the cemented horizon is close to the
surface (i.e. at a depth of < 25 cm), surface lowering
at c. 2 cm/annum for a five to seven year period would
reduce the thickness of the layers above the cement to a
point at which they could no longer be used by breeding
puffins.

Changes in the rate and character of the erosion through-
out the year have been studied using simple sediment
traps installed around the periphery of the soil-covered
areas of West Wideopen, Staple Island and Brownsman.
Marked seasonal variations in the amount and type of
material being eroded have been revealed and the
patterns also vary between islands. On West Wideopen
the major erosion takes place between May and Sep-
tember or October and while wind and run-off transport
are in evidence in the early summer the late summer
erosion is dominated by run-off. Parts of Staple Island
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show a different pattern with erosion continuing into
early winter and with this latter soil movement domi-
nated by run-off ; as might be expected the amount of
soil moved in autumn and winter correlates with rain-
fall. The main soil loss on Brownsman is from around
the densest part of the puffin colony. This reaches a
maximum in early summer and wind transport seems to
dominate ; this latter reflects the flat nature of the site
and the highly humic character of the surface horizons.

Although several tonnes of soil material are excavated
annually by puffins on each of the main breeding
islands the amounts moved from individual burrows
varies both between and within islands, being influ-
enced by the type and amount of vegetation cover, the
nature of the surface soil, the thickness of burrow roofs
and the amount of seal traffic. In well vegetated areas
with relatively widely spaced burrows (and especially in
areas with a Red fescue (Festuca rubra) derived humic
surface mat) only a small amount of excavation is
necessary each spring and this largely involves removal
of dead vegetation. On bare ground in denser parts of
the colonies burrow entrances may be partially, or even
totally, infilled by eroding soil in autumn. Re-excava-
tion the following spring is always more extensive than
a removal of the infill. Where the cemented horizon is
close to the surface thin unstable burrow roofs result
and collapse frequently occurs, thus necessitating
further excavation. Similarly, burrows in sandy textured
materials collapse more readily than those dug in
humic horizons with dense roof mats. In areas of high
seal pressure most burrow entrances are infilled in the
autumn by the ploughing action of the seals and a
smaller proportion are actually collapsed. This again
results in increased excavation by puffins. Much of the
severe erosion on the Farne Islands is concentrated in
the highly unstable areas.

In well vegetated areas the soil excavated by the puffins
is largely retained in the system (although even these
sites may only have a medium-term stability) but in bare
ground some, if not all, is transported out of the system.
The freshly dug soil is usually in aggregates but rainfall
and trampling break these down. The comminuted
material is readily transported by wind, rain splash or
run-off, the relative importance of these depending on
climatic factors and the soil texture/humus content of
the debris. A large part of the spring and early summer
erosion is a removal of some of this soil from the
system. Some disruption of the actual surface may also
take place and the late summer erosion seems to
include burrow debris and actual surface material. In
seal-free areas the bare surfaces restabilise in autumn.

The studies on the interaction between the puffins and
the soils also require the distribution and density of the

breeding population to be monitored on each island.
Attempts can then be made to correlate changes in
these distribution patterns within the colony with
alterations in the vegetation cover and in the intensity
of erosion. The population work is carried out by the
summer wardens employed by the National Trust and it
overlaps similar work being carried out on the Isle of
May (M. P. Harris, ITE, Banchory). Seventy birds
ringed on the Farne Islands have been recovered on the
Isle of May up to the end of 1975 and this suggests that
the Farnes are a likely source of the immigrants which
almost certainly account for a large part of the rapid
growth of the Isle of May colony (Harris, in press). The
influence of soil conditions on the time of breeding of
puffins in the Farnes colony has also been investigated.
In 1975 considerable differences in the time of laying
were found both within and between islands. Analysis
of available data showed that the most likely cause of
this variation was soil conditions and in particular the
time at which the burrowed horizon of the soil dried out
sufficiently to allow burrow cleaning (Hornung and
Harris, in press).

Breeding seals come to the islands in autumn, when the
soils are usually very wet and standing water is present
in the wallows. Movement of the seals about the surface
causes puddling, especially around the wallows. The
susceptibility of the saturated surface layer to removal
by run-off in late autumn and early winter explains the
continuation of the erosion on Staple Island into this
period. In spring the surface dries out and stabilises
until the following autumn. The amount of erosion and
damage to vegetation is related to climatic conditions.
In dry years only a hole around wallows is puddled and
elsewhere a smoothed compressed surface is produced
which is much more resistant to erosion. Wallows can
develop in a number of situations but on the Farnes the
commonest starting points would seem to be small
hollows which have themselves resulted from puffin
burrowing. The wallows expand as the walls retreat
but their rate of growth seems to accelerate when an
outlet channel develops. (Plates 49-51.)

The stabilisation and revegetation trials
Prior to the present project bare areas had already been
unsuccessfully seeded with commercial seed mixtures.
The present work on West Wideopen began with trials
of various commercially available soil stabilisers
including polyvinyl alcohols, bitumen materials and
rubber latex. Four plots were treated with each material,
one seeded and one unseeded on each of two slope
angles. Ensuing changes in the surface were monitored
photographically. The treatment was carried out during
the spring as most of the erosion took place in the
spring and summer. It soon became apparent that the
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bare surfaces and new growth would need to be
protected from disruption by birds. The commercial
stabilisers gave little protection although the bitumen-
based materials were the best.

In the next stage of the trials a small initial experiment
(by P. Hawkey, the National Trust Warden Naturalist
for the Farne Islands), using brushwood, was developed
and enlarged. The eventual method employed used
two layers of brushwood laid on the surface at an angle
to one another. As this technique clearly interferes with
puffin burrowing the work was begun on bare ground
with only scattered burrows so that few birds were
affected. Some of the areas thus protected were
'seeded' with Yorkshire fog  (Holcus lanatus)  clippings
spread on the surface ; others were simply protected.
By the summer following treatment the 'seeded' areas
had a 100% vegetation cover. The 'unseeded' areas
have developed c. 70% cover two years after the brush-
wood was laid. The earliest vegetation is dominated by
Sea campion  (Silene maritima)  and chickweed  (Silene
media),  but this is soon followed by annuals which are
common on the island, e.g. nettle  (Urtica dioica),  hem-
lock  (Conium maculate)  and dock  (Rumex obtusifolius).

The method is now being applied to areas with higher
concentrations of used puffin burrows where the
burrows have become highly unstable and erosion is
severe. It will almost certainly involve disturbance and
displacement of breeding puffins. In order to monitor
these effects, as many as possible of the breeding
adults in the experimental areas have been ringed and
attempts are being made to recover them during the
1976 breeding season and to assess their breeding
success. This work should show whether highly
unstable areas can be 'reclaimed' while still in use by
puffins. (Plates 52, 53.)

The results from this project are improving our under-
standing of part of the Farne Islands ecosystem and of
the origin and significance of the soil erosion. The
investigations have revealed the complex nature of the
interactions of the breeding puffins and seals with the
soils of the islands and with each other, and the way in
which these interactions lead to, or aggravate, the
erosion. Building upon the knowledge gained, and on
subsequent field trials, successful reclamation tech-
niques have been developed for the stabilisation and
revegetation of one type of damaged ground.

M. Hornung
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Toxic substances in the environment and their
effects

BULB DIPPING AS A SOURCE OF MERCURY IN THE WASH

Mercury is one of the heavy metals that causes most
concern as a pollutant. It has no known biological func-
tions. 'Minamata disease' demonstrated that some
forms are very toxic, and amounts have increased in
some parts of the world because of man's activities.
Coastal waters tend to show significant degrees of
contamination by mercury if rivers from industrialised
areas enter them. It was therefore a matter for some
surprise and interest when J. L. F. Parslow, then at
Monks Wood, suggested from a survey that mercury
levels increased, possibly 10-20-fold, in the livers of
wading birds that spend the winter in the Wash. This
conclusion was tentative, but it posed the question
whether agricultural activities in England do contribute
significant amounts of mercury to the environment. A
limited survey was therefore made to test one specific
possibility. Does the bulb-growing region south-west
of the Wash cause much contamination of waterways
by mercury ? Mercurial fungicides are commonly used
for dipping bulbs when they are lifted in the summer.
Any suggestions of gross contamination were soon dis-
counted. Superficial sediment samples taken from the
Rivers Nene, Welland and Witham, and from some of the
principal drainage channels, had a median value of
0.211.g mercury per gram of air-dried sediment. For
comparison, the natural mercury content of soils,
excluding those from mercury-rich areas, is about
0-1 i-tg per gram. However, there was some evidence of
local high degrees of contamination. Sediment samples
were taken from drainage channels near to five bulb-
dipping sites. Values for three sites were similar to
those in the rivers, but were higher at the other two, with
values of over 1001.tg.g-1 recorded at one spot.

Several points of general interest came out from this
study. First, it was difficult to give meaningful values
for mercury concentrations in the sediments : the
greater the depth to which the sample was taken the
lower the concentration. Such values should sometimes
be regarded as indices. Secondly, most of the mercury
that was retained by the channel sediments was found
within a few hundred yards of the release point. It has
been found for a range of pollutants that much is bound
in the sediments, and the fate of pollutants in those
sediments deserves much more study. Thirdly, aquatic
molluscs may make useful monitors. For example
Potamopyrgus jenkinsi  contained 0-3 ig mercury per g
fresh weight at a contaminated site, whereas from an
uncontaminated river the value was only 0.02 1.1.g per g.
Some species of mollusc are relatively large, which is
convenient for chemical analysis, they are relatively
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immobile, so that their pollutant concentrations relate
to the site from which they are taken, and some species
have a wide distribution. This particular study on mer-
cury has now ended, but these and related topics are
now being studied by the project group on pollutants
in aquatic ecosystems.

F. Moriarty M. C. French

THE SULPHUR PROBLEM

The disastrous effects of the London smogs of the early
'50s mainly on people with respiratory illnesses,
emphasised the damage that could be done by airborne
pollutants. Since that time, the levels of these particulate
contaminants have been reduced by the greater use
of oil, electricity, gas and smokeless solid fuels for
domestic heating, and by changes in the design of
chimneys (stacks) built for power stations and other
industrial installations.

Because of concern for human health it is not surprising
that measurements of air pollution have been con-
centrated in urban areas. Through the National Survey
of Air Pollution, implemented by the Warren Spring
Laboratory, we now have a picture of the concentrations
of airborne sulphur pollutants likely to be experienced
in such areas at different seasons. These pollutants have
been shown to influence not only health and the erosion
of stonework but also the occurrence of lichens and
plant diseases. Black spot of roses, caused by Diplo-
carpon rosae, is less prevalent in polluted localities,
and pollution usually decreases the variety of lichens
colonising trees and stonework to the advantage of
tolerant types such as Lecanora conizaeiodes.

If pollutants, notably sulphur compounds, can affect
lichens and fungi in urban settings what is happening in
rural areas, including those remote from sources of
emission ? Already we know from experiments done in
controlled conditions that rye grass and species of
Pinus can be damaged — but is it appropriate to extra-
polate from these conditions to those actually occurring
in the field ? Are trees, remote from points of emission,
damaged by the concentrations of sulphur pollutants
actually found there ? What happens to the 'sulphur'
filtered from the atmosphere by trees and other plants
together forming the vegetation component of forest
ecosystems ? Is it 'cycled' and in due course transferred
to litter whose rates of decomposition are affected ? On
the other hand how much of the filtered sulphur is
washed from foliage by rain to reach the soil in stem-
flow and throughfall ? Does the sulphur-containing
rain affect physical processes occurring in soil (e.g.
cation exchange) and if it does, does this alter the
composition of water draining into streams and rivers ?

Ecosystems are complex organisations ; studies of
pollutants are also necessarily complex. There is evi-
dence to suggest that mixtures of differing pollutants
(sulphur dioxide, ozone and oxides of nitrogen) at
normally non-toxic concentrations, together interact to
cause extensive damage to plants. Further, chemical
reactions may oxidise sulphur dioxide to sulphate and
hence make rain acid. In a study of sulphur pollutants
it is therefore necessary to consider their differing
forms —gaseous sulphur dioxide, particulate (aerosol)
sulphate and acid rain — also to be aware of the effects
of other substances. Such a study must also recognise
that sulphur is an essential element for plant growth.
There is strong evidence suggesting that damaging
sulphur deficiencies might have occurred in some areas
of intensive agriculture had it not been for the deposition
of airborne sulphur pollutants.

ITE has recently commenced a major new project in this
area. The pathways of pollutant sulphur, in its differing
forms, and its following fate and effects are being
studied. An intensive investigation is centred on a
forest in the Midland Valley of Scotland where equip-
ment is being assembled to analyse simultaneously the
atmospheric loads of sulphur dioxide, ozone and oxides
of nitrogen, so as to obtain diurnal as well as seasonal
patterns of change. Additionally amounts of particulate
sulphate and acid rain will be measured. The information
obtained will be used to design fumigation treatments
applied to plants growing in controlled environment
chambers. It will also serve as a measure of sulphur
entering the sulphur cycle.

To gain experience of sampling procedures and analyti-
cal techniques, foliage of Scots pine, holly, birch and
ash, growing in regions with different mean winter
concentrations of sulphur dioxide, have been sampled.
Whereas amounts of 'sulphur' washed from replicate
batches of Scots pine, holly and birch were fairly con-
sistent, those from ash differed excessively. Subsequent
tests indicated that variation was minimised if surface
sulphur was washed and collected from foliage immedi-
ately after it had been taken from trees. Not unexpec-
tedly, amounts of surface sulphur increased with
increasing mean concentrations of atmospheric sulphur
dioxide.

Whereas similar amounts of sulphate-sulphur were
found on foliage of Scots pine and holly, and on stems
of holly, about four times as much was detected on
stems of Scots pine. Larger sulphur accumulations were
detected in dry, than in wet weather. It was noticeable
that Scots pine growing in lightly polluted areas
retained needles for three or more years, whereas those
on trees in heavily polluted areas were lost after one
year. I. A. Nicholson



AIRBORNE FLUORIDE AND LICHEN GROWTH

The emission into the atmosphere of potentially
phytotoxic substances such as fluoride, in an area which
has been, until recently, relatively free of contamination
is of environmental concern, but it also presents a
unique opportunity to study the effects of low level
contamination on the growth of previously healthy
plants.

The sensitivity of lichens to air pollution has been known
since the mid-nineteenth century and since that time
these plants have been increasingly used as indicators.
Sensitive species decline in abundance towards the
source of pollution until in areas of high pollution or
close to the point of emission lichen 'deserts' develop
where these plants are virtually absent.

Since 1970 the growth of lichens close to a new source
of airborne fluoride in North Wales has been monitored.
Lichens are composed of fungal and algal components
which exist in close symbiotic relationship and they
grow on a variety of substrata such as trees, rock
outcrops, walls and buildings. To enable the growth of
these slow growing organisms to be measured photo-
graphs of permanent, marked quadrats (20cm x 14cm)
have been obtained annually and, following examina-
tion in the laboratory, comparison has been made of the
performance of individual species between affected
and unaffected areas. As was to be expected quantita-
tive data have shown that different species are affected
at different distances from the source of emission. For
example corticolous lichens (those found growing on
trees) have been found to respond more rapidly than
saxicolous lichens (those growing on rock surfaces)
but within each group there is considerable differential
sensitivity, the growth of some being slowed while
others close to the source are eliminated. The extent of
the effect has been increasing radially since the com-
mencement of emissions and the concentration of
fluoride in samples of lichens showing effects has also
increased. Lichens with accumulated fluoride con-
centrations above about 50 ppm showed a marked
deterioration although effects have also been observed
below this level. (Plates 54-57.)

To date the emphasis of the work has been on relating
the effects of fluoride to external and anatomical
changes in the thalli. The work has now entered a more
experimental phase in the hope of explaining the
physiological processes which cause the ecological
effects observed in the field. Rates of photosynthesis
and respiration are being measured in lichens grown
under controlled laboratory conditions. Simultaneously
the pathway of fluoride and other substances in lichen
communities is also being studied and the work is being
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extended to investigate its effects on other components
of natural ecosystems.

D. F. Perkins V. Jones R. 0. Millar P. Neep

COMPUTER MODEL TO SIMULATE MOVEMENT OF OIL AT
SEA

The exploration for oil in the North Sea directs attention
to the possible polluting effects of oil spillage. Sea-birds
and birds of coastal habitats seem especially vulnerable.
This study, carried out by Mr A. F. Gordon at Merle-
wood Research Station, sought to examine the likely
patterns of dispersion of oil so that some measure of
the risks could be assessed. Although the work was
designed for use in furthering the understanding of oil
movement at sea, the basic principles would apply
to any study of movement and dispersion.

The oil which escaped from the  Torrey Canyon  was
driven primarily by the wind. Tidal effects rarely result
in more than a small net movement in the open sea and
such effects mainly impose a cyclic, to-and-fro
oscillation only. Observation shows that oil is driven on
the sea-surface at some 3-4% of the wind speed. In the
simulation, wind data were used in four ways : first,
directly from previously recorded observations for the
area concerned ; second, from two probability distribu-
tions, one of wind speed and the other of wind direction
but un-correlated with each other; third, from distribu-
tions of direction and speed in which the next most
probable event was selected instead of a purely random
selection from the different distributions ; and fourth,
from a probability matrix in which speed and direction
were related. There are, however, relatively few distribu-
tions of the latter type available. The probability dis-
tributions of direction and speed were sampled using
random numbers, and the values obtained were used to
compute the distance and direction of movement of a
point, representing the centre of an oil slick, across a
matrix of points, representing an area of sea. Two types
of simulation were examined, single path and continu-
ous spill. The former traced the path of a single spillage
and the latter examined the effects of chronic spillage
such as a leaking hull or due to several minor accidents
at a loading or unloading quay. Figure 20 illustrates an
example of the results of the continuous spill model.

Trials were made to test the programmes, and their
optional sub-routines, to simulate a range of real situa-
tions. The first of these used data from the  Arrow  disas-
ter in February 1970. The tanker  Arrow,  grounded on a
rock in Chedabucto Bay, Nova Scotia and oil leaked
from her tanks for the next eight days. The continuous
spill model was used to simulate the dispersal of oil,
under a range of changing wind conditions, on to
shores surrounding the Bay. Actual wind data for the
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period from the nearby Canso automatic weather station
were used to trace the paths of leaking oil. The results
were compared with those obtained by using simula-
tions based on probability distributions from the
monthly meteorological returns. The agreement in terms
of points at which oil struck the coast was fair, but the
results emphasized the potentially widespread effects
of such an accident in confined waters. The path of oil
which escaped from the Bay and killed many birds on an
adjacent shoreline was also followed, but data from
Canso were inadequate to reflect the true path of this
oil. Meteorological data on a larger scale are required
for a satisfactory simulation of this type, although some
information can be derived from surface pressure charts.

The second trial sought to examine effects of leakage
from a pipeline serving a North Sea oil well. In general,
this was the least satisfactory application because, in the
real situation, leaks are most likely from the well-head
itself. Obviously, the chances of oil pollution from such a
source situated far out to sea under prevailing south-
west winds are small on British coasts but threats to the
coasts of European neighbours may be increased. Any
oil discoveries in the western seas off the Irish coast
would increase the probability of pollution of British
shores from such a cause.

The third main trial was made from the Estuary of the
River Tay. In this study, tide effects were introduced and,
because of the high winter concentrations of wild duck
in this Estuary, these were examined as potential victims
of oil pollution. There have been several accidents in the
Estuary and in February 1968 the  Tank Duchess  devel-

Stage 1 Stage 2

4*-0
spill

Stage 3

Figure 20 Three stages in the simulation of a
continuous spill of oil from a fixed source.

oped a crack in her hull. Eighty-seven tons of oil were lost
and about 1,300 birds killed. The oil remained moving
about in the Estuary for sometime. No attemptwas made
to simulate any particular accident in this case. The dis-
tribution of oil under wind and tidal influences, de-
pended, apart from the point of spillage, very much on
the time of spillage within the tidal cycle. Some attempt
was made to allow for bird movement in relation to oil
movement and certain localities of known bird aggrega-
tion were found to be particularly likely to receive
moving slicks from potential points of origin within the
Estuary.

It is concluded that further development of the model
depends on accurately documented cases of spillage
and their associated weather. conditions. Complex
combinations of probability distributions have not much
improved the performance of models compared with
simpler mechanisms although further attention to
distributions linking direction with wind speed seems
particularly necessary. The most useful applications of
these models appear to be those which explore the
implications of the siting of loading or discharging
points in enclosed waters. Because of this, more atten-
tion has been paid in more recent work to the realistic
simulations of the inshore effects of tidal oscillations.

A. J. P. Gore

EGG SHELLS OF HERONS  (ARDEA CINEREA)  EXPOSED TO
ENVIRONMENTAL POLLUTANTS

Eggs collected from several heronries in Eastern England
in the late 1960s and in the 1970s were found to have
shells significantly thinner than those collected prior to
1946. In 1970, shells were on average thinner by 16%.
A significant inverse relationship existed between shell
thickness and egg residues of pp"-DDE. The fine struc-
ture of shells taken in 1973 was examined by an acetate
peel technique. The thickness of the two main com-
ponent layers of the calcified shell, the inner mammillary
layer and the outer palisade layer, were both inversely
related to egg residues of DDE and DDT-type com-
pounds. A similar thinning of these layers was seen in
shells produced by chickens treated with sulphanila-
mide to depress the availability of the egg shell carbon-
ate fraction. Shell thinning in both instances was con-
sidered to be due to a decreased rate of shell formation.
Shell strength was determined for the 1973 sample by a
piercing technique. This demonstrated a significant
inverse relationship between shell strength and egg
residues. The relationship between thickness and
strength was

strength = b (thickness) — a constant.

Thus any decrease in thickness leads to a proportionally
greater decrease in strength. Incidence of egg shell



breakage was also monitored in the heronries and was

found to be positively related to residues of DDE or

dieldrin in intact eggs, i.e. the most contaminated

colonies experienced the highest breakage rate. Eggs

having shells thinner than 24011m were found to be

unlikely to survive incubation intact (mean thickness of

intact egg shells in 1973 was 274 ilm). Thin-shelled

eggs that are lost during incubation should tend to have
had high residues, so sampling intact eggs for the

purpose of monitoring environmental pollutants can

lead to a mean residue figure for a heronry that is much

lower than the true mean. In the late 1960s, in the three

main study heronries, more than half of the pairs broke

their egg shells, probably because of a combination of

shell fragility due to thinning and aberrant behaviour.

Measuring shell thickness could be a rapid and econo-

mical bioassay of environmental levels of DDE.

Despite these various detrimental effects on reproduc-

tion, heron populations have not declined, perhaps

because the birds relay if they lose their clutch. There

are indications that egg residues of DDE and other
organochlorines are diminishing, shell thickness is

returning to normal and the incidence of shell breakage

is decreasing.

A. S. Cooke A. A. Bell

TWO NEW POLLUTION PROGRAMMES AT MONKS WOOD

Throughout the 1960s pollution research in the old

Nature Conservancy was concentrated on identifying,
explaining and publishing the widescale and harmful

effects certain persistant insecticides and industrial
pollutants had on wildlife. The emphasis was primarily

ecological, and physiological studies were restricted to
fairly straightforward histological techniques. Research

of this kind remains important to the NCC, which is
commissioning studies at Monks Wood, but in addition

ITE scientists are beginning to investigate the subtle and
long term effects that sub-lethal doses of pollutants may

have on the performance of individual species and
populations, and a fuller understanding of physiological
mechanisms is relevant to this theme. Two new pro-

grammes have recently started.

The first is concerned with pollutants in aquatic

habitats. The study of any pollutant requires a know-

ledge of its distribution, movement and biological

effects and some reliance has to be placed on laboratory

experiments. Compared with most ecosystems, it is
much easier to simulate aquatic habitats in the labora-

tory and, with this aim, a continuous flow system has

been installed at Monks Wood. Local artesian water is

saline, so tap water has to be deionized and then

reconstituted to very strict tolerance limits before being

distributed at controlled temperatures to a series of
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aquaria containing the experimental subjects. In this

way, freshwater molluscs and other animals can be
exposed for long periods (6 months to 3 years) to very
low concentrations of selected agents. Initial studies are

being focused on two toxic metals (lead and cadmium)

and one which is essential for life (zinc). By using

atomic absorption spectrophotometers, electron probes
and ion probes to measure heavy metal levels, it is

possible to determine the rate of uptake of these foreign

agents and the time and concentration at which steady

states are achieved. One of Dr Moriarty's main con-

cerns is the measurement of rate constants in different

species and situations, so as to understand in detail why

pollutants are distributed unevenly within organisms ;

such knowledge should also explain differences be-
tween species. This research is particularly important

because we now appreciate that, in aquatic systems at

least, the food chain concept does not explain the
varying distribution of pollutants in organisms. In fact,

knowledge of the relationship between exposure and

uptake of a pollutant is fundamental to all our work.

Meaningful studies of the relationship between exposure

and residue demand detailed chemical studies,

because the form in which a chemical occurs greatly
affects its intake ; this remit is the responsibility of Dr K.

Bull. It is essential to balance laboratory studies with

field observations and these are being made on the
Ecclesbourne River in Derbyshire, which has unusually

high levels of lead, cadmium and zinc in its sediments.

Laboratory experiments help in the interpretation of

field observations and these in turn pose problems

suitable for study in the continuous flow system. The

major ecological input into the aquatic pollution group

is being provided by Dr A. Scorgie, whose special

concern is the effect of aquatic herbicides. Attention is

centred on a new chemical, cyanatrin. Preliminary
trials show that this agent is a particularly efficient

herbicide at very low concentrations. Accordingly, if

unnecessarily high application rates are employed there
is a big risk that aquatic vegetation could be destroyed

over a much wider area than was intended. This is partly

a consequence of the very high diffusion rate of

cyanatrin in water and unless sensible precautions are

taken this poses a very real threat to those plants, and

their associated fauna, which are valued by wildlife

conservationists.

The second new programme involves Dr S. and Mrs B.

Dobson, Dr R. K. Murton and Mr N. J. Westwood and is

designed to understand how organochlorine com-

pounds, particularly DDT and its metabolites, the poly-

chlorinated biphenyls (PCB's) and dieldrin, cause

abnormal behaviour and reduced reproductive success,
including egg shell thinning, in birds. All animals exhibit

diurnal rhythms of metabolism, including diurnal fatdepo-
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sition and annual cycles involving such periodicfunctions
as gonad recrudescence, moult and preparationfor migra-
tion. These circadian and circannual rhythms are linked
by photoperiodic mechanisms to the environmental cycle
of day and night and the uptake and mode of action of
pollutants has to be viewed against this background.
Furthermore, most of these rhythms depend on endocrine
secretions and it is already known that organochlorine
compounds interfere with thyroid and adrenal function.
Accordingly, the critical measurement of plasma titres of
various hormones is central to the programme and forth is
purpose we have recently installed automated gamma
and beta scintillation counting facilities, thereby enabling
sensitive and specific radioimmunoassay techniques to
be employed. It is now possible to take plasma samples at
one hour intervals throughout a 24 hr cycle from birds
the size of a pigeon. From each sample gonadotrophin,
corticosteroid, thyroxin and androgen/oestrogen levels
can be quantified. This means that for the first time the
precise endocrine changes induced by a pollutant can
be measured in both free-living and captive subjects.

R. K. Murton

Work of special subdivisions and centres

CULTURE CENTRE ALGAE AND PROTOZOA

Introduction
The Culture Centre of Algae and Protozoa became part
of ITE in November 1975; after many years as an
independent NERC Institute. It seems appropriate there-
fore to insert in this Report an account of the work of
this internationally famous group.

CCAP traces its origin back half a century when
Professor E. G. Pringsheim set up his culture collection
in Prague. Cambridge University assumed responsibility
for the collection in 1 947 and retained it until 1970,
when it was taken over and expanded into the Culture
Centre of Algae and Protozoa by NERC. Culture collec-
tions play an indispensable role in microbiology by
providing a source of authentic and documented mater-
ial for teaching, research and many other purposes,
including bioassay and the screening of pesticides and
pharmaceutical products. More than half of the nearly
two thousand strains maintained at CCAP have been
the subject of at least one publication and about a
quarter of the collection is of taxonornic type material.
Several recent working parties have stressed the need
for more taxonomic knowledge of the micro-organisms
of soils and aquatic habitats of all kinds. Cultures play
an important role as the basis for comparative studies
and in the provision of uncontaminated material for
nutritional, autecological and other studies.

Information

The value of a culture depends largely on the available
data relating to the organism. CCAP, like other major
collections, has become a centre of information and
expertise, but problems of handling information have
become acute. Steps are now being taken, aided by
ITE's Subdivision of Data and Information, to apply
computer techniques to these problems. Close liaison
is being maintained with the World Federation of
Culture Collections (WFCC) which aims to establish a
single, world-wide data bank for all strains in culture,
including bacteria, viruses, fungi, algae and protozoa.
The WFCC has already produced a World Directory of
Collections of Cultures of Micro-organisms which lists
all the species, but not the strains in culture.

Preservation of cultures
For several years, it has been standard practice to
maintain cultures of bacteria and other organisms by
drying or freezing techniques which reduce the risk of
mutation and other hazards inherent in maintaining
active cultures. Progress in the preservation of algae and
protozoa has been, and still is, largely sporadic, but,
since the appointment of a cryobiologist in 1974, CCAP
has taken the lead in methodical research in this field.
The project has two objectives; first, to develop the
methods and, second, to put these methods into regular
use. So far, over 70 strains of  Chlorella  have been pre-
served in liquid nitrogen, with survival rates of over
60%—a much higher figure than that expected from
lyophilised cultures of many bacteria. The ability of
algal strains to withstand direct freezing has been shown
to correlate so well with conventional taxonomic
characters that it has already been used to confirm or
contradict the identification of particular strains.
Resistance to freezing also has ecological significance
yet to be fully explored.

Research
Most of the research done at CCAP is taxonomic, often
assisted by electron microscopy. The organisms
involved are mainly pigmented or colourless flagellates
which form a major portion of the biomass in aquatic
habitats and which also occur in all kinds of soils. The
other main taxonomic field is that of the naked amoebae,
for which a comprehensive key to the freshwater and
terrestrial species is now in the press. Our taxonomic
work is directed to the abundant and widespread
organisms and is directed to the scarcer forms only
when scholarship demands. As well as crossing the
conventional boundary between plant and animal, our
researches frequently lead back and forth from fresh-
water to marine, and free-living to parasitic because
either the one species or closely related species trans-



gress these boundaries, which have been given undue
importance by long-established interdisciplinary barriers
separating, for example, botanists, zoologists and
parasitologists.

Electron microscopy is an essential tool for much
taxonomic study and even for the specific identification
of some of our organisms. Many flagellates previously
thought to be lacking in readily recognisable features are
now known to be clothed in scales which are so small
as to be beyond the resolving power of the light micro-
scope. These scales are usually complex structures and
quite specific in their pattern. Freeze-fracture techniques
are being developed, partly to aid recognition of
membrane damage due to freezing in the course of cell
preservation, and partly to aid cytological investigation
into problems such as the intracellular site of origin of
extracellular scales. It is interesting to note that the
apparatus involved is being developed for about a tenth
of the cost of its commercially available counterpart.

Demand for cultures

Over the last four years, demand has been fairly steady
at about 4,000 cultures per year. Three-quarters of these
cultures go to universities and polytechnics, etc in
Britain for teaching or research and over 10% go
overseas, 27 countries being supplied in 1975. About
100 cultures go to government laboratories and a similar
number go to industry in this country.

E. A. George

Subdivision of chemistry and instrumentation

THE ROLE OF THE SUBDIVISION

The Subdivision of Chemistry and Instrumentation was
created to accommodate most of the technical staff
who provide the essential background support for the
Institute's research programmes. In a sense, this had
produced an unnatural grouping of scientists and
technicians, in some cases with little in common with
each other. This factor, together with the problems
arising from geographical separation and previous
research connections have made it difficult to weld
together a closely knit and effective Subdivision.
Nevertheless, by the end of the first full year, consi-
derable progress had been made, much to the credit
of all the staff concerned.

Chemical sections

The chemical staff comprise the largest single compo-
nent in the Subdivision, and, for historical reasons, are
based entirely at Merlewood and Monks Wood, mostly
in two analytical sections. The chemical laboratories at
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Merlewood were established to provide chemical data
on ecological materials in connection with the research
projects of the then Nature Conservancy. Later, the
work expanded to cover a variety of environmental
topics and the section now employs a staff of eleven.
The smaller Monks Wood unit arose out of the need to
determine organic pesticides, and in particular organo-
chlorines in avian materials. The distinction between the
expertise and facilities at the two laboratories has
continued to form the basis for their work and the
intention is to make them fully complementary. As an
example of this, the automated equipment of the
Merlewood laboratories was considered more appro-
priate for the large demands made by the sulphur
pollution projects, whereas the experience with gas
chromatographic techniques developed at Monks Wood
for the pesticide analyses led to them being applied in
the examination of monoterpenes for taxonomic
purposes.

The service provided by the two Analytical Sections is
very extensive, and, during the course of a year, a large
number and variety of samples and chemical character-
istics are processed. Clearly, it is not practicable to list
all these here but a few examples are given later to
illustrate their variety. The service work is mostly
associated with ITE projects, but the Analytical
Sections do carry out direct contract work for external
customers. These have included the Nature Conser-
vancy Council, the Forestry Commission, universities,
local authorities and even a foreign research institute.
Samples are also sent in from other NERC institutes,
notably from the British Antarctic Survey.

Engineering section

In contrast to the chemical staff, the engineers are
distributed between several stations. This distribution
is to some extent necessary to provide a construction
and repair service at each station. However, there is a
pressing need for a specialist engineering centre
capable of producing the complex instrumental systems
so often needed in modern research. Unfortunately,
limitations in staff have made it difficult to arrange a
structure which provides adequately for both the local
and central engineering requirements. The result is a
compromise, with a small specialist unit proposed for
Bangor serving the whole of ITE, and an engineer at
each of the three larger stations (Bush, Merlewood and
Monks Wood). The smaller stations have, for the
present, to depend on part-time or contract assistance.
The work of all the engineering staff is co-ordinated by
a recently-appointed Senior Engineer, Mr G. H. Owen.

Despite the organisational difficulties, the engineers
have been able to meet most requests during the year.
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Many of these are relatively simple jobs, but it has also
been possible to tackle some major projects which have
involved development and construction lasting several
months. Some of these are described in more detail
below.

Glasshouse and nursery unit
All the members of this unit are based at the Bush
Laboratory where most of ITE's glasshouse and nursery
facilities are located. Most of the research projects
which require .the support of the Unit's staff are also
associated with the same station, a situation resulting
from the role of the former Institute of Tree Biology.
Since plant propagation and growth studies are
essentially long term in nature, and a high capital
investment is involved, the Bush laboratories are likely
to remain as the principal centre for this type of work for
the forseeable future. However, this concentration does
not prevent smaller scale development at other stations
and the appointment of Mr R. Ottley as Senior Nursery-
man for ITE will encourage further development. It is
also planned to make more use of the Bush nursery
facilities for the benefit of staff elsewhere.

The considerable scale of the propagation and culture
work does mean that the staff are committed to a great
deal of general maintenance work involving watering,
feeding, preparation of soil mixtures and beds, seeding
and pricking out, checking the glasshouse ventilation
and heating systems and the many other jobs associated
with nursery work, some of it on seven days a week. A
few of the experimental studies are summarised later.

Other technical functions -
Apart from the principal support activities discussed
above, there are other minor technical interests which
are the responsibility of the Subdivision. One of these
concerns the provision and use of scientific equipment
in ITE. This task involves examining requests for new
equipment, checking whether the needs can be met by
redeploying existing equipment and generally ensuring
the equipment is being used to its best advantage. The
current economic situation has given fresh incentive
to these activities. (Plate 58.)

Almost as an offshoot from the concern over efficient
use of instrumentation a certain degree of coordination
has been needed over radiochemical facilities. Four of
the stations were equipped for experiments with
radiochemicals, and at two of them (Merlewood and
Monks Wood) automatic scintillation counters have
been installed. These were primarily associated with
specific projects, but the increasing desire to use
radiochemicals for other experiments, has resulted in a
limited service requirement. The Subdivision of Chemis-

try and Instrumentation is responsible for organisation
and liaison on these matters in conjunction with the
other groups concerned.

Most research institutes have one or more full time
photographers on their staff, but, for a number of
reasons, this has not been possible yet within ITE. The
individual stations have the usual darkroom and photo-
graphic equipment. These are administered through a
local officer linked with an officer at Merlewood who
has an overall responsibility on coordination, ordering
and advice (C. Quarmby). It is hoped to provide a few
specialised photographic services by making use of
equipment at Colney (P. G. Ainsworth).

RESEARCH AND DEVELOPMENT PROJECTS

A few of the special projects undertaken by the
Subdivision's staff are reviewed below. Some are
classed as research projects, but most are subsidiary
studies concerned with technical problems or con-
struction jobs.

Plant nutrient survey and data banking
All the outstanding chemical analyse,s from the national
survey on plant nutrients were completed and some of
the data was processed during the year. Initial attention
was given to the inter-relations of various nutrient
elements in the leaves of the different species. Soil
values were also examined. Interpretable and stable
relationships between plant nutrients and environ-
mental variables have been detected, and work on these
data is continuing.

With the assistance of Mr D. D. French, a series of com-
puter programs was devised which made it possible to
use the small Merlewood Research Station computer for
a relatively complex data bank. A start was made in
selecting and transferring data for this bank, making
use initially of the plant nutrient survey data.

H. M. Grimshaw S. E. Allen

Sulphur pollution studies
The Merlewood Analytical Section has been heavily
involved in the group of sulphur pollution projects
reviewed elsewhere in this report. A great deal of
development work has been required to produce
satisfactory methods for extracting and fractionating
sulphur compounds in plant materials. Analytical
methods for their subsequent determination have also
had to be examined in detail because none of the
existing sulphur methods have been universally
accepted and they are not readily applicable to auto-
mation. For the surface and inorganic sulphur fractions,
it was necessary to examine different extractants and



extracting conditions. Samples for these and other
investigations were obtained from a number of pollution
zones, the main sites being in the Sheffield area. The
samples were also examined in relation to weather
conditions, and it was established that a very heavy
build up of surface sulphur occurred during long dry
spells and this concentration was washed off very
rapidly as a result of heavy rain.

In the laboratory, attempts were made to adapt most of
the published sulphur analytical techniques to auto-
mation. The most satisfactory of the methods was
found to be one in which a lead salt was used to
precipitate the sulphate ion before measuring the excess
lead by atomic absorption. This method was adopted
for the determination of sulphate in the surface wash-
ings. A simplified turbidity method was used for other
norganic fractions and X-ray fluorescence was used

for the organic fraction. The schematic outline sum-
marises this section of the work. (See Figure 21.)

S. E. Allen J. A. Parkinson A. P. Rowland
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Comparisons with past records of chemical data

Two service projects have involved the analyses of soil
samples collected from sites which had previously been
examined over twenty years earlier. The projects
included one from the Forestry Commission who were
looking at changes on some woodland sites studied in
the past by Dr Ovington and which at the same time
attracted a great deal of interest. The other samples
came from the Gisburn site, where the effects of tree
growth on an upland site are being examined over a
long period (Project 367). Since both investigations
involved comparisons with past data, it was necessary
to see how far it was possible to reproduce the analytical
conditions used by previous workers. In view of the
large numbers of samples involved, it was not practi-
cable to stick entirely to the relatively tedious pro-
cedures formerly used and special correlation tests were
then needed. In the course of the work, some soils
which had been stored for fifteen years or more were
examined, and some unexpected changes were
detected, particularly in the levels of extractable
phosphorus.

J. A. Parkinson H. M. Grimshaw

Nature Conservancy Council contract analyses

Some of the contract work coming from the staff of the
Nature Conservancy Council has had unusual features.
Examples include :

(1) Weekly monitoring of water from the Ainsdale
Nature Reserve in connection with an unexpected
mortality of Natterjack toads.

(2) Analysis of soils and plants, from the Lizard
Nature Reserve following seepage from a nearby
abattoir.

(3) Examination of mud samples from the Arne
peninsula in Dorset in relation to proposals to extract
china clay.

(4) Examination of estuarine muds to determine the
effects of pollution on the feeding grounds of waders.

(5) Tests on samples to check the effects of farm and
sewage seepage on an adjacent peat moss.

(6) Analysis of waters flowing from abandoned mine
Workings and waste tips for heavy metals.

J. A. Parkinson J. D. Roberts

The use of monoterpenes for taxonomic purposes

Over the year, much more work has been done on this
subject. Early studies were done in the Merlewood
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Laboratories on Scots pine. In this period, the basic
methods for extracting the samples and gas chromato-
graphic separation were worked out. Towards the end
of the year, the Monks Wood Analytical Section took
over responsibility for the terpene work. The major
innovation then possible was the coupling of the GC
output to an integrator. The results obtained with this
device are far more precise than those obtained by the
earlier triangulation methods and a higher rate of pro-
duction has been possible. In addition, by using the
mass spectrometer it has been possible to identify some
of the less common constituents. The taxonomic
studies have now been extended to include Lodgepole
pine.

M. C. French C. Quarmby

Examination of samples treated with asulam
Asulam is a selective herbicide now widely used for the
control of bracken. It is a sulphonamide derivative and
its effectiveness as a herbicide is probably due to its
interference in the folic acid metabolism. The effects of
sub-lethal doses of asulam are being studied in
Dryopteris dilatata  and  Blechnum spicant  (Project 48).
Samples from these experiments had to be analysed
immediately for total asulam. The method used had
been developed in the laboratories of May and Baker
Ltd., but a number of modifications were required. In
particular, the sequence of solvents for the liquid—liquid
extractions were changed and it was finally possible to
achieve a consistent recovery of 78% over a range of
10-100012g/g asularh. The results are expressed by
relating the weight of asulam found in a given plant to
the surface area of the fronds.

C. Quarmby

Examination of birds and eggs for organic pesticides
The year saw the completion of a long-term survey in
which guillemot and razorbill eggs were examined for
organochlorine compounds. The samples had been
obtained from sites around the coast of Great Britain.
Other analyses were carried out in connection with
suspected poisoning incidents. Poisoning was estab-
lished in the case of Greylag geese (due to carbo-
phenothion) and sparrows (aldrin), but the many
other incidents were all shown to be negative. There
was an unusual case involving some grebes, killed it
was thought by pesticide poisoning, although it was
later shown that an algal bloom had been responsible.

M. C. French R. J. Mellor

Special activities of the Nursery Unit
The most demanding of the projects which have
involved the Glasshouse and Nursery staff has been the

one concerned with vegetative propagation studies on
threatened tropical tree species. The three species being
studied are  Troplochiton sceroxylon, Gmelina  spp. and
Cedrela odorata.  The watering and feeding regime for
these plants is particularly demanding and the ambient
conditions have to be controlled by the use of an inner
chamber within the main glasshouse.

Another major project which has involved the Unit's
staff in 1975 has been a study on the wear resistance
and recovery of sports turf mixtures. Plots have been
established at three separate sites and a particular
problem has been the difficulty of standardising treat-
ments at those different sites, especially in view of
variable weather conditions. The plots are subject to a
wear programme designed to stimulate the damage
they will receive during sporting activities. This pro-
gramme is being carried out in conjunction with staff
at Monks Wood and at the Sports Turf Research
Institute's trial grounds at Bingley.

The Unit is also contributing to studies on the recolon-
isation of industrial spoil heaps. In this work, the main
requirement is for the creation of a clone bank of
tolerant strains and species.

R. F. Ottley

Growth cabinet studies
The year was particularly successful and trouble-free
for the use of the growth cabinets at Colney Research
Station. Experiments on germination and growth from
tillers under different light conditions were carried out
using genotypes of  Puccinellia maritima.  Other growth
rate studies involved sand dune annuals, and culture
experiments were carried out on salt marsh algae.

In September, a conference on the use of growth
cabinets for ecological purposes was sponsored at
Sheffield University in cooperation with Dr I. Rorison
of the Unit of Comparative Plant Ecology. It was a good
opportunity for everyone present to exchange know-
ledge about the use and technical problems of growth
cabinets. Recommendations were made for their future
development in ITE.

R. J. Parsell

Single digestion technique
Before analysing plant and soil samples for their total
nutrient contents, using wet chemical techniques, it is
necessary to decompose the sample by acid oxidation
or dry combustion methods. A real difficulty is always
caused through having to carry out at least two separate
operations to include all the mineral nutrients, phos-
phorus and nitrogen. A single digestion method was



developed, based on the use of hydrogen peroxide and
sulphuric acid in the presence of lithium sulphate and
selenium, by which it was possible to produce a single
solution in which all the above elements could be
estimated. Three reports have been published describing
this work.

S. E. Allen J. A. Parkinson

Engineering construction
A few examples of jobs carried out by the Engineering
Section are given here to illustrate the range of work
carried out.

(1) Instruments were constructed for recording bat
movements. These incorporate two photoelectric
detector heads to detect whether a bat enters or leaves
a hole. These detectors are used in conjunction with a
pre-set printing counter. Entry or departure can be
determined by the order of passing the detector heads.
(Plate 59.)

(2) Some relatively simple, but ingenious, time-lapse
cameras have been constructed by coupling a pre-set
magnetic device to close the shutters of some inex-
pensive cine cameras. The assembly works from a dry
battery and is robust enough for field use.
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(3) A rather more massive piece of equipment has been
assembled for seed germination experiments. In this
instrument, a bank of thermogradient bars has been
constructed to operate across any temperature range
between 0 and 50°C. The low temperatures are
achieved by using a thermoelectric cooling system
backed up by a refrigeration unit. The hot end is con-
nected to constant voltage heaters. Allowance has
been made for monitoring the temperature of each bar
with precision thermistors. Apart from its use for seed
germination studies, the equipment can be adapted for
experiments with seedlings. (Plate 60.)

(4) A salinity meter has been constructed for the
measurement of salinity in dune slacks, although it can
also be adapted for use in estuarine waters and muds.
The head of the meter contains two toroidal cores and a
signal fed into one, when compared with the output
from the other, can be related to the ambient salinity.

(5) A considerable effort went into the development
and construction of small radio transmitters which
could be attached to birds and small animals to enable
their movements to be followed. Progress was most
encouraging, but the work has had to be temporarily
suspended.

G. H. Owen C. R. Rafarel V. W. Snapes
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Projects
listed by subdivisions as at January 1976

KEY ANIMAL ECOLOGY: VERTEBRATE ECOLOGY

Station  code 54 V. P. W. Lowe Red deer ecology on Rhum 2
1 Monks Wood Experimental 56 V. P. W. Lowe Red deer/Sika taxonomy 2

Station 57 V. P. W. Lowe Bark stripping by Grey squirrels 2
2 Merlewood Research 59 V. P. W. Lowe Taxonomy of the Red squirrel 2

Station 67 J. D. Goss-Custard Prey selection in redshank 3
3 Colney Research Station, 68 J. D. Goss-Custard Dispersion in waders 3

Norwich 104 B. W. Staines Distribution and segregation of Red deer 7
4 Furzebrook Research 105 B. W. Staines Movements of marked Red deer 7

Station 106 B. W. Staines Red deer food studies 75 Edinburgh (Bush)
6 Edinburgh (Hope Terrace)
7 Banchory (Brathens)

109 B. Mitchell
111 B. Mitchell

Annual cycles in Scottish Red deer
Population dynamics of Red deer

7
7

8 Banchory (Blackhall) 116 P. S. Maitland Freshwater survey of Shetland 6
9 Bangor Research Station 117# P. S. Maitland Freshwater synoptic survey 6

10 Cambridge HQ 123 P. S. Maitland Zoobenthos at Loch Leven 6
11 NERC 124 P. S. Maitland Fish distribution and conservation 6
12 Cambridge CCAP 134 D. Jenkins Shelducks at Aber lady Bay 7

135 N. Picozzi Research on buzzards 8
Project status 136 N. Picozzi Hen harrier ecology 8
•  Proposal not yet approved

by management group
t Paid for by external

contract
#  Supported by Nature

Conservancy Council funds

137# I. Newton
138# M. P. Harris
159 D. C. Seel
291# R. E. Stebbings
292# R. E. Stebbings

Sparrowhawk research
Puffin research
Upland bird project
Population ecology of bats
Specialist advice on bats

6
7
9
1
1

Supported by Department 322 D. Jenkins Aquatic mustelids 7
of Environment funds 3251- I. Newton Carrion-feeding birds in Wales 6

326 J. D. Goss-Custard Prey selection in wading birds 3
363 N. Charles Dispersion of Field \ides, Scotland 6
386 H. Kruuk Behaviour and dispersion of badgers 7
391 V. P. W. Lowe British mammals (Red fox) 2
416 J. D. Goss-Custard Burry inlet cockle/oystercatcher data 3
420 V. P. W. Lowe Intraspecific variation in Polar bears 2
427 J. D. Goss-Custard Weight loss in waders 3
430 D. Jenkins Dynamics of Mute swan population 7
439 B. Mitchell Red deer population on Isle of Scarba 7
442 R. Moss Ecology of capercaillie 8

ANIMAL ECOLOGY: INVERTEBRATE ECOLOGY

64 S. McGrorty Intertidal invertebrate surveys 3
64 S. McGrorty Invertebrate population studies 3
66 S. McGrorty Variation in strandlines 3

161 A. Buse Littoral fauna of Llyn Peris 9
1621: A. Buse Freshwater gastropods in North Wales 9
185 B. N. K. Davis Effect of urbanisation 1
188 R. C. Welch Woodland invertebrates 1
201 E. Pollard The White admiral butterfly 1
202 E. Pollard The Roman snail
203 J. P. Dempster The Cinnabar moth
2041: E. Pollard Assessing butterfly abundance
205 E. Pollard Invertebrates in hawthorn hedges
229 M. G. Morris Ecology/taxonomy  — Spanish hemiptera 1



2331: M. G. Morris
234 E. Duffey
236 E. Duffey
241 L. K. Ward
2431: L. K. Ward
255 G. W. Elmes
256 B. Pearson
261 B. Pearson
262 A. Abbott
270 P. Merrett
271 P. Merrett
272 N. R. Webb
273 N. R. Webb
274 N. R. Webb
277 N. R. Webb
278 P. Merrett
293 L. K. Ward
295 L. K. Ward
2961: L. K. Ward
3091: L. K. Ward
338 A. Buse

381 D. G. George
393 J. P. Dempster
399 B. N. K. Davis
4001: J. A. Thomas
403 J. A. Thomas
404 J. A. Thomas
4051: R. C. Welch
406 P. T. Harding
407 R. C. Welch
414 P. Merrett
423 A. M. Nicholson
450 P. E. Jones

ANIMAL ECOLOGY: ANIMAL

176 F. Moriarty
1781: J. Pars low
1791: J. Pars low
1811: A. A. Bell
1821: H. R. A. Scorgie
183 A. S. Cooke
193 N. J. Westwood
195 R. K. Murton
198 R. K. Murton
199 R. K. Murton
200 R. K. Murton
289 F. Moriarty
422 R. K. Murton
436 A. Tye
444 S. Dobson

Cutting experiment (Hemiptera)
Grassland management by fire
Invertebrate populations in grass sward
The fauna of Box
Scrub succession at Aston Rowant NNR
Ecology of  Myrmica  species
Protein electrophoresis
Caste bias in  Myrmica  eggs
Digestive enzymes
Distributional studies on spiders
Spider populations on gorse
Decomposition of  Calluna  litter
Productivity of  Steganacarus magnus
Soil microbes and soil fauna
Moth collection by light trap
Spider populations on heather
Study of fauna in juniper
Survey of juniper in N. England
Scrub management at Castor Hang lands
Phytophagous insect data bank
Role of birds in spread of NPV (Nuclear

Polyhedral Virus)
Plankton populations in Loch Leven
The Swallowtail butterfly
Isolated phytophagous insects
Ecology of Large blue butterfly
Black hairstreak butterfly
Brown hairstreak butterfly
Fauna of mature timber habitat
Non-marine Isopoda
British Staphylinidae (Coleoptera)
Hartland Moor spider survey
Predator/prey relations on heathland
Ecology of pseudo scorpions

FUNCTION

Toxicology of pollutants
Pollutants in seabirds
Pollutants in estuarine waders
Birds of prey and pollution
Aquatic herbicides
Frogs and pollution
Stone curlew and lapwing
Laboratory studies of the feral pigeon
Waterfowl reproduction control
Avian breeding regulation
The Eared dove in South America
Pollutants in aquatic animals
Goshawk predation and toxic residues
Social behaviour of thrushes
Endocrine lesions in birds
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1
1
1
1
1
4
4
4
4
4
4
4
4
4
4
4
1
1
1
1

9
6
1
1
4
4
4
1
1
1
4
4
1
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ANIMAL ECOLOGY: GROUSE AND MOORLAND ECOLOGY

129 A. Watson
130 A. Watson
131 A. Watson
132 A. Watson

ANIMAL ECOLOGY:

252 M. V. Brian
253 M. V. Brian
258 M. V. Brian
259 M. V. Brian
260 M. V. Brian
264 M. V. Brian
370 M. V. Brian
371 M. V. Brian

PLANT ECOLOGY: PLANT BIOLOGY

2
19
53
58
69
73
79
80
81
82
99

100
101
102
121

E. J. White
E. J. White
A. S. Gardiner
A. S. Gardiner
R. Scott
A. J. Gray
G. R. Miller
G. R. Miller
G. R. Miller
G. R. Miller
N. G. Bayfield
N. G. Bayfield
N. G. Bayfield
N. G. Bayfield
M. E. Bind loss

125 R. E. Daniels
126 R. E. Daniels
127 R. E. Daniels
128 R. E. Daniels
157 D. F. Perkins
158 D. F. Perkins .
160§ D. F. Perkins
166 R. 0. Millar
245 J. Pelham
246 E. D. Ford
247 K. A. Longman
248t K. A. Longman
249 M. G. Canna II
250 R. C. Warren
265 S. B. Chapman
266 S. B. Chapman
267 S. B. Chapman
268 S. B. Chapman
269 S. B. Chapman
329 E. J. White
346 A. J. Gray

Red grouse and ptarmigan populations
Management of grouse and moorlands
Golden plover populations
Effect of human impact on wildlife

HEATHLAND SOCIAL INSECTS

Hartland Moor NNR survey
Tetramorium caespitum  populations
Queen effect of larvae growth
Larvae and worker communication
Queen recognition by workers
I BP ant and termite synthesis volume
Reduction of inter-species competition
Male production in  Myrmica

Meteorological factors in classification
Nutrient input in rainfall
Variation in British woodland trees
Hazel and birch on Shetland
Study of  Cakile
PuccineHia maritima
Glen Feshie vegetation
Red deer grazing of saplings
Creag Fhiaclach vegetation
Seed produced by montane plants
Trial of nature trail questionnaire
Reseed vegetation on Cairngorm
Vegetation trampling on Cairngorm
Mountain vegetation populations
Phytoplankton productivity
Peat land monograph
Peat land bibliography
Mineral utilisation
Blood moss
Snowdonia I BP study
Community processes (physiology)
Fluorein pollution studies
Hippophae rhamnoides study
Genetics of  Betula  nutrition
Physical environment, forest structure
Physiology of flowering
Physiology of root initiation
Morpho-physiological differences
Microbial populations in trees
Aerial production of lowland heaths
Root production and soil organic matter
Organic matter accumulation
Ecology of  Erica ciliaris
Autecology of  Gentiana pneumonanthe
Response of Scots pine
Genecology of grass species

8
8
8
8

4
4
4
4
4
4
4
4

2
2
2
2
3
3
7
7
7
7
7
7
7
7
6
6
6
6
6
9
9
9
9
5
5
5
5
5
5
4
4
4
4
4
2
3



359
410
411
412
419
437

M. G. Cannell
N. J. Collins
S. W. Greene
B. G. Bell
N. G. Bayfield
A. J. Gray

Fibre yield of poplar coppice
Tundra plants (Bryophytes)
Taxonomy of Bryophytes
Genecology of  Racomitrium
Vehicular tracks in Scotland
Further ecological studies on Wash

PLANT ECOLOGY: PLANT COMMUNITY ECOLOGY

Semi-natural woodland.classification
Scottish native pinewood survey
Monitoring at Stone Chest
Monitoring at Kirkconnel Flow
Post-fire vegetation at Shieldag SSSI
Monitoring in North West Scotland
N.W. (E.) England commercial forest survey
Tree girth changes in 5 NNRs
Vegetation changes with grazing
Bryophyte monitoring in Borrowdale
Primary production — Moor House bog
Plant growth of  Molinia caerulea
Landscape perception
Asulam effects on 3 upland pastures
Defoliation of oak seedlings
Establishment of trees at Moor House
Experimental transplants of  Primula vulgaris
Management of sand dunes (E. Anglia)
ZosteralSpartina  mudflat studies
Salt marsh management
Sand dune stabilization
Control of  Spartina
Mature shingle beach vegetation, Sussex
Cliff vegetation methods.
Management of sand dunes (Wales)
Management of birch regeneration
Tree age and woodland history, Scotland
Growth and survival of birch in shade
Seed production of  Betula pubescens
Vegetational succession: a review
Grazing intensities causing change
Assessing animal usage, N.E. Scotland
Grazing effect on 30 sites, Scotland
Importance of dung for botany change
Narthecium ossifragum  and burning
Ecology of a Highland deer forest
Vegetation monitoring at Inverpolly
Forest damage by Red deer
Autecology of  Agropyron junceiforme
Loch Leven macrophyte studies
Sub-montane plant.community key
Limestone pavement survey
Ordination and classification methods
North Wales bryophyte recording
Management ecology of transport routes
"Island" effect on plant communities

1 R. G. H. Bunce
61: R. G. H. Bunce
9 J. M. Sykes

101: J. M. Sykes
111: J. M. Sykes
121: A. D. Horrill
13 M.  W.  Shaw
14 A. D. Horrill
151: A. D. Horrill
161: A. D. Horrill
41 A. J. P. Gore
42 A. J. P. Gore
46 D. R. Helliwell
481: A. D. Horrill
50 M. W. Shaw
55 A. H. F. Brown
60 D. R. Helliwell
701: L. A. Boorman
71 D. S. Ranwell
72 D. S. Ranwell
74 D. S. Ranwell
75 D. G. Hewett
76 D. G. Hewett
77 D. G. Hewett
78 D. G. Hewett
83* J. W. Kinnaird
841: J. W. Kinnaird
851: J. W. Kinnaird
861: J. W. Kinnaird
91 I. A. Nicholson
92§ D. Welch
93§ D. Welch
94 I. A. Nicholson
95 D. Welch
96 D. Welch

112 I. A. Nicholson
113 J. W. Kinnaird
114 I. A. Nicholson
115 I. A. Nicholson
122 R. H. Britton
155 S. D. Ward
156 S. D. Ward
163 M. 0. Hill
165 M. 0. Hill
1841: J. M. Way
1861: M. D. Hooper

Projects 75

5
5
5
5
7
3

2
2
2
2
2
2
2
2
2
2

9
9
1
1



76 Projects

187 M. D. Hooper Vegetation history from opals in soils 1
191 A. Millar Forest management studies 2
225 T. C. E. Wells Population studies on orchids 1
226 T. C. E. Wells Biology of  Hypochoeris maculate  1
2271: T. C. E. Wells Sheep grazing on chalk grass flora 1
2281: T. C. E. Wells Effect of cutting on chalk grassland 1
2371: T. C. E. Wells Organic fertiliser effect on grass 1
2421: T. C. E. Wells Re-establishment of chalk grassland 1
251 J. E. G. Good Amenity tree survey — Lothians region 5
2871: J. Sheail Land use history of 2 fens, E. Anglia 1
288 J. Sheail Nature conservation in Britain 1
318 A. J. P. Gore Peat hydrology 1
3191: M. J. Liddle Amenity grassland 1
3401: D. S. Ranwell Scottish coastal survey 3
3481: T. C. E. Wells Management of MOD areas (Lulworth) 1
3491- L. A. Boorman Map lin Brent goose and wader studies 3
360 J. E. G. Good Trees on industrial spoil 5
362 R. G. H. Bunce Ecological survey of Cumbria 2
367 A. H. F. Brown The Gisburn experiment 2
369§ J. W. Kinnaird Sulphur content of tree leaves and bark 7
3731: J. M. Sykes Survey of wood of Cree SSSI 2
374 L. A. Boorman Sand dune ecology (E. Anglia) 3
377 J. Sheail Environmental perception studies 1
3791: J. M. Sykes Monitoring at Tyndrum SSSI 2
380§ I. A. Nicholson Monitoring of atmospheric SO2 7
383 D. R. Helliwell Shading effect on  Primula vulgaris  2
3871: J. M. Sykes Juniper regeneration at Tynron NNR 2
388 J. M. Sykes Rusland moss survey 2
3891: A. H. F. Brown Management effect in lowland coppices 2
392f A. J. P. Gore Amenity grass-cultivar trials 1
413 I. Wyllie Breeding biology of the cuckoo 1
424 R. G. H. Bunce Ecological survey of Britain 2
426§ I:A. Nicholson Modelling of sulphur pollution 7
427t T. C. E. Wells Vegetation management in country parks 1
435 C. J. Barr Ecology of  Sorbus aucuparia  2
4541: J. M. Sykes NCC monitoring of woodlands 2

PLANT ECOLOGY: SOIL SCIENCE

4 P. J. A. Howard Soil classification methods 2
8 A. F. Harrison Radiocarbon analysis of wood humus 2

17 J. E. Satchell Meathop wood IBP study 2
21 0. W. Heal Decomposition in Meathop wood 2
22 J. C. Frankland Fungal decomposition of leaf litter 2
23 K. L. Bocock Soil temperature in Meathop wood 2
27 J. C. Frankland Fungal biomass — Meathop litter and soil 2
29 A. F. Harrison Phosphorus circulation 2
30 J. C. Frankland Biomass and decay of  Mycena  in Meathop 2
32 0. W. Heal Moor House IBP study 2
.33 0. W. Heal Vegetation decomposition, Moor House 2
34 0. W. Heal Radiation and temperature, Moor House 2
39 A. F. Harrison Phosphorus turnover in soils 2
40 P. J. A. Howard Woodland organic matter decomposition 2
45 0.  W.  Heal Tundra biome I BP 2
51 P. M. Latter Food consumption of Enchytraeidae 2



52 K. L. Bocock
61 A. F. Harrison
871: J. Miles
881: J. Miles
891: J. Miles
90 J. Miles

139 D. F. Ball
140 M. Hornung
141 D. F. Ball
142 D. F. Ball
143 M. Hornung
148 M. Hornung
151 D. F. Ball
153 A. Hatton
154 M. Hornung
358 J. E. Satchell
3681: M. 0. Hill
384 S. M. Coles
398§ 0. W. Heal
431 P. J. A. Howard
432 J. E. Satchell
438 J. C. Frank land
440 0. W. Heal

PLANT ECOLOGY: N.W. WALES ECOLOGY

Biological studies of  Glomeris
Variation in growth of birch and sycamore
Vegetation potential of upland sites
Plant establishment in shrubs
Calluna—Molinia—Trichophorum management
Birch on moorland soil and vegetation
Orkney. Shetland patterned ground
Weathering and soil formation, Whin Sill
Soil chemical variability
Iron and aluminium in brown podzolic soils
Loessic contribution to Pennine soils
Soil erosion on Farne Islands
Soils of IBP sites
Mineralogical methods
Field recording of profile data
Earthworm production — organic waste
Afforestation effect on uplands
Benthic microalgal populations
Upland land use
Soil change through afforestation
Birch litter
Ecology of  Mycena galopus
Chemical composition and litter decomposition

167 R. E. Hughes Pattern of land occupation
168 R. E. Hughes
169 R. E. Hughes
170 R. E. Hughes
1711: R. E. Hughes
172 R. E. Hughes
173 R. E. Hughes
174 R. E. Hughes
175 R. E. Hughes

PLANT ECOLOGY: AIR POLLUTION

244 K. Mellanby

SCIENTIFIC SERVICES:

44 D. K. Lindley
47 C. Milner

118 I. R. Smith
119 I. R. Smith
2061: F. H. Perring
2071: F. H. Perring
2081: F. H. Perring
2091: H. Arnold
2101: H. Arnold
2111: J. Heath
2121: J. Heath
2131: J. Heath
214 D. W. Scott
215 F. H. Perring

Sheep population studies
Mollusc survey
Arctic/alpine vegetation survey
Bracken control with asulam
Vegetation change with grazing
Historical land use studies
Snowdonia vegetation map
Herpetological studies

Biological indicators of air pollution

DATA AND INFORMATION

Information handling and retrieval
Shetland modelling
Lake hydraulics
Physical limnology
Rare species survey
Atlas of British flora
Botanical data bank
Amphibians and reptiles survey
Mammal distribution survey
Lepidoptera distribution maps scheme
Odonata distribution maps scheme
Orthoptera distribution maps scheme
Atlas projects
Biological information network

Projects 77

2
2
7
7
7
7
9
9
9
9
9
9
9
9
9
2
9
3
2
2
2
2
2

9
9
9
9
9
9
9
9
9

1

2
9
6
6
1
1
1
1
1
1
1

1



78 Projects

216 G. L. Radford
217 G. L. Radford
218 G. L. Radford
2191: F. H. Perring
2201: D. W. Scott
2211: D. W. Scott
2221: F. H. Perring
223 J. Heath
224 F. H. Perring
298 D. Brown
299 D. Brown
300 D. Brown
302 M. D. Mountford
303 M. D. Mountford
304 M. D. Mountford
306 P. Rothery
307 P. H. Cryer
308 P. H. Cryer
310 D. F. Spalding
311 D. F. Spalding
312 K. H. Lakhani
313 M. D. Mountford
314 M. D. Mountford
365 H. E. Jones
375 P. Rothery
376 C. Milner
401 K. Lakhani
402 M. D. Mountford
418t J. Heap
421 D. I. Thomas
429 D. K. Lindley
433 D. F. Spalding
434 C. Milner

SCIENTIFIC SERVICES: CHEMISTRY

62 S. E. Allen
263 C. R. Rafarel
378 S. E. Allen

DIRECTORATE PROJECTS

395 M. W. Holdgate
409 M. W. Holdgate

LIST OF PROJECTS NOT YET APPROVED

321* D. Jenkins
339* R. E. Hughes
364* D. R. Helliwell
366* A. H. F. Brown
382* E. Duffey
396* E. J. White
408* F. T. Last
415* R. G. Snazell
417 * D. R. Helliwell

Register of NNRs
Species recording
Event recording
BTO ringing returns
BTO annual ringing analyses
International wildfowl census
Wildfowl ringing returns
European invertebrate survey
Atlas flora Europaea
Detecting regular pattern in plane
Grouse population model
Loch Leven deep water benthos
Population growth and regulation
Method of cluster analysis
Estimation of quantiles
Spatial processes and application
Index of egg shell thickness
Data from multi-compartment systems
Polluted watercourses survey
Data definition and validation
Population dynamics of the shrimp
Seals research
Wytham Wood survey
Competition between grass species
Theoretical models of diet selection
Statistical training
Estimation without monitoring
Biometrics advice to NERC
Effects of boating on angling
Management information system development
Data banking review
Data transmission network
ITE computing services

National plant nutrient survey
Worker ant activity
Chemical data bank

Pollutants and their control
Tristan da Cunha Islands

Research on Red deer
Comparative vegetation studies
Variation in tree seedling growth
Unproductive woodland and coppice review
Management of MOD areas (Breckland)
Sulphur in a woodland ecosystem
Arboriculture : selection
Autecology of  Agelena labyrinthica
Silvicultural systems

9
9
9
1
1
1
1
1
1

10
10
10
10
10
10
10
10
10
10
10
10
10
10

2
10

9
10
10

2
2
2

10
9

2
4
2

7
9
2
2
1
2
5
4
2



425* R. G. H. Bunce
441* J. D. Goss-Custard
443* D. K. Lindley
445* J. H. Belcher
446* D. J. Hibberd
447* F. C. Page
448* E. M. F. Swale
449* G. J. Morris
451* T. V. Callaghan
452* J. W. Kinnaird
453* D. Fowler
455* D. Osborn
456* D. Osborn
457* C. Milner
458* C. Milner

Vegetation survey of Aldabra
Oystercatcher and shellfish interaction
Woodland enumeration
Marine flaggellates taxonomy
Freshwater flagellates taxonomy
Freshwater and marine amoebae
Colourless flagellates taxonomy
Preservation of cultures
Tundra plant growth
Foliar leaching and acid rain
S02 in a Scots pine forest
Heavy metals in vertebrates
Heavy metals in avian species
Grazing models
Shetland publication

Projects 79

2
3
2

12
12
12
12
12

2
7
5
1
1
9
9



Section V

Staff list: April 1976

Institute of Terrestrial Ecology
Headquarters
68 Hills Road
Cambridge CB2 1LA
0223 (Cambridge) 69745

Director
Dr M. W. Holdgate Under Secretary
Miss M. J. Moxham SPS

Publications and  Liaison Officer
Mr M. J. Woodman PSO

Institute Secretary
Mr J. G. Ferguson Principal

Administration and Finance Team
Mr R. T. Collins HEO
Mr W. L. Jones HEO
Miss B. R. Boyden EO
Mrs W. Chrusciak E0
Mr J. R. W. Hanson E0
Mr G. Young EO
Mrs J. N. Minchin CO
Mrs A. R. Maamoun CA
Mr A. C. E. Taylor CA
Mrs E. W. Chambers Aud/T (PT)*
Mrs J. M. Bowen Aud/T

DIVISION OF SCIENTIFIC SERVICES

Subdivision of Data and Information
Mr M. D. Mountford PSO
Mr K. H. Lakhani PSO
Vacant SSO
Mr P. H. Cryer SSO
Mr P. Rothery SSO
Mr D. F. Spalding HSO

c/o Unit of Invertebrate Virology
5 South Parks Road
Oxford
OX1 3UB
0865 (Oxford) 52081

DIVISION OF PLANT ECOLOGY

Subdivision of Plant Biology
Dr J. I. Cooper SSO
Mrs D. McCall ASO (PT)

• (PT) denotes part-time.

Monks Wood Experimental Station
Abbots Ripton
Huntingdon
PE17 2LS
048 73 (Abbots Ripton) 381-8

Head of Division of Animal Ecology
Senior.Officer: Monks  Wood
Dr J. P. Dempster DCSO
Mrs B. J. Stocker PS

Research/Education Officer
Mr P. Hardy HSO

Administration
Station Secretary
Mr J. A. Cheesman HEO
Mrs M. B. Haas CO (PT)
Mrs K. B. King CO (PT)
Mrs P. M. Marshall CO
Mrs J. Pilcher CO
Mrs S. A. V. Pope CO
Mrs M. I. Purdy CO (PT)
Mr J. E. Sanderson CO
Mrs C. M. Shackcloth CO
Mrs V. J. Burton Aud/T
Mrs G. J. Sanderson Aud/T
Mrs M. W. Willis Aud/T
Mrs M. E. Chance Clnr (PT)
Mrs S. Ennis Clnr (PT)
Mrs J. McDowell Clnr (PT)
Mrs P. E. Schietzel Clnr (PT)
Mrs E. Underwood Clnr
Mrs D. I. Abbott H/kpr
Mr T. F. Farrington C/tkr
Mr A. W. Baker E/wkr

ANIMAL ECOLOGY

Subdivision of Vertebrate Ecology
Mr R. E. Stebbings SSO

Subdivision of Invertebrate Ecology
Dr B. N. K. Davis PSO
Dr E. A. G. Duffey PSO
Dr E. Pollard PSO
Dr Lena K. Ward PSO
Dr R. C. Welch PSO
Mr P. T. Harding SO
Mr P. E. Jones SO
Mrs M. L. King SO
Mr G. J. Moller SO
Mr W. E. Rispin SO
Mrs J. M. Welch SO
Miss H. A. Brundle ASO



Mr J. N. Greatorex-Davies ASO
Mr R. Plant ASO

Subdivision of Animal Function

Head of Subdivision:
Dr R. K. Murton PSO
Dr F. Moriarty PSO
Dr P. Ward PSO
Dr A. S. Cooke SSO
Dr S. Dobson SSO
Mr N. J. Westwood HSO
Mr D. Osborn HSO
Dr H. R. A. Scorgie HSO
Mr A. A. Bell SO
Mrs H. M. Hanson SO
Mrs B. C. Dobson ASO
Mrs S. Freestone ASO
Vacant ASO
Mr H. Thomson A/H/kpr
Mrs E. E. C. Wade A/H/kpr

PLANT ECOLOGY

Subdivision of Plant Community Ecology

Head of Subdivision :
Mr A. J. P. Gore SPSO
Dr M. D. Hooper PSO
Dr J. M. Way PSO
Mr T. C. E. Wells PSO
Dr M. J. Liddle SSO
Dr J. Sheail SSO
Mr A. J. Frost HSO
Mr J. E. Lowday SO (Con) t
Mr I. Wyllie SO
Mrs S. A. Bell ASO
Miss R. Cox ASO

Special Group: Air Pollution
Professor K. Mellanby

SCIENTIFIC SERVICES

Subdivision of Data and Information
Dr F. H. Perring PSO
Mr J. Heath PSO
Miss D. W. Scott SSO
Mr H. R. Arnold SO
Miss L. Farrell SO
Miss S. D. Dodson M/Op
Mrs J. Scott CO (Con)
Mrs C. Binge M/Op (Con)

t (Con) denotes Contract Staff.

Subdivision of Chemistry and Instrumentation
Mr M. C. French SSO
Dr K. R. Bull SSO
Mr P. Freestone SO
Mr R. J. Mellor SO
Mr L. A. Sheppard ASO
Mr V. W. Snapes P TO3 (Workshop)

Merlewood Research Station
Grange-over-Sands
Cumbria
LA11 6JU
044 84 (Grange) 2264-6

Deputy Director
Head of Division of Scientific Services
Senior Officer : Merlewood
Mr J. N. R. Jeffers DCSO
Mrs P. A. Ward EO

Administration

Station Secretary
Mrs E. Foster HEO
Mrs M. L. Barr CO
Mrs P. M. Coward CO
Miss V. E. Benson Sh/T
Mrs D. L. Hadwin C/T
Mrs C. G. Kay C/T (PT)
Mrs V. E. Smith C/T
Miss C. R. Legat CA (PT)
Mrs E. Burton Clnr (PT)
Mr M. Casey Clnr (PT)
Mrs V. Pearson Clnr (PT)
Mr P. L. Foster C/tkr
Mr J. Gaskarth E/wrk

ANIMAL ECOLOGY

Subdivision of Vertebrate Ecology
Mr V. P. W. Lowe PSO
Miss S. M. C. Robertson ASO

PLANT ECOLOGY

Subdivision of Plant Biology
Dr T. V. Callaghan SSO
Mr E. J. White SSO

Subdivision of Plant Community Ecology
Mr A. H. F. Brown PSO
Dr R. G. H. Bunce PSO
Mr M. W. Shaw PSO
Mr J. M. Sykes PSO
Mr D. R. Helliwell SSO
Dr A. D. Horrill SSO
Mr A. Millar SSO
Mr N. J. Pearce SO
Mr C. J. Barr ASO
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82 Staff list

Mrs W. J. A. Bowen ASO (PT)
Miss K. E. Dickson ASO (PT)

Subdivision of Soil Science
Head of Subdivision:
Dr 0. W. Heal SPSO
Mr K. L. Bocock PSO
Mr P. J. A. Howard PSO
Dr J. E. Satchell PSO
Dr Juliet C. Frank land SSO (Con PT)
Dr A. F. Harrison SSO
Mr A. D. Bailey HSO
Mr C. B. Benefield HSO
Miss P. M. Latter HSO
Mrs D. M. Howard SO
Mrs G. Howson SO (PT)
Mr M. R. Smith SO
Mr J. K. Adamson ASO
Miss P. L. Costeloe ASO (PT)
Miss A. A. Webb ASO

SCIENTIFIC SERVICES

Subdivision of Data and Information
Mr D. K. Lindley PSO
Mr A. S. Gardiner SSO
Dr Helen E. Jones SSO (Con PT)
Mr. D. I. Thomas SSO
Mrs J. M. Adamson SO
Miss N. M. Hamilton SO

Assistant Librarian
Mr J. Beckett

Subdivision of Chemistry and Instrumentation
Head of Subdivision:
Mr S. E. Allen PSO
Mr H. M. Grimshaw SSO
Mr J. A. Parkinson SSO
Mr C. Quarmby SSO
Mr J. D. Roberts HSO
Mr D. G. Benham SO
Mr A. P. Rowland SO
Mrs F. J. Shaw SO
Miss M. Dewhurst ASO
Mrs V. H. Kennedy ASO (PT)
Mrs E. D. Halliday ASO (PT)
Miss P. E. M. McKinley ASO
Miss J. Wilkinson ASO

Furzebrook Research Station
Wareham
Dorset
BH20 5AS
092 93 (Corfe Castle) 361-2

Head of Subdivision of  Invertebrate Ecology
Senior Officer: Furzebrook
Dr M. G. Morris SPSO

Administration
Station Secretary
Mr F. G. Baxter EO
Mrs M. K. Perkins CO
Mrs R. J. Orr CA
Mrs E. M. Crutchfield Sh/T
Mrs N. M. Fooks Clnr (PT)
Mrs D. S. Malt Clnr (PT)
Mr D. C. P. Malt C/tkr

ANIMAL ECOLOGY

Subdivision of Invertebrate Ecology
Dr P. Merrett PSO
Mr G. W. Elmes S.S0
Dr J. A. Thomas SSO
Dr N. R. C. Webb SSO
Miss V. J. Nibble HSO
Mr R. G. Snazell HSO
Mr A. M. Abbott SO
Mr B. Pearson SO
Mr M. J. L. Skelton SO
Mrs J. C. Wardlaw ASO

Special Merit: Heathland Social Insects
Dr M. W. Brian SPSO

PLANT ECOLOGY

Subdivision of Plant Biology
Dr S. B. Chapman PSO
Mr R. J. Rose ASO

Colney Research Station
Colney Lane
Colney
Norwich, Norfolk
NR4 7UD
0603 (Norwich) 54923-5

Senior Officer: Norwich
Dr D. S. Ranwell PSO

Administration
Station Secretary
Mr B. W. E. Austen EO
Mrs L. A. Jenkins CO
Miss V. J. Knowles Sh/T



ANIMAL ECOLOGY

Subdivision of Vertebrate Ecology
Dr J. D. Goss-Custard SSO

Subdivision of Invertebrate Ecology
Dr S. McGrorty HSO
Mr C. J. Reading SO

PLANT ECOLOGY

Subdivision of Plant Biology
Dr A. J. Gray PSO
Mr R. Scott SO

Subdivision of Plant Community Ecology
Dr L. A. Boorman PSO
Mr R. M. Fuller SO
Miss J. M. Pizzey SO
Miss L. P. Harrison ASO

Subdivision of Soil Science
Dr Susan M. Coles HSO

SCIENTIFIC SERVICES

Subdivision of Chemistry and Instrumentation
Mr P. G. Ainsworth SO
Mr R. J. Parsell SO

Institute of Terrestrial Ecology
Bush Estate
Penicuik
Midlothian
EH26 00B
031 445 4343-6

Head of Division of Plant Ecology
Senior Officer: Edinburgh
Professor F. T. Last DCSO
Mrs M. E. Middleton PS

Administration
Station Secretary
Mr J. Orr EO
Mrs K. Mackay CO (PT)
Mrs A. H. Hogg CO
Miss H. J. B. Watson CA
Mrs J. A. M. Mowat Clnr
Mrs D. S. Innes Clnr (PT)

PLANT ECOLOGY

Subdivision of Plant Biology
Head of Subdivision:
Dr S. W. Greene SPSO
Dr M. G. R. Cannell PSO
Dr K. A. Longman PSO
Mr J. Pelham PSO
Dr E. D. Ford SSO

Mrs D. M. Greene SSO
Dr R. R. B. Leakey SSO (Con)
Dr P. A. Mason SSO
Vacant SSO
Dr Shelagh M. Baxter HSO
Mr B. G. Bell HSO
Dr N. J. Collins HSO
Mr J. D. Deans HSO
Dr R. Milne HSO
Miss V. R. Chapman SO (Con)
Miss J. M. Clarke SO (Con)
Miss J. Dolman SO
Dr Mary L. Edwards SO
Mrs L. C. Lamont SO
Mr K. Ingleby ASO
Miss S. Knees ASO (Con)
Mr I. D. Leith ASO
Miss A. F. 0. Rossetti ASO
Mr R. H. F. Wilson ASO
Vacant ASO
Vacant ASO
Mrs M. C. H. Harper Typist

Subdivision of Plant Community Ecology
Mr D. Fowler HSO *
Mr R. C. Munro ASO

SCIENTIFIC SERVICES

Subdivision of Chemistry and Instrumentation
Mr R. F. Ottley HSO
Mr F. J. Harvey ASO
Mr J. W. McCormack P TO4

Institute of Terrestrial Ecology#
c/o Nature Conservancy Council
12 Hope Terrace
Edinburgh
EH9 2AS
031 447 4784-6

Administration
Mrs S. M. Adair

ANIMAL ECOLOGY

CO (PT)

Subdivision of Vertebrate Ecology
Dr P. S. Maitland PSO
Dr. I. Newton PSO
Mr W. N. Charles SSO
Mr K. East HSO
Mr M. Marquiss HSO
Mr K. H. Morris ASO

Subdivision of Invertebrate Ecology
Dr D. G. George HSO

Senior Office and Station Secretary as for Institute of
Terrestrial Ecology, Bush Estate, Penicuik.
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PLANT ECOLOGY

Subdivision of Plant Biology

Dr Margaret E. Bind loss SSO
Dr R. E. Daniels SSO
Miss E. M. Field HSO
Mr T. D. Murray SO

Subdivision of Plant Community Ecology
Mr J. E. A. Procter PSO
Dr A. E. Bailey-Watts SSO
Vacant SSO
Mr A. Kirika ASO

SCIENTIFIC SERVICES

Subdivision of Data and Information
Mr I. R. Smith PSO
Mr A. L. Lyle ASO

Institute of Terrestrial Ecology
Hill of Brathens
Glassel
Banchory
Kincardineshire
AB3 4BY
033 02 (Banchory) 3434

Head of Subdivision of  Vertebrate Ecology
Senior Officer: Banchory
Dr D. Jenkins SPSO
Mrs E. H. Weir PS

Station Secretary
Administration
Mr J. Kerr EO
Miss W. A. Anderson CO
Mrs M. P. Stevenson CO
Miss E. S. C. Hynds C/T
Mrs M. D. Griffin Clnr (PT)
Mrs R. Ritchie Clnr (PT)
Mr C. Griffin C/tkr

ANIMAL ECOLOGY

Subdivision of Vertebrate Ecology
Dr H. Kruuk PSO
Dr B. Mitchell PSO
Dr M. P. Harris SSO
Mr D. McCowan SSO
Dr B. W. Staines SSO
Mr T. Parish HSO
Miss J. M. Crisp SO
Vacant ASO

PLANT ECOLOGY

Subdivision of Plant Biology
Dr G. R. Miller PSO
Dr N. G. Bayfield SSO

Mr R. P. Cummins HSO

Subdivision of Plant Community Ecology
Mr I. A. Nicholson PSO
Mr J. W. Kinnaird SSO
Mr D. Welch SSO
Mr I. S. Paterson HSO
Mrs C. M. Cummins ASO
Mr D. P. Hughes ASO (Con)

Subdivision of Soil Science
Dr J. Miles PSO
Mr W. F. Young SO

SCIENTIFIC SERVICES

Subdivision of Data and Information
Mr D. D. French HSO

Institute of Terrestrial Ecology§
Blackhall
Banchory
Kincardineshire
AB3 3PS
033 02 (Banchory) 2206-7

Administration
Mrs E. J. P. Allen C/T

ANIMAL ECOLOGY

Special Merit:  Grouse and Moorland Ecology
Dr A. Watson SPSO

Subdivision of Vertebrate Ecology
Mr R. Hewson PSO (DAFS)
Dr R. Moss PSO
Mr N. Picozzi SSO
Mr R. A. Parr HSO
Dr H. H. Kolb SO (DAFS)
Mr M. W. Glennie ASO
Mr D. C. Watt ASO

Bangor Research Station
Penrhos Road
Bangor
Gwynedd
LL57 2LQ
0248 (Bangor) 4001-5

Head of Subdivision of Data and Information
Senior Officer: Bangor
Dr C. Milner SPSO
Mrs A. C. Lloyd PS

§ Senior Office and Station Secretary as for Institute of
Terrestrial Ecology, Hill of Brathens.



Administration
Mrs M. A. Jones EO
Mrs P. M. Carr CO
Mrs E. A. Edwards CO
Mrs M. Owen CO
Miss M. E. Roberts Typist
Mrs J. A. Thomson Sh/T
Mrs 0. M. Jones Clnr (PT)
Mrs K. E. Scroggs Clnr
Vacant C/tkr

ANIMAL ECOLOGY

Subdivision of Vertebrate Ecology
Dr D. C. Seel SSO
Mr A. G. Thomson HSO
Mr K. C. Walton HSO
Mr J. E. Davis ASO (Con)

Subdivision of Invertebrate Ecology
Dr A. Buse SSO
Mrs J. Lutman HSO

ANIMAL ECOLOGY

Subdivision of Plant Biology
Dr D. F. Perkins PSO
Mrs V. Jones SSO
Mr R. 0. Millar HSO
Mrs P. Neep SO

Subdivision of Plant Community Ecology
Mr J. Dale SSO
Dr J. E. G. Good SSO
Mr D. G. Hewett SSO
Mr M. 0. Hill SSO
Mr D. F. Evans HSO
Miss S. A. Stewart ASO

Subdivision of Soil Science
Dr D. F. Ball PSO
Dr M. Hornung PSO
Miss A. A. Hatton SO
Mr P. A. Stevens SO
Mr W. M. Williams SO

Special Group: N.W. Wales Ecology
Professor R. E. Hughes PSO

SCIENTIFIC SERVICES

Subdivision of Data and Information
Mr G. L. Radford

Subdivision of Chemistry and Instrumentation
Senior Engineer
Mr G. H. Owen HSO
Mr C. R. Rafarel HSO

Culture Centre of Algae and Protozoa
36 Storey's Way
Cambridge
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