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Figure 70 Sources of the 13 samples of each of 8 soil
types found in the UK. The samples were used for
analyses of soil fertility.

from 13 different locations spanning the length and
breadth of the UK (Figure 70). After sieving the moist
topsoil samples through a r mesh screen, 24 repli-
cate pots were filled with each of the 104 (8 x13)
soils, and 2 pots of each soil placed per block in a
12-block layout (Plate 14). Four blocks of the 12 were .
each planted with  A. tenuis, T. repens  or  B. pendula.

Irrespective of plant species, growth of 4 seedlings in
each pot (6" diameter) was greatest in the gley soils,
followed by the brown earths, with the podzols and
peats being poorest (Table 33). These main effects
were discernible despite the large differences in per-
formance of the test plants in different soils of the
same soil type. The degree of variation was particu-
larly large in the upland soil types — peaty gleys,
peaty podzols and peats — and least among the
gleys and brown earths. These differences are being
investigated in greater detail, with attempts being
made to relate productivity to soil chemicals and
profile data.

A F Harrison and M Hornung
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INTERACTIONS BETWEEN SOILS, PLANTS  AND DECOM-
POSITION ACTIVITIES

Microbial characteristics of soils in relation to plant
growth are being examined to improve the interpret-
ation of biological soil tests in studies of effects of
land management practices. A positive 1:1 relationship
between radish (Raphanus sativus)growth and chitin
(substrate) decomposition has already been reported
over a range of 76 soils (Latter 1980). The relationship
between plant growth and decomposition, using a simi-
lar range of substrates (chitin, hide powder, cellulose,
wood veneer), is now being examined, using only 5
soils (peat, podzol, peaty gley and 2 brown earths),
sometimes maintained at moisture contents, from
20% to more than 100% of field capacity, for a 6-month
pre-treatment period. Estimates of plant growth and
decomposition were made independently, using dif-
ferent replicate pots. Raphanus sativuswas again used
as a test plant, but Agrostis tenuiswas used in the peat
soil.

In general, there was a positive relationship between
plant growth and rates of substrate decomposition,
with growth being approximately 400% and decompo-
sition 200% greater in the brown earths than in peat.

Rates of growth and decomposition were indirectly
related to 'pre-treatment' soil moisture. Thus, growth
and decomposition were fastest in the soils that had
previously been kept driest. This result should perhaps
be attributed to the effects of wetting after a period of
drought. Pre-experimental storage at a moisture con-
tent in excess of field capacity markedly decreased
plant growth and decomposition analogous to the
effect of temporary flooding. These effects were
greater in the brown earths than in the other soil types
(Figure 71).

In a later experiment, the effects of plant growth on
decomposition were tested using the brown earth and
peaty gley soils. Substrate decomposition tended to
be decreased by the presence of each of the 4 species
of plant tested  (Trifolium repens, Taraxacum officinale,
Plantago major  and Agrostis tenuis),the largest decre-
ase being attributable to  A. tenuis  (Figure 72i).

This inhibition of decomposition by plants may be attri-
buted to competition for nutrients. It has been sug-
gested that this type of competition may be
accentuated where trees are colonized by mycorrhizal
fungi which receive-carbon and energy from their hosts.
Unexpectedly, when the effect of mycorrhizas on de-
composition was tested in co-operation with Dr J
Dighton, using seedlings of  Pinus contorta  and  Betula
pendula with and without inoculated mycorrhizal fungi,
it was found that decomposition was usually acceler-
ated in the presence of mycorrhizas (Figure 72ii).

Pamela M Latter

Reference

Latter,P. M.  1980. Microbial characteristics of soils.  Annu. Rep. Inst.
terr. Ecol. 1979,  111.
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Figure  71  The influence of moisture pre-treatment on (i) the decomposition of chitin, and (ii) plant growth in 5
soils
• •,  brown earths under pasture; •  S.  brown earths under deciduous forest; •  •,  peaty gley
under  Picea sitchensis; •----•,  podzol under  Calluna; •—..-0,  blanket peat.
(Open circles indicate the pre-treatment at field capacity).
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Figure 72 The influence of plants and mycorrhizas on substrate (wood veneer and chitin) decomposition in 3
soils
i. weight loss of wood veneer after 10 months
ii. weight loss of chitin after 40 days in the presence of seedlings of  Pinus contorta  with (+) and without (–)

sheathing mycorrhizas
Tp. Trifolium repens; To, Taraxacum officinale; Pm, Plantago major; At, Agrostis tenuis.



SOIL CHANGE THROUGH AFFORESTATION

The study of the effects of tree species on soils is of
practical importance. It should be possible to anticipate
changes likely to result from the establishment of trees
on poor marginal land, and thus conserve and improve
soil fertility by selecting the most suitable tree species.
Past studies have generally involved measuring gross
changes in chemical elements on a limited range of
sites. Ovington (1953) compared soil conditions in
plots, each planted with a different species, on 5 sites.
In 1974, members of the Forestry Commission and
ITE resampled his plots at Bedgebury,- Kent (10 _tree
species on compact silty clay with imperfect drainage),
Abbotswood, Gloucestershire (7 tree species on a fairly
coarse sandy loam), and West Tofts, Norfolk (5 tree
species on a sandy soil overlying chalky boulder clay).
Only 2 tree species were common to all 3 sites; 5
species growing at Abbotswood also grew at Bedge-
bury. In analysing the data, complications have arisen
because there is only one plot of each species at each
site. There is thus no measure of within-site variation.
Although Ovington sampled at 5 locations within each
plot, there is no published indication of the within-plot
variance which is needed to enable comparisons to be
made of the effects of the different tree species on
soil properties. It was therefore necessary to assume,
somewhat unsatisfactorily, that Ovington's within-plot
variances were the same as those in the 1974 sam-
pling. There were other problems, ie the lack of a 'con-
trol' and the heterogeneity of variances between some
plots. Where these problems could not be resolved by
transforming the data, Fisher's randomization test was
used.

With these reservations in mind, and after the applica-
tion of a variety of analytical procedures, the Bedgebury
pH data suggest that, in 1951, ie 20 years after planting
a clear-felled site, the trees had not begun to exert their
full effect. However, by 1974, effects were discernible.
These were associated with:

i. the quality and quantity of soil organic matter (LOI,
pH, N, P) and changes in those properties brought
about by physiological activities of soil organisms;
and

ii. elements of the soil exchange complex (extractable
K, Ca, Mg, Na) which can be removed by leaching
and can be replaced by weathering of soil minerals,
or by minerals brought up from deeper layers by
tree roots and deposited on the surface in litter fall.

Extractable Ca and Mg were lost from all the Bedge-
bury plots, the magnitude of the loss depending on the
species; changes in the amounts of total N and P varied
with species and soil depth. Bearing in mind the lack
of experimental precision, it nonetheless seems pos-
sible to rank the effects of the different species during
the period 1951 to 1974:
Pinus nigra > Quercus rubra, Pseudotsuga menziesii,
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Nothofagus oblique > Tsuga heterophylla, Chamaecy-
paris lawsoniana, Thuja plicate > Q. petraea > Larix
eurolepis > Picea abies.

Because the changes occurring before 1951 may have
been obscured by the effects of initial site clearance,
it is natural to ask if the 1974 results suggest a stronger
effect of tree species. Although  Pinus nigra,  unlike  Q.
petraea,  is not a species normally associated with soils
with large amounts of Ca, the  P. nigra  plot in 1974 had
the largest Ca content between 5 and 45 cm depth,
the largest Mg content between 15 and 45 cm, and
the largest N content between 5 and 30 cm. However,
the amounts in 1951 were even higher. At that time,
the Ca content of the top 5 cm under  P. nigra was more
than twice that under the shelterbelt, and more than
50% greater than the'next highest Ca content at that
depth (under  P. menziesii). These results suggest that
the  P. nigra  plot initially had unusually large amounts
of Ca and Mg, and that the changes in concentrations
give a better reflection of the effects of  P. nigra  than
absolute concentrations. The same can be said of soil
properties in the neighbouring plots planted with  P.
nigra, P. menziesii, and  N. oblique.  Clearly, spatial varia-
tion at Bedgebury is confounded with the effects, if
any, of tree species.

P J A Howard and Doreen M Howard

Reference

Ovington, J. D.  1953. Studies of the- development of woodland
conditions under different trees. I. Soils pH.  J. Ecol., 41,  13-34.

EARTHWORM PHOSPHATASES AND PHOSPHORUS MINERAL-
IZATION IN PAPER MILL WASTE

One of the objectives of research on the use of earth-
worms in organic waste utilization is the production
of stabilized residues as a plant growth medium. A
large proportion of the phosphorus (P) present in the
organic wastes used for vermiculture is present as
organic complexes which are not available to plants.
For example, of the P in cow manure, 50% is in or-
ganic form. The role of earthworms in P mobilization
may thus be no less relevant to the disposal of or-
ganic wastes than to the management of agricultural
soils.

Research on earthworms which occupy mineral soils
has established that wormcasts are richer in inorganic
P compounds extractable in water than an equivalent
soil which has not been ingested. In part at least, this
difference arises from the activity in wormcasts of
the enzyme phosphatase which releases inorganic P
from organically-bound P. Phosphatases have been
reported from various earthworm tissues, including
parts of the intestine. They are generally thought to
influence the transport of macromolecules. The origin
of phosphatases in wormcasts is not well
understood — they may be secreted by worms or by
microbes in the guts and casts of worms — but,
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whatever the answer, nothing is known of the phos-
phatases in the species of earthworms used in vermi-
culture.

Cultures of 4 earthworm species were established to
study these questions, 3 mainly organic matter feed-
ers (Eisenia fetida, Dendrobaena veneta and Lumbri-
cus rubellus) and one soil-dwelling species (Allolo-
bophora caliginosa). Sterilized paper mill waste — a
sludge of water, cellulose, silt and clay — was used
as the culture medium, and phytin (calcium inositol
hexaphosphate) — the main organic P constituent of
plant litter — was added as a source of phosphorus.
Eighty specimens of each type of worm were cultu-
red in the medium at 20°C for 24 days, after which
the worms were removed. The worm-worked culture

3 4

residues were then treated with disodium phenyl
phosphate which, when dissociated by phosphatase
activity, liberates phenol that can be measured color-
imetrically. •

More phosphatase was produced in cultures with
worms than in the control cultures without worms
(Figure 73). Fungal conidia developed on the surface
of the control cultures which had a peak of phosphat-
ase activity at pH 3.2 after 3-4 weeks. The phosphat-
ase activity in the worm cultures had 2 peaks, one
at pH 3-5 and the other at pH 9-10, the first peak
showing the effect of worms in stimulating the pro-
duction of microbial phosphatase, and the second
peak suggesting an addition of alkaline phosphatase
secreted by the worms themselves.

5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
pH pH

Figure 73 The release of phenol at different pH after incubating paper waste sludge (with added phytin) either
with ( ) or without  earthworms, 4 species being tested. The amounts of phenol are directly related
to phosphatase activity.



Table 34.  Effects of earthworm feeding on the composition of
amended sterilized paper mill waste*

Assessments
made after
incubation

Medium
without

earthworms

J E Satchell and Kyla Martin

Land classification and land use

NATIONAL LAND CHARACTERISTIC DATA BANK

Medium incubated with

Eisenia Dendrobaena
fetida veneta

The differences between analyses of media incubated with and
without earthworms are expressed as percentages (in brackets)
of the changes that occurred during incubation in the medium
without earthworms.

The effect of earthworms on the mineralization of the
phosphorus, in -the culture medium, was studied
using 2 species,  E. fetida  and  D. veneta.  Whereas the
worms increased the decomposition of organic mat-
ter by 20%, amounts of water-soluble P were approx-
imately doubled (Table 34). As this is the fraction
which would be available to plant roots, the results
suggest that phosphorus mineralization in organic
wastes, otherwise low in phosphatase, could be in-
creased substantially by composting with earth-
worms.

The study of 'factors determining the structure, compo-
sition and processes of land and freshwater systems'
and the development of a 'basis for predicting and
modelling environmental trends' are among the aims
of the Institute. Undoubtedly, the achievement of
these objectives would be aided by the ready availabil-
ity of a data set including the main land, and land use,
characteristics of Britain at a broad, strategic scale,
enabling analysis and interpretations to be made
nationally and regionally.

Although a great deal of information was available from
many primary map and statistical sources, it was dec-
ided, in the absence of a readily interrogated and analy-
sed collection of data, to create an integrated data set,
containing quantitative land and land use characteris-
tics for each of the 2858 squares (each 10 km x 10 km)
of the Ordnance Survey National Grid into which the
land of Great Britain is apportioned. Attributes relevant
to (i) physiography (land form), (ii) climate, (iii) geology,
(iv) soils, (v) topography (settlement, communication
and population), (vi) land use, (vii) agricultural land clas-
sification, and (viii) conservation status were recorded,
with a maximum of 128 attributes per grid square (Ball
et al.  1983).
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The data set, to be described in detail elsewhere, provi-
des an information base-line that eliminates the need
to make an  ad hoc  search of a wide range of sources
for each study in which the broad picture of land charac-
teristics would be helpful. The breadth of the data
set ensures that a very wide range of environmental
variables is explored. By its comprehensiveness, the
data set obviates the restriction enforced by the limita-
tions of an individual's own knowledge. Now that the
data have been edited carefully and stored on com-
puter files, it is possible, with the available range of
standard output programs, to:

i. provide quantitative land characteristics for each of
the individual 10 km x 0 km squares, and also totals
and averages for administrative and other groupings
of squares (see Table 35); and

ii. map and list grid squares which meet particular spec-
ifications of individual or combined land and land use
characteristics. This option permits the selection of
areas of similar or contrasting character by means of
a comprehensive search, in order to design a study
programme, or to extrapolate the results of observa-
tion, experiment, or modelling studies to their most
probable areas of applicability (see Figures 74 and
75).

This data set is suited for resource assessments and
evaluations at a scale of 10 km x 10 km or larger. It
can also provide a framework with which to compare
different scales of study, such as the ecological survey
of Great Britain based on 1 km x 1 km samples (B6nce
et  a/. 1981), and local land type classifications such as
that based on 0.5 km x 0.5 km samples used to relate
the land character of a series of upland areas in England
and Wales to their moorland and grassland vegetation
(Ball 1981; Ball  et al.  1981a, b).

The measurement methods used (primarily point-count
area measurements) were chosen to balance accuracy
against time and effort, in relation to the quality and
scale of the appropriate map and statistic sources.
More flexibility in data interrogation and retrieval could
be obtained by using digitized data collection to give
vector data, rather than the cell-based raster data pro-
vided by the methods used. However, the cost of creat-
ing and sustaining a digitized data store for the area
and number of attributes involved would be orders of
magnitude greater than  was  involved in setting up the
present cell-based data set, and the general quality of
source data at this scale is hardly adequate to justify
such a more sophisticated approach. The early availabi-
lity of .the present data set, in spite of its recognized
limitations, has decided advantages over the potential
availability of a more flexible and comprehensive sys-
tem at some indeterminate future time.

For the future, and using different methods of classific-
.ation and correlation, it is intended, for example, to
provide a simpler background for the interpretation and
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Figure  74  A print-out using the national land charac-
tenstic data set, showing 10 kmx10 km grid squares
having mean annual rainfalls of less than 800 mm per
annum (1941-1970 data, Meteorological Office)
*, squares that meet this specification
o,  squares which do not meet the specification
—, squares for which data are not available

Statistic summaries for the distributions of Figures 74
and 75 show that

i 797 grid squares meet the rainfall specification
These cover 67 952 km2 (29% of the land in Great

2 Britain) and include 78% of all land in this rainfall
range

ii 760 grid squares meet the crop specification These
cover 69 628 km2 (30% of the land in GB), of which
37% was under wheat and barley in 1970, this being
76% of the total extent of these crops then

From a similar map and summary for squares meeting
both these rainfall and crop specifications, 582 grid
squares are identified (23% of the land in GB) Thus,



Figure 75 A print-out using the national land charac-
teristic data set, showing 10 km x 10 km grid squares
having more than 20% of their agricultural land under
wheat or barley (1972 data, Ministiy of Agriculture,
Fisheries and Food)
*, squares that meet this specification
0, squares which do not meet the specification
—, squares for which data are not available

for these arbitrarily chosen levels of associated land
and land use characteristics, 73% of the low rainfall
specification squares support substantial wheat and
barley crops, while, conversely, 77% of the squares
with high wheat and barley crops fall in the low rainfall
category as specified These 582 squares contained
61% of the total wheat and barley crops in 1970, and
80% of that present in the main wheat and barley areas

Such relationships can be quantitatively explored by
statistical analyses but maps and summaries quickly
display distributions and associations useful to re-
search planning assessments and to the display and
interpretation of resource information
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Table 35. Statistics from the national land characteristic data set for groups of 10 km2 in England containing National Parks (NP) and Areas
of Outstanding Natural Beauty (AONB)

Number of
10x10km

squares

82

Percentage of total area of
each grid square group,
within altitude ranges

Percent-
age of

10x10 km
squares in

NP or <122 122- >427
AONB 427

Physiography Climate

presentation of the land resources in Britain, both their
quantity and geographical distribution. It is also in-
tended to interrelate the physical land characteristics
held in this data set with the records of plant and animal
distributions held by the Biological Records Centre at
Monks Wood, also at the 10 km x10 km scale. Data
will be improved as opportunity offers, and additional
material can be added to the data set. Study of the
relationships between map-derived data and 'classes',
and remote-sensed imagery will help to improve our
understanding of the relative advantages of these
methods. Finally, the data will be used to provide infor-
mation and assessments in response to requests from
interested agencies.

D F Ball
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Percentage of total areas of
each grid square group,

within annual rainfall
ranges

mm pa

<1000 1000- >1200
1200

Geology

As % of total
area of each
grid square

group

Glacial
drift Peat
cover cover

46

Agricultural use

As % of agricultural
land in each grid

square group

Crops
other
than
grass

Im-
proved Rough
grass grazing

Agricul-
tural land

classes
1-3

As % of
total area
of each

grid
square
group

81

56

8

Statistics in Table 35 are for groups of 10 km grid squares totally enclosing National Parks or AONBs, rather than for the actual administrative
areas. The areas of the Northumberland and Peak District NP have similar altitude distributions and average height ranges, but the former
has a greater extent of lower rainfall land, lower summer temperatures, and more glacial drift cover. There is more rough grazing and
smaller amounts of improved grassland in the Northumberland than in the North Yorks NP areas. The North York Moors NP area has more
lower altitude ground than the Northumberland NP area, a greater extent of the lower rainfall zone, and, partly as a consequence, a relatively
substantial area of arable agriculture. Looking at the figures for the AONB areas, the Cotswolds AONB has more moderate altitude land
than the Lincolnshire Wolds 'and a greater average height range per grid square. The Lincolnshire Wolds area has a larger glacial drift cover,
and it differs from the Cotswolds in having a much larger proportion of its agricultural land devoted to arable cultivation.

THE LAND POTENTIALLY AVAILABLE FOR WOOD ENERGY PRO-
DUCTION IN GREAT BRITAIN
(This work was largely supported by Department of Energy (ETSU)
funds)

To estimate the area of Great Britain which could be
changed to the production of wood for energy, subject
to technical, economic and institutional constraints, the
Energy Technology Support Unit assembled a team
with a range of disciplines, including representatives
of the Forestry Commission, Aberdeen University (for-
estry), the Centre for Agricultural Strategy (agriculture),
Dartington Amenity Research Trust (social and institu-
tional constraints) and ITE.

To help structure the analysis, members of ITE took
responsibility for the methods to be used, the supply
of basic land use data for Great Britain, the co-ordina-
tion of all input data, and the construction and operation
of an analytical computer model. Essentially, the study
was based on land use maps and environmental data
for 256 stratified 1 km x 1 km squares representing the
major land use types in Great Britain. There were 2
aims: (i) to define the economic value of existing and
alternative land uses, and (ii) to assess the areas of
land which would be 'available', given various econ-
omic, legal, conservation, hydrological and planning
constraints. Four forestry systems have been consid-
ered:

i. conventional forestry;

ii. modified conventional forestry (where forest resid-
ues and thinnings go to an energy market);
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Plate 15  Map showing the predicted distribution of land which would change to
forestry for wood energy production  before  social and institutional constraints are
applied (estimates based on the exploratory scenario). The distribution picks out the
uplands, but other scenarios emphasize different patterns.
(Photograph P G Ainsworth)
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iii. single stem energy plantations;

iv. coppice energy plantations.

Within each of the sample squares, separate areas of
land (polygons) were defined by either a land use or
forest boundary, and their areas were computed by
the NERC Experimental Cartography Unit at Swindon.
Together with agricultural, forestry and constraint data,
these areas formed a data base suitable for computer
analysis. Using a 'sieving technique', land not available
for conversion to forestry was successively removed
from the total (Bunce  et al.  1981). In the first instance,
'land' which was technically unavailable — such as
'water', urban land, roads, existing woodland and en-
vironmentally unsuitable land — was removed. The
economic value of the most profitable forestry option
was then compared with the agricultural value for each
polygon. Where the agricultural option proved to be
the most profitable, the relevant areas were deleted,
leaving land that was technically and economically
available for a change to energy forestry. Finally, it was
necessary to remove land which was subject to social
or institutional constraints. The 'surviving' areas in the
sample squares were then combined with the known
areas of their respective land classes to provide estima-
tes of convertible land. At the same time, it was pos-
sible to identify the types of agricultural land which
would be converted, and the successful forestry enter-
prises, and also to estimate the weights of Wood, and
volumes of timber, that could be produced. Advantage-
ously, this approach enables the effects of different
underlying assumptions to be explored, while the sen-
sitivity of the results to different (i) discount rates, (ii)
types of energy market, (iii) national energy scenarios
and (iv) valuations of timber and agricultural produce
can also be investigated.

It has been estimated that up to 35% of Great Britain is
technically and economically suitable for wood energy
production, in the absence of any institutional con-
straints. This proportion only drops to 18% when such
constraints are applied. If, however, a 5% discount
rate, pipeline gas, energy market, constant timber pri-
ces and increasing energy prices — the 'exploratory
case' — were imposed, the analysis suggests that 20%
(4.6 M ha) of Great Britain would have a superior finan-
cial performance under forestry (Plate 15), a proportion
that decreases to 8% (1.9 M ha) when all social and
institutional constraints are applied (Figure 76). For-
estry would not compete successfully with tilled crops,
but 13% of high grade pasture, 43% of intermediate
pasture, and 60% of rough grazing would have been
changed to forestry prior to the application of con-
straints. Interestingly, 97% of all partially improved
rough grazing would be converted to forestry. The
4-6 M ha of land which might change to forestry could,
it is estimated, produce (i) 38 M dry tonnes of wood
for energy and (ii) 28 M rn3 of timber for conventional
purposes. After decreasing the area to 1.9 M ha by
applying constraints, timber yields would drop to

10.8 M m3 (the current GB sustained yield is
14•3 M m3), with 16 M dt of wood being available for
conversion to 4 M tonnes of gas (10-15% of our current
consumption). Where it was lost to forestry, the better
agricultural land would be converted to energy planta-
tions, whereas the poorer land would be transferred to
modified conventional forestry. Ordinary conventional
forestry was never a preferred forestry option. Most of

Unchanged 80%

Unchanged 92%

c ie
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moed rs„oeBN

corefe
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Figure 76 The percentage of Great Britain which
would change to forestry for wood energy production
(i) before, and (ii) after social and institutional con-
straints are applied (estimates based on the exploratory
scenario).



the land identified in the 'exploratory case' as converti-
ble was located in upland areas. After interpretation of
the results and a sensitivity analysis, it seems that the
use of thinnings and forest residues for energy from a
modified form of conventional forestry is a plausible
option in the agriculturally more extensive and less
productive uplands, while pure energy plantations have
a role to play in the lowlands (Mitchell  et al.  1983).

C J Barr and R G H Bunce
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Chemical and technical sciences

PROGRESS REPORTS OF THE SERVICE SECTIONS

In the reorganization of research management, most
of the Institute's specialist services, apart from those
concerned with data processing, were included in one
of the new programmes, namely Chemical and Techni-
cal Sciences. The component sections in this
programme are: Analytical chemistry, Merlewood (J D
Roberts) and Monks Wood (P Freestone); Radiochemi-
stry  (J  A Parkinson); Engineering (G H Owen); Plant
culture (R H Ottley); and Photography IP G Ainsworth).
The names given in brackets are those of the section
leaders.

Analytical chemistry
The demand for analytical support provided by the
Merlewood and Monks Wood laboratories has re-
mained as high as ever throughout the year, although
the nature of the samples examined and chemical ana-
lyses carried out at each centre were quite different. At
Merlewood, roughly equal numbers of soil, vegetation
and water samples were analysed, with the emphasis
on chemical nutrient elements and organic structural
compounds, although some atmospheric pollutant ele-
ments were also determined. The samples came from
research staff at all the stations. The Monks Wood
section was mostly concerned with the analysis of
animal tissue and waters for organochlorine pesticide
residues and heavy metals. Most of this work origin-
ated from research being carried out at Monks Wood.

For the Merlewood laboratory, probably the biggest
problems arose from having to process quickly water
samples which came in weekly. Most of these came
from the clear-felling study sites at Beddgelert and
Kershope (ITE Project 625), with the geochemical cy-

cling study of Plynlimon (ITE Project 594) and various
regular collections from other sites adding to the load.
Particular care had to be taken over preservation tech-
niques, and some analyses, notably phosphate and
nitrate, had to be carried out immediately. About 4000
water samples were analysed during the year, and the
phasing of these in with other laboratory work resulted
in occasional difficulties. An additional problem was
encountered in the spring and summer, when lysime-
ter solutions were found to contain organic substances
which interfered with the Griess-reduction method
used in automated colorimetry. This aspect is descri-
bed later in the research and development section.

In addition to the waters, about 3500 soil and 4000
vegetation samples were processed in the Merlewood
laboratory in 1982. Unlike the waters, which originated
from only 5 projects, the soils and plant materials came
from over 60 separate research projects. Most of these
analyses were of a routine nature, especially those for
the chemical nutrient elements, and they were proces-
sed on the automated lines (Plate 16). After extraction
or digestion, all samples are transferred to the instru-
ment feed modules. The instrumental stages are auto-
matic and the output signals, together with those from
the analytical balances, are fed through to the labora-
tory computer which is programmed to produce the
final output sheets.
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Plate 16 Transferring samples into the automated
analysers in the analytical chemistry section at
Merlewood.
(Photograph M R Smith)

As in previous years, the routine work at Merlewood
was mixed with a variety of special analyses and inves-
tigations, eg tests on conifer shoots for starch and
other carbohydrate fractions, on coal tip waste for toxic
metals, on butterflies for minor elements, and on bry-
ophytes for cellulose and lignin fractions. The work on
atmospheric pollutants included tests for sulphur and
fluorine in vegetation and in some animal tissue sam-
ples.

The emphasis in the Monks Wood chemical laboratory
in 1982, as in the previous year, was on the analysis of
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bird tissue and egg samples. Most of the birds were
predatory species or sea birds, and the egg tests were
carried out in support of the Nature Conservancy Coun-
cil annual pollutant monitoring study (ITE Project 181).
Apart from the birds, about 700 mussel samples were
examined and also a few soils and plant samples. Alto-
gether, about 5000 samples were tested for almost
1.6 000 chemical characteristics. In numbers, the heavy
metal determinations, especially those for lead, cad-
mium and mercury, were the most numerous, but at
least one third of the laboratory time was spent carrying
out the relatively slow organochlorine determinations.

No major introductions of new instrumental sytems
were possible, either in the Merlewood or Monks
Wood chemical laboratories in 1982. However, at both
centres, it was possible to replace thermal atomizer
equipment which had become increasingly unreliable.
Because of the shortage of funds for replacements,
there was a need for frequent repairs to maintain equip-
ment. The assistance of the station engineers was
invaluable in this respect.

Radiochernistry
Although this section is classed as a service unit, its
principal function is to provide analyticalsupporffor the
research on radionuclides in the terrestrial environment
(ITE Project 553).

The methods developed during 1980 and 1981 for the
analysis of a-emitting plutonium and americium isoto-
pes are now .in routine use. However, some develop-
ment work is still carried out in the search for improv-
ements in recovery and precision, and for ways of
shortening what are very laborious procedures. Some
difficulties have been experienced in the analysis of
certain soils for americium-241. Incomplete chemical
separation of the americium from the rest of the sam-
ple matrix occurred. Investigations revealed that the
offending element was scandium, and the problem
was overcome by using smaller samples. Work is pro-
ceeding to eliminate 'this interference completely by
modification of one of the ion-exchange steps.

Approximately 300 samples were analysed in 1982
for plutonium isotopes. These included 120 soils, 160
mammal and bird tissue and faecal samples, and about
80 vegetation samples. Over 200 of these samples
were also examined for americium-241 by chemical
separation and a-spectrometry. The rest had sufficient
activity to allow americium determination by y-spectro-
metry.

The extra Ge(Li) detector which was obtained early in
the year meant that over 100 extra samples could be
examined for y activity. In total, approximately 450 sam-
ples of soil, vegetation and animal tissue and faeces
were analysed, a large proportion of which were relati-
vely low-activity samples requiring counts of 2 days.
Down-time through equipment failure was less than
5%, but almost as much time was lost through interrup-

tions in the mains power supply. Even a momentary
dip in the power supply results in the loss of up to 2
days' counting time.

A rapid method for the determination of caesium-137
in soils is currently being investigated, based on the
well-known ammonium molybdo-phosphate exchange
reaction. After separation, the y activity will be meas-
ured using a Nal detector, which will make it possible
to take advantage of the high sensitivity of this type
of detector, without spectral interference from other
isotopes. The procedure looks promising, and it is
hoped that it will be brought into routine use in 1983.

Engineering
Although this section is now included in the new ser-
vice programme, its internal structure is little changed.
The Central Engineering Unit, which exists to provide
specialist support not available at individual stations,
remains at Bangor. Monks Wood, Merlewood, Bush
and Bangor have their own station engineers and Bra-
thens is still able to share in the services of the techni-
cian who specializes in the radiotelemetry require-
ments of that station. Only Furzebrook and CCAP are
not served with an on-station engineer. The engineer-
ing staff at Monks Wood, Merlewood, and especially
Edinburgh, have been able to provide training for young
people through the work experience programme, and
in so doing have themselves gained some benefit from
the extra labour.

Undoubtedly the largest of all the construction jobs
handled by the section in 1982 has been the fabrication
of 20 open-top plant growth chambers and filter units
for the acid rain study group (ITE Project 790). This
work was carried out by the station engineer at Bush,
with the aid of temporary assistants. Because of the
numbers required, and the large size of the chambers,
the production was organized on factory lines in rented
farm buildings close to the Bush estate. The design
features of these chambers, which are now installed
on a site in Glasgow, are described elsewhere in this
report (pp 54-56). Other ventilation exposure chambers
for plant pollution studies (ITE Projects 160, 669) have
been developed and assembled at Bangor. Four com-
plete units have been made and are, at the time of
writing, undergoing tests and modifications. Another
major support task for the Bangor station engineer has
been the provision of rainwater collectors and stream
level devices, needed for the geochemical cycling
study (ITE Project 594).

Other large construction jobs completed during the
year included a series of controlled temperature baths
for frog studies (ITE Project 739) at Monks Wood; the
conversion of deep freeze units for root cool boxes, to
be used in experiments on plant growth at low temper-
atures (ITE Project 702) at Bush; and the completion
of the mini-controlled environment chambers being
used for the study at Merlewood on leaf photosyn-
thesis (ITE Project 674).



Much of the time of the station engineers is spent
on maintenance and repair work at their respective
establishments. Some of these tasks are similar at all
the stations, but others are determined by the nature
of research being carried out at a particular place. For
example, at Bangor much time has to be spent on
servicing the growth chambers, and in future this may
also be the case at Edinburgh (Bush), now that the
growth chambers of that station have been brought
into operation. At Merlewood and Monks Wood, there
is a frequent need for repair work in the chemical lab-
oratories, at Brathens radiotelemetry requirements are
dominant, whereas at Edinburgh the station engineer
has to service the boats and associated equipment
used by the staff based at Craighall Road and also look
after the general glasshouse maintenance require-
ments at Bush.

A problem that is becoming increasingly serious for all
the engineers is that of equipment replacement. Most
of the larger workshop machines have now had heavy
use for 20 or more years, and on occasions they have
not been adequate for some of the precision jobs. It has
not been possible to replace any of the old machinery
during the year, although a partly-used vertical milling
machine in good condition was acquired for the work-
shop at Bush.

Plant culture
The glasshouse complex has serviced 14 projects in
the past year, with those projects requiring special
environments (tropical, and isolation for mycorrhizas)
occupying 4 of the 8 units more or less permanently.
With the reduction of space previously available at the
other institutions on the Bush Estate, the use of the
remaining 4 glasshouse units has had to be rigidly
controlled in order to accommodate all other project
needs. Even so, some propagation work had to be
carried out elsewhere.
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The propagation techniques developed in the previous
year were carefully scrutinized, and, in general, rooting
percentages remained at an improved level (Plate 17).
The technique of applying liquid feed to the mist be-
nches once rooting had commenced has been mod-
ified. Algal growth on the foliage was a severe prob-
lem, and liquid feeding has been superseded by the
introduction into the rooting medium of a short term
(3-4 months) controlled release granular fertilizer. This
type of fertilizer is controlled by temperature rather
than moisture, which reduces losses through leaching.

The summer maintenance of the field plots proved to
be much easier in 1982 than in the recent past. This
improvement was due to 3 main factors:

i. the acquisition of a larger and much newer tractor
(Ford 4000) which provides a more rigid and precise
control of mounted equipment and is easier for the
operator to handle;

increasing the area of established grass, now totall-
ing 80% of field plots, which can be covered much
more quickly with mowers than with herbicide
sprayers or cultivators;

iii. a dry summer, which meant that the mowing could
be more effective and less frequent. One particular
plot was mown only 3 times during the growing
season, with no detriment to tree growth.

During the severe winter of 1981/82, minimum temper-
atures of —8°C were regularly recorded during Decem-
ber 1981 and January 1982, but there were very few
plant losses, mainly because much of the small and
more vulnerable material was under snow cover- for
most of the time. However, a small plantation of 1 m
tall  Nothofagus obligua  was killed down to the general
snow level 110 cm), although subsequent growth has
been vigorous.

With the acquisition during the year of a further 1-75 ha
in the field at Glencorse Mains near Bush, the field plot
area now totals T5 ha. This last piece was acquired
partly to accommodate 1500  Betula  seedlings for ITE
Project 717. Because of the comparatively large num-
ber of plants, coupled with constraints upon land availa-
bility on the Bush estate, plant spacing was kept to
2 m x 1 m, with a view to thinning in a few years to
2 m x2 m. The whole area was sown with low-mainten-
ance rye grass mixture, so that agricultural machinery
could be used.

The only plant population changes during the year were
in the Roslin experimental field, where part of an earlier
amenity grass trial area was replaced by  Betula  prog-
eny material (ITE Project 2451. Early in the year, a  Popu-
lus  spacing trial was renewed.

Plate 17 Repotting cuttings ofTriplochitonscleroxylon.  Because of the frequent need to plant at spacings
(Photograph H F Ottley)  which preclude the use of agricultural machinery, a
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new self-propelled rotary grass cutter with a 0.5 m cut
was purchased. This is a particularly efficient machine
which will cut up to 2000 rn2 per hour.

Photography
The demand on the photographic service unit, based
at Monks Wood, has remained at a fairly steady level
throughout the year. One exception has been the requi-
rement of black/white and colour slides, needed for
staff lectures, which has increased sharply. The purch-
ase of a new copy stand with lighting attached has
been of considerable value for this work. There was
also a slight increase in the demand for black/white,
colour and caption material for ITE displays. Apart from
displays mounted at stations for the benefit of visitors,
there have been displays showing ITE work at confer-
ences, exhibitions, science fairs and agricultural
shows.

Much of the routine work has involved the preparation
of diagrammatic and pictorial photographs for publica-
tion. Perhaps the most notable of this type of work was
the provision of 'camera-ready' copy for the cover of
the ITE publication  Culture Centre of Algae and Proto-
zoa list of strains.

A more specialized use of photography has been as an
aid for counting sea bird colonies. Another research
requirement has been for electron-microscope photo-
graphs of algae, both for experimental and record pur-
poses.

S E Allen

RESEARCH AND DEVELOPMENT

Chemical interference studies
Chemical data produced for research purposes are gen-
erally examined much more exhaustively than is the
case when such data are used for other purposes, eg
production control, quality tests, or fertilizer applica-
tions, because a research worker usually tries-to extract
the maximum amount of information from his array of
data, often using complex statistical techniques. There
is, therefore, a constant need to be vigilant in the use
of the so-called routine methods, in addition to the
continuing need to vet new methods that have to be
introduced to meet fresh research requirements. Two
examples of the type of interference studies carried out
in the Merlewood chemical laboratory are discussed
below, and they illustrate that, although a method may
work well for some samples, it may produce anomal-
ous results with other materials.

1.  Organic interferences with the nitrate method
There are several methods available to determine
nitrate in natural waters or soil extracts, but the one
generally recommended utilizes a colorimetric tech-
nique based on the Griess reaction. The nitrate is
first reduced to the nitrite ion, which then reacts with

a primary aromatic amine to first produce a diazonium
salt, and then a coloured azo dye. Although many
versions of this method are documented, most only
differ in the reduction stage. The 2 most popular
reduction systems are the hydrazine-copper reduc-
tants or those that are cadmium-copper based. In the
Merlewood chemical laboratory, the method used in
the automated colorimetric system, which is based
on the reduction of nitrate in an alkaline solution with
hydrazine-copper, has been found to be satisfactory
for most natural waters. Recently though, there has
been a need to test lysimeter waters from conifer
plantations (ITE Project 625), which contain high con-
centrations of soluble organic compounds. These
compounds are known to be troublesome in nitrate
methods, but there have been few in-depth studies
into ways of dealing with these interferences.

Investigation of the reaction mechanisms revealed
that the copper catalyst was chelating with the poly-
phenols present in the samples, resulting in incom-
plete reduction. Optimization of the levels of copper,
to give a high concentration of the catalyst, yet to
avoid precipitation of copper in the automated line,
was found to give good nitrate recoveries in all but
the most exceptional samples. It was possible to
eliminate interference in these samples by dilution.
The additions of higher concentrations of copper cat-
alyst contributed to a more stable and reliable per-
formance. Since introducing this modification, it has
been possible to achieve 100% nitrate recovery, in
comparison with previously published figures of be-
tween 60% and 85%. Some interference by other
soluble organic compounds in the nitrite colorimetric
reaction does occur, but in this case the tolerances
are much higher.

Examination of the chemical variables from these
lysimeter and soil solutions has indicated that the
apparent interferences in the nitrate method are very
closely related to organic carbon and tannin levels.
However, in specific samples, a very low concentra-
tion of the organic constitutents resulted in increased
interference. Addition of tannin or fulvic acid frac-
tions to standard nitrate solutions confirmed that
very low levels of these substances resulted in
severe depression of the nitrate levels. Concentra-
tions as low as 10 mg organic carbon produced a
50% reduction of a 1.0 mg I-1 nitrate solution. This
can be corrected, but the reaction mechanism is still
being investigated.

Rainwater, canopy throughfall, stem flow, surface
water, lysimeter waters and soil solutions are being
examined in this study. The lysimeters were located
in the litter and organic soil horizons, whilst the soil
solution samples were obtained from the mineral
leached horizons. Depression of nitrate values only
occurred in samples collected from the litter and
soil organic horizons. The extent of this interference
changed in samples obtained from the same site



at different sampling times, probably due to rainfall
variation.

2. Fluorine in eggshells
A similar interference problem has also occurred re-
cently with the fluoride method which has been used
in the Merlewood laboratory for several years. The
method is based on the well known ion-selective
electrode technique. Early studies of fluoride pollu-
tion in the Institute concentrated on grassland sites,
and the original method was developed to deal with
vegetation samples. As the research interests ex-
panded, the method was adapted to analyse soil
extracts and animal material. It was hoped to use the
method for eggshell and bone samples, but, on test,
the method was found to give erratic results.

Solution preparation is based on an alkali fusion, the
neutralized fusate being buffered to pH 5-5 before
obtaining a potentiometric measurement. Initial in-
vestigation, using the highly calcareous eggshell and
bone materials, showed that the fluoride was liable
to be precipitated out of solution. Recovery tests
using standard solutions indicated that even the addi-
tion of excess potassium carbonate (used in the fü-
sion) did not affect the fluoride yield. However, cal-
cium carbonate did result in precipitation of calcium
fluoride from solution shortly after storage at 1°C.
Comparison with the eggshell samples showed a
similar effect.

A reasonable recovery of fluoride was obtained from
samples analysed immediately, but, on standing, cal-
cium fluoride came out of solution. It was found that
reproducible and reliable results using the standard
method could be obtained, providing the sample
weight did not exceed 0-3 g. Surprisingly enough, a
bone sample analysed under similar conditions gave
good recoveries if the sample weight did not exceed
0-7 g. Presumably the more soluble calcium phos-
phate in the bone did not occlude fluoride to the
same extent as the calcium carbonate in eggshells.

A P Rowland

An illumination device for a furnace atomizer
This modification to the atomizer furnace used in the
Monks Wood chemical laboratory was carried out pri-
marily to aid manual injection of samples. Later it was
found to be extremely useful for aligning the injection
tip.

The first attempt consisted of building a 6 v power
supply to power a 'grain of wheat' bulb. Using the flex
supplied on the bulb, it was possible to hang the bulb
inside the furnace when the door was open. The small
size of the bulb, 3-2 mm diameter, enables the inside
of tubes to be inspected when they are removed from
the furnace. The bulbs, available from model shops
(RS no. 587-068), are intended for 16v operation, but
give considerable light even when only 6v are applied,

P Freestone and V W Snapes

C Quarmby
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and the low voltage greatly extends their life. The bulbs
have wire ends suitable for clamping to the terminals.

Because of the benefits possible from having a source
of illumination, it was decided to build the bulb into the
furnace chamber itself. Extreme accuracy was required
in the positioning of the holes to mount the electrical
terminations, as they were in close proximity to the
sides of the furnace, and also to ensure that the bulb
did not foul the door when open. It was also necessary
to insulate the terminals from the furnace front cover
and to obtain a gas-tight seal. To do so. Teflon bushes
were used, through which I inch, 6 BA stainless steel
screws were offered as terminals. All the materials
used withstand the maximum temperature encoun-
tered within the furnace.

Rapid recording of a-tracks
The technique of solid state nuclear track detection,
discussed in last year's Annual Report, can give a great
deal of information about the parent nucleus. However,
this technique requires measurement of several para-
meters of each track using a microscope, and the care-
ful control of all experimental conditions. In many in-
stances, particularly in dosimetry and also in survey
work, a simple count of the total number of tracks is
frequently all that is required. Methods are available
which give rapid results, eg spark counting and count-
ing by thin film breakdown (Tommasino 1982). How-
ever, spark counting requires a special foil for registra-
tion and a relatively complex system to carry out the
etching, whilst the thin film breakdown counter is
largely untried. For our purposes, therefore, the system
adopted, ie using 600 jirn sheets of CR 39 etched in
NaOH under standard conditions, gives a permanent
record of the activity in the sample. The bottleneck
occurs at the initial counting stage, even when using
an image analyzer.

It was noticed that illumination at the edges of the
plastic caused the etched tracks to shine so that they
could be seen with the naked eye. This is an extreme
form of the darkground illumination used in micros-
copy. A simple piece of equipment was assembled to
test the idea and very good agreement was obtained
between the results from this equipment and those
from the image analyzer (Quantimet). The throughput
rose from 8 samples a day using the Quantimet to
about 60 per hour using the new device. The prototype
is now being rebuilt in an attempt to increase the sensi-
tivity and reduce the errors due to scattered light and
uneven illumination.

Microcomputer controller for bomb calorimetry
A Newham Electronics microbomb calorimeter has
been purchased for use at Monks Wood (ITE Project
739). Ignition of the sample by a platinum fuse wire in
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this instrument has been replaced by high voltage,
low energy, spark ignition. To take advantage of the
increased rate of sample throughput that this type of
ignition allows, and to reduce user error in the operation
of the calorimeter, including interpretation of the data,
it was decided to semi-automate the procedure. The
chart recorder normally used to record the output from
the calorimeter has been replaced by a Sinclair Spec-
trum microcomputer, and suitable interfacing has been
constructed to link it to the calorimeter.

The interface consists of a commutating auto-zero am-
plifier to amplify the low level output of the bomb
thermocouples and a 12-bit analogue to digital con-
verter to digitize the output for reading by the micro-
computer. The firing circuit of the calorimeter is also
interfaced to the microcomputer. Real time is calcul-
ated using a 20 ms internal counter that is part of the
microcomputer's operating system. The temperature
of the bomb prior to firing is monitored, and, when the
rate of change is nearly constant, the rate of tempera-
ture change is calculated and the bomb fired automati-
cally. The temperature of the bomb is read at 100 ms
intervals and the data sorted in an array until a peak
value is reached. The temperature of the bomb during
the post-peak period is then monitored and, when the
rate of temperature change becomes nearly constant,
the post-firing cooling rate is calculated. Using the Dick-
inson correction formula to apply a cooling correction
to the data, the microcomputer calculates the calorific
value of the sample under test, using previously obtai-
ned calibration data from benzoic acid standards.

The microcomputer program was written in BASIC,
although machine code was used to speed up the
acquisition of data from the A to D converter. The
progress of the determination is displayed on a TV
monitor and a hard copy is available from a printer.

C R Rafarel

Microcomputer interfacing to photosynthests environ-
ment chambers
A Rockwell AIM 65 single board microcomputer has
been used as a data logger and system controller for
2 environmentally controlled perspex chambers. Suit-
able electronic interfacing has been built and the requi-
site software generated (Plate 18).

Initially, a total of 13 parameters are being monitored,
including 2 temperature measurements plus light in-
tensity monitoring for each chamber, ambient tempera-
ture, humidity of chamber air and readings from an
infra-red gas analyser (I RGA). A signal conditioning mo-
dule with a digital display is used to manually select
and observe any particular parameter before it is fed to
a 16-channel multiplexer under microprocessor con-
trol. The output from the multiplexer is then fed
through a microprocessor-compatible 16-bit analogue
to digital converter and the microcomputer program-
med to look at the voltage output from a chosen sen-

Plate 18 Assembly of electronic control equipment
for photosynthesis measurements.
(Photograph M R Smith)

sor. The information from a number of sensors can be
scanned at suitable time intervals. Scans are made
in quick succession and mean values calculated. In
addition, linearization, scaling, noise reduction or offset
corrections can be calculated before a hard copy of the
data is printed. These results can be printed as a tabular
matrix with headings on a teletype or can be stored in
solid state memory, on discs or cassette.

The microcomputer has been programmed as a real
time clock so that time and data printouts are also
available. A car battery can be connected to the micro-
computer and control equipment for power back-up
during mains power interruptions.

The main design features of the 2 perspex chambers
in which growing leaves are contained were described
in the 1981 ITE Annual Report. A fan has been incorpor-
ated within each chamber to mix the air and reduce
boundary effects at the leaf surface. Temperature con-
trol of the chambers can be manually set or maintained
under microcomputer control via a frequency to voltage
converter and analogue comparators. The microcom-
puter is also used to control lighting regimes and power
supply to devices such as the external pnnter, using
logic controlled relays.

This application of a single board microcomputer de-
monstrates the advantages of using microcomputer
technology to provide, at reasonable cost, a versatile
and sophisticated measurement and control system
for experimental work. However, the time required for
developing software and de-bugging programs should
be considered.

D G Benham



Controlled temperature incubation baths for frog stud-
ies
As part of a study of the common frog (ITE Project 739),
it was necessary to incubate eggs and raise tadpoles
at each of 3 constant temperatures in the range 5-30°C.
Tadpoles were to be raised in plastic trays
225 x170 x 50mm deep, each containing 1 litre of
water. As no suitable constant temperature rooms
were available, it was decided to suspend the trays in
large shallow water baths maintained at the required
temperatures, with each experimental bath containing
20 plastic trays arranged closely together to minimize
the area of exposed water. Each tray was to be covered
with a sheet of glass to reduce evaporation losses.

The apparatus which was constructed for this purpose
consisted of a large base water tank (140 litres) fitted
with a 3 kw immersion heater, with an upper experi-
mental tray 1270 x 686x 152 mm deep, and a small cen-
trifugal pump with associated pipework. The pump
supplied water to the upper bath through a 12mm pipe
divided to give 2 separate flows, part of the pumped
volume being by-passed back to the main tank, in order
to limit the flow and give adequate mixing of the water
in the heated tank. The return flow from the experimen-
tal tank was via a 19 mm standing overflow pipe which
had the effect of maintaining a constant level of water
in the upper tank. The temperature of the water was
controlled by a sensitive probe in the upper tank and
solid state circuitry driving a heavy duty relay regulating
the heater.

Four such units were constructed and located in a cold
cellar so that cooling of the water would only be requi-
red at the lowest experimental temperature. In a test
run carried out over a 14-day period, 3 of the tanks were
operated at temperatures of approximately 24°C, 20°C
and 18°C. The fourth unit was operated without heat-
ing, but with the water circulated as in the other 3 units.
During this time, temperatures in the baths remained
within -±0.15°C of the set temperature, and in the
fourth unit the tray water temperature exceeded air
temperature by about 2.5°C. No measurable differen-
ces in temperature were noted between plastic trays
in any one experimental bath. The addition of a Grant-
type cooling unit to bath number 4 allowed the tray
water temperature to be kept as much as 3°C below
air temperature and made it possible to operate over
most of the required temperature range, even when
the cellar temperature fell to about 9°C.

V W Snapes

Field maintenance techniques for experimental trees
In the course of a minor trial conducted to ascertain
the incidence of birch mycorrhizas in bare soil and in
grass, it was noticed that certain conditions affected
the vigour of the trees. In the trial, separate plots were
treated in the following ways: (i) with 2 types of herbici-
des; (ii) using hoeing to keep the ground clean; and (iii)
by sowing with a low-maintenance rye grass sward. By
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October 1982, ie 5 months after planting and grass
sowing and 3 months after the ground treatments, it
was found that mycorrhizas were present only in the
grassed rows.

It was also observed that the trees in the hoed rows
were the most vigorous.

Separate studies have shown that birches growing in
a high yield agricultural rye grass sward have reduced
vigour, even when herbicides have been used to elimin-
ate grass competition. Sitka spruce clones and seed-
lings appear to grow better in the presence of low
maintenance rye grass with competition reduced by
'Treespats' (these are biodegradable bitumen squares
placed around the young tree).

It would appear from these observations that the pres-
ence of a grass cover, but with restricted growth, is
beneficial for the growth of young trees. If, as suspe-
cted, herbicides depress the activity of mycorrhizas,
then hoeing would seem to be preferable. Hoeing,
however, can be very expensive, especially in a wet
season, and can, more importantly, damage stems and
surface roots. Therefore, the final choice would be to
use an easily applied medium term (2 years) mulch, eg
'Treespats'.

R F Ottley and J W McCormack
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Systems analysis and biometrics

THE PROVISION OF STATISTICAL SERVICES WITHIN ITE

The task of providing statistical advice within ITE is
herculean. It has to meet the many demands of the
hydra-headed body of ecological research, with its
wide sprawl of disciplines and its vast number of lines
of enquiry. In an Institute of 250 scientists and 350
projects, 10 biometricians battle to provide a com-
prehensive advisory service. Each research station has
its resident statistician and a small group at Cambridge
provides a centralized source of statistical advice. The
biologists are exhorted constantly to observe the steps
in the consultative process: initial discussion of the
problem and its biological background, formulation of
objectives, decisions on the method of data collection
and on the method of analysis, execution of the analy-
sis, and interpretation of the results. It must be said
that, in the main, ITE biologists do follow the steps of
the consultation sequence.

During the last quarter century, there has been a mar-
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ked change in attitudes towards the use of statistics in
ecology. The increasing use of quantitative methods
continues apace. Long gone are the days of purely
descriptive studies. The language of mathematics is
now an essential ingredient of the vocabulary of ecol-
ogical literature and thinking. Though the mathematical
approach can never replace inventive originality in the
formulation of hypotheses and in the development of
ecological concepts, these concepts are defined,
refined and put to the test by the mathematical, scien-
tific method.

From its very beginning, the research programme of
ITE has adopted and made use of quantitative methods.
Statistical theory was recognized as a tool of central
importance, and not, as was widely expressed in those
days, an irrelevancy only useful for ornamenting diag-
rams with asterisks of significance. The statistician has
long been recognized as an indispensable member of
any experimental team. The prospect revealed to the
statistician confronting the ecological landscape is fas-
cinating and challenging. Faunas of every description
disport themselves in variegated vegetation. Vast re-
gions still remain unexplored. Nature is untamed, and
all is wide profusion and seemingly without pattern or
design. Enshrouding the whole panorama is the thick
mist of ecological variability. In negotiating this un-
known territory, the statistician meets problems of
great complexity and must be able to distinguish the
trees from the dead wood. His fellow pioneers, the
biologists, sometimes have to be gently reminded that,
in these conditions, providing logistical support is a
difficult enterprise.

The biometrician has to cope with an extraordinary
variety of problems; in the course of a year, he may
have been engaged in as many as 20 quite separate
lines of enquiry. The projects that he may be involved
with vary in character from the botanical, zoological,
ornithological, systematical and computational to the
synoptic and the global. Thus, for example, one bio-
metrician reports that during the last year he has been
involved in studies of the sparrowhawk, the Roman
snail, butterflies, bats, rabbits, frogs, and insect fauna;
he goes on to report studies on the effect of urbaniza-
tion, acid rain, bracken control, plant succession and
the mapping of vegetation from aerial photographs.

The wide diversity of problems is matched by the wide
variety of statistical- methodology; the statistician has
an impressively large and ever-increasing choice of
techniques from which to choose: experimental de-
sign, survey techniques, spatial analysis, time series,
stochastic processes, etc. It is too much to expect a
single statistician to be expert in all branches of the
subject; some of his weaponry must necessarily suffer
from rust. For this reason, whenever practicable within
the limited biometrical resources of ITE, a division of
labour is made and jobs are allocated to the people
best equipped to deal with them.

Particularly in ecological research, one of the most
important of the statistician's contributions to any re-
search project is the elucidation of the logical issues
and the objectives of the study. This contribution is, of
course, made during the initial phase of the project and
precedes the formal consideration of statistical design
and data analysis. Regrettably, this preliminary advice
is not always sought and a corresponding proportion
of scientific nonsense is produced.

However, in ITE, the incidence of inadequate and of
faulty initial planning is reduced to a large extent by
the system of adopting the project plan as the basic
unit in the research programme. The project plan, re-
quiring as it does a clear statement of the objectives
of the project and the means whereby the objectives
are to be achieved, presents a golden opportunity to
the statistician to identify shortcomings in the concep-
tion of the project and to assess the efficacy of the
methods proposed for the collection and the analysis
of the data.

The statistician engaged in ecological work is blessed
with abundant opportunity to pursue research, not only
jointly with his biological colleagues, but also individu-
ally following his own initiative. The wide variety of the
subject matter, the complexity of ecological processes
and their variability present the statistician with any
number of research topics. Areas of study requiring
research include spatial and temporal analysis, multiva-
riate methods, population dynamics, environmental
monitoring and systems analysis. Many of the pro-
blems met in statistical ecology are far from straightfor-
ward; more often than not, further reading has to be
pursued and new methods of analysis have to be devi-
sed. Incidentally, this essential research often receives
scant appreciation from the waiting biologists who can-
not think why the data are not simply put on the com-
puter and the analysis completed.

The computer plays an important part in the research
programme. It has been recognized as an essential tool
from the very beginning of ITE, and from before that in
the days of the Nature Conservancy, long before the
general acceptance of its value in ecological research.
It is but 10 years ago that a distinguished academic
visitor to one of ITE's research stations was overheard
privately describing the station as neither more nor less
than a computer laboratory. Since those distant days,
the computer has everywhere prevailed, though not
without some acrimony: people tend to be divided into
2 camps — they are either big computer users or they
favour small computers. The abyss that separates the
2 groups, though non-transversable, does not occupy
a fixed position, but is forever being updated and
shifted year by year at an increasing rate. Indeed, every
schoolboy now has available more computing power
to play with than did the aforesaid research station 10
years ago. The biometrical staff, though eschewing
ideological considerations, tended to belong to the
camp of the big computer users. Their allegiance is due



not simply to the greater scope for the manipulation (i)
of large data bases, but mainly because of the ready
availability of the statistical languages and packages,
GENSTAT, GLIM, and NAG, that so reduce the chores
of programming. Not having a support service of pro-
fessional programmers, the biometricians have to do
their own programming of the computer. Much time
could be saved for the practice of statistics if the biome-
trician, after merely describing the form of the data
and the method of analysis, could then pass on his
computing needs to a specialist programmer. On the
other hand, in the same way as many of the problems
of ecological research are far from straightforward, so
it is only infrequently that the computer processing
can be executed in one swoop. As the analysis of the
problem evolves step by step, the computer program
is correspondingly modified and extended. This interac-
tive process, the somewhat halting dialogue of the
statistician and the computer, would not necessarily
be speeded up or rendered less incoherent if it were
carried out through the intermediary of a professional
programmer. Willy-nilly, the biometricians have to
spend a sizeable proportion of their time sitting at a
computer console.

M D Mountford

To illustrate the consultancy and research activities of
the ITE statisticians, a few instances of their recent
work are given below.

Predictive models of population fluctuations in red
grouse
From 1963-77, red grouse numbers on Kerloch moor
went through 2 population cycles. The first, lasting
from 1963-69, had an approximately 2-fold amplitude
in spring numbers; the second, from 1969-77, had an
approximately 5-fold amplitude (Figure 77i). For each
year, demographic data were available on recruitment,
emigration and over-winter survival, together with ob-
servations on spring rainfall and temperature, and the
incidence of egg-robbing by crows. These data have
been analysed and used to develop predictive models
for grouse numbers. Preliminary examination of the
relationships amongst the demographic variables
showed that the annual change in spring numbers was
closely related to the number of young produced per
spring cock. Also, over-winter survival of cocks showed
a delayed density-dependent relationship with spring
numbers in the previous year. More specifically, if y,
denotes the logarithm of spring numbers and b, is the
logarithm of (1 plus half the number of chicks reared
per spring cock in year i), a predictive model:

y,,, = 0.29+y,-0.18y+b,
was fitted to the data.

Figure 77(i) shows the close fit of this model obtained
by successively using spring numbers in years i and
(i-1), and observed chick production in year i to predict
spring numbers in year (i+1).
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Figure 77
i. Observed ( ) loge spring numbers of red grouse.

Predicted (  numbers, using a model incorporat-
ing chick production and delayed density-dependent
overwinter survival with lag of one year.
Observed (—) loge spring numbers of red grouse.
Predicted ( ) numbers, using model in Figure
77(i), but with chick production estimated from spr-
ing numbers 2 years previously. Predicted (— --)
numbers, using crow-robbing as an additional predic-
tor of chick production.

Further analysis revealed that, in the second cycle,
chick production measured by b, was related to spring
numbers 2 years back (r = 0.95). When this relationship
was incorporated into the model (1), the fit was good
in the second cycle but poor in the first (Figure 77ii),
where observed breeding was low in 1965-67. A pos-
sible explanation of this result was some environmen-
tal factor affecting chick production in those years.

Previous studies have shown that chick production cor-
relates with heather growth in the previous summer,
and that this can be related to air temperature and
rainfall. Also, in the first cycle, crows robbed many
nests. Regression analysis failed to detect a relation-
ship of chick production with either estimated heather
production or spring temperature. However, a signifi-
cant effect of nest-robbing was observed.

Model (1) was augmented to include bi as a function
of both the proportion of nests robbed and spring num-
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bers 2 years back. The new model provides a good fit to
the observed numbers over the 14-year period (Figure
77ii).

The models have been used to predict numbers in the
early stages of an increase on another study area: in 2
years, the predicted varied from the actual numbers by
13% and 3%. The importance of numbers  per se  can,
and will, be tested by controlled removal of birds in
autumn.

P Rothery

Estimated bird survival from ring recoveries
Almost all we know about the age-dependent death
rates in birds is based on analysing data ariSing from
the recoveries of rings from young birds ringed and
released at the beginning of each year. The analysts of
ring recoveries are well aware that the survival estima-
tes may be distorted if rings are lost, or if the recovery
of dead birds is differentially affected by the age of the
bird or by the calendar year. However, an additional
problem arises when it is not known what proportion
of dead birds is recovered. A given set of recoveries
might come from a low recovery rate and a high mortal-
ity, or from a high recovery rate and a low mortahty:
the given set of recoveries is then consistent with an
infinite number of combinations of recovery rates and
survival patterns. It becomes impossible to decide
which particular combination is closest to the one pre-
vailing in nature. In practice, the problem is circum-
vented by imposing a constraint, eg that the mortality
in a given species becomes constant after a certain
age. This additional assumption appears so reasonable,
biologically, that it has not been questioned.

The present work demonstrates that this apparently
innocuous assumption plays such a crucial role in the
process of survival estimation that, if the assumption
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is violated,  even in the slightest degree, then the result-
ing survival estimates are liable to be distorted and
untrustworthy. This is true even if all the other as-
sumptions hold, and no matter how large a number of
recoveries is available for analysis.

The significance of this work is that it draws attention
to the fact that, for all practical purposes, all hitherto
published estimates of age-specific survival cannot be
trusted if they are based solely on recoveries of dead
birds. This result is important not only to ornithologists,
but also to scientists in other fields where similar
methods are used, eg fish and mammal studies.

K H Lakhani
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Estimation of age-specific survival in hen harriers
The aim of this study, done in collaboration with N
Picozzi of Brathens, was to estimate and to compare
the survival rates of male and female hen harriers.
Colour-marked birds of known age were introduced
into the Orkney population each year from 1975-80
inclusive. The basic data are the records kept of the
resighting of marked birds during the 1976-81 breeding
seasons.

The method of estimation used in the analysis allows
for age-dependent survival rates and also for age-de-
pendent resighting rates. A suitable approach is given
by Pollock (1981) who has developed a model to allow
for variable rates of survival and of resighting. How-
ever, the estimates derived by Pollock are biased, and
for small samples, as is the case for the hen harrier
data, the bias can be infinitely large. To remedy this
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Figure 78 Estimated (i) survival and (ii) resight rates in relation to age for male (4,
(o 0) hen harriers.
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defect, a modification of Pollock's method, giving ne-
arly unbiased estimates, has been developed. The esti-
mates of survival and resighting rates of the hen harrier
population are given in Figure 78. Female nestlings
survive less well than yearlings; an estimated 29% of
female nestlings survive to become 2-year old adults,
and there is little variation in the survival rates of adult
females about the average value of 90%. As in the
case of females, male nestlings survive less well than
adults: compared with the female nestlings, only half
as many male nestlings survived to adulthood (14%),
and male adults have an average annual survival rate
of 72%. Figure 78 shows that marked nestlings of both
sexes are much less likely to be resighted than marked
adults.

P Rothery
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Estimation of population fluctuations with application
to the Common Bird Census
The Common Bird Census (CBC), carried out annually
by the British Trust for Ornithology (BTO), monitors the
changes in population size of the more common bird
species. More than 250 sample plots, covering a wide
range of farmland and of woodland habitats, have been
included in the Census. Observers make frequent visits
to the sample plots during the breeding season. On
each visit, the observer records the species of the birds
detected and the location of the birds within the plot.
Using this information, an estimate is made of the
number of territory-holding males of each species in
the plot.

Until now, the BTO have analysed the Census data
annually. If yo and yi2 are the estimated numbers of
territories in sample plot i in successive years, year 1
and year 2, say, then the change in population size
between the 2 years is measured by the ratio estimate:

r12 = /y,2//y,1
the summation being carried out over those plots vis-
ited in both years.

The sequence of changes in the population over a
period of several years is indirectly constructed from
the products of the measures of change between suc-
cessive years. Thus, for example, the change between
year 1 and year 4 is estimated by:

r12r23 r34

No direct use is made of the data for pairs of years
separated by more than one year; thus, the ratio ria
does not directly figure in the estimate of change from
year 1 to year 4.

If each and every site is monitored in every year, then,
of course, the direct and indirect estimates of popula-

tion change between any pair of years coincide. How-
ever, a conspicuous feature of the Census is the large
number of gaps in the data; they are extremely unbal-
anced. Over the period 1963-76, only a handful of plots
were visited and counted in each and every year. With
the frequent coming and going of the observers, all
voluntary and unpaid, the majority of the plots were
counted in less than half of the 14 years of the Census
period; in the presence of this non-orthogonality, the
direct and indirect estimates of change do not coincide.
Consequently, the existing method of estimating popu-
lation fluctuations makes far from full use of the rele-
vant information. Accordingly, a method using both
the direct and indirect measures of change has been
developed, which combines the 2 types of measures
to give minimum variance estimates of the relative
changes in the population numbers.

When applied to the BTO skylark data, worthwhile
improvements in efficiency were obtained. Figure 79
shows 2 estimates of the proportionate changes be-
tween pairs of years — the standard ratio estimate
and the corresponding estimate obtained by the new
method from the data of the 9-year period 1963-71;
for reasons of space, only the results of the period
1963-67 are presented. The relative magnitude of the
confidence intervals indicates a clear gain in precision
for the new method.

The validity of the method requires mutual consistency
in the relative changes of the various. comparisons.
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Figure 79 Estimates and  95%  confidence intervals of
relative annual change in skylark numbers for 1963-66
derived from ratio estimate (*) and from the 9-year
analysis (0).
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With the passage of time, there is an increasing possib-
ility of change in the ecological characteristics of a
Census plot and an increasing likelihood of the violation
of the assumptions underlying the model. Accordingly,
a test of the mutual consistency of the relative changes
has been devised.

M D Mountford
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The use of environmental data in the prediction of a
biological classification
The data arose from a project at the Freshwater Biologi-
cal Association (FBA) River Laboratory, in which natural
river communities in Great Britain were analysed.
Macro-invertebrate samples were collected in each of
3 seasons at 268 sites on 41 rivers by Water Authority
biologists and identified at FBA. Results from species
lists combined over 3 seasons are described here. Data
were also obtained on 28 environmental features for
each sampling site, including time-invariant attributes
such as altitude, distance from source and discharge
category, and attributes measured at the time of sam-
pling, eg channel width and depth, dominant substrate
particle .size, water velocity and macrophyte cover.
Data on 6 chemical attributes, including pH, dissolved
chloride and alkalinity, were also included.

The sites were classified from the biological data using
2-way indicator species analysis (TWINSPAN, Hill
1979). The successive levels of division resulted in
2,4,8,16,32 groups of sites. The division to 16 groups
proved the most useful in terms of natural groups of
sites, which ranged from top sites on upland rivers to
deep water sites in south-east England.

Because collection and identification to species level
of biological samples are much more demanding of
time and expertise than measuring the environmental
variables, the question was asked how well the biologi-
cal groupings could have been predicted using environ-
mental data alone? Multiple discriminant analysis
(MDA) was used to find linear functions of the environ-
mental variables which best discriminated between
the groups. It was then possible to find the percentage
of sites which were allocated to the correct TWINSPAN
group using MDA (Table 36). The number of correct
predictions even at the 16 or 32 group level was

Table 36. The percentage of 268 sites predicted to the correct TWIN-
SPAN group, using multiple discriminant analysis on 28
environmental variables

thought to be highly encouraging, and work is currently
in progress to find other environmental variables which
would enable prediction to become even more accu-
rate. Future work will include the development of tests
of the inner consistency of the classification.

D Moss
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Sub-sampling scheme for ageing size-grouped mus-
sels
The construction of a life table of the mussel population
is an essential component of the studies being carried
out by ITE scientists on the interaction of the oyster-
catcher and the mussel populations of the Exe estuary
(pp 87-92). Counts of mussels are made twice a year.
On each occasion, the lengths of a sample of mussels
are measured and estimates of the relative abundances
of the different size classes are calculated.

A life table cannot be constructed directly from the
length data; any one size class is made up of mussels
of different ages. Mussels can be aged directly by
counting the number of growth rings. This direct
method is extremely time-consuming; compared with
measuring length, it takes 10-20 times as long to carry
out. Because of this disparity of effort, the life table is
constructed from the length data via the age-length
relationship estimated from a smaller sub-sample of
mussels.

The sub-sample consisted of the mussels found on
one bed on 2 occasions. The relationship between age
and length is shown in Figure 80. The relative age
distribution within each size class is calculated. It is
then applied to the size class data of the larger sample
to give estimates of the population age distribution.
The variances of the estimated age class numbers are
calculated from the means, variances and covariances
of the size class numbers. It is then possible to calcu-
late the precision of any set of estimates derived from
age-length data and to devise an optimal sampling
strategy.

R T Clarke

Analysis of competition processes
Competition between conifers within miniature stands
of Sitka spruce  (Picea sitchensis)  and lodgepole pine
(Pinus contorta)  has been studied at the Bush Estate,
Penicuik. The aim was to identify aspects of tree
growth affected by competition and to quantify the
effects, to develop a mathematical model of the pro-
cess, and to use the model to identify intrinsically high-
yielding individuals. Each plot was the central array of
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Figure 80 Percentage occurrence of mussels of different ages (years) in samples of n individuals of given size.

30 x30 trees in a hexagonal lattice. Measurements of
height and of height increments were taken in the
2 years before harvest, with further observations at
harvest on diameter, branch structure and year of
death.

The spatial pattern of dead trees was examined by
comparing the number of occasions that, variously, 2
dead, 2 living, and a pair of one dead and one living
trees occurred as neighbours, with the number ex-
pected when deaths occurred at random. A statistically
significant departure from randomness was observed,
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revealing an even, regular, distribution of mortality. A
similar effect was detected using heights, with the
larger trees tending to be neighbours of the smaller
trees. Overall, a bi-modal distribution of heights was
observed, with trees which eventually died occurring
mainly in the lower mode.

A model for leader growth in the final year was devel-
oped by relating relative growth rate (RGR) of an indivi-
dual to the competitive influence of its neighbours.
This was measured by the tree's status (Ford & Diggle
1981), a function of the angles between the apex of a
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Figure 81 Relative leader growth rate of lodgepole pine in relation to:
i. height at the start of 1973 and 1974
ii. status calculated using heights of first order neighbours at the start of 1974.
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tree and its competitors. Figure 81 illustrates the find-
ings for lodgepole pine. In 1974, RGR showed an in-
crease with tree height at the beginning of the year
in contrast to the pattern in 1973. This effect can be
explained by the greater competition experienced in
1974 by the smaller trees. Average RGR shows a
steady increase with status calculated at the start of
the period. Similar growth patterns to those of lodge-
pole pine were observed for Sitka spruce.

P Rothery
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Computerization of CCAP records
The Culture Centre of Algae and Protozoa's large hold-
ing of offprints and pamphlets, totalling some 11 000
records, is being reproduced in computerized form so
as to provide the basis of a comprehensive and efficient
bibliographic service for CCAP staff and other enquir-
ers. So far, more than 9000 records, occupying 1.8
million bytes, have been transferred to floppy disc. The
software for retrieving bibliographic data according to
various criteria has already been developed and proven.
It is planned eventually to extend the service to include
all CCAP's holding of books, as well as relevant infor-
mation garnered from serial publications and abstract-
ing journals.

A second piece of computerization is that of the data
of CCAP's collection of about 2000 strains of Protista.
Basic data of all the strains have been transferred to
floppy disc and, after extensive editing on the Cam-
bridge University computer to remove inconsistencies
and to incorporate modern changes in taxonomy, the
data were transferred to the SERC Rutherford Labora-
tory where they were typeset by computer. The result-
ing production, the fourth edition of the  Culture Centre
of Algae and Protozoa list of strains,  was pUblished in
September 1982.

D F Spalding

Reference

Asher, A.  &  Spalding, D. F.,  eds. 1982. Culture Centre of Algae  and
Protozoa list of strains.  Cambridge: Institute of Terrestrial Ecology.

Overseas  activities
The involvement of ITE in ecological research on an
international scale has included 2 overseas training
sessions in biometrical methods.

In May 1981, P J A Howard and Doreen Howard visited
Alexandria to assess the type of help which ITE could
give to the SAMDENE (Systems Analysis of Mediter-
ranean Desert Ecosystems of Northern Egypt) and RE-

MDENE (Regional Environmental Management of De-
sert Ecosystems of Northern Egypt) projects, which
aim to develop a better understanding of the structure
and dynamics of the major ecosystems and to aid land
use planning. As a result of that visit, 4 REMDENE
trainees came to Merlewood in January 1982 for a
course of statistics and BASIC programming lectures
and practicals. As training of the Egyptian ecologists in
data analysis is an important part of this project, the
analysis of the data proceeds via fully-documented
case studies of representative data sets. Methods used
so far are principal component analysis, discriminant
analysis, and canonical correlation analysis.

Also from Merlewood, P J Bacon and D K Lindley,
armed with a BBC computer, gave a course of lectures
on computing, statistics and systems analysis to the
staff and students of the Institute of Environmental
Studies, University of Khartoum, in March/April 1982.
This course followed the visit of 12 senior members of
the Institute of Environmental Studies to Merlewood
in 1981 to participate in a specially-designed course on
systems analysis and computing in ecology arranged
by the Director.

Culture Centre of Algae and Protozoa

GENERAL REVIEW

With the adoption of a different format for this year's
Annual Report, most of CCAP's research is described
elsewhere. Perhaps one of the most significant events
during the year has been the loss, through Voluntary
Premature Retirement, of 3 of the Centre's most dis-
tinguished phycologists. Drs Erica Swale and Hilary
Belcher resigned, respectively, on 31 December 1981
and 31 March 1982, and Dr D J Hibberd did likewise
on 30 June: the loss of all 3 will be keenly felt. Drs
Belcher and Swale have continued part-time working
under contract, and so CCAP has not totally lost their
expertise; they have served with NERC for 17 and 12
years respectively (initially at the Freshwater Biological
Association laboratory at Windermere). Dr Hibberd's
term of service (all of it at CCAP) runs a close third,
amounting to 11 years. A major task for all 3, during
the time available to them in the past year, has been
writing up work which they had already done and which
has been referred to in previous Annual Reports. This
year saw the publication of Dr Belcher's and Dr Swale's
third booklet in the ITE series of publications on  Cultur-
ing algae — a guide for schools and colleges;  also
published were  Parasitic protozoa in British wild ani-
mals  by J R Baker and the fourth edition of CCAP's  List
of strains  (edited by Ann Asher and D F Spaldin6). The
list contains records of 1949 strains (177 mutants of
Chlamydomonas reinhardii  being omitted), and was
produced by computer type-setting. This was possible
because of the progress already made by Mrs Asher
and D F Spalding in recording basic data relating to
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all the strains on floppy discs via an Olivetti P6060
microprocessor. From this store, data were edited on
the IBM 370/195 computer at the University of Cam-
bridge, transferred to the IBM disc store of the SERC
Rutherford Appleton Laboratory and type-set by the
FR80 computer-output-microfilm camera there. Finally,
the 100 pages of the list were printed from camera-
ready copy by NERC/SERC Reprographic Section at
Swindon. With this project successfully accomplished,
rapid progress is being made in similarly recording bibli-
ographic data. About 10 000 of CCAP's holding of over
11 000 offprints and pamphlets, and 700 books have
already been recorded by Mrs Asher. Additional strain
data will also be recorded, a daunting task which will,
it is hoped, be facilitated by the availability of an in-
creased memory capacity resulting from the inclusion
of CCAP in the NCS network of mainframe computers,
via a link with the British Antarctic Survey.

Returning to publications, CCAP has been responsible
for producing 8 (including 2 editions of the  List of
strains)  of the 50 publications currently in the ITE
series, 3 of which were amongst the 'top ten' best-
selling ITE publications in the first half of 1982.

Sales of cultures declined considerably during the year,
presumably as a result of general economic conditions
and the reduction in university finance in particular (Brit-
ish universities take about three-quarters of the annual
output); 2584 cultures were sold between 1 November
1981 and 31 October 1982, a decrease of about 26%
from the total of over 3500 despatched during the pre-
vious 12 months. Cultures were sent to 32 countries
(including Britain), 4 fewer than in 1981. Sales for
earlier calendar years are shown in Figure 82, which
indicates a slight drop in 1968-72 and a plateau there-
after at around 4000 cultures per annum. Analysis of
the sales figures shows that 73 universities in Britain
took 77%, 29 British schools received 5%, and 70
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Figure 82 Culture Centre of Algae and
annual sales of cultures 1940-1980.
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overseas universities 7%. The remainder (11%) went
to organizations not concerned with teaching — 8% in
this country and 3% overseas. These proportions differ
little from those relating to the previous year (ITE An-
nual Report for 1981, pp 102-103), which indicates
that the reduction in numbers ordered has been fairly
general. Interestingly, however, the number of cultures
requested by schools (129) was identical with that in
the previous year: figures for universities were down
by about 25% and those for non-academic bodies were
reduced by some 36%. The biggest customers (over
100 cultures each) were the Universities of London,
North Wales, Edinburgh, Manchester, St Andrews and
Cambridge.

On 30 September 1982, the Centre was designated an
International Depository Authority under the Treaty on
the International Recognition of the Deposit of Microor-
ganisms for the Purposes of Patent Procedure, 1877
(the 'Budapest Treaty'). As yet, no deposit has been
made under the terms of this Treaty.

The Centre's electron-microscopy unit, under K J
Clarke, is undertaking an increasing number of collabor-
ative projects with other ITE stations and NERC Institu-
tes, in addition to being well used in CCAP's own
research projects. During the year, the scanning mode
of operation of the instrument (a Jeol JEM 100Ck 'Tern-
scan') became fully functional for the first time, and
this mode is being exploited in 2 joint projects with the
British Antarctic Survey — one on the feeding mechan-
isms of krill  (Euphausia superba)  (pp 24-25) and
another on the morphology and taxonomy of tardi-
grades. A third joint project, with Monks Wood Experi-
mental Station, involves a study of muscle of starlings
(Sturnus vulgaris)  at different phases of the.breeding
cycle.

In addition to his work on cold shock, described else-
where in this Report (pp 62-64), Dr Morris is achieving
considerable success in cryopreserving the Centre's
holding of Cyanophyceae; 45 of an initial sample of 59
strains have been successfully recovered, and there
seems to be no reason why a similar proportion of the
remaining 30 or so strains should not survive also.

My own work, characterizing chiropteran strains of  Try-
panosoma and a joint project with R E Kenward (Monks
Wood), is continuing but is not reported in detail this
yea r.

During the latter part of the year, CCAP has welcomed
Dr Lydia Kalinina, from the Institute of Cytology in
Leningrad, on a second visit to work with Dr G J Morris
and Dr F C Page.
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The listing by Programmes also
shows the numbers of other
Programmes in which the project
appears.

1 Forest and woodland ecology
2 Freshwater ecology
3 Rehabilitation of disturbed

ecosystems
4 Management of natural and

man-made habitats
5 Survey and monitoring
6 Airborne pollutants, including

radionuclides
7 Plant physiology and genetics
8 Ecophysiology and pollution

in animals
9 Plant population ecology

10 Autecology of animals
11 Faunistic studies
12 Cycling of nutrients
13 Land classification and land

use
14 Chemical and technical

sciences
15 Systems analysis and

biometrics

Key
@ Nature Conservancy Counc I

contract
+ Department of Environment

contract
Otheroutsidecontract

! PhD or other student project
§ Visiting worker project
* Project proposal, not yet

approved by Management
Group

Projects
listed by Programmes as at 15 February 1983

1. Forest and woodland ecology,  the integrated effects (botanical and zoological) of woodland
and forest management practices

Programme Leader: F T Last
Core Group: D Jenkins, E D Ford, A H F Brown

2. Freshwater ecology, with special reference to synoptic limnology and the interactions between

1 Semi-natural woodland classification R G H Bunce 1
9 Monitoring at Stonechest J M Sykes 1
14 Tree girth changes in 5 NNRs A D Horrill 1
17 Meathop Wood IBP study J E Satchell 1
55 Establishment of trees at Moor House A H F Brown 1
61 Variation in growth of birch and sycamore A F Harrison 1
88 Surface conditions and plant establishment J Miles 1
90 Effects of birch on soil J Miles 112
137 Sparrowhawk ecology I Newton 1 8 10
188 Woodland invertebrates R C Welch 111
246 Physical environment, forest structure E D Ford 1 7
359 Fibre yield of poplar coppice M G R Cannell 1 7
386 Behaviour and dispersion of badgers H Kruuk 110
389 Management effect in lowland coppices A H F Brown 1
417 Silvicultural systems  — N Ireland experiment A H F Brown 1
442 Ecology of capercaillie R Moss 110
454 Monitoring of woodlands J M Sykes 1
463 Age class of amenity trees J E Good 1
479 Red deer in production forests B W Staines 110
514 British birch publication A S Gardiner 1
517 Primary productivity in woodlands J N R Jeffers 1
528 Red deer populations in woodland habitats B Mitchell 1
549 Monitoring in native pinewoods J M Sykes 1
574 Potential for fuel cropping in upland Wales D I Thomas 1
606 Grey squirrel damage and management R E Kenward 1 10
609+ Biological classification of UK rivers D Moss 1 2
619 Small rodents in a Sitka spruce plantation A G Thomson 111
625£ Effects of clear-felling in upland forests M 0 Hill 112
633 Water level and vegetation change  —

Kirkconnell Flow J M Sykes 1
636 Song bird density and woodland diversity D Jenkins 111
692 Goshawk population dynamics R E Kenward 110
711 Tree growth and climate A Millar 1
721 Dry matter in forests: world review M G R Cannell 1
746 Grazing in woodlands T W Ashenden 1
758* Effects of grazing on woodland vegn diversityJ Dale 1
773 Silviculture of respacing Sitka spruce E D Ford 1
793* Ecotypic variation in oak M W Shaw 1
798* Mechanisms and processes in forest

mixtures A H F- Brown 1
820* Regional variation in forest dynamics P Ineson 112 15

flora and fauna

Programme Leader: J P Dempster
Core Group: I Newton, P S Maitland, I R Smith
116 Freshwater survey of Shetland P S Maitland 2
117 Freshwater survey of Great Britain P S Maitland 2
123 Zoobenthos at Loch Leven P S Maitland 2 11
124 Distribution and biology of fish in GB P S Maitland 2
289 Residues and effects of pollutants F Moriarty 2 8
447 Freshwater and marine amoebae F C Page 2



Programme Leader: F T Last
Core Group: M G Morris, M D Hooper, C Milner

3. Rehabilitation of disturbed ecosystems,and creation of biologically-rich habitats from scratch

Programme Leader: J P Dempster
Core Group: B N K Davis, T C E Wells

4. Management of natural and man-made habitats,but excluding forests and disturbed sites,
effects of management, including grazing, cutting ... on plants, animals and soils

102 Mountain vegetation populations
242@ Establishment of herb-rich swards
265 Regeneration on lowland heaths
360£ Tree planting on opencast sites
408+ Arboriculture: selection
500 Recolonization by spiders on Hartland Moor
567 Coastal dune management guide
690 Plant succession in a limestone quarry
693 Plant species establishment in grassland
707 Plant establishment in woodland
726 Restoration of heathland vegetation
796@* Poole harbour salt marshes
819* Creation of butterfly habitats on landfill sites

N G Bayfield
T C E Wells
S B Chapman
J E Good
F T Last
P Merrett
D S Ranwell
B N K Davis
L A Boorman
L A Boorman
R H Marrs
A J Gray
B N K Davis

3
3
3 4
3
3
3 4
3
3
3 4
3
3 4
3 4
3

11

481 Monitoring and chemistry of aquatic

Projects 125

pollutants K R Bull 28
527 Long-term changes in zooplankton L May 211
577 Predation of freshwater zooplankton D H Jones 211
584 Nutrient loading, phytoplankton and

eutrophication A E Bailey-Watts 211
585 Diatom ecology A E Bailey-Watts 2
586 Freshwater phytoplankton periodicity A E Bailey-Watts 2
609+ Biological classification of UK rivers D Moss 12
642 Physics of freshwater systems I R Smith 2
644 Breeding success and survival of the

common toad C J Reading 2 10 11
676 Ecology of lampreys in Loch Lomond P S Maitland 2 10
694 Zooplankton communities in freshwater

lakes D H Jones 211
698 Zooplankton population dynamics L May 211
705 Impact of barytes mine project P S Maitland 2
739 Life history of the common frog C P Cummins 28 10
748 Temperature limits of growth for

Chlamydomonas E A Leeson 2
765 Ecology of the heron M Marquiss 28 10
785 Cultivation of freshwater algae E A Leeson 2
786 Cultivation of marine algae N C Pennick 2
787 Cultivation of free-living protozoa J P Cann 2
817* Cell surface structure of marine flagellates N C Pennick 2

78 Management of sand dunes in Wales D G Hewett 4
89 Calluna-Molinia-Trichophorummanagement J Miles 4
92 Effedts of grazing on Nardusand Calluna

moorland D Welch 4
95 Importance of dung for botany change D Welch 4

148 Soil erosion on Farne Islands M Hornung 4
158 Community processes (physiology) D F Perkins 4
227 Sheep grazing on chalk grass flora T C E Wells 4
228 Effect of cutting on chalk grassland T C E Wells 4
230 Grassland management  -  invertebrates M G Morris 411
243 Scrub succession at Aston Rowant NNR L K Ward 4
265 Regeneration on lowland heaths S B Chapman 34
296 Scrub management at Cator Hanglands L K Ward 411



126 Projects

374 Sand dune ecology in East Anglia L A Boorman
457 Grazing models C Milner
467 Roadside studies T W Parr
500 Recolonization by spiders on Hartland Moor P Merrett
511 Landscaping at Swindon F T Last
573+ Amenity grass  — stage 2 M D Hooper
599 Bracken and scrub control on lowland heaths R H Marrs
602 Modelling sports turf wear T W Parr
634 Field plot survey  — Monks Wood R Cox
650 Amenity grass irrigation M D Hooper
665 Coastal management D S Ranwell
666 Coastal publications D S Ranwell
674£ Plant species for energy in Great Britain T V Callaghan
693 Plant species establishment in grassland L A Boorman
703 Vegetation change at Dungeness and

Orfordness R M Fuller
726 Restoration of heathland vegetation R H Marrs
744 Effects of grazing in Snowdonia M 0 Hill
769£ Bracken biofuel potential for energy in

Wigtown T V Callaghan
772 Japanese knotweed control R Scott
776 Long-term studies of vegetation change at

Moor House R H Marrs
794 Rhododendrons in Snowdonia M W Shaw
796@* Poole harbour salt marshes A J Gray
813 ITE/UCL EIA on Lake lchkeul M D Hooper
823£* Ecological review of North Canford Heath,

Dorset N R Webb

5.  Survey and monitoringof plant and animal distributions and abundance

Programme Leader: J P Dempster
Core Group: P S Maitland, M 0 Hill, B K Wyatt

62 National plant nutrient survey H M Grimshaw
116 Freshwater survey of Shetland P S Maitland
117 Freshwater survey of Great Britain P S Maitland
124 Distribution and biology of fish in GB P S Maitland
132 Monitoring in the Cairngorms A Watson
165 N Wales bryophyte recording M 0 Hill
181@ Birds of prey and pollution I Newton
204@ Assessing butterfly abundance E Pollard
208@ Botanical data bank C D Preston
209@ Vertebrate recording schemes H R Arnold
216 Register of NNRs G L Radford
309 Phytophagous insects data bank L K Ward
340 Survey of Scottish coasts D S Ranwell
378 Chemical data bank S E Allen
405 Fauna of pasture woodlands P T Harding
406 Distribution and ecology of non-marine

Isopoda P T Harding
424 Ecological survey of Britain R G H Bunce
466 Ecology of railway land C M Sargent
469 Scottish invertebrate survey R C Welch
483 Scottish deciduous woodlands R G H Bunce
529 Biological data bank D M Greene
534 National land characterization D F Ball
557@ Terrestrial and freshwater invertebrate

surveys PT Harding
565 Bibliography of Shetland N Hamilton
566 Islands: biogeographic analysis N Hamilton
591 Terrestrial Environment Information System B Wyatt

4
415
4
3411  3

4
4
415
4
4
4
4
4
34

4
34
4

4
4

4
4
34
4 5 9

413

5
25
25
25
5
5
58
510
5
5
5
511
5
5 14
511

5
513
5
5
513
5
513

5
5
5
515



609+ Biological classification of UK rivers
615 Heath land invertebrates
656@ Marine invertebrate recording schemes
657 Biological Records Centre — general
671 Analysis of BRC data
684E Mapping broadland vegetation with aerial

photographs
732 NCR site information system
743 Railway resource monitoring
751 National survey of fluoride in predatory birds
760E EEC ecological mapping
761E EEC remote sensing
771 Chemical data bank (Monks Wood)
774 Long-term trends in upland vegetation
795 Standard procedures for recording data
799 Dutch elm disease resurvey
800@* Poole Harbour wader survey
807 Ecobase
813 ITE/UCL EIA on Lake Ichkeul
822* LANDSAT classification and vegetation

survey of Bhutan

D Moss
N R Webb
H R Arnold
P T Harding
G L Radford

R M Fuller
G L Radford
C M Sargent
D C Seel
B K Wyatt
B K Wyatt
K R Bull
J Dale
D M Greene
J Wilson
J D Goss-Custard
B K Wyatt
M D Hooper

Projects 127

125  511

5
5
5

5
5
5
56
5 13
5 13
58 14
5
515
5
5
5
4 5 9 15

C M Sargent 513

6. Airborne pollutants, including radionuclides, their pathways through and effects on terrestrial

7. Plant physiology and genetics,  responses of native and introduced species to environmental
factors

Programme Leader: F T Last
Core Group: M H Unsworth, T V Callaghan
245 Genetics of Betulanutrition J Pelham 7
246 Physical environment, forest structure E D Ford 1 7
359 Fibre yield of poplar coppice M G R Cannell 1 7
449 Preservation of cultures G J Morris 7
512 National collection of birch A S Gardiner 7
702 Selection of frost-hardy trees M G R Cannell 7
717 Birch variation and environmental differences A S Gardiner 7
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8. Ecophysiology and pollution in animals,covering broadly the same fields as the former
Subdivision of Animal Ecology

Programme Leader: J P Dempster
Core Group: I Newton, R Moss

9. Plant population ecology:the biology of individuals and populations, including a consideration

129 Red grouse and ptarmigan populations A Watson 810
137 Sparrowhawk ecology I Newton 1 810
181@ Birds of prey and pollution I Newton 8
199 Avian reproduction and pollutants S Dobson 8
255 Ecology of Myrmicaspecies G W Elmes 8 10 11
256 Protein electrophoresis B Pearson 8
262 Digestive enzymes A Abbott 8
289 Residues and effects of pollutants F Moriarty 28
444 Endocrine lesions in birds S Dobson 8
455 Heavy metals in avian species D Osborn 8
461@ Puffins and pollutants M P Harris 8 10
481 Monitoring and chemistry of aquatic

pollutants K R Bull 28
559 Ecophysiology of the rabbit I L Boyd 8
624 Population genetics P J Bacon 8 10 15
630 Stress in birds A Dawson 811
697 Pesticides and wildlife: historical perspectiveJ Sheail 8
728 Kestrels in farmland A Village 810
737 Population genetics of Pardosa monticola

spiders R G Snazell 8
739
759+

Life history of the common frog
Chemicals in the terrestrial environment

C P Cummins
S Dobson

2810  8

763£ Data profiles on chemicals S Dobson 8
765 Ecology of the heron M Marquiss 2810  
771
810

Chemical data bank (Monks Wood)
Lead poisoning in birds

K R Bull
M C French

5814  8

811 Foraging and reserve storage in red and grey
squirrels R E Kenward 811

812 Grouse aviary R Moss 810

of gene flow

Programme Leader: F T Last
Core Group: S B Chapman, A J Gray
82 Seed produced by montane plants G R Miller 9

225 Population studies on orchids T C E Wells 9
269 Autecology of Gentiana pneumonanthe S B Chapman 9
295 Survey of juniper in N England L K Ward 9
346 Genecology of grass species A J Gray 9
365 Competition between grass species H E Jones 9
410 Tundra plants (bryophytes) T V Callaghan 9
411 Taxonomy of bryophytes B G Bell 9
508 Botanical variation in elm J N R Jeffers 9
575 Regeneration and growth of bracken

rhizomes R E Daniels 9
576 lsoenzyme studies in Sphagnum R E Daniels 9
649 Demographic genetics of Agrostis setacea A J Gray 9



741!* Distribution of morphological variation in
birch

742 Population fluctuations in annual legumes
775 Ecology of arctic alpines in Snowdonia
783 Interactions between mosses and vascular

plants
813 ITE/UCL EIA on Lake lchkeul

S Stewart
C D Preston
J Dale

Projects 129

9
9
9

N G Bayfield 9
M D Hooper 4 5 9 15

10. Autecology of animals,with particular reference to population management for conservation
and pest control

Programme Leader: J P Dempster
Core Group: I Newton, E Pollard, A Watson

54 Red deer ecology on Rhum V P W Lowe 10
104 Distribution and segregation of red deer B W Staines 10
111 Population dynamics of red deer at Glen

Feshie B Mitchell 10
129 Red grouse and ptarmigan populations A Watson 8 10
130 Management of grouse and moorlands A Watson 10
131 Golden plover populations A Watson 10
137 Sparrowhawk ecology I Newton 1 810
193 Stone curlew and lapwing N J Westwood 10
202 The Roman snail E Pollard 10
204@ Assessing butterfly abundance E Pollard 510
255 Ecology of Myrmicaspecies G W Elmes 8 10 11
273 Ecology of S magnusand other mites N R Webb 10 11
291@ Population ecology of bats R E Stebbings 10
292@ Specialist advice on bats R E Stebbings 10
386 Behaviour and dispersion of badgers H Kruuk 110
393 Isolation effects in butterfly populations J P Dempster 10 11
400 The large blue butterfly J A Thomas 10 11
403 The black hairstreak butterfly J A Thomas 10
404 The brown hairstreak butterfly J A Thomas 10
441 Oystercatcher and shellfish interaction J D Goss-Custard 10 11
442 Ecology of capercaillie R Moss 110
461@ Puffins and pollutants M P Harris 810
479 Red deer in production forests B W Staines 110
499 Studies in mammalian taxonomy V P W Lowe 10
509 Wood white butterfly population ecology E Pollard 10
543 Population ecology of the red squirrel V P W Lowe 10
568 Subcortical fauna in oak M G Yates 10 11
606 Grey squirrel damage and management R E Kenward 110
624 Population genetics P J Bacon 8 10 15
644 Breeding success and survival in the

common toad C J Reading 2 10 11
660 Simultaneous butterfly population studies J A Thomas 10
676 Ecology of lampreys in Loch Lomond P S Maitland 210
687 Radio location and telemetry development T Parish 10
692 Goshawk population dynamics R E Kenward 110
709 Techniques for rearing the large blue

butterfly J C Wardlaw 10
715£ Shetland otters D Jenkins 10
722 The habitat ecology of the spider Eresus

niger P Merrett 10
728 Kestrels in farmland A Village 810
734 Estimation of seabird numbers M P Harris 10
735 Oystercatcher population dynamics M P Harris 10
739 Life history of the common frog C P Cummins 2 8 10
764£ Habitat requirements of black grouse N Picozzi 10
765 Ecology of the heron M Marquiss 2810
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11. Faunistic studies,including studies of the interactions between species (eg competition,
predator/prey) and between fauna and their habitats (eg effects of area and isolation)

Programme Leader: J P Dempster
Core Group: M G Morris, J D Goss-Custard,H Kruuk, D Jenkins, J R Baker
67

123
188

Prey selection in redshank
Zoobenthos at Loch Leven
Woodland invertebrates

J D Goss-Custard
P S Maitland
R C Welch

11
2 11
111

230 Grassland management  — invertebrates M G Morris 4 11
232 Butterfly studies at Porton Range M G Morris 11
252 Hartland Moor NNR survey A Abbott 11
255 Ecology of  Myrmica  species G W Elmes 8 10 11
270 Distributional studies on spiders P Merrett 11
273 Ecology of  S magnus  and other mites N R Webb 10 11
296 Scrub management at Castor Hanglands L K Ward 4 11
309 Phytophagous insect data bank L K Ward 11
370 Experimental reduction of inter-species

competition in ants B Pearson 11
393 Isolation effects in butterfly populations J P Dempster 10 11
400 The large blue butterfly J A Thomas 10 11
405 Fauna of pasture woodlands P T Harding 11
407 British Staphylinidae (Coleoptera) R C Welch 11
441 Oystercatcher and shellfish interaction J D Goss-Custard 10 11
470 Upland invertebrates A Buse 11
500 Recolonization by spiders on Hartland Moor P Merrett 3 4 11
527 Long-term changes in zooplankton L May 2 11
568 Subcortical fauna in oak M G Yates 10 11
569 Insect fauna of  Helianthemum  and  Genista B N K Davis 11
577 Predation of freshwater zooplankton D H Jones 2 11
584 Nutrient loading, phytoplankton and

eutrophication A E Bailey-Watts 211
612 Analysis of common birds census M D Mountford 11
615 Heathland invertebrates N R Webb 511
619 Small rodents in a Sitka spruce plantation A G Thomson 111
621 Models of rabies epidemiology P J Bacon 11 15
630 Stress in birds A Dawson 811
636 Song bird density and woodland diversity D Jenkins 111
641 Invertebrate fauna of Nothofagus and

Quercus R C Welch 11
644 Breeding success and survival in the

common toad C J Reading 2 10 11
694 Zooplankton communities in freshwater

lakes D H Jones 211
698 Zooplankton population dynamics L May 2 11
708! Structure of spider communities on

heathland P J Hopkins 11
718@ Impact of land drainage on wildlife J Sheail 11 13
723 Characterization of Trypanosomes from bats J R Baker 11
724 Protozoan parasites of wild British animals J R Baker 11
803 Threat to Orcadian moorland by Lepidoptera R C Welch 11



12. Cycling of nutrients;  the movement and utilization of nutrients

Programme Leader: F T Last
Core Group: 0 W Heal. M Homung. J Miles

39 Phosphorus turnover in soils
90 Effects of birch on soil

153 Mineralogical methods
266 Root dynamics of Calluna yulgaris
358 Earthworm production in organic waste
364 Early growth of trees
367 The Gisburn experiment
431 Soil change through afforestation
432 Effect of birch litter on earthworms
438 Ecology of Mycena galopus
589 Microbial characteristics in soils
594+£ Geochemical cycling
625£ Effects of clear-felling in upland forests
645 Effects of soil chemistry on decomposition
654 Status of mycorrhizas in the soil ecosystem
695 Effects of mycorrhizas on tree growth
712 Organic matter quality and tree growth
714 Role of forest vegetation in pedogenesis
738! Effect of altitude on grassland at Moor

House
820* Regional variation in forest dynamics
824* Nitrogen and phosphorus cycling in forest

soils

14. Chemical and technical sciences, as a service to ITE

Programme Leader: J N R Jeffers
Core Group: S E Allen

378 Chemical data bank
484 Chemical technique developoment

A F Harrison
J Miles
A Hatton
S B Chapman
J E Satchell
A F Harrison
A H F Brown
P J A Howard
J E Satchel!
J C Frankland
P M Latter
M Hornung
M 0 Hill
D D French
J Dighton
F T Last
O W Heal
P J A Howard

J C Hatton
P lneson

A F Harrison

E J White
P J A Howard
M 0 Hill
R G H Bunce
M Hornung
R G H Bunce
D F Ball
C B Benefield
J K Adamson
M Hornung
G L Radford
J Sheail
R G H Bunce
R G H Bunce
B K Wyatt
B K Wyatt
R G H Bunce
R M Fuller
B K Wyatt

N R Webb

S E Allen 14
J D Roberts/

P Freestone 14

Projects 131

12
112
12
12
12
12
12
12
12
12
12
12
112
12
12
12
12
12

12
1 12 15

12

13. Land classification and land use,  habitat characteristics, their interrelations and value in site
assessments and resource management

Programme Leader: F T Last
Core Group: J N R Jeffers, 0 W Heal, D F Ball

2 Meteorological factors in classification
4 Soil classification methods

163 Ordination and classification methods
424 Ecological survey of Britain
471 Soils of Upper Teesdale
483 Scottish deciduous woodlands
534 National land characterization
541 Marginal land in Cumbria
554 Cumbria land classes and soil types
561 Soil fertility
700+ Ecological guidelines for locational strategies
718@ Impact of land drainage on wildlife
745£ Land availability for wood energy plantations
747£ Highland region land classification
760£ EEC ecological mapping
761£ EEC remote sensing
778£ Loss of agricultural land
781£ Land use changes over chalk aquifers
806 Assessment of LANDSAT value for land use
822* LANDSAT classification and vegetation

survey of Bhutan
823£* Ecological review of North Canford Heath,

Dorset

13
13
13
13
13
13
513
13
13
13
13
11 13
13
13
13
513
13
13
13

C M Sargent 513

4 13
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485 Chemical support studies
486 Engineering development
487 Microprocessor development studies
489 Glasshouse and nursery maintenance
490 Photographic development
491£ Radiochemical development
771 Chemical data bank (Monks Wood)
788 Electron-microscopy of algae and protozoa
804 Effect of changing environment on plant

growth

15. Systems analysis and biometrics

Programme Leader: J N R Jeffers
Core Group: C Milner, M D Mountford, E D Ford
306 Statistical analysis of spatial patterns
307 Index of eggshell thickness
376 Statistical training
377 Historical aspects of environmental

perception
402 Biometrics advice to NERC
426 Preparation of sulphur review documents
434 ITE computing services
457 Grazing models
503 Development of systems analysis
518£ UNESCO MAB Information System
591 Terrestrial Environmental Information

System
602 Modelling sports turf wear
610 Computerization of CCAP records
613 Computerization of ITE/NERC costing

procedure
621 Models of rabies epidemiology
622 Applications of systems analysis
624 Population genetics
629 Systems analysis of Egyptian deserts-

REMDENE
663 Estimation of abundance of populations
699 Checklist of computer programs
754£ Development of bilateral link with IES,

Khartoum
777 Estimation of population parameters
780 Use of statistics in Journal of Ecology
795 Standard procedures for recording data
802£ MAFF environmental sampling in W Cumbria
813 ITE/UCL EIA on Lake lchkeul
820* Regional variation in forest dynamics
825* Statistical consultancy in ITE

S E Allen
G H Owen
C R Rafarel
R F Ott ley
P G Ainsworth
J A Parkinson
K R Bull
K J Clarke

E J White

P Rothery
P H Cryer
C Milner

J Sheail
M D Mountford
I D Nicholson
C Milner
C Milner
J N R Jeffers
J N R Jeffers

B Wyatt
T W Parr
J R Baker

M D Mountford
P J Bacon
P J Bacon
P J Bacon

P J A Howard
M D Mountford
D K Lindley

J N R Jeffers
K H Lakhani
P Rothery
D M Greene
D K Lindley
M D Hooper
P Ineson
M D Mountford

14
14
14
14
14
614
58 14
14

14

15
15
15

15
15
615
15
415
15
15

15
415
15

15
11 15
15
8 10 15

15
15
15

15
10 15
15
15
15
4 5 9 15
1 12 15
15
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Davis, 32-40. (ITE symposium no. 11). Cambridge: Institute of Terre-
strial Ecology.

L. Smeeton  (University of Southampton; Dr M. V. Brian)
Smeeton, L. 1980. Male production in the ant Myrmica rubraL. PhD
thesis.
Smeeton, L. 1981. The source males in Myrmica rubra L. (Hym.
Formicidae). Insectes soc.,28,  263-278.

G. J. Thomas  (Council for National Academic Awards; Dr D. S.
Ranwell)
Thomas, G. J. 1978. The breeding and feeding ecology of waterfowl
at the Ouse Washes, England. PhD thesis.
Thomas, G. J. 1980. The ecology of breeding waterfowl at the Ouse
Washes, England. Wildfowl, 31,  73-88.
Thomas, G. J. 1982. Autumn and winter feeding ecology of water-
fowl at the Ouse Washes, England. J. Zool.,197,  131-172.
Thomas, G. J., Allen, D. A. & Grose, M. P. B. 1981. The demography
and flora of the Ouse Washes, England. Biol. Conserv.,21,  197-229.

A. J. Truscott  (University of East Anglia; Dr D. S. Ranwell)
Truscott, A. J. 1978. Growth of Enteromorphaand salt marsh devel-
opment in the Stour estuary, Essex. PhD thesis.

A. Tye  (University of Cambridge; Dr R. K. Murton)
Tye, A. 1980. The breeding biology and population size of the wheat-
ear (Oenanthe oenanthe)on the Breckland of East Anglia, with impli-
cations for its conservation. Bull. Ecol.,11,  559-569.
Tye, A. 1981. Ground-feeding methods and niche separation in
thrushes. Wilson Bull.,93,  112-114.

A. Village  (University of Edinburgh; Dr I. Newton)
Village, A. 1980. The ecology of the kestrel (Falco tinnunculus)in
relation to vole abundance at Eskdalemuir, south Scotland. PhD
thesis.
(Dr Village is now a member of ITE staff; any other publications are
included in the main list, Section V).

M. S. Warren  (University of Cambridge; Dr E. Pollard)
Warren, M. S. 1981. The ecology of the wood white butterfly Lepti-
dea sinapsisL. (Lepidoptera, Pieridae). PhD thesis.

G. R. Wilson  (University of Aberdeen; Dr A. Watson)
Wilson, G. R. 1979. Effects of the caeca! threadworm Trichostrongy-
lus tenuison red grouse. PhD thesis.
Wilson, G. R. 1978. Disease in red grouse: threadworms. Annu. Rev.
Game Conserv.,9, 63-67.
Wilson, G. R. 1978. Survival of the fittest. Field,453,  776.
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Contract reports

Allen, S. E. 1982.
Radionuclide pollutants in natural ecosystems. 3pp.
Commission of European Communities. ITE Project 553.

Fuller, R. M. 1982.
Land use identification from aerial photography. (Land use changes over
chalk aquifers). 29pp.
Anglian Water Authority. ITE Project 781.

Fuller, R. M. 1982.
Vegetation mapping of Broad land using aerial photographs. 13pp.
Broads Authority. ITE Project 684.

Harris, M. P.  &  Osborn, D. 1982.
Birds of prey and pollution. Part IV. PCB residues in PCB-dosed puffins.
2pp.
Nature Conservancy Council. ITE Project 181.

Horrill, A. D. 1982.
Radionuclides in terrestrial ecosystems. Concentrations and spatial distri-
bution of radioactivity in saltmarsh. 7Opp.
Department of the Environment. ITE Project 553.

Jenkins, D.  &  Conroy, J. W. H. 1982.
Monitoring otters in Shetland. llpp.
Shetland Oil Terminal Environmental Advisory Group. ITE Project 715.

Maitland, P. S., Smith, I. R., Jones, D. H., East, K., Morris, K. H. & Lyle, A. A.
1981.

The fresh waters of Tayside. 300pp.
Nature Conservancy Council. ITE Project 117.

Marrs, R. H.  &  Lowday, J.  E. 1982.
Bracken and scrub control on lowland heaths. 79pp.
Nature Conservancy Council. ITE Project 599.

Newton, I., Bell, A. A.  &  Haas, M. B. 1982.
Birds of prey and pollution. Part I. Monitoring. 26pp.
Nature Conservancy Council. ITE Project 181.

Osborn, D., Bull, K. R.  &  Every, W. J. 1982.
Birds of prey and pollution. Part II. Mersey bird mortality. 25pp.
Nature Conservancy Council. ITE Project 181.

Osborn, D.  &  Every, W. J. 1982.
Birds of prey and pollution. Part Ill. Incident investigations. 5pp.
Nature Conservancy Council. ITE Project 181.

Picozzi, N. 1982.
Research on black grouse in 1982. Progress report.
World Pheasant Association. ITE Project 764.

Pollard, E. 1982.
Butterfly monitoring scheme. Progress report.
Nature Conservancy Council. ITE Project 204.

Radford, G. L. 1982.
Site information system. 5Opp.
Nature Conservancy Council. ITE Project 732,

Stebbings, R. E. 1981.
Population ecology and specialist advice on bats. 31pp.
Nature Conservancy Council. ITE Projects 291/292.

Sykes, J. M.  &  Horrill, A. D. 1982.
Regeneration in a series of enclosures at Black Wood of Rannoch. 47pp.
Nature Conservancy Council. ITE Project 549.

Webb, N. R. 1982.
An ecological review of ECC Ball Claysplanning application sites in south-
east Dorset. 12pp.
Land & Properties (ECC) Ltd. ITE Project 814.
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Commissioned research contracts
listed by customer organizations for 1982

COMMISSIONED RESEARCH CONTRACTS UNDERTAKEN DURING 1982

Customer
Nature Conservancy Council

Department of the Environment

Energy Technology Support Unit
(Department of Energy)

Ministry of Agriculture, Fisheries and
Food

National Coal Board

European Commission

UNESCO
World Pheasant Association

R T Collins

Project number
138, 181, 461
204
208/9/11, 557, 656
291/2
599
718
796/800

408
553
573
609
625 (pt)

700
763

674

745
778
790

Anglian Water Authority
Broads Authority
Sports Council
Highland Regional Council 747
Shetland Oil Terminal Environmental 715
Advisory Group
Welsh Office

802
360
727
781
684

Project title
Toxic chemicals and pollutants
Butterfly monitoring scheme
Recording of data on individual species
Population ecology of bats
Bracken control on heathland
Effects of drainage on wildlife
Poole harbour survey
Impact of deer on woodlands
Advice and services
Arboriculture
Radionuclides
Amenity grass
River communities (joint FBA)
Upland management and water quality (joint
FBA/IH)
Ecological guidelines for locational strategies
Biological effects of chemicals in the
environment
Experimental assessment of native and
naturalized species
Land availability for wood energy plantations
Monitoring land use changes
Effects of atmospheric pollutants on agricultural
land
Environmental sampling in west Cumbria
Tree planting study
Soil compaction on open-cast sites
Aerial map interpretation
Mapping Broad land from aerial photographs
Amenity grass drainage
Highland region land classification
Shetland otters

161 (pt) Fluorine pollution
625 (pt) Water quality (joint IH)
161 (pt) Fluorine pollution
553 (pt) Radionuclides
625 (pt) Land management and water quality
674 Native and naturalized species for energy

production
759 Toxic chemicals
764 Black grouse studies

Expected level of income from commissioned work for the financial year 1982/83
(£1000)

Nature Conservancy Council 260
Department of the Environment 255
Other Government Departments 89
Public bodies and other UK organizations 86
Overseas customers and contracts 71

761
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Publications for sale

The charges for postage and packing will be additional to the price of the publications shown (25p for total
orders up to and and including El ; 15p for each El or part thereof over El). Discount is given for bulk orders.
Please send your orders to the Institute Secretary at ITE, 68 Hills Road, Cambridge, CB2 1LA.

1976
ANNUAL REPORT 1975
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1975. (Also available from
HMSO bookshops.)
9Opp ISBN 0 11 881395 1  £3.00
ATLAS OF NON-MARINE MOLLUSCA OF THE
BRITISH ISLES
M. P. Kerney (editor)
First detailed distribution map of snails and allied species to be
produced in Britain.
206pp 1SBN 0 904282 02 3  £3.00

A BEGINNER'S GUIDE TO FRESHWATER ALGAE
H. Belcher  &  E. Swale
Over 100 different algae identified for students in schools, colleges
and universities. It is equally useful in the laboratory or the field.
(Also available from HMSO bookshops.)
47pp ISBN 0 11 881393 5  £0.85

1977
A CODED CHECKLIST OF ANIMALS OCCURRING
IN FRESHWATER IN THE BRITISH ISLES
P. S. Maitland
A comprehensive list of all 3800 free-living animals associated
with the freshwaters of the British Isles. Each species is
represented by a unique 8 digit code enabling easy numerical
handling.
76pp ISBN 0 904282 10 4  £1.50
OYSTERCATCHERS AND SHELLFISH
J.  D. Goss-Custard, S. McGrorty,  &  C. J. Reading
An account of current ITE research on ecological relationships
between the 2 species.
lOpp ISBN 0 904282 12 0  £0.60

ANT RESEARCH 1954-1976
M. V. Brian, A. M. Abbott, B. Pearson  &  J. C. Wardlaw
An account of ITE research into a soils insect, widely distributed
but little known and understood.
27pp 1SBN 0 904282 139  £1.20

ECOLOGY OF MAPLIN SANDS AND THE COASTAL ZONES
OF SUFFOLK, ESSEX AND NORTH KENT
L. A. Boorman & D. S. Ranwell
A major survey of plants and animals around the Thames Estuary
and East Anglian coasts.
56pp ISBN 0 904282 14 7  £2.00

ANNUAL REPORT 1976
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1976. (Also available from
HMSO bookshops.)
99pp ISBN 0 11 886600 1  £3.50

1978
STATISTICAL CHECKLIST 1: DESIGN
OF EXPERIMENTS
J. N. R. Jeffers
First of a series aimed to ensure experiments are carried out
efficiently and unambiguously when applying statistical methods
to research/management. Recommended for schools, colleges,
universities, teachers and professional scientists.
8pp ISBN 0 904282 21 X  £0.30 each, £3.00 for 20 copies

OVERLAYS OF ENVIRONMENTAL AND OTHER FACTORS
FOR USE WITH BIOLOGICAL RECORDS CENTRE
DISTRIBUTION MAPS
J. Heath
12 overlays of environmental factors (eg altitude, rainfall,
temperatures) in Great Britain. Easy screen projection makes them
useful in schools and colleges, for environmental studies.
ISBN 0 904282 20 1  £2.00

CHEMISTRY IN THE INSTITUTE OF TERRESTRIAL
ECOLOGY
S. E. Allen
An account of the techniques and services which ITE's chemists
provide in support of ecological research.
31pp ISBN 0 904282 22 8  £0.75

BIOLOGICAL RECORDS CENTRE
J. Heath & F. H. Perring
An account of the work of BRC in recording data and making
distribution maps of British wild plants and animals.
2Opp ISBN 0 904282 24 4  £0.80

BIRDS OF ST KILDA
M. P. Harris & S. Murray
A list of bird occurrences, with photographs.
42pp ISBN 0 904282 27 9  £3.50

ANNUAL REPORT 1977
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1977.
93pp ISBN 0 904282 23 6  £4.00

1979
VIRUS DISEASES OF TREES AND SHRUBS
J. I. Cooper
A unique record of the virus diseases of indigenous and native wild
trees and shrubs, with an introduction. Plentifully illustrated, with
32 photographs in colour. Of interest to gardeners, as well as
professional scientists, teachers and students.
74pp ISBN 0 904282 28 7  £3.00

STATISTICAL CHECKLIST  2:  SAMPLING
J. N. R. Jeffers
Second in series aimed to ensure that sampling in experiments is
done rationally and efficiently. Recommended for use with Checklist
1 (see above).
8pp ISBN 0 904282 29 5  £0.30 each, £3.00 for 20 copies

ANNUAL REPORT 1978
Research work; project and staff lists; addresses; scientific papers
and publications produced in 1978.
115pp ISBN 0 904282 31 7  £4.00

WILDLIFE IN SNOWDONIA
First 3 leaflets in a popular series about wildlife in the National
Park. Available in Welsh and English.
Natural Environment of Snowdonia
C. Milner
The feral goats of Snowdonia
C. Milner
Polecats in Wales
K. C. Walton

£0.20 each, £2.00 for 20 copies
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DISTRIBUTION OF FRESHWATERS IN GREAT
BRITAIN
I. R. Smith & A. A. Lyle
A technical publication covering our rivers, lakes and reservoirs,
giving a basis for systematic analysis,
44pp ISBN 0 904282 25 2 £2.00
THE ECOLOGY OF EVEN-AGED FOREST PLANTATIONS
E. D. Ford, D. C. Malcolm & J. Atterson (editors)
The proceedings of a meeting held by the Site and Silviculture
Division of the International Union of Forestry Research
Organisations in Edinburgh, September 1978.
582pp ISBN 0 904282 33 3 £9.00
AN ILLUSTRATED GUIDE TO RIVER PHYTOPLANKTON
H. Belcher &  E. Swale
A companion to the 'Beginner's guide to freshwater algae' (see
above), but mostly concerned with river algae.
64pp ISBN 0 11 886602 8 £1.50
SYNOPTIC LIMNOLOGY: THE ANALYSIS OF BRITISH
FRESHWATER ECOSYSTEMS
P. S. Maitland
Provides a framework for future research in British freshwater
ecosystems, their plants and animals.
28pp ISBN 0 904282 30 9 £3.00

1980
ATLAS OF THE BUMBLEBEES OF THE BRITISH ISLES
Compiled by the International Bee Research Association and ITE
for all bumblebees and cuckoo bees found in Great Britain and
Ireland.
32pp ISBN 0 904282 32 5 £2.00
HISTORICAL ECOLOGY: THE DOCUMENTARY
EVIDENCE
J. Sheen
An account of the value of old documents and maps as records for
the ecologist.
22pp ISBN 0 904282 34 1 £2.00
METHODS FOR STUDYING ACID PRECIPITATION IN FOREST
ECOSYSTEMS
I. A. Nicholson, I. S. Paterson & F. T. Last (editors)
Report of a conference in 1977 organized by ITE in co-operation
with the 'Man and the Biosphere' (MAB) programme of UNESCO.
36pp ISBN 0 904282 36 8 £3.00
STATISTICAL CHECKLIST 3: MODELLING
J. N. R. Jeffers
Third in series to aid mathematical modelling. Recommended for
use with Checklist 1 Isee above).
8pp ISBN 0 904282 40 6 £0.30 each, £3.00 for 20 copies
CONSERVING OTTERS
D. Jenkins
An account of research into the ecology of the otter, particularly
its behaviour and organisation, as a basis for its conservation.
14pp ISBN 0 904282 44 9 £1.00
ANNUAL REPORT 1979
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1979.
154pp ISBN 0 904282 43 0 £5.00

1981
THE CULTURE AND USE OF FREE-LIVING
PROTOZOA IN TEACHING
F. C. Page
Maintenance of small cultures of protozoa for educational use in
schools, colleges and universities. Special attention has been given
to the conditions in warmer countries.
54pp ISBN 0 904282 52 X £2.10
CRYOPRESERVATION: AN INTRODUCTION TO
CRYOPRESERVATION IN CULTURE COLLECTIONS
G. J. Morris
An account of ITE's work on algae and protozoa in their preservation
at low temperatures and subsequent recovery.
27pp ISBN 0 904282 45 7 £2.00

RADIONUCLIDES IN TERRESTRIAL ECOSYSTEMS
K.  L. Bocock
A summary of information on the distribution and movement of
radionuclides in semi-natural ecosystems in north-west England,
with emphasis on input/output from ecosystems, plant and soil
aspects and on radionuclides in fall-out and discharges by the
nuclear industry.
27pp ISBN 0 904282 42 2 £2.00
BUTTERFLY RESEARCH IN I.T.E.
M. L. Hall
An account of ITE's research on the conservation of butterflies -
mapping and monitoring schemes, surveys.
28pp 1SBN 0 904282 46 5 £1.50
EFFECT OF BIRCH ON MOORLANDS
J. Miles
An account of ITE research into the effects of birch on moorland
soil and vegetation and their implications.
18pp ISBN 0 904282 47 3 £1.50
FOREST AND WOODLAND ECOLOGY: AN ACCOUNT OF
RESEARCH BEING DONE IN ITE
F. T. Last & A. S. Gardiner (editors)
A comprehensive account of ITE research into plant and animal
ecology of woodlands and forests.
(Symposium no. 8).
158pp 1SBN 0 904282 51 1 £5.00
ANNUAL REPORT 1980
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1980.
141pp 1SBN 0 904282 546 £5.00

1982
PREDATORY BIRDS, PESTICIDES AND POLLUTION
A. S. Cooke, A. A. Bell & M. B. Haas
An account of research (1963-77) into the effects of pesticides on
predatory birds, including residue levels found in bird tissues.
74pp ISBN 0 904282 55 4 £4.00
PARASITIC PROTOZOA IN BRITISH WILD ANIMALS
J. R. Baker
A unique account and review of the distribution and effects of
parasitic protozoa on British wildlife.
24pp ISBN 0 904282 61 9 £1.70
CULTURING ALGAE - A GUIDE FOR SCHOOLS
AND COLLEGES
H. Belcher &  E.Swale
A companion to 'The culture and use of free-living protozoa in
teaching' (see above).
25pp ISBN 0 904282 63 5 £1.20
THE USE OF LAND CLASSIFICATION IN RESOURCE
ASSESSMENT AND RURAL PLANNING
R. S. Smith
A method for surveying ecological characteristics, forestry, farming
and conservation resources of upland areas and value for developing
land use strategies.
43pp ISBN 0 904282 62 7 £3.00
CULTURE CENTRE OF ALGAE AND PROTOZOA
LIST OF STRAINS
A. Asher  &  D. F. Spalding(editors)
List includes strains recommended for teaching and research.
82pp ISBN 0 904282 60 0 £2.00
ECOLOGY OF QUARRIES
B. N. K. Davis
An account of the ecological status, state and natural processes
in quarries, with contributions on their restoration and conservation.
(Symposium no. 11).
77pp ISBN 0 904282 59 7 £2.00
STATISTICAL CHECKLIST 4: PLANT
GROWTH ANALYSIS
R. Hunt
Fourth in series applying statistical methods in the analysis of plant
growth. Requires use of the preceding checklists.
8pp ISBN 0 904282 66 X £0.30 each, £3.00 for 20 copies



VEGETATION CHANGE ON UPLAND LANDSCAPES
D. F. Ball, J. Dale, J. Sheail & 0.  W.  Heal
An account of the rates and types of change in upland vegetation,
with predictions of future patterns.
45pp ISBN 0 904282 64 3  £2.00
ATLAS OF NE UCHENS OF NE BRMSH ISLES
M. R. D. Seaward & C. J. B. Hitch (editors)
A detailed distribution map of lichens in Britain, with notes.
192pp ISBN 0 904282 57 0 £4.50
A FIELD KEY FOR CLASSIFYING BRMSH
WOODLAND VEGETATION: PART 1.
R. G. H. Bunce
A key for classifying British vegetation within 32 plot types,
including distribution maps and colour photographs.
103pp ISBN 0 904282 686  £3.00
ANNUAL REPORT 1981
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1981.
131pp 1SBN 0 904282 65 1  £5.50

149

CLIMATOLOGICAL MAPS OF GREAT BRITAIN
E. J. White and R. I. Smith
This booklet gives a set of equations concerned with predicting
values for air temperature, rainfall, visibility, duration of bright
sunshine, windspeed and total snow depth for Great Britain, with
a parallel set of climate maps derived from these equations.
37pp ISBN 0 904282 69 4  £2.00

1983

ECOLOGICAL MAPPING FROM GROUND, AIR AND SPACE
R.  M.  Fuller (editor)
An assessment of a variety of ecological mapping techniques.
(Symposium no. 10).
142pp ISBN 0 904282 71 6  £6.00



ISBN 0 904282 74 0
ISSN 0308-1125

£5.50 net




