


































































































































































































Table 28.  Upland vegetation classes

Level 1

Woodlands

Heaths

Grasslands

Level 2

Coniferous
Deciduous
Other

Calluna
Vaccinium

Molinia
Nardus
Agrostis
Ptendium
Ulex

Wetlands  Eriophorum
Juncus

Summits/cliffs/screes Summits/cliffs/screes

Lakes Lakes

planning remotely sensed studies of upland areas in
Britain).

The first step was to encode the existing vegetation
maps in digital form to provide 'ground truthfor
interpreting, classifying and evaluating the satellite
imagery. A 50 m square grid was superimposed on
the 1 :25 000 vegetation maps, and each cell was
assigned the appropriate vegetation code (Table 28).
Coding was carried out using a digitizing tablet,
linked to the PDP-11/34 computer at ITE Bangor.
Subsequently, image analysis was performed using
the NERC International Imaging Systems I2S Model
70, located in Swindon.

The hierarchical coding system used to describe
vegetation community types permits an evaluation of
the imagery at 3 levels of sophistication; in practice,
work has so far concentrated on the coarsest level
of discrimination. Initial interpretation and classi-
fication made use of an image acquired in May 1977.
Subsequently, additional suitable imagery has be-

Level 3

Coniferous
Deciduous
Mixed
Scrub

Calluna
CallunalVaccinium
CallunalTrichophorum
CallunalUlex
CallunalPteridium
Vaccinium

Molinia
Moliniapuncus
MolinialEriophorum
Nardus
Narduspuncus
NarduslFestuca
NarduslFestucalJuncus
Agrostis
AgrostislFestuca
AgrostislFestucaPuncus
Agrostis/FestucalNardus
Pteridium
PteridiumlAgrostislFestuca
PteridiumICalluna
Ulex

Eriophorum
EriophorumlJuncus
Juncus

Rhacomitrium
Screes/bare  rocklNardus
Ungrazed hedges

Lakes
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come available, although, interetingly, all the
available scenes which are acceptably cloud free
cover the same period in late spring—early summer.
For this reason, it has not been possible to exploit
seasonal canopy differences to distinguish vegetation
types using multitemporal techniques.

Using standard software available on the I2S system,
ground control points were identified in the Landsat
images which enabled them to be digitally magnified
and registered to the National Grid. The resultant
images comprised 400 x 400 picture elements
(pixels), directly equivalent to the 50 m square
sampling grid used in digitizing the vegetation maps.
Thus, it is possible to overlay the thematic maps
exactly upon the satellite imagery.

Several approaches were taken in classifying the
Landsat imagery, using the aNiailable ground truth
data. The entire 400 x 400 pixel digitized vegetation
map (6 classes) was used as a training set for a
supervised classification. This was followed up by
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unsupervised classification of the Landsat scene
using cluster analysis. Visual inspection of the results
suggests an encouraging degree of consistency
between the classified images and ground truth
(Plates 24 a- 25). However, more rigorous pixel-
by-pixel examination of classification performance
indicates major discrepancies between the satellite
interpretations and the vegetation maps.

Investigation of these discrepancies by reference to
other map sources and through field visits indicated
that there are inaccuracies in the vegetation maps,
to some extent due to changes in land cover between
the time of the vegetation survey and the Landsat
overpass.

The supervised classification was repeated, this time
based on training areas specified interactively, which
were known to represent unambiguously the map
classes of interest. The statistics of these training sets
suggest that Landsat-MSS is capable of separating
at least the 6 broad land cover classes without
difficulty (Figure'63).

Since beginning the study, further data sources have
become available. These include large-scale stock
maps of Forestry Commission plantations in the area,
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and aerial photographs at 1 :20 000 scale, con-
temporary with one of our Landsat-MSS scenes and
covering much of the region of interest. Furthermore,
in 1983, NERC acquired 11-band multispectral
imagery at 10 m square resolution from an aircraft-
mounted scanner, covering Coed-y-Brenin in the
north-west sector of the test area. These airborne
MSS data are currently being explored for geological
and hydrological applications, but are also available
to ITE. It is thus clear that there is an extensive data
set available for experimental purposes, covering this
part of upland Wales.

It is therefore proposed to completely revise the
vegetation maps, using the aerial photographs as the
principal source of information and resolving any
uncertainties by field visits to the area. By this means,
it is planned to compile an accurate map of vege-
tation over the entire 20 km x 20 km area, using 1 975
as the base date. This map will be used to improve
and extend procedures for upland vegetation in-
ventory and as a base-line for studies of the use of
remote sensing for monitoring change in land cover.

Monitoring land cover change
Change in rural land use is a topical and important
issue in environmental planning, and is not easy to
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Figure 63 i. Separability of land cover classes using Landsat MSS bands 7 and 5
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detect or quantify at regional or national scales. One
of the claims of advocates of satellite remote sensing
concerns its potential for routine monitoring of land
cover and detection of change. Our experience in
Wales suggests that monitoring of change in areas
of high cloud cover over timescales of less than
5 years presents difficulties, as suitable imagery

Screes
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Figure 63 iii. Separability of land cover classes using Landsat MSS bands 5 and 4

often does not exist. Over longer periods (say 5-10
years), images are more reliably available. It was not
sensible to embark upon a detailed evaluation of the
use of remote sensing for monitoring change in
upland Britain until we were sure that the technique
is capable of distinguishing the land cover types of
interest. Nevertheless, a preliminary evaluation study
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Tab/e 29. Lowland vegetation classes

Water bodies

Reed fen
Reed and sedge
Cut fen
Carr

Woodland
Pasture
Arable
Bare soil

was considered to be worthwhile. Woodland was
selected as a land cover class whose distribution
within the test area is known with some certainty,
so that training areas can be selected readily.

A supervised classification of Landsat MSS images
from 1975 and fro,m 1982 was performed, and the
results are presented in Plate 26. Precise quantitative
estimates of the areal extent of such changes are
possible by counting pixels in the appropriate cover
classes. -In this example, there is an apparent net
increase in mature forest canopy of 1072 ha (2.7%).
Although this figure is not inconsistent with Forestry
Commission records for this period, it does represent
something of an over-simplification. For example, an
apparent increase in forest cover may be the result
of canopy closure, rather than new planting. Similarly,
a reduction in cover may be the result of either
thinning or felling. Further field work is necessary to
identify the precise nature of the changes registered
by the classification. More sophisticated image
analysis will be necessary to identify fresh plantings
at an earlier stage in their development.

Lowland inventory
A similar evaluation of remotely-sensed classification
of lowland vegetation has been undertaken, based
on an area in the Norfolk Broads. ITE has compiled
maps of natural and semi-natural vegetation of the
entire Broads Authority area by interpretation of aerial
photographs (Fuller 1982). NERC commissioned a
campaign of airborne multispectral scanner flights
during the summer of 1982, and one of the areas
covered was a 10 km x 4 km swathe including Barton
Broad and the valley of the Rivers Ant and Bure
(Plate 27). The airborne scanner recorded in 11
wavebands, with a ground resolution of 10 m square.
In addition to the overall aim of investigating methods
of vegetation survey using multispectral data, the
campaign was intended to simulate high resolution
satellite imagery from Landsat Thematic Mapper
and the French SPOT satellite systems, which will
shortly be routinely available.

The study examined the ability of the imagery to
detect and distinguish 9 broad lowland land cover

Uncut, very wet transitional habitats between swamp and dry fen
A cutting fen with a standing crop of reeds and/or sedges
Recently cut fen
Alder/willow, wet and usually growing as shrubs with multiple
stems
Usually oak/alder
Flood-plain pasture

Mainly ploughed

classes (Table 29). Initial results were promising, •
confirming that the improved radiometric resolution
of Thematic Mapper will be of considerable help in
vegetation classification. The extra bands in the
photographic infra-red appear particularly useful in
differentiation.

Quantitative evaluation of classification performance
was difficult because of problems in registering the
digital aircraft data with the maps. There is evidence
to support literature claims (Forshaw et al. 1983) that
improved spatial resolution does not invariably lead
to increased classification accuracy, because within-
class variance tends to be greater in high resolution
imagery. It appears that new and more sophisticated
classification algorithms are required to handle this
imagery satisfactorily.

R M Fuller, R J Parsell and B K Wyatt
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CHEMICAL AND TECHNICAL SCIENCES

The historical development of analytical
chemistry in ITE

Quite a high proportion of the research carried out
in the Institute, and earlier by the research branch of
its predecessor, the Nature Conservancy, has



epended on the measurement of chemical charac-
eristics at some stage in the investigation. Indeed,
he need for a chemistry contribution became so
rgent that an analytical chemistry service was

established to cater for research requirements.

In the earliest days, there was always an emphasis
on the needs of conservation. Examples of such
investigations that needed analytical support include:
(i) limiting conditions for  Primula farinosa,  (ii) effects
on chalk grasslands of the removal of rabbit grazing
pressures in the early days of myxomatosis, (iii) the
examination of food plants to determine which
attracted specific insects. Some requirements were
rather more urgent. There were occasions when it
was thought that activity outside a nature reserve or
special site might affect the ecosystem balance
within the site. For example, there was once concern
about the penetration of farm slurry into a nature
reserve. In such cases, it was often possible to
provide a quick answer by applying appropriate
chemical tests.

There was a thin division between conservation-type
research and that which was concerned with under-
standing ecosystems, a topic which also became
popular in the first decade of the Nature Conservancy.
The approach of Professors Tans ley and Pearsall in
the understanding of ecosystem processes and
mechanisms strongly influenced the work of many of
the earlier NC scientists. Studies on nutrient cycling,
litter decomposition and soil formation were preva-
lent, especially at Merlewood, Edinburgh and Bangor.
Rather more comprehensive was the research looking
at the full ecosystem balance sheet, such as that
pioneered by Dr J D Ovington. He concentrated on
woodlands, and his work led to the establishment of
a long-term study into tree mixture growth and its
effect on soils at Gisburn, Yorkshire, which is still
attracting attention today. The ecosystem cycling and
productivity approach reached its peak under the
International Biological Programme in the late 1960s.
This Programme gave birth to a cluster of experi-
ments in selected woodland and upland sites in the
UK (notably Meathop Wood, Moor House and
Snowdon). In these experiments, all components of
the ecosystem were systematically examined so that
the processes and transfers could be understood in
relation to each other, and productivity figures
obtained. Without chemical data, much of this work
would have had little value.

The incorporation of the Institute of Tree Biology,
Edinburgh, into ITE in 1972 strengthened another
research area which had only been pursued in pre-
liminary studies by the NC research branch. This led
to more attention being paid to physiological aspects,
and potential applications, especially in the culture
of trees.

Parallel studies on freshwater ecosystems were
started in Edinburgh on the IBP site at Loch Leven.
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Even though the conditions contrast markedly with
terrestrial ecosystems, the approach and research
philosophy are basically similar, and, here again, the
chemical input has been essential in the studies.

Research development at Monks Wood in the 1960s
followed a different route. There were 2 main threads
which needed chemical support at this station. In
one area of work, interest centred on the effects of
toxic chemicals on wildlife, and work there concen-
trated on looking at the extent of, and the reasons
for, this damage. The work later developed into a
search for ways of mitigating the effects of these
pesticides, and research, still being carried out,
involved looking much more into the mechanisms
involved. The other tesearch emphasis at Monks
Wood was concerned with conservation problems in
the agricultural lowlands, and the need to meet some
of the pressures of intensive farming.

By studying toxic chemicals in the environment,
Monks Wood started a train of research which has
incorporated other pollutants and now involves staff
at 5 of the 7 ITE stations. Work at Bangor started in
1969 on possible damage to plant and, later, animal
life by fluoride emissions from an aluminium smelter
on Anglesey. In the early 1970s, ITE was drawn into
the problems of atmospheric pollution, and a research
programme was established to study the effects of
gaseous pollutants, notably sulphur, nitrogen oxides
and ozone, on tree health and growth. The most
recent of the major pollutant studies has been the one
concerned with radionuclides entering the terrestrial
environment. The involvement of the Institute in this
research area was stimulated by the Parker inquiry
into emissions from Windscale in 1978, and practical
work commenced in 1980.

In the last decade, there has been much more em-
phasis on land use and on the effects of land manage-
ment on soil and its associated plant communities.
One major project is a study into the effects of clear-
felling conifer plantations, now being carried out at
sites in Gwynedd and Cumbria. Apart from the
obvious interest in such aspects as drainage, erosion,
and changes in flora and fauna, the possible changes
in soil chemistry may be of considerable importance.
Another project with similar chemical requirements
is concerned with geochemical cycling processes.
These projects have necessitated the collection of
soil leachates and other waters over many months
before and after felling. Such long-term studies
confront the analyst with the need to handle large
numbers of samples, often arriving at regular time
intervals. Because of the heterogeneity of natural
ecosystems, statistical techniques must be used when
designing experiments and surveys, and these tech-
niques often generate more samples than the analyst
can process easily.

This review has only mentioned a few of the many
studies carried out over the last 25 years or so
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involving analytical chemistry. Furthermore, it does
not mention the more unusual analyses, eg nitrogen
fractionation in grouse droppings, composition of
coelomic fluid of earthworms, polyphenol levels in
relation to palatability tests, minor elements in deer
antlers, or energy changes in decomposing litter. The
main requirement in most of these studies has been
to determine the concentration of nutrient elements.
Potassium, calcium, magnesium, phosphorus and
nitrogen are frequently determined, but requests have
frequently been extended to the essential trace
nutrient elements, and to an examination of different
forms of those elements. Various organic fractions
and physical tests are needed less frequently, but,
because of their complexity, the time required for
development and analysis maj/ be just as great.

The development of analytical chemistry services
over the last 25 years has coincided closely with the
revolution in analytical methodology and instru-
mentation which has occurred over the same period.
Before the middle 1950s, there had been remarkably
little change in most analytical chemistry techniques
since the early years of the century. New reactions
and reagents had been described regularly, but most
of the methods were essentially volumetric or gravi-
metric in nature. The only precision instrument
possessed by many chemical laboratories would be
the analytical balance, although this item of equip-
ment has now changed beyond recognition, from a
weighing machine that depended on the manual
addition of individual weights, to current instruments
with top pan loading and instant read-out. Indeed,
many models can now be linked to a laboratory
computer.

Very few commercial laboratory measuring instru-
ments were available in the 1950s. A few pH meters
were coming into use—large boxes full of bulky
electronic components and with 2 fragile electrodes.
Some powerful analytical systems were installed in
the larger soil laboratories; for example, the Macaulay
Institute had pioneered the use of optical emission
spectrometry since the 1930s, but not many labora-
tories had the expertise to run them or could afford
such massive installations. Probably the most widely
used analytical instrument available in the UK at this
time was the Spekker absorptiometer, which was
used for colorimetric tests. This instrument was
quickly followed by the EEL filter flame photometer.
The principles of flame photometry had been estab-
lished by Lundegardh in 1928, but, until the EEL
model came on the market, determinations of potas-
sium and sodium were long and laborious gravimetric
procedures. Almost overnight, this flame photometer
made it possible to process relatively large numbers
of samples for these elements. With the introduction
of more stable and sensitive electronic and optical
systems, both the filter absorptiometer and flame
photometer gave way to double-beam, mono-
chromator instruments. Models for automatic sample

presentation and also recorder attachments came
later. More recently, the introduction of the thermal
atomiser attachment has pushed the sensitivity of
flame methods almost to the practical limit.

Probably the 2 instruments which have made the
biggest impact in the analysis of ecological materials
have been the atomic absorption spectrophotometer
and the gas-liquid chromatograph, which became
widely used in the early 1960s. The application of
atomic absorption was very rapid following its dis-
covery by Walsh in 1955. At first, atomic absorption
systems were developed as an adjunct to flame
spectrophotometers using large, expensive, purpose-
made hollow cathode lamps, but they were soon
replaced by dedicated instruments. The gas-liquid
chromatographic technique was first described in
1941, but commercial instruments were not available
until much later. Its use in ITE is another example
of the development of the instrument matching the
need. The toxic chemicals research group at Monks
Wood was in the forefront of research into the effects
of organic pesticides, and was quick to make use of
the gas-liquid chroMatograph separation techniques
for the measurement of these pesticides and their
residueS.

These instruments have been continually improved
and are still in regular use in ITE, but there are other
instruments, eg the polarograph, which at first
appeared to have considerable potential as ana-
lytical instruments in ecology, especially for the
essential minor elements, but which have to some
extent been overtaken by other developments.
Atomic absorption developed so rapidly as a powerful
element technique that the polarograph was soon
displaced in routine use. It does, however, still have
a great deal of value as a research instrument. One
electroanalytical technique which has proved to be of
value is anodic stripping voltammetry, which will
measure different ionic forms, and this has been used
in ITE for the measurement of the pollutant, trialkyl
lead.

With some techniques, it is possible to make direct
measures on the original dry material. X-ray fluores-
cence spectrometry is one example. For ecological
purposes, however, with its mix of analytical require-
ments, including soil extracts, plant digests and
waters, 'wet' techniques still have to be used. These
methods have been improved, so that many of the
stages are now partly automatic, and even preliminary
dilution, reagent addition, standard addition and other
early treatment steps can be done automatically. In
automated discrete and flow analysers, the full
sequence, including sample presentation, reagent
addition, and colorimetric recording, can be done
automatically. In some laboratories, many routine
instruments can be connected to a laboratory com-
puter, which will process sample and standard
readings. In more sophisticated systems, the labora-



Plate 21 A greater horseshoe bat
(Photograph R E Stebbings)

Plate 23 Open  juncus trific s henih  at1200 r,c on Cairn Gorm, Scotland
(Photograph G R

Plate 22 A bridled form of the guillemot
(Photograph M P Harris)



Plate 24 Vegetation base map of Dolgellau test area,
used as 'ground truth'. Colour code: black-- un-
surveyed areas (mainly agricultural grassland ); dark
green-woodland; light green wetland; red heath-
land ; brown- grassland; purple-scree; blue-lake
(Photograph NERC Thematic Information Service)

Plate 26 Changes in forest cover in mid-Wales
detected using Landsat-MSS imagery. Green areas
indicate increase in mature forest canopy from 1975
to 1982. Blue areas indicate reduced mature canopy.
Black areas are classified as woodland in both 1975
and 1982 scenes
(Photograph  NERC  Thematic information Service)

Plate 25 Supervised classification of Landsat-MSS
image of the Dolgellau test area. Colour code: black -
unsurveyed areas (mainly agricultural grassland);
light green -woodland; mid-green -wetland; dark
green-heathland; purple-grassland; blue scree;
pink -lake
(Photograph NERC Thematic information Service)

Plate 27 Airborne multispectral imagery of the Bore
valley. Source image at 10 nY resolution (top left).
Simulated Landsat TM image at 30  in resolution
(top right). Vegetation base map (bottom left).
Classified multispectral image (bottom righi)
(Photographs NERS Thematic Information Service)



tory computer will feed back and control the intro-
duction of the sample into the analytical system.

There are few signs of instrumental development
levelling out. Over the last few years, completely
new instrumentel systems have been introduced.
Examples include the ion analyser (suitable for con-
tinuous measurements of cations and anions), the
IC plasma analyser (a spin-off from atomic absorp-
tion), and flow injection (a variant of continuous
flow analysers).

One may ask how far these changes have aided the
study of plant nutrition. The field worker has bene-
fited, in that he can design complex factorial experi-
ments knowing that the modern laboratory can
handle many more samples in unit time. He is no
longer compelled to provide relatively bulky samples
because sensitive equipment allows smaller sample
weights to be acceptable, if the material is sufficiently
homogeneous. The analyst, too, is not burdened with
time-consuming methods, but, while the time 'saved'
in adopting an automated method will free an opera-
tor to carry out additional tasks, it less often shortens
the absolute time required to complete a varied
analysis of a given sample. The final data are more
precise and less subject to operator error, but one
crucial criterion—accuracy— has perhaps changed
the least. The old gravimetric method could be quite
accurate in the hands of a skilled analyst. Modern
techniques may have brought the result closer to the
'true' value, but they have also opened the door to
a variety of interference problems that volumetric
and gravimetric techniques never encountered. An
important key to accuracy lies in the effective control
of interferences, and this problem is still met regu-
larly in the analytical laboratory.

It has been suggested that, with the increased use of
computer-controlled automated analytical systems,
the need for the analytical chemist will gradually
disappear. This is conceivable in some industrial
laboratories handling only a narrow range of sample
types and analytical methods. In ITE, however, the
problems of keeping various instruments running
successfully for such a wide range of sample types
and compositions and controlling chemical inter-
ferences continue to keep the analysts fully occupied.
Furthermore, in ecology, certain manual methods are
still needed which are difficult to automate; for
example, lignin and cellulose have to be determined
by gravimetric procedures, crude fat and soil ex-
change methods still depend on extraction tech-
niques, and loss on ignition is still the simplest way
of measuring organic matter. It is likely that the
analytical chemist will still be playing a vital role in
ITE's research in 25 years' time.

Chemistry

Flow injection analysis

Flow injection analysis (FIA) is a recent development
in continuous flow analysis, with the potential for very
high sample throughput. A system has been
assembled from basic components to explore the
application of this technique for ecological samples.
In this system, the sample is injected directly into a
carrier stream in which controlled dispersion occurs.
For example, a low dispersion manifold could be used
for pH or ion-selective electrode measurement,
medium dispersion for colorimetric determinations,
and high dispersion for titrations. The main interest
initially was to compare the performance of FIA
colorimetric methods with standard Auto Analyzer
methods. Auto Analyzer methods typically operate
at 60 samples per hour, with a delay of up to 30
minutes between sample uptake and reaching a
steady state. In FIA, the flow dynamics are much
more controllable, and the reaction does not go to
completion. This enables throughput rates of up to
300 samples per hour to be achieved.

Fast chemical reactions are relatively simple to apply
to FIA, and the indirect colorimetric method for
chloride is an example of such a method, where
dramatic improvements in sampling rates can be
achieved without loss of sensitivity. However,
reactions whith require elevated temperatures to
speed up the process, such as in nitrogen and phos-
phorus methods, need further study, especially for
the low level determinations in natural water samples.
The few FIA documented methods for phosphorus
using the molybdenum blue method were initially
too insensitive for water analysis. A modified method
using a catalyst (potassium aniimony tartrate), a
larger sample volume and a higher reaction tem-
perature has been developed for water samples and
acid digests, although further tests are required to
evaluate the routine operation of this method. How-
ever, the indophenol blue method for ammonium—
nitrogen in acid digests has proved more difficult to
adapt to FIA.

The simplest form of analyser consists of a small
pulse-free peristaltic pump, an injection valve,
0-5 mm internal diameter tubing, perspex connectors
and a flow through detector. Automation of the
system is being considered using a commercial
sampler with an output device to trigger a servo-
motor which drives the injection valve.

A P Rowland
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Engineering

Equipment for exposing plants to controlled
concentrations of airborne pollutants

Four exposure chambers were required to expose

S E Allen plants to 2 pollutant gases, singly and in combination,
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below the array of jets for sorting applications. The
42 spray nozzles can be adjusted between a mist
spray and a coarse water jet. They can also be turned
off individually to conserve water and to maintain
water pressure to nozzles in use. A pressure regu-
lator prevents nozzle damage from excessive pressure.

The apparatus was designed to rest on a domestic
sink draining board so that waste water drained down
the sink via a sediment trap. Motive power to drive
the nozzles slowly from side to side was provided by
a novel design of a water-powered beam-engine
integral in the back of the apparatus.

Operation of this power source is proving trouble-
free, and costs nothing, provided that there is a head
of water.

G Benham

SYSTEMS ANALYSIS AND BIOMETRICS

Review of Programme on Systems Analysis
and Biometrics

Objectives of the Programme
1. Provision of advice on the design, analysis and

interpretation of ITE research, and on the systems
analysis and modelling of ecological processes.

2. Development of research on statistical methods
and systems analysis relevant to ecology, and
identification of the principal areas in which such
research should be concentrated.

3. Encouragement of training in statistical methods,
systems analysis and computing for ITE staff,
particularly through the use of checklists, case
studies and programmed learning techniques.

4. Communication of information on new develop-
ments in the broad field of statistical methods and
systems analysis, derived from attendance at
meetings of learned societies and from published
papers, through information networks and
computer-based expert systems.

Provision of advice
The efficiency of ITE's research depends to a large
degree on the availability of sound advice on the
design of experiments and surveys and on their
subsequent analysis and interpretation. Similarly, as
more members of ITE's staff begin to use modelling
and simulation techniques as an integral part of their
research, advice on the efficient use of models and
on their verification, validation and sensitivity analysis
is necessary. It is characteristic of this type of advice
that it must be available quickly when the need has
been recognized by the Project Leader or by his Head
of Station or Programme Leader. If such advice is
not readily available, the scientist frequently makes
his own choice of methods and proceeds to a stage
in the research at which it is difficult, if not im-
possible, to change the basic approach. As far as
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possible, therefore. ITE must ensure that there is
sufficient expertise at each of the stations to ensure
that Project Leaders can obtain a quick 'response to
a request for advice. This constraint leads directly to
the conclusion that ITE's statistical and systems
analysis expertise must be dispersed, with at least
one expert in these fields at each of our stations.

It is, however, impossible to ensure that the whole
range of expertise in statistical methods and in
systems analysis will be available at every station,
and the function of the local advisor may be to refer
the Project Leader to a colleague at another station
who has particular experience or expertise, and may
therefore be able to provide better and more up-to-
date advice. The existence of an ITE programme on
statistical methods and systems analysis assumes an
Institute-wide provision of service, drawing on the
most relevant expertise through a series of direct
links between colleagues. There will also be
occasions when advice should be sought from
outside ITE, and the principal function of the ITE
advisor will then be to direct the Project Leader to
the appropriate expert, and, possibly, to act as an
interface between the ecologist and the external
expert, who may have little or no knowledge of
ecology.

The most important advice is that on the design of
experiments and surveys, and a priority must therefore
be given to this aspect of the advisory function. If
experiments and surveys are well designed, their
subsequent analysis can also be efficient and properly
directed towards the defined objectives of the prOject.
If the initial design is bad, no amount of subsequent
advice will enable the ecologist to rescue the results,
beyond a frequently abortive attempt to squeeze
something of value from the research, even though
the defined objectives are not attainable. In deploying
the relatively scarce resources of statistical advice,
therefore, priority must be given to Project Leaders
seeking advice on the design of their experiments
and surveys.

Priority having been given to such design, advice
and practical help with the analysis of data and
with the modelling of ecological processes and
populations remain essential functions of ITE's
limited number of experts in biometrics, statistics
and systems analysis. The range of expertise in
these fields among ITE's scientists is extremely
variable, but very few of these scientists have
sufficient expertise to analyse data effectively,
even though they may be reluctant to admit
this fact. Making sure that appropriate advice is
sought, and, having been sought, taken, is therefore
an important facet of research management, involving
Heads of Stations, Assistant Directors and the
Director, but also senior staff. Ideally, we should be
able to forecast the need for advice from the project
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plans, and more attention is currently being given to
the identification of future requirements for statistical
advice when project plans are reviewed and
approved, and by the more deliberate involvement of
biometricians in the review process. Computing
requirements also need to be forecast, partly so as
to ensure that the appropriate experience and advice
is available from within ITE.

Research
Research on statistical techniques and on systems
analysis will frequently arise from the direct involve-
ment of ITE's biometricians and systems analysts
with individual projects. Such research will usually
result in joint papers with ITE colleagues, and may
also result in an independent paper by the bio-
metrician in a statistical journal. Obviously, such
collaboration is to be encouraged, and ITE's research
projects should provide a fertile breeding ground for
new ideas in statistics and systems analysis. Not all
of the statistical research done by ITE, however,
necessarily arises in this way. A significant propor-
tion of ITE's statistical research should be planned
by the biometricians, and should arise from their
knowledge of the current state of the art. The oppor-
unities to combine theory and practice are perhaps
unique in institutes like ITE, and we must therefore
make the best use of those opportunities.

To some extent, the choice of active research topics
must depend on the expertise and interests of in-
dividuals, but there is much to be gained from a
planned programme of research which harnesses
such interests and expertise, particularly if the pro-
gramme is related to the needs of present and future
research projects. Broad areas of statistical research
relevant to ITE interests include the following:
i. development of appropriate techniques for the

analysis of data arising from pollution surveys and
experiments, including radionuclides, where the
statistical distributions are markedly non-normal;

ii. selection of multivariate techniques for defined
purposes in ecological studies;

iii. deterministic and stochastic modelling of eco-
logical processes related to management and
policy options, and the interaction between
economic and ecological submodels;

iv. development of expert and information systems
through the use of microprocessor-based graphics.

Within these broad areas of research, there is a wide
range of individual topics: examples include environ-
mental assessment, monitoring and prediction, the
analysis of spatial patterns, characterization of func-
tional relationships, time series analysis, robust
methods of estimation, and compartmental analysis.
The list is probably endless, and selection of appro-
priate topics needs to be discussed with the broader
statistical community so as to make the best use
of ITE's slender resources.

Statistical training
Attempts have been made in the past to provide
training in basic statistics in-house, but with only
marginal success. The preparation of training courses
is time-consuming and demands expertise which is
not readily available within ITE. There is also little
evidence that the benefits to the participants are
sufficient to warrant the costs of preparing and
running the courses. Good external courses are
available, at a cost, especially at the Civil Service
College, and ITE should take advantage of such
courses wherever possible and appropriate. Within
ITE, training should be concentrated on the prepara-
tion of programmed learning techniques using
microprocessors, on the development of checklists
to guide the use of statistical and computing methods,
and on the publication of a series of case studies
which ITE staff can use as examples to guide the
conduct of their own work.

Communication of information
There is obviously a need for improved communi-
cation of information about statistical, systems
analysis and computing techniques within ITE,
both between members of staff with expertise in
these fields, and from the experts to the less expert
members of ITE. Information from books, papers and
reports needs to be more widely disseminated, and
information derived from attendance at meetings of
appropriate learned societies should be more readily
available to ITE as a whole. Increasingly, the
development of computer-based expert systems
incorporating the latest ideas and techniques can
be expected to help fulfil this need. Such systems
will also provide a medium for the sale of techniques
developed within ITE.

J N R Jeffers

Simulation of the structural root system of
Sitka spruce

Over large areas of upland Britain, windthrow
seriously limits the size of trees which can be grown
and so reduces the economic value of forest plan-
tations. For trees to resist windthrow, it is important
that their structural roots should be evenly distri-
buted around the stern (Deans Et Ford 1983). How-
ever, visual examination of root systems (Figure 64)
gives the impression that root growth is haphazard,
particularly when a comparison is made with the
above-ground branching structure of the tree. The
latter develops in a regular and systematic manner,
which can be described by simple mathematical rules
governing the relationship between shoot growth
and branch production, and the angles and azimuths
at which branches grow (Cochrane Er- Ford 1978).
A joint investigation between ITE and the Department
of Statistics. University of Edinburgh, examined the
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Figure 64  In situ  plan view of the root systems of 8
Sitka spruce 16 years old, Moffat Forest, Dumfries-
shire. The soil, a peaty gley, had been ploughed with
a single mouldboard spaced furrow plough before
planting and the dotted lines indicate the position of
furrows

extent to which the growth of the root system
of Sitka spruce  (Picea sitchensis )  could be described
by similar rules.

Root systems were extracted carefully by hand from
the soil and their orientation noted (Deans 1983)
(Plate 12). They were transported to the laboratory
and bolted below an aluminium framework fitted
with a plumb-bob (Henderson 1981). With the
apparatus, the length of each root segment and the
position of each branching point, bend, fork and
proliferation were measured on 4 complete root
systems, and partial information taken from 3 other
systems.

Statistical analyses of these measurements were
made (Henderson  et al.  1983a). First-order roots
tended to be regularly distributed around the main
stem. The orientation of all root segments was deter-
mined by their initial direction, either from the main
stem or where they were formed as laterals, and by

changes in direction at bends or branching points
which tended to be alternatively clockwise and anti-
clockwise. Lateral branches subtended larger angles
from their parent roots than the angles between the
2 arms of a root fork. Irrespective of the length of a
root segment and the number of laterals arising from
it, the points of origin were evenly distributed along

the segment (Figure 65), and these appear as distinct
bands of root origins separated by clear zones. The
angles of lateral roots were generally more steeply
downwards than those of their parents.

A simulation model was developed (Henderson  et al.

1983b), which assumes that a root system consists
of a number of first-order roots arising at the tree
stem, a number of second-order roots originating on

first order, and so on. The foundations of the model
are statistical distributions, fitted individually for each
order of roots for the occurrence of lengths of root
segments, branching frequencies from these seg-
ments, and growth directions. In addition, it was
found necessary to make special provision for the
deviation of roots when they encountered the soil
surface, naturally occurring boundaries between soil
horizons of markedly different penetrability to roots,
and the artificial boundary at the ditch made by
ploughing at forest plantation.

Simulated root systems, eg Figure 66 i, seemed very
similar in structure to the observed patterns of ex-
cavated roots (Figure 64), although the rigorous and
exhaustive comparison of branching systems with
complex shapes remains a problem. However, we
were able to increase our understanding of the relative
importance of different components of the root
branching process by varying parameters from the
values estimated from the data.
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Figure 65 The distribution of lateral root origins,
expressed as proportions of parent root length, for
root segments of different total length: (i ) for root
segments with only 2 laterals, (ii ) for root segments
with only 3 laterals
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For each relationship, a variance had been estimated,
and it was these parameters, especially those
governing root directions, which most influenced
rooting patterns when they were varied. When all
variances were set to zero, unrealistic, isotropic
rooting patterns were produced which included
neither sparsely nor densely occupied regions (Figure
66 ii). Note that, with all variances taken as zero,
then all roots of the same order have the same
number of bends and branchind points and that these
always alternate clockwise and anti-clockwise. The
simulated root systems had either an anti-clockwise
(Figure 66 ii) or a clockwise twist, depending upon

iv.

N ".

v.

the direction of the first bend and the first lateral
on each first-order root. When the variances of the
azimuth distributions were increased, the simulated
systems were also unrealistic because correlation
between root directions before and after bends or
lateral branching was low. Many roots then turned
backwards towards the stem, reducing the outward
spread and causing the central region to become
very densely occupied (Figure 66 iii).

In the model, the first-order roots are almost regularly
spaced around the stem, with small deviations from
perfect regularity. When the variance of the deviations

vi.

Figure 66 Structural root systems of Sitka spruce simulated under various conditions:
i. with all model parameters as fitted from the data

with the variance of each modelled relationshiP set to zero
with all variances twice their estimated values

iv. with the variance of the deviation of first-order root spacing around the stem set to 0•30 (radians)2 rather
than the fitted value of 0.07 (radians)2

v. with bending and branching rates twice that of the fitted data
vi. with successive directional changes of roots set at random rather than with an alternate clockwiselanti-

clockwise sequence



was allowed to increase, the simulated patterns
became unconvincing, with larger sparse regions
than the excavated systems (Figure 66 iv). When the
parameters which determined the frequency of
bending and branching were increased, root paths
became irregular and very densely occupied regions
were found in the simulations, although sparse
regions could also occur (Figure 66 v). The tendency
for azimuth changes to be alternately clockwise then
anti-clockwise was necessary to produce rooting
patterns similar to those observed. If direction
changes were assumed to be independent of previous
changes, then a high frequency of roots formed loops
and turned back towards the stem (Figure 66 vi).

This work suggests that the structural root system of
Sitka spruce does have an ordered morphology. Root
growth is not entirely random and, in particular, the
variances of angle and azimuth changes at bends and
of new roots at forks are low. This ensures that roots
grow outwards, away from the stem, with few roots
forming loops. It is also important that lateral
branches subtend large angles and azimuths to their
parents and so occupy separate soil regions. We
suggest that there is natural variation in the biological
processes which comprise root growth, and that
further work is necessary to see if genetic variation
exi§ts which could be exploited to produce a regular
development of the root system. However, the most
important sources of variation, and particularly those
which may disrupt the all important directional
patterns of root growth, are the natural and man-
made obstacles in the soil, particularly the ridge and
furrow system caused by ploughing.

E D Ford and J D Deans
(in co-operation with R Henderson and E Renshaw,
Department of Statistics, University of Edinburgh)
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Post-fledging survival of young puffins in rela-
tion to early growth

Studies of several bird species (eg Manx shearwater,
great tit, pied flycatcher and herring gull) have shown
that young fledging early in the breeding season
survive better than those fledging late. Also, in the
Manx shearwater and Cape gannet, heavier young at
fledging have a higher survival rate than light young.
However, studies on other species (eg oystercatcher
and guillemot) have failed to find such an effect. In
puffins, the influence of fledging date and growth
on post-fledging survival has been examined using
data from a detailed study on the Isle of May NNR,
Fife, carried out by Dr M P Harris.

In each year, 1974, 1975, 1977-79, at least 40 chicks
were ringed in their burrows and then weighed
every 4 days until near fledging when they were
weighed daily. Information on subsequent survival
was obtained by catching puffins in nest burrows
and by mist-netting in 1976-82. Birds seen again
are termed returners, while those not seen again are
called non-returners and include birds which died
and those that survived but were not caught sub-
sequently. Non-returners and returners were com-
pared in terms of the various parameters of the growth
curve: (i) mean hatch date; (ii) mean weight at
fledging; (iii) mean age at fledging; (iv) mean date
of fledging; (v) mean peak weight; (vi) mean age
when peak weight was attained ; (vii) mean weight
at 4-day intervals. Peak weights and ages were
obtained from individual growth curves using quad-
ratic interpolation on the observed peak weight and
weights either side.

For a particular growth variable, the observations
formed a 2-way cross-classification of years and type
of bird (returner/non returner). The main statistical
problem was the imbalance in the data with unequal
numbers of birds in each class. Overall differences
between returners and non-returners were tested,
after allowing for annual variations, using a 2-way
additive model with year and group effects estimated
by the method of fitting constants. More complicated
effects involving a variable difference were investi-
gated by testing for interaction of years and type of
bird, but none were found. This result is ecologically
relevant because effects of early growth on sub-
sequent survival might only be apparent in relatively
poor years.

Estimated growth curves and overall differences
between returners and non-returners are shown in
Figure 67. The maximum overall difference in weight
occurred at 33-36 days when returners were an
estimated 4 g (SE = 5 g) heavier. The difference is
not, however, statistically significant. No consistent
differences in growth curves over the 5 years were
observed. Similarly, no differences between specific
growth parameters were detected. The estimated
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Figure 67 Mean weights of returners () and non-returners (...) at 4-day intervals. The absolute
difference ( —) is given, but note the different scale. Figure 67 (vi) shows the weighted average of
annual differences returner minus non-returner +SE (horizontal line =no difference)

values, returners minus non-returners,
follows:

Peak weight (g)
Age at peak (days)
Fledging weight (g)
Age at fledge (days)
Fledging date (days)

— 3 6 (SE= 38)
01 (SE =0 7)

— 2 7 (SE= 3 •9)
— 0 1 (SE = 0.5)

02 (SE = 0 7)

Use of statistics in the Journal of Ecology

were as

A more refined approach which allows for the con-
tamination of the non-returners group by those sur-
vivors which evaded retrapping has been developed
and is currently being applied to the data. It seems
unlikely, however, that the conclusion of no demons-
trable effect of early growth on subsequent survival
will be affected.

The sceptical attitude of the public to statistics is
healthy and well-founded. Disraeli's famous
aphorism is all too often exemplified in the popular
media. Sadly, too, scientific papers are not above
criticism. A number of recent studies on the use of
statistics in scientific journals ranging from fisheries,
medicine, ornithology, physiology and zoology have
all shown that there is much scope for improvement.

Statistical methods are being used more and more.
For example, in a review of the papers appearing in
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the first 50 years of the Journal of Animal Ecology,
Taylor and Elliot (1981) showed the marked increase
in the percentage of quantitative papers which in-
cluded a statistical test. This was close to zero in the
early volumes, but has been as high as 100% since
Volume 47 appeared in 1981. The trend in ecology
reflects a more general increase, and this raises
difficulties for editors trying to safeguard against the
misuse of statistics in their journals. The problems of
statistical presentation of information in biological
journals were discussed by biologists and bio-
metricians at the 129th Ordinary Meeting of the
Biometrics Society in December 1981. At that
meeting, a review of the use of statistics in the Journal
of Ecology was presented by P Rothery. The findings,
summarized below, were far from satisfactory.

The survey covered the 58 papers appearing in a
recent year of the Journal. Papers with one or more
author in common were grouped into 48 studies, 32
of which contained some sort of statistical analysis.
Papers were scrutinized, and abuses of statistics and
the types of error committed were recorded.
Occasions where statistical methodology could have
been used more effectively were also documented
and some suggestions for improvement were put
forward.

Deficiencies were detected at both the design and
analysis stages, the former being more serious as
they are more difficult or even impossible to rectify
once the observations have been collected. Out of the
32 studies, 75% could be criticized for one reason or



nother. Nineteen per cent of studies were deficient
t the design stage; examples were lack of repli-
ation, biased sampling, and inappropriate bulking of
amples. Forty-four per cent of studies contained
rrors in applying a statistical technique; examples
ere disregard for statistical independence, failure

o allow for pairing or blocking in the data, and misuse
f linear regression. Nineteen per cent of studies
ould have benefited from more use of statistics in

itting non-linear models, analysing proportions,
odel discrimination and the examination of variance

heterogeneity.

he main conclusion from the survey is that, like
many other journals, there is a need to improve the
use of statistics in the Journal of Ecology. Ideally,
this would be achieved by closer collaboration
between the biologist and the biometrician in the
design, analysis and interpretation of the study. The
fact- that so many errors were found in published
papers calls for more careful scrutiny at the refereeing
stage, but, while worthwhile, this is not a completely
satisfactory remedy.

As a follow-up to this work, papers submitted to the
Journal of Ecology are regularly refereed for their
statistical content by P Rothery. So far, 24 papers
have been scrutinized. Shortcomings ranged from the
very serious—one study advocating a potentially
misleading methodology—to relatively minor matters
of presentation such as reporting spurious precision
(mean = 2058.47, SE = 69-421).

In over 75% of papers, it was possible to make
worthwhile suggestions for improvement in terms
of description of design and analysis, the application
of a statistical technique, or the presentation of
results.

P Rothery

Reference

Taylor, L. R.  &  Elliot, J. M.  1981. The first fifty years of the
Journal of Animal Ecology — with an author index. J. Anim. Ecol.,
50,  951-971.

General properties of predictive population
models in red grouse

Analyses of grouse shooting bags covering many
decades have shown that bags exhibit cycles, that is
a tendency for fluCtuations to recur at intervals more
regular than random, usually with a period of 6 years
but in some areas as low as 4 and in others as high
as 10.

A more recent analysis of a long run of population
data from a detailed demographic study on Kerloch

and
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Moor in north-east Scotland led to empirical models
which retrodicted past observed numbers success-
fully and gave reasonably good predictions for future
numbers on a new study area (Watson  et al.  in press).
A model for cocks produced regular oscillations
which were slowly damped with a period of 9 years.
The model embodied 2 intrinsic time-lagged com-
ponents, but contained no extrinsic factors, such as
harsh weather or predation, which occur naturally
and result in poor breeding. In trying to reconcile
the modelled oscillation at Kerloch with the irregular
fluctuations in grouse bags and the variation in cycle
length from area to area, general properties of the
Kerloch model were studied, and in particular the
effect of the sporadic occurrence of poor breeding
was explored.

For the ith year, let Yi be the natural logarithm of
the population size in spring. Si be the proportion
of birds surviving over winter, and r, the chick
production ratio (ie the number of full grown cock
chicks on the area in August divided by the number
of adult cocks in spring). The relationships reported
by Watson  et al.,  (in press) are:

log (1 + = 2-84 — 0-50 Yi_2 (1)

log Si = 0-29 — 0-18 Yi_1 (2)

which together produce the Kerloch model :

Yi+1 —3-13 + 11, — 0-18 Y,_1 — 0- 50 Yi_2 (3)

The irregular occurrence of poor breeding was
mimicked by imposing poor years at random on the
model. In a normal year, the chick production ratio
was determined by equation 1, but in a poor year a
reduced value was used. The effect was studied by
imposing poor breeding, first, on average once in 5
years, and, second, on average once in 3 years. In
these poor years, the chick production ratio was
either fixed at 0-2 young cocks per spring cock or
made variable at 0-1 or 0-2, with a probability of
0-3 and 0-7 respectively. For these 4 possible com-
binations, runs of 100 years were generated with 10
replicates. Each run was analysed by calculating both
serial correlations and intervals between successive
large peaks, excluding minor spikes which went up
or down for only one year.

The results were similar for all 4 analyses, and those
for variable poor breeding one year in 5 are given in
Figure 68, which shows (i) one of the 10 replicates
together with the unperturbed series; (ii) the correlo-
gram for the original model run for 100 years with
no poor breeding, together with the average serial
correlations for the 10 replicates; and (iii) the pooled
histogram of times between successive large peaks.
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he obvious damping of the undisturbed series was
ot apparent in any of the perturbed sequences
here the cycles were sustained by the environ-
ental noise. The average correlogram was damped,

s expected, but its turning points at 5, 9-10 and
4 years show that randomly occurring poor breeding
ad no major effect on the modelled cycle length.
he same conclusion is drawn from the histograms
f the interval between successive large peaks, which
aried between 5 and 17 years, with a modal value
f 9 years and a mean of 9-2.

hanges in the cycle length of the oscillations can
e achieved by altering the slope coefficients in
quations 1 and 2. However, even quite large varia-
ions in parameter values about the observed ones
roduced relatively small changes in cycle length
rom 8-10 years. Shorter periods, from 4-6 years,
an be produced, but involve reducing the time lag
n the model from 2 years to one.

Finally, it must be stressed that, although the models
describe aspects of the form of the observed fluctu-
ations, they do not establish underlying mechanisms.
One possible cause of population cycles, postulated
from detailed observations at Kerloch Moor, is
changes in spacing behaviour and consequent rates
of emigration at different densities and phases of the
cycle. Present work is aimed at finding whether
manipulations of current density alter spacing
behaviour and if subsequent densities are as predicted
by the model.

P Rothery
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CULTURE CENTRE OF ALGAE AND
PROTOZOA

General report

1. The collection
(Elspeth A Leeson, R. L. Swirski, Ann Asher, N C
Pennick, Sheila F Cann and J P Cann)

Following the decision of NERC to increase the
charge for cultures to the full economic cost, and to
cease charging a reducéd rate to educational estab-
lishments in the UK, the numbers of orders for cultures
declined markedly. In the first 2 months after imple-
menting this decision (September and October
1983), only 248 cultures were sold, compared with
1141 in the same period of the previous year, a
reduction of 80%. It is expected that sales will decline
further as universities and schools have time to make
alternative arrangements. This reduction has enabled
more effort to be expended on the continuing process
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of improving the quality of material in the collection
(see also Section 4.3 below). The number of axenic
strains in the collection is now about 450, some
30% of the total holding. Some protozoa require food
organisms and so cannot be made axenic.

Careful, selective 'culling' of uncharacterized and
poorly documented material has led to the discarding
of about 200 strains. The 35 strains of Bryophyta
and the single angiosperm.  Wolffia,  have also been
removed, and 12 strains of amoebae known or sus-
pected to be human pathogens have been transferred
to the London School of Hygiene and Tropical
Medicine. On the other hand, about 90 new strains
of well documented organisms of actual or potential
genetic value have been added to the collection.

It is planned to establish a panel of honorary con-
sultants, each expert in one or more fields of the
Centre's interests, to advise on matters pertaining
to the improvement of the stock, on acquisitions
and deletions, and on research activities. Already the
Centre has benefited from advice and visits by Mr
G H M Jaworski, of the Freshwater Biological
Association, and Professor A E Walsby and Ms
Annette Bees, both of the University of Bristol.

2. Cryopreservation
(G J Morris, Glyn C Coulson and Ann Asher)

The genetic lability of organisms maintained by serial
subculture  in vitro,  where they are subjected to
intense selection pressures often entirely different
from those experienced in nature, is well recognized.
Because of this, increasing effort is being expended
on achieving successful cryopreservation of the
Centre's holdings, as this form of maintenance is the
most stable available. However, this valuable asset is
attained only if organisms are not subjected to drastic
selection during the hazardous processes of freezing
and thawing it is thus the Centre's policy to rely on
cryopreservation only when at least 50% of the
preserved population is subsequently viable. Using
a modification of the two-step freezing process
developed previously, Dr Morris successfully cryo-
preserved 142 strains of Cyanophyta (blue-green
algae) during the year. A further modification of the
process for use with trypanosomes is reported on
pages 57-58.

In collaboration with a visiting worker, Dr B J Finkle
(US Department of Agriculture), the efficiency of
high molecular weight compounds such as hydroxy-
ethyl starch (HES) and polyvinylpyrrolidone as
cryoprotective additives, either singly or in combi-
nation with conventional cryoprotectants, has been
investigated using a cell wall-less mutant of
Chlamydomonas reinhardii  (strain CCAP 11/32 cw
1 5+) as test organism. Preliminary results suggest
that H ES is a gdod protectant.
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more widespread than previously thought: all cell
pes may be sensitive to it, if cooling is rapid enough

nd the final temperature attained sufficiently low.
:old shock' and conventional 'chilling injury' may
present extremes of a continuum and a unified

ypothesis to account for both in terms of the
ucleation patterns accompanying thermotropic
vents within cellular membranes has been deve-
jped.

ork has commenced on a project to investigate the
ffects of long-term preservation methods on the
iability and stability of micro-organisms of industrial

mportance, under contract with the Department of
rade and Industry.

.2 Taxonomy
C Page is developing and applying a new approach

o the taxonomy of naked, free-living amoebae
gymnamoebae). The present stage of work on

marine species has been completed with the publi-
ation by ITE of  Marine gymnamoebae  (Page 1983)
nd the preparation of 2 papers on new genera. In
ollaboration with the Institute of Cytology in
eningrad, light- and electron-microscopic and non-

morphological characters (including nucleo-
ytoplasmic compatibility of heterokaryotes produced
y nuclear transplantation, serological reactions,
uclear DNA content and generation time) are being

evaluated as taxonomic characters of large,  Amoeba
•roteus-like  organisms. In October, Dr Page visited
Leningrad to work on this project with Dr Lydia V
Kalinina and Dr S Yu Afon'kin. At the other end of
the size spectrum of free-living gymnamoebae, Dr
Page and Dr R L Blanton (University of Georgia.
USA) are investigating the possible relationship
between acrasid unicellular 'slime moulds' and small
Gymnamoebia.  Dr N B S Willumsen (Denmark) spent
a week working with Dr Page.

Dr H Preisig (University of Zurich) once again visited
CCAP to continue his collaborative study (with
KJ Clarke) on colourless flagellates, and Dr Margaret
A Harper (Victoria University, Wellington, New
Zealand) is analysing collections of diatoms from
geological specimens.

4.3 Fluid dynamics and motile protists
Professor J 0 Kessler (University of Arizona), a
Fulbright Fellow visiting the Cambridge University
Department of Applied Mathematics and Theoretical

J R Baker
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Physics, is collaborating with N C Pennick and J P
Cann to extend his practical and theoretical studies
on the interaction between swimming behaviour of
protists and imposed hydrodynamic forces. Two
aspects are being investigated.
i. Gyrotactic focusing: when certain' flagellated cells

exhibiting asymmetric internal mass distribution
are oriented jointly by gravity and the spatial
variation of velocity (vorticity) of the fluid in
which they swim, they tend to accumulate in
specific regions. This effect can be used to concen-
trate and separate cells (see Plate 30).

ii. Fibrous plug cell concentration: this simple tech-
nique utilizes negative geotaxis and/or positive
phototaxis to induce cells to swim upwards from
a mixed or contaminated culture, through a fibrous
plug (eg cotton wool), into clean medium. By this
means,  Dunaliella parva  was separated from a
fungal contaminant, and  D. tertiolecta  was
separated from a mixture with  Chlorella marina,
and also concentrated from 0-4 x 106 cells cm-3
to about 1 x 107 cells cm-3.

4.4 Ecological parasitology
Over 700 blood samples have been collected as part
of a continuing longitudinal study of  Hepatozoon
infection in  Sciuris carolinensis  (Baker Et Kenward
1982); the data will be analysed with respect to
sex, age and distribution of host. Prevalence of the
infection is high (ca 80%), and developmental stages
(schizonts) of the parasite have been found in the
lungs of infected squirrels.

R A Gardner, a NERC CASE student jointly supervised
by Professor D H Molyneux of Salford University,
Dr R E Stebbings and Dr J R Baker, is studying the
impact of parasitic infections on bat populations. He
has evidence that at least one,  Babesia microti,  may
be directly harmful by inducing anaemia. The
development cycles of 2 species of  Trypanosoma,
which commonly infect bats in Britain, are also being
studied (see also pp 78-80).
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Projects
listed by Programmes as at 31 December 1983

The listing by Programmes also  1. Forest and woodland ecology, the integrated effects (botanical and zoological) of woodland
shows the numbers of other and forest management practices
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 Animal species interactions

and communities
12 Cycling of nutrients
13 Land resources and land

uses
14 Chemical and technical

sciences
15 Systems analysis and

biometrics

Key for symbols against
project numbers
@ Nature Conservancy

Council contract
+ Department of Environment

contract
Other outside contract
PhD or other student project
Visiting worker project
Project proposal not yet
approved by Management
Group

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

1 Semi-natural woodland classification
9 Monitoring at Stonechest
17 Meathop Wood IBP study
61 Variation in growth of birch and sycamore
88 Plant establishment in shrubs
90 Birch on moorland soil and vegetation
137 Sparrowhawk ecology
246 Physical environment, forest structure
359 Fibre yield of poplar coppice
367 The Gisburn experiment
389 Management effect in lowland coppices
417 Silvicultural systems—N Ireland experiment
454 Monitoring of woodlands
463 Age class of amenity trees
479 Red deer in production forests
483 Scottish deciduous woodlands
517 Primary productivity in woodlands
528 Red deer populations in woodland habitats
549 Monitoring in native pinewoods
568 Subcortical fauna in oak
574 Potential for fuel cropping in upland Wales
606 Grey squirrel damage and management
625£+ Effects of clear-felling in upland forests
633 Water level and vegetation change—

Kirkconnell Flow
636 Song bird density and woodland diversity
711 Tree growth and climate
721 Dry matter in forests: world review
746 Grazing in woodlands
758* Effects of grazing on woodland vegn

diversity
773 Silviculture of respacing Sitka spruce
793 Ecotypic variation in oak
794 Rhododendrons in Snowdonia
820 Regional aspects of forest dynamics in

Europe
839 Assessing pressures at Pipar, Nepal
852* Impact of herbivores on vegetation in

pinewoods
862 Population ecology of pine beauty moth

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

Programme Leader: J P Dempster
Core Group: I Newton, P S Maitland, I R Smith

116 Freshwater survey of Shetland
117 Freshwater survey of Great Britain
123 Zoobenthos at Loch Leven
124 Distribution and biology of fish in GB

R G H Bunce
J M Sykes
J E Satchell
A F Harrison
J Miles

1
1
1
1
1

J Miles (1) 1
I Newton (1 8) 1
E D Ford 1 (7)
M G R Cannell (1)
A H F Brown (1) 1
A H F Brown 1
A H F Brown 1
J M Sykes 1
J E Good 1
B W Staines 1 (10)
R G H Bunce (1)
J N R Jeffers 1
B Mitchell 1
J M Sykes 1
M G Yates (1 11) 1
D I Thomas 1
R E Kenward 1 (10)
M 0 Hill (1) 12
J M Sykes 1

D Jenkins (1) 11
A Millar (1) 7
M G R Cannell 1
T W Ashenden 1
J Dale 1

E D Ford 1
M W Shaw 1
M W Shaw (1) 4
P Ineson 1 (12)

N Picozzi 1
J M Sykes 1

A D Watt (1) 10

P S Maitland
P S Maitland
P S Maitland
P S Maitland

2
2
2

(5)
(5)

(2) 5



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

78 Management of sand dunes in Wales
89  Calluna-Molinia-Trichophorum

management

D G Hewett 4
J Miles 4

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

Programme Leader: F T Last
Core Group: M G Morris, M D Hooper, C Milner
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5. Survey and monitoring of plant and animal distributions and abundance

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

92 Grazing intensities causing change 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 7) 12
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 4 (11)
243 Scrub succession at Aston Rowant NNR L K Ward 4
265 Regeneration on lowland heaths S B Chapman 4 (3)
296 Scrub management at Castor Hang lands L K Ward 4
374 Sand dune ecology in East Anglia L A Boorman 4
457 Grazing models C Milner (4) 15
467 Roadside studies T W Parr 4
500 Recolonization by spiders on Hartland Moor P Merrett (34) 11
573+ Amenity grass—stage 2 M D Hooper 4
599 Bracken and scrub control on lowland

heaths
R H Marrs 4

602 Modelling sports turf wear T W Parr 4 (15)
634 Field plot survey—Monks Wood R Cox 4
650 Amenity grass irrigation M D Hooper 4
665 Coastal management D S Ranwell 4
666 Coastal publications D S Ranwell 4
674£ Plant species for energy in Great Britain T V Callaghan 4
693 Plant species establishment in grassland L A Boorman (4) 3
703 Vegetation change at Dungeness and R M Fuller 4

Orfordness
707 Plant establishment in woodland L A Boorman (4) 3
718@ Impact of land drainage on wildlife J Sheail 4
726 Restoration of heathland vegetation R H Marrs 4 (3)
744 Effects of grazing in Snowdonia M 0 Hill 4
769E Bracken biofuel potential for energy in T V Callaghan 4

Wigtown
772 Japanese knotweed control R Scott 4
776 Long-term studies of vegn change at R H Marrs 4

Moor House
794 Rhododendrons in Snowdonia M W Shaw 4 (1)
796 Poole harbour salt marshes A J Gray 4
835£ ITE/UCL EIA Lake lchkeul: plant

demography
T W Parr (415) 9

836E ITE/UCL EIA Lake lchkeul: remote sensing
survey

R M Fuller (4) 5

838£ Sizewell ecological survey D S Ranwell 4
853£ Falkland Islands airport ecology impact J Miles 4 (5)
858£* EIA of drainage schemes M D Hooper 4

116 Freshwater survey of Shetland P S Maitland (5) 2
117 Freshwater survey of Great Britain P S Maitland (5) 2
124 Distribution and biology of fish in GB P S Maitland 5 (2)
132 Monitoring in the Cairngorms A Watson 5
165 N Wales bryophyte recording M 0 Hill 5
181@ Birds of prey and pollution I Newton (5) 8
204@ Assessing butterfly abundance E Pollard (5) 10
208@ Botanical data bank C D Preston 5
209@ Vertebrate recording schemes H R Arnold 5
232 Butterfly studies at Porton Range M G Morris 5
309 Phytophagous insects data bank L K Ward (5) 11



340 Survey of Scottish coasts
405 Fauna of pasture woodlands
406 Distribution and ecology of non-marine

Isopoda
424 Ecological survey of Britain
466 Ecology of railway land
469 Scottish invertebrate survey
470 Upland invertebrates
483 Scottish deciduous woodlands
529 Biological data bank
534 National land characterization
557@ Terrestrial and freshwater invertebrate

surveys
565 Bibliography of Shetland
566 Islands: biogeographic analysis
584 Nutrient loading, phytoplankton and

eutrophication
591 Terrestrial Environment Information System
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
684 Mapping broadland vegetation.with aerial

photos
743 Railway resource monitoring
751 National survey of fluoride in predatory

birds
760£ EEC ecological mapping
761£ 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
806 Assessment of LANDSAT value for land use B K Wyatt
807 Ecobase B K Wyatt
822 Landsat classification and vegn survey of C M Sargent

Bhutan
836£ ITE/UCL EIA Lake lchkeul: remote sensing R M Fuller

survey
850£ Pembrokeshire NP air photo interpretation D F Ball
853£ Falkland Islands airport ecology impact J Miles
866* Aerial remote sensing of Lochs Leven, A A Lyle

Lomond, Tay

160£ Fluorine pollution studies
380 Monitoring of atmospheric SO2 at Devi Ila

Forest
426 Preparation of sulphur review document
452 Study of precipitation
453 SO2 dry deposition in Scots pine forest
491 Radiochemical development
524 Fluoride in predatory mai-nmals
525 Fluoride in predatory birds
526 Biological monitoring in Forth Valley
553£+ Radionuclide pathways

D S Ranwell
P T Harding
P T Harding

R G H Bunce (5) 13
C M Sargent 5
R C Welch 5
A Buse (5) 11
R G H Bunce 5 (1)
D M Greene 5
D F Ball (5) 13
P T Harding 5

N Hamilton 5
N Hamilton 5
A E Bailey-Watts (5 11) 2

B K Wyatt
D Moss
N R Webb
H R Arnold
P T Harding
G L Radford
R M Fuller

C M Sargent
D C Seel

B K Wyatt
B K Wyatt
K R Bull
J Dale
D M Greene
J Wilson

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

terrestrial ecosystems

Programme Leader: F T Last
Core Group: S E Allen, I A Nicholson, D F Perkins

D F Perkins 6
I A Nicholson 6 .

Projects 113

5
(5) 11

5

5 (15)
(5) 2
(5) 11

5
5
5
5

5
(5) 6

(5) 13
(5) 13

(5 8) 14
5
5 (15)
5

(5) 13
5
5 (13.)

5 (4)

5 (13)
(5) 4
(5) 2

I A Nicholson 6
J W Kinnaird 6
I A Nicholson 6
J A Parkinson (6) 14
K C Walton 6
D C Seel 6
B G Bell 6
S E Allen 6
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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

158 Community processes (physiology) D F Perkins (4 7) 12
245 Genetics of  Betula  nutrition J Pelham 7 (9)
246 Physical environment, forest structure E D Ford (7) 1
266 Root dynamics of  Calluna vulgaris S B Chapman (7) 12
359 Fibre yield of poplar coppice M G R Cannell 7 (1)
410 Tundra plants (bryophytes) T V Callaghan (7) 9
447 Freshwater and marine amoebae F C Page 7

,449 Preservation of cultures G J Morris 7
512 National collection of birch J Pelham 7 (9)
575 Regeneration and growth of bracken

rhizomes
R E Daniels (7) 9

674£ Plant species for energy in Great Britain T V Callaghan (7) 4
702 Selection of frost-hardy trees M G R Cannell 7
711 Tree growth and climate A Millar 7 (1)
717 Birch variation and environmental

differences
J Pelham 7 (9)

748 Temperature limits of growth for E A Leeson 7
Chlamydomonas

750 Domestication of tropical hardwoods R R B Leakey 7
767 Formation of cones by lodgepole pine K A Longman 7
770 Evaluation of conifer clones and progenies M G R Cannell 7
785 Cultivation of freshwater algae E A Leeson 7
786 Cultivation of marine algae N C Pennick 7
787 Cultivation of free-living protozoa J P Cann 7
801 Radial growth of Sitka spruce roots J D Deans 7
805 Effects of mycorrhizas on assimilation E J White 7
815 Control of wood density in Sitka spruce E D Ford 7
816 IUFRO Conference 1984: trees as crop

plants
M G R Cannell 7

831 Modelling of transpiration in Sitka spruce R Milne 7
842! The physiology of cones in  Pinus contorta C J Couper 7
851£* Viability and stability of industrial

macro-organisms
G J Morris 7

861 Characterization of sheathing mycorrhiza A Crossley 7
865* Mycorrhizal toadstools in coniferous

planting
J Wilson (7) 12



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

Projects 115

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

129 Red grouse and ptarmigan populations A Watson (8) 10
137 Sparrowhawk ecology I Newton (1 8) 10
181@ Birds of prey and pollution I Newton 8 (5)
199 Avian reproduction and pollutants S Dobson 8
255 Ecology of  Myrmica  species 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 8 (2)
393 Isolation effects in butterfly populations J P Dempster (8 10) 11
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 (8) 2

559 Ecology of reproduction in the wild rabbit I L Boyd 8
624 Population genetics P J Bacon (8) 10
630 Stress in birds A Dawson 8
697 Pesticides and wildlife: historical

perspective
J Sheail 8

728 Kestrels in farmland A Village (8) 10
737 Population genetics of  Pardosa monticola

spiders
R G Snazell 8

739 Life history of the common frog C P Cummins 8(210)
759+ Chemicals in the terrestrial environment S Dobson 8
763£ Data profiles on chemicals S Dobson 8
765 Ecology of the heron M Marquiss (2 8) 10
771 Chemical data bank (Monks Wood) K R Bull (5 8) 14
809 Fluoride toxicology D Osborn 8 (6)
810 Lead poisoning in birds M C French 8
811 Foraging and reserve storage in red and-

grey squirrels
R E Kenward 8 (11)

812 Grouse aviary R Moss 8 (10)

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
245 Genetics of  Betula  nutrition J Pelham (9) 7
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 (7)
508 Botanical variation in elm J N R Jeffers 9
512 National collection of birch J Pelham (9) 7
575 Regeneration and growth of bracken

rhizomes
R E Daniels 9 (7)

576 lsoenzyme studies in  Sphagnum R E Daniels 9
649 Demographic genetics of  Agrostis setacea A J Gray 9
717 Birch variations and environmental

differences
J Pelham (9) 7
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742 Population fluctuations in annual legumes
775 Ecology of Arctic alpines in Snowdonia
783 Interactions between mosses and vascular

plants
835£ ITE/UCL EIA Lake lchkeul: plant

demography
846* Influence of events on population growth
857* Rare grass species

C D Preston
C Milner
N G Bayfield

T W Parr

I R Smith
A J Gray

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

9
9
9

9(4 15)

(9 10) 15
9

and pest control

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

54 Red deer ecology on Rhum
67 Prey selection in redshank

V P W Lowe 10
J D Goss-Custard 10

104 Distribution and segregation of red deer B W Staines 10
111 Population dynamics of red deer at B Mitchell 10

Glen Feshie
129 Red grouse and ptarmigan populations A Watson 10 (8)
130 Management of grouse and moorlands A Watson 10
131 Golden plover populations A Watson 10
137 Sparrowhawk ecology I Newton 10(1 8)
193 Stone curlew and lapwing N J Westwood 10
202 The Roman snail E Pollard 10
204@ Assessing butterfly abundance E Pollard 10 (5)
255 Ecology of Myrmica species G W Elmes (1011) 8
273 Ecology of S. magnus and 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 10
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 10
461@ Puffins and pollutants M P Harris (10) 8
479 Red deer in production forests B W Staines (10) 1
499 Taxonomic studies for mammalian

autecology
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(1 11)
606 Grey squirrel damage and management R E Kenward (10) 1
624 Population genetics P J Bacon 10 (8)
644 Breeding success and survival in the

common toad
C J Reading 10 (2)

660 Adonis blue populations J A Thomas 10
676 Ecology of lampreys in Loch Lomond P S Maitland 10 (2)
687 Radio location and telemetry development T Parish 10
692 Goshawk population dynamics R E Kenward 10
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 P Merrett 10

Eresus niger
728 Kestrels in farmland A Village 10 (8)
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 (210) 8



11. Animal species interactions_and communities, 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

230 Grassland management—invertebrates M G Morris (11) 4
252 Hartland Moor NNR survey A Abbott 11
255 Ecology of  Myrmica  species G W Elmes 11(810)
270 Distributional studies on spiders P Merrett 11
309 Phytophagous insects data bank L K Ward 11 (5)
370 Exp. reduction of inter-species competition

in ants
B Pearson 11

393 Isolation effects in butterfly populations J P Dempster 11(10)
400 The large blue butterfly J A Thomas (11) 10
405 Fauna of pasture woodlands P T Harding 11 (5)
407 British Staphylinidae (Coleoptera) R C Welch 11
441 Oystercatcher and shellfish interaction J D Goss-Custard11 (10)
470 Upland invertebrates A Buse 11 (5)
500 Recolonization by spiders on Hartland P Merrett 11(3 4)

Moor
527 Long-term changes in zooplankton L May (11) 2
568 Subcortical fauna in oak M G Yates (1 11) 10
569 Insect fauna of  Helianthemum  and  Genista B N K Davis 11
577 Predation of freshwater zooplankton D H Jones (11) 2
584 Nutrient loading, phytoplankton and

eutrophication
A E Bailey-Watts (511) 2

612 Analysis of common birds census M D Mountford 11
615 Heath land invertebrates N R Webb 11 (5)
621 Models of rabies epidemiology P J Bacon (11) 15
636 Song bird density and woodland diversity D Jenkins 11 (1)
641 Invertebrate fauna of  Akithofagus  and R C Welch 11

Quercus
694 Zooplankton communities in freshwater

lakes
D H Jones (11) 2

698 Zooplankton population dynamics L May (11) 2
708! Structure of spider communities on

heathland
P J Hopkins 11

723 Characterization of Trypanosomes from
bats

J R Baker 11

724 Protozoan parasites of wild British animals J R Baker 11
811 Foraging and reserve storage in red and

grey squirrels
R E Kenward (11) 8

821* Modern agriculture and wildlife T Parish 11
826 Invertebrate fauna of native and introduced

broadleaves
R C Welch 11
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13. Land resources andland  uses,lhabitat characteristics, their inter-relations 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 E J White 13
4 Soil classification methods P J A Howard 13
163 Ordination and classification methods M 0 Hill 13
377 Historical aspects of environmental

perception
J Sheail 13

424 Ecological survey of Britain R G H Bunce 13 (5)
471 Soils of Upper Teesdale M Hornung 13
534 National land characterization D F Ball 13 (5)
541 Marginal land in Cumbria C B Benefield 13
554 Cumbria land classes and soil types J K Adamson 13
561 Soil fertility M Hornung 13
700+ Ecological guidelines for locational

strategies
G L Radford 13

745 Land availability for wood energy
plantations

R G H Bunce 13

747£ Highland region land classification R G H Bunce 13
760£ EEC ecological mapping B K Wyatt 13 (5)
761£ EEC remote sensing B K Wyatt 13 (5)
781 Land use changes of chalk aquifers R M Fuller 13



806 Assessment of LANDSAT value for land
use

822 Landsat classification and vegn survey of
Bhutan

844£ Potential for wood production on coal
measures

850£ Pembrokeshire NP air photo interpretation

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

Programme Leader: J  N R  Jeffers
Core Group: S E Allen, M Hornung, I H Rorison

484 Chemical technique development

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
832 Operation of the Rivox field site
864* Sunday Telegraph magazine article

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
402 Biometrics advice to NERC
434 ITE computing services
457 Grazing models
503 Development of systems analysis
518£ UNESCO MAB Information System
591 Terrestrial Environment Information System
602 Modelling sports turf wear
610 Computerization of CCAP records
613 Computerization of ITE/NERC costing

procedure
621 Models of rabies epidemiology
663 Estimation of abundance of populations
699 Checklist of computer programs
754£ Development of bilateral link with I ES,

Khartoum
777 Estimation of population parameters
780 Use of statistics in Journal of Ecology
795 Standard procedure for recording data
802£ MAFF environmental sampling in west

Cumbria
825 Statistical consultancy in ITE
835£ ITE/UCL EIA Lake lchkeul: plant

demography
846* I nf I u e nce of events on population growth
868$* Training in computing and statistics
869* Graphics for general publications

B K Wyatt

C M Sargent

R G H Bunce 13

D F Ball

D Roberts/
P Freestone
S E Allen
G H Owen
C R Rafarel
R F Ottley
P G Ainsworth
J A Parkinson
K R Bull
K J Clarke
E J White

R Milne
J A Parkinson

Projects 1 19

13 (5)

(13) 5

14

(13) 5

14
14
14
14
14
14 (6)
14(58)
14
14

14
14

P Rothery 15
P H Cryer 15
C Milner 15
M D Mountford 15
C Milner 15
C Milner 15 (4)
J N R Jeffers 15
J N R Jeffers 15
B K Wyatt (15) 5
T W Parr (15) 4
D F Spalding 15
M D Mountford 15

P J Bacon 15(11)
M D Mountford 15
D K Lindley 15
J N R Jeffers 15

K H Lakhani 15(10)
P Rothery 15
D M Greene (15) 5
D K Lindley 15

M D Mountford 15
T W Parr (415) 9

I R Smith 15(910)
L Li 15
C Benefield 15
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Institute of Terrestrial Ecology Directorate

Director
CSO
E0
PS

Mr Jeffers, J. N. R.
Mrs Ward, P. A
Mrs Delve, J.

Assistant Director
DCSO Prof Last, F. T.
PS Mrs Hogg, A. H.

Assistant Director
DCSO Dr Dempster, J. P.
PS Mrs Stocker. B.  J.

Institute Secretary
PRIN Mr Brown, E. J.

Institute of Terrestrial Ecology
68 Hills Road
Cambridge
CB2 1LA
0223 (Cambridge) 69745-7
Telex 817201

Headquarters

Head of Station
Institute Secretary
Prin Mr Brown, E. J.

Administration
SE0
HEO
EC)
E0
CO
CO
CO
CA
CA
SP/T

Mr Collins, R. T.
Mr Clapp, E. C. J.
Mr Easterbrook, M. J.
Mrs Harvey, C. L.
Mrs Chambers, E. M. (PT)
Miss Dickerson, A. S.
Mrs Rumbelow, R. J.
Mrs Hannay, A. E. (PT)
Miss Jackson, S.
Mrs Cowling, M. J. (PT)

Scientific
PSO Mr Mountford, M. D.
SSO Mr Cryer, P. H.
SSO Mr Rothery, P.

Merlewood Research Station
Grange-over-Sands
Cumbria
LA11 6JU
(04484) 2264-6, 3826

Bush Estate
Penicuik
Midlothian
EH26 OQP
(031 445) 4343-6

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

68 Hills Road
Cambridge
CB2 1LA
(0223) 69745-7

Institute of Terrestrial Ecology
c/o University of East Anglia
School of Biological Sciences
University Plain
Norwich
NR4 7TJ
0603 (Norwich) 56161

Scientific
PSO Dr Ranwell, D. S.
ASO Mr Storeton-West, R. L.

Institute of Terrestrial Ecology
Monks Wood Experimental Station
Abbots Ripton
Huntingdon
PE17 218
048 73 (Abbots Ripton) 381-8
Telex 32416

Head of Station
SPSO Dr Hooper, M. D.
CO Mrs Wood, H. M. (PT)

Administration
HEO Mr Abbott, L. F.
CO Miss Atkinson, L.
CO Mrs Cowan, E. (PT)
CO Mrs Purdy, M. I.
CO Mrs Weller, S. M.
CA Miss Allen. D. A.
SP/T Miss Abblitt,  J.  M.
SP/T Mrs Glover, P. R.
SP/T Mrs Stokes, J.
CLNR Mrs Bell, K. C. J. (PT)
CLNR Mrs Chance, M. E. (PT)
CLNR Mrs Ennis, S. (PT)
CLNR Mrs McDowell. J. (PT)
CLNR Mrs Schietzel, P. E. (PT)
BAND10 Mr Farrington, T. F.
BAND 8 Mrs Wade, E. E. C. (PT)
BAND 6 Mr Farrington, D. T.
BAND 4 Mr White, W. F. (PT)

Scientific
SPSO Dr Newton, I.
PSO Dr Boorman, L. A.
PSO Dr Davis, B. N. K.
PSO
PSO
PSO
PSO
PSO
PSO

SSO
SSO
SSO

Mr Lakhani,.K. H.
Dr Moriarty, F.
Dr Pollard, E.
Dr Sheail, J.
Dr Welch, R. C.
Mr Wells, T. C. E.

Dr Bull, K. R.
Dr Dawson, A. S.
Dr Dobson, S.



SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO

HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO

SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO
SO

ASO
ASO
ASO
ASO
ASO
ASO

S/PHGR Mr Ainsworth, P. G.
PEt103 Mr Snapes, V. W.

ALIB Mrs King, J.

Institute of Terrestrial Ecology
Merlewood Research Station
Grange-over-Sands
Cumbria
LA11 6JU
044 84 (Grange-over-Sands) 2264-6
Telex 65102

Head of Station
SPSO Dr Heal, 0. W.
PS Miss Duncan, H. R.

Administration
HEO
CO
CO
CO
SP/T
TYP
TYP
TYP
TYP
CLNR
CLNR

Mr French, M. C.
Mrs Greene, D. M.
Mr Harding, P. T.
Dr Kenward, R. E.
Dr Marrs, R. H.
Dr Osborn, D.
Dr Stebbings. R. E.
Mr Westwood, N. J.

Mr Arnold, H. R.
Dr Boyd. I. L.
Mr Cummins, C. P.
Mr Freestone, P.
Mr Frost, A.  J.
Mr Fuller, R. M.
Ms Hanson, H. M.
Mr Parish, T.
Dr Parr, T. W.
Mr Preston, C. D.
Dr Sargent. C. M.
Dr Village, A.
Mrs Welch. J. M.
Mr Wyllie, I.

Miss Brown, M. C.
Miss Cox, R.
Mr Eversham, B. C.
Mr Greatorex-Davies, J. N.
Mrs Haas, M. B. (PT)
Mrs Hall, M. L. (PT)
Miss Harper, R. J.
Mr Lowday, J. E.
Mr Mountford, J. 0.
Mr Plant, R.
Mr Yates, M. G.
Mrs Young, W. J.

Mrs Bibby, T. J.
Mrs Gore, D.
Miss Hall, J. R.
Mr Howe, P. D.
Mr Leach, D. V.
Mr Myhill, D. G.

Mrs Foster, E.
Mrs Coward, J.
Mrs Coward. P. M.
Mrs Holgate, A. (PT)
Mrs Wilson, M. (PT)
Miss Benson, C.
Mrs Couch, T. E.
Miss Jackson, D.
Mrs Kay, C. G. (PT)
Mrs Burton, E. (PT)
Mr Casey, M. (PT)

CLNR Mrs Pearson, V. (PT)
BAND8 Mr Foster. P. L.
BAND 4  Mr  Lethbridge. R.

Scientific
SPSO Mr Allen. S. E.

PSO
PSO
PSO
PSO
PSO
PSO
PSO
PSO

SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO

HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO

SO
SO
SO
SO
SO
SO
SO
SO
ASO
ASO
ASO
ASO
ASO
ASO
ASO
ASO
ASO
ASO

LI B

Mr Brown. A. H. F.
Dr Bunce, R. G. H.
Dr Callaghan, T. V.
Dr Harrison, A. F.
Mr Howard. P. J. A.
Mr Lindley. D. K.
Mr Lowe. V. P. W.
Mr Sykes, J. M.

Dr Bacon. P. J.
Mr Grimshaw. H. M.
Dr Horrill, A. D.
Dr Ineson, P. (Research Fellow)
Miss Latter, P. M.
Mr Millar, A.
Mr Parkinson. J. A.
Mr Quarmby, C.
Mr Roberts, J. D.

Mr Barr, C. J.
Mr Benefield, C. B.
Mr Benham, D. G.
Dr Dighton, J.
Miss Hamilton, N. M.
Dr Howard, B. J.
Mrs Howard, D. M.
Mrs Howson, G. (PT)
Mr Lawson, G. J.
Mr Rowland, A. P.
Mr Scott, R.

Mr Adamson, J. K.
Mr Coward, P. A.
Mrs Kennedy, V. H. (PT)
Miss Robertson, S. M. C.
Mrs Shaw, F. J.
Mr Smith, M. R.
Miss Whittaker. H. A.
Mrs Whittaker, M.
Mr Briggs, D. R.
Mrs Gardener, C. L.
Miss Grove, J.
Miss Hodgson, A. L.
Miss Jewell, S. E
Mrs McClure, C.
Mrs Mainwaring, A. M.
Mrs Poskitt, J.
Mr Woods, C.
Mrs Zirkel, S. M. (PT)

Mr Beckett, J.

Dr Frankland, J. C. (C/T PT)
Dr Jones. H. E. (C/T PT)

Institute of Terrestrial Ecology
Furzebrook Research Station
Wareham
Dorset
BH20 5AS
09295 (Wareham) 51518-9, 51491
Telex 418326

Head of Station
SPSO Dr Morris, M. G.
PS Mrs-Perkins, M. K.

Administration
EO Mr Currey, R. J.
CO Mrs Jones, M. C. (PT)
SP[T Miss Weller, R. A.
CLNR Mrs Fooks, N. M. (PT)
CLNR Mrs Parker, I. (PT)
BAND8 Mr Parker, B. D.

Scientific
PSO Dr Chapman. S. B.
PSO
PSO
PSO
PSO
PSO
PSO

SSO
SSO
SSO
SSO

HSO
HSO
HSO
HSO

SO
SO

ASO
ASO
ASO
ASO

Dr Elmes, G. W.
Dr Goss-Custard, J. D.
Dr Gray. A. J.
Dr Merrett, P.
Dr Ward, L. K.
Dr Webb, N. R. C.

Mr Clarke, R. T.
Dr Daniels, R. E.
Dr McGrorty, S.
Dr Thomas, J. A.

Mr Abbott, A. M.
Mr Pearson, B.
Dr Reading, C.  J.
Mr Snazell, R. G.

Mr Rispin, W. E.
Mrs Wardlaw, J. C. (PT)

Ms Benham, P. E. M.
Miss Durell, S. E. A.
Mrs Jones, R. M.
Mr Rose, R. J

Institute of Terrestrial Ecology
Bush Estate
Penicuik
Midlothian
EH26 OQB
031 445 4343-6
Telex 72579

Head of Station
SPSO Dr Unsworth, M. H.
PS Miss Thomson, L. S.

Staff list 1 21

Administration
HEO Mr Smith, I. C.
CO Mrs Campbell, A. M. (PT)
CO Mrs Shields, S. E. (PT)
SP/T Mrs Wilson, E. (PT)
TYP Miss Aitchison, C.
TYP Mrs Thompson, M. (PT)
CLNR Mrs Mowat, E. A. M.
BAND 4 Mrs Innes, D. S. (PT)

Scientific
PSO Dr Cannell, M. G. R.
PSO Dr Ford, E. D.
PSO
PSO

SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO

Dr Longman, K. A.
Mr Pelham, J.

Mr Bell, B. G.
Dr Cape, J. N.
Mr Deans, J. D.
Dr Fowler, D.
Dr Leakey, R. R. B
Dr Marquiss, M.
Dr Mason, P. A.
Dr Milne, R.



1 22 Staff list

SSO
SSO

HSO
HSO
HSO
HSO
HSO
HSO

SO
SO
SO
SO
SO
SO
SO

ASO
ASO

PErT04
P&TO4
ALIB

Dr Watt, A. D.
Mr White, E. J.

Dr Crossley, A.
Mr Murray, T. D.
Mr Ottley, R. F.
Dr Sheppard, L. J.
Mr Smith. R. I.
Dr Wilson, J.

Miss Dick, J. M.
Mr Harvey, F. J.
Mr Ingleby, K.
Mr Leith, I. D.
Mr Lightowlers, P. J.
Mr Munro, R. C
Mr Wilson, R. H. F.

Mrs Halcrow, A
Mrs Murray, M.

Mr Elphinstone, G. B.
Mr McCormack, J. W.
Miss Scoular, L. M.

Institute of Terrestrial Ecology
78 Craighall Road
Edinburgh
EH6 4R0
031 552 5596-9

Administration
CO Mrs Adair, S. M.
SP/T Mrs Wilson, M. S.

Scientific
PSO
PSO

SSO
SSO
SSO

HSO

SO
SO
SO

Dr Maitland, P. S.
Mr Smith, I. R.

Dr Bailey-Watts, A. E.
Mr East, K.
Mr Jones, D. H.

Dr May. L.

Mr Kirika, A.
Mr Lyle, A. A.
Mr Morris, K. H.

Institute of Terrestrial Ecology
Banchory Research Station
Hill of Brathens
Glassel
Banchory
Kincardineshire
AB3 4BY
033 02 (Banchory) 3434
Telex 739396

Head of Station
SPSO Dr Jenkins, D.
SP/T Mrs Burnett, L. M. (PT)

Administration
E0 Miss Pirie, A.
CO Mrs Barron, M. A.
TYP Mrs Allan, E. J. P.
TYP Mrs Andrews, P. A.
CLNR Mrs Griffin, M. D. (PT)
BAND8 Mr Griffin, C.

Scientific
SPSO Dr Watson, A.

PSO
PSO
PSO
PSO
PSO
PSO
PSO
PSO

SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO

HSO
HSO
HSO

SO
SO

ASO
ASO
ASO

Dr Harris, M. P.
Dr Kruuk, H.
Dr Miles, J.
Dr Miller, G. R.
Dr Mitchell, B.
Dr Moss, R.
Mr Nicholson, I. A.
Dr Staines, B. W.

Dr Bayfield, N. G.
Mr French, D. D.
Mr Kinnaird, J. W.
Mr McCowan, D.
Mr Parr, R. A.
Mr Paterson, I. S.
Mr Picozzi, N.
Mr Welch, D.

Mr Conroy, J. W. H.
Mr Cummins, R. P.
Mr Young, W. F.

Mr Catt, D. C
Mr Scott, D.

Mr Glennie, W. W.
Miss McPherson, M.
Mr Trenholm, I. B.

PErT04 Mr Morris, J. A.

Institute of Terrestrial Ecology
Bangor Research Station
Penrhos Road
Bangor
Gwynedd
LL57 2LQ
0248 (Bangor) 364001-5
Telex 61224

Head of Station
SPSO Dr Milner, C.
PS Mrs Lloyd, A. C.

Administration
ED Mrs Owen, B. J.
CO Miss Owen, D. E.
CO Mrs Owen, M.
CO Mrs Pritchard, J. E. (PT)
SP/T Miss Jones, H. A.
TYP Miss Roberts, M. E.
CLNR Mrs Jones, J. F. (PT)
CLNR Mrs Stedmond, L. A.
BAND4 Mr Wilson, J. N.

Scientific

PSO Dr Ball, D. F.
PSO
PSO
PSO
PSO
PSO
PSO

SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO
SSO

HSO
HSO
HSO
HSO
HSO
HSO
HSO
HSO

SO

ASO
ASO

PEtT04

Scientific
SPSO

PSO

SSO
SSO

HSO

SO
SO
SO
SO

ASO
ASO

Mr Hill, M. 0.
Dr Hornung, M.
Dr Perkins, D. F.
Mr Radford, G. L.
Mr Shaw, M.  W.
Dr Wyatt, B. K.

Dr Ashenden, T. W.
Dr Buse, A.
Mr Dale, J.
Mr Evans, D. F.
Dr Good, J. E. G.
Mr Hewett, D. G.
Mrs Jones, V.
Dr Moss, D.
Mr Owen, G. H.
Mr Rafarel, C. R.
Dr Seel, D. C.
Mr Thomas, D. I.
Mr Walton, K. C.

Mr Bell, A. A.
Miss Hatton, A. A.
Mr Millar, R. 0
Mrs Neep, P.
Dr Reynolds, B.
Mr Stevens, P. A.
Mr Thomson, A. G.
Mr Williams, W. M.

Mrs Bell, S. A.

Mr Hughes, S.
Mr Williams, T. G. (C/T)

Mr Hughes, G

Institute of Terrestrial Ecology
Culture Centre of Algae and Protozoa
36 Storey's Way
Cambridge
CB3 ODT
0223 (Cambridge) 61378

Head of Station
PSO Dr Baker, J. R.

Administration
ED Miss Moxham, M. J.
CO Mrs Day, G. M. (PT)
SP/T Mrs Connell, C. (PT)
C/TKR Mr Yorke, D. A.
CLNR Mrs Yorke, M. J. (PT)

Dr Page, F. C

Dr Morris, G. J.

Mr Clarke, K. J.
Mr Spalding, D. F.

Mr Pennick, N. C.

Mrs Asher, A. (PT)
Mr Cann, J. P.
Mrs Coulson, G. E.
Mrs Leeson, E. A.

Mrs Cann, S. F.
Mrs Winters, L. C.



Section V 1 23

Publications
(Albon, S. D.), Mitchell, B.  & Staines,  B.  W. 1983. Fertility and
body weight in female red deer - a density-dependent
relationship. J. Anim. EcoL, 52, 969-980.

(Anderson, J. M.) lneson, P.  &  (Huish, S. A.) 1983. The effects
of animal feeding activities on element release from deciduous
forest litter and soil organic matter. In: New trends in soil biology,
edited by P. Lebrun and others, 87-100. Ottignies-Louvairi-la-
Neuve: Dieu-Brichart.

(Anderson, J.  M.)  &  lneson, P. 1983. Interactions between soil
arthropods and microorganisms in carbon, nitrogen and mineral
element fluxes from decomposing leaf litter. In: Nitrogen as an
ecological factor, edited by J. A. Lee, S. McNeill & I. H. Rorison,
413-432. Oxford: Blackwell Scientific.

(Anderson, J. M.), lneson, P.  &  (Huish, S. A.) 1983. Nitrogen
and cation mobilization by soil fauna feeding on leaf litter and soil
organic matter from deciduous woodlands. Soil Biol. & Biochem.,
15,463-467.

(Armitage, P. D.), Moss, D., (Wright, J. F. &  Furse, M. T.) 1983.
The performance of a new biological water quality score system
based on macroinvertebrates over a wide range of unpolluted
running-water sites. Water Res.,  17,333-347.

Arnold, H. R., ed. 1983. Distribution maps of the amphibians &
reptiles of the British Isles.Abbots Ripton: Institute of Terrestrial
Ecology.

(Atkinson, D., Bhat, K. K. S., Coutts, M. P.), Mason, P. A. &
(Read, D. J.), eds. 1983. Tree root systems and their
mycorrhizas. Proc. Meeting IUFRO Working Party on Root
Physiology and Symbiosis, 1982.(Plant and soil, v.71). London:
Nijhoff, Junk.

Bailey-Watts, A. E., Jones, D. H., May, L. &  Kirika, A. 1983. The
plankton ecology of Loch Leven.Annu. Rep. Inst. terr. Ecol. 1982,
14-19.

Baker, J. R. 1982. African trypanosomiasis. In: Parasitic
zoonoses, edited by L. Jacobs & P. Arambulo, vol. 1, 121-139.
(CRC handbook series in zoonoses, Sect. C). Boca Raton: CRC
Press.

Ball, D. F., Radford, G. L.  &  Williams, W. M. 1983. A land
characteristic data bank for Great Britain. (Bangor occasional
paper no. 13). Bangor: Institute of Terrestrial Ecology.

Ball, D. F., Radford, G. L.  &  Williams, W. M. 1983. Land
characteristic data banks developed from map-derived material.
In: Ecological mapping from ground, air and space, edited by
R. M. Fuller, 28-38. (ITE symposium no. 10). Cambridge: Institute
of Terrestrial Ecology.

Ball, D. F. 1983. National land characteristic data bank. Annu.
Rep. Inst. terr. Ecol. 1982,103-106.

(Barrett, C. F., Atkins, E. H. F.), Cape, J. N., Fowler, D.,
(Kallend, A. S., Martin, A., Pitman, J., Scriven, R. A. &
Tuck, A. F.) 1983. Acid deposition in the United Kingdom
1983.Stevenage: Warren Spring Laboratory.

Beckett,  J.  &  (Nelson, A.), comps. 1983. Merlewood
publications 1974-1983.(Merlewood research and development
paper no. 93). Grange-over-Sands: Institute of Terrestrial
Ecology.

Bell, A. A. 1982. Marine mammals. In: Hilbre, the Cheshire
island: its history and natural history,edited by J. D. Craggs, 273-
292. Liverpool: Liverpool University Press.

Bell, A. A. 1982. Terrestrial mammals. In: Hilbre, the Cheshire
island: its history and natural history, edited by J. D. Craggs, 260-
272. Liverpool: Liverpool University Press.

Bell, B. G. 1983. Type specimen of the moss Dicranum
oleodictyonDix. BuIL Br. antarct. SUN., no. 61, 74.

Bell, S. A. 1982. Hilbre mosses. In: Hilbre, the Cheshire island: its
history and natural history, edited by J. D. Craggs, 75-77.
Liverpool: Liverpool University Press.

(Birkhead, M.), Bacon, P. J. & (Walter, P.) 1983. Factors
affecting the breeding success of the mute swan Cygnus olor. J.
Anim. EcoL, 52, 727-741.

Brown, A. H. F.  &  Harrison, A. F. 1983. Effects of tree mixtures
on earthworm populations and nitrogen and phosphorus status in
Norway spruce (Picea abies) stands. In: New trends in soil
biology, edited by P. Lebrun and others, 101-108. Ottignies-
Louvain-la-Neuve: Dieu-Brichart.

Bull, K. R., Every, W. J.,  Freestone, P., Hall, J. R., Osborn, D.,
(Cooke, A. S.  &  Stowe, T.) 1983. Alkyl lead pollution and bird
mortalities on the Mersey Estuary, UK, 1979-1981. Environ.
Pollut. A,  31, 239-259.

Bunce, R. G. H. 1982. Some effects of man on the structure and
composition of Atlantic deciduous forests. In: Struktur und
Dynamik von Waldern,edited by H. Dierschke, 681-698. Vaduz:
Cramer.

Bunce, R. G. H., Barr, C.  J.,  Whittaker, H. A., (Mitchell, C. P. &
Pearce, M. L.) 1983. Estimates of present forest cover in Great
Britain. In: Energy from biomass,edited by A. Strub, P. Chartier &
G. Schleser, 186-189. (2nd E. C. Conference, Berlin, 1982).
London: Applied Science.

Bunce, R. G. H. 1983. Is climbing killing off Lakeland's plant life?
Lakescene,no. 42, 5, 27, 29.

Bunce, R. G. H., Barr, C. J.  &  Whittaker, H. A. 1983. A
stratification system for ecological sampling. In: Ecological
mapping from ground, air and space,edited by R. M. Fuller, 39-46.
(ITE symposium no. 10). Cambridge: Institute of Terrestrial
Ecology.

Callaghan, T. V., Scott, R., Lawson, G. J. & Proctor, A. M.
1983. An experimental assessment of native and naturalised
species of plants as renewable sources of energy in Great Britain.
In: Energy from biomass (Series E), vol. 5, 57-65. Dordrecht:
Reidel.

(Callander, B. A.)  &  Unsworth, M. H. 1983. Deposition of
30-60km diameter droplets in winter wheat. Agric. Meteorol.,
28, 109-127.

Cannel!, M. G. R. 1982. "Crop" and "isolation" ideotypes:
evidence for progeny differences in nursery-grown Picea
sitchensis. Silvae Genet., 31, 60-66.

Cannel!, M. G. R. 1983. Coffee. (Exploited plants). Biologist,  30,
257-263.

Cannel!, M. G. R. 1983. Plant management in agroforestry:
manipulation of trees, population densities, and mixtures of trees
and herbaceous crops. In: Plant research and agroforestry,edited
by P. A. Huxley, 455-488. Nairobi: International Council for
Research in Agroforestry.

Cannel!, M. G. R. 1983. Plant population and yield of tree and
herbaceous crops. In: Plant research and agroforestry,edited by
P. A. Huxley, 489-502. Nairobi: International Council for Research
in Agroforestry.



1 24 Publications

Cannel!, M. G. R.  &  Smith, R. I. 1983. Thermal time, chill days
and prediction of budburst in Picea sitchensis. J. appl. Ecol., 20,
951-963.

Cape, J.  N. 1983. Contact angles of water droplets on needles of
Scots pine (Pinus sylvestris) growing in polluted atmospheres.
New Phytol.,  93, 293-299.

Chapman, S. B.  &  Rose, R.  J. 1983. Ecological studies on the
marsh gentian (Gentiana pneumonanthe). Annu. Rep. Inst. ten-.
Ecol. 1982,74-78.

(Chen, L-Z.) &  Lindley, D.  K. 1983. Nutrient cycling in Hampsfell
bracken ecosystem, England. [In Chinese].Acta bot. sin.,  25, 67-
74.

(Clarke, G. G. S.)  &  Lightowlers, P. J. 1983. Notes on Antarctic
bryophytes: Xl. Mielichhoferia austro-georgicaand Mulleriella
crassifolia. Bull. Br. antarct. Surv.,no. 59, 35-39.

Davis, B. N.  K. 1983. Empoasca species (Homoptera,
Auchenorrhynchal in the Chelsea Physic Garden, London.
Entomologist's Gaz., 34, 97-100.

Davis, B. N.  K. 1983. Hemiptera at the Chelsea Physic Garden,
London. Proc. Trans. Br. ent. nat. Hist. Soc.,  16, 50-52.

Davis, B. N.  K. 1983. Insects on nettles. (Naturalists' handbooks).
Cambridge: Cambridge University Press.

Davis, B. N.  K. 1983. Plant succession in chalk and ragstone .
quarries in south east England. Proc. Croydon nat. Hist. scient.
Soc.,  17, 153-172.

Davis, B. N.  K. 1983. Wildlife in quarries. Living Ctryside, 9, 2074-
2077.

Dawson, A.  &  Howe, P. D. 1983. Plasma corticosterone in wild
starlings (Sturnus vulgaris)immediately following capture and in
relation to body weight during the annual cycle. Gen. comp.
Endocrinol., 51, 303-308.

Dawson, A. 1983. Plasm-a gonadal steroid levels in wild starlings
(Sturnus vulgaris)during the annual cycle and in relation to the
stages of breeding. Gen. comp. Endocrinol., 49, 286-294.

Dawson, A.  &  (Goldsmith, A. R.) 1983. Plasma prolactin and
.gonadotrophins during gonadal development and the onset of
photorefractoriness in male and female starlings (Sturnus
vulgaris)on artificial photoperiods. J. Endocr., 97, 253-260.

(Deacon, J. W., Donaldson, S. J.)  &  Last, F. T. 1983. Sequences
and interactions of mycorrhizal fungi on birch. Pl. Soil,  71, 257-
262.

Deans,  J.  D. 1983. Distribution of thick roots in a Sitka spruce
plantation 16 years after planting. Scott. For., 37, 17-31.

Deans, J. D.  &  Ford, E. D. 1983. Modelling root structure and
stability. Pl. Soil,  71, 189-195.

Dempster,  J.  P. 1983. The natural control of populations of
butterflies and moths. Biol. Rev.,  58,461-481.

Dighton, J., ed. 1983. Current mycorrhizal research: abstracts of
communications presented at the Mycorrhiza Group Meeting,
Lancaster University, March 28-30, 1983.(Merlewood research
and development paper no. 95). Grange-over-Sands: Institute of
Terrestrial Ecology.

Dighton,  J. 1983. Phosphatase production by mycorrhizal fungi.
Pl. Soil,  71, 455-462.

Dighton, J.  &  Harrison, A. F. 1983. Phosphorus nutrition of
lodgepole pine and Sitka spruce stands as indicated by a root
bioassay. Forestry, 56, 33-43.

Dobson, S. 1981. Auswirkungen chlorierter Kohlenwasserstoffe
auf Physiologie und Verhalten bei Tauben im Experiment.Oko/.
Vogel (Ecol. Birds), 3, Sonderheft, 39-42.

(Dollard, G. J.)  &  Unsworth, M. H.  1983. Field measurements of
turbulent fluxes of wind-driven fog drops to a grass surface.
Atmos. Environ., 17,775-780.

(Dollard, G.  IL  Unsworth, M. H.  &  (Harvey, M. J.) 1983.
Pollutant transfer in upland regions by occult precipitation.
Nature, Lond.,  302, 241-243.

Elmes, G.  W. 1982. The phenology of five species of Myrmica
(Hym. Formicidae) from South Dorset, England.I nsectes soc., 29,
548-559.

Elmes, G. W.  &  Wardlaw,  J.  C. 1983. A comparison of the effect
of a queen upon the development of large hibernated larvae of six
species of the genus Myrmica (Hym. Formicidae). Insectes soc.,
30, 134-148.

Elmes, G. W.  &  Wardlaw, J. C. 1983. A comparison of the effect
of temperature on the development of large hibernated larvae of
four species of Myrmica (Hym. Formicidae). Insectes soc.,  30,
106-118.

Elmes, G.  W. 1983. Some experimental observations on the
parasitic Myrmica hirsutaElmes. Insectes soc.,  30, 221-234.

Fowler, D., Cape, J. N., Leith, I. D., Paterson, I. S.,
Kinnaird, J. W.  &  Nicholson, I. A. 1983. Acidifying influences
of air pollutants and acid rain. Annu. Rep. Inst. terr. Ecol. 1982,
48-51.

Fowler, D.  &  Cape, J. N. 1983. Dry deposition of SO2 onto a
Scots pine forest. In: Precipitation scavenging, dry deposition and
resuspension, edited by H. R. Pruppacher, R. G. Semonin &
W. G. N. Slinn, 763-774. Amsterdam: Elsevier.

Freestone, P.  &  Snapes, V.  W. 1983. Let there be light in the
furnace. Instrum. Lab. Circ.,no. 12, 13-16.

Fuller, R. M., ed. 1983. Ecological mapping from ground, air and
space. (ITE symposium no. 10). Cambridge: Institute of
Terrestrial Ecology.

Fuller, R. M. 1983. Aerial photographs as records of changing
vegetation patterns. In: Ecological mapping from ground, air and
space, edited by R. M. Fuller, 57-68. (ITE symposium no. 10).
Cambridge: Institute of Terrestrial Ecology.

Gore, A. J. P.1983. Introduction. In: Mires: swamp, bog, fen and
moor, Part A - Analytical studies, edited by A. J. P. Gore, 1-34.
(Ecosystems of the world v.4A). Amsterdam: Elsevier.

Gore, A. J. P., ed. 1983. Mires: swamp, bog, fen and moor.
(Ecosystems of the world v.4). Amsterdam: Elsevier.

Goss-Custard, J.  D.  &  Durell, S. E. A. 1983. Individual and age
differences in the feeding ecology of oystercatchers Haematopus
ostralegus wintering on the Exe estuary, Devon. Ibis,  125, 155-
171.

Goss-Custard, J. D., McGrorty, S., Reading, C. J. &
Durell, S. E. A. 1983. Mussel and oystercatcher population
dynamics on the Exe estuary. Annu. Rep. Inst. terr. Ecol. 1982,
87-92.

Goss-Custard, J. D.  &  Durell, S. E.A. 1983. Oystercatchers on
the Exe estuary. Devon Birds, 36, 27-37.



oss-Custard,J. D.  1983. Spatial and seasonal variations in the
od supply of waders Charadriiwintering in the British Isles. In:
oc. 3rd Nordic Congr. Ornithology,85-96. Copenhagen: Dansk
rnithologisk Forening.

reatorex-Davies, J. N.  1983. Further additions to the
acrolepidoptera of Monks Wood NNR: 1977-81. Rep.
untingdon. Fauna Flora Soc., 35th, 1982,4-7.

arper, R. J.  &  Jenkins, D.  1982. Food caching in European
tters (Lutra lutra). J. ZooL, 197,  297-298.

arper, R. J.  &  Jenkins, D.  1982. Moult in the European otter
Lutra lutra). J. ZooL,197,  298-299.

arris, M. P.  1982. Ecologia comparativa de las ayes marinas en
Archipelago de Galapagos. In: Compendio de ciencia en

Galapagos 1982, edited by U. Eberhardt & J. Black, 283-296.
alapagos: Estacion Cientifica Charles Darwin.

arris, M. P.  1982. La avifauna de Galapagos. In: Compendio de
ciencia en Galapagos 1982,edited by U. Eberhardt & J. Black,
261-282. Galapagos: Estacion Cientifica Charles Darwin.

Harris, M. P., Wanless, S.  &  Rothery, P.  1983. Assessing
changes in the numbers of guillemots Uria aalge at breeding
colonies. Bird Study,30,  57-66.

Harris, M. P.  1983. Biology and survival of the immature puffin
Fratercula arctica. Ibis, 125,  56-73.

Harris, M. P.  1983. Parent-young communication in the puffin
Fratercula arctica. Ibis, 125,  109-114.

Harris, M. P.  &  (Galbraith, H.)  1983. Seabird populations of the
Isle of May. Scott. Birds, 12,  174-180.

Harrison, A. F.  1983. Relationship between intensity of
phosphatase activity and physico-chemical properties in
woodland soils. Soil Biol. & Biochem., 15, 93-99.

Heal, 0. W.  1982. Effects of deposition of sulphur and nitrogen
compounds on soil biology. In: Proc. Workshop on Ecological
Effects of Deposited Sulphur and Nitrogen Compounds, Royal
Society, 1982,3. London: Royal Society.

Heal, 0. W.  &  Horrill, A. D.  1983. The terrestrial ecosystem: an
ecological context for radionuclide research. In: Ecological
aspects of radionuclide release, edited by P. J. Coughtrey,
J. N. B. Bell &T. M. Roberts, 31-46. Oxford: Blackwell Scientific.

(Henderson, R.), Ford, E. D., (Renshaw, E.) & Deans, J. D.

1983. Morphology of the structural root system of Sitka spruce. 1.
Analysis and quantitative description. Forestry,56,  121-135.

(Henderson, R.), Ford, E. D.  &  (Renshaw, E.)  1983. Morphology
of the structural root system of Sitka spruce. 2. Computer
simulation of rooting patterns. Forestry,56,  137-153.

(Henderson, R., Renshaw, E.)  &  Ford, E. D.  1983. A note on the
occurrence of a correlated random walk. J. appl. Prob.,20,  696-

699.

Hill, M. 0.  1983. New vice-county records and amendments to
the Census Catalogues: Musci. Bull. Br. bryol. Soc.,42,  49-58.

Hill, M. 0.  1983. Plants in woodlands. In: Forestry and

conservation, edited by E. H. M. Harris, 56-68. Tring: Royal
Forestry Society.

Hooper, M. D.  1983. Extensively managed amenity areas. In:
Plant protection for human welfare. 10th Int. Congr. Plant
Protection, Brighton, 1983,vol. 3, 1130-1136. Croydon: British

Crop Protection Council.

Publications 125

Hooper, M. D.  1983. Research on ecological aspects of
vegetation management. In: Management of vegetation,edited
by J. M. Way. 203,213. Croydon: British Crop Protection Council.

Hornung, M.  1982. Burrows and burrowing of the puffin
(Fratercula arctica). (Bangor occasional paper no. 10). Bangor:
Institute of Terrestrial Ecology.

Hornung, M., Reynolds, B., Hughes, S., Stevens, P. A. &
Hatton, A. A.  1983. Some factors controlling geochemical
cycling in an upland grassland.Annu. Rep. Inst. ten-. Ecol. 1982,
94-98.

Horrill, A. D.  1983. The levels and point to point variation of
the radionuclide burden in a Cumbrian saltmarsh environment.
In: Ecological aspects of radionuclide release, edited by
P. J. Coughtrey, J. N. B. Bell & T. M. Roberts, 199-216. Oxford:
Blackwell Scientific.

Ineson, P., (Leonard, M. A.  &  Anderson, J. M.)  1982. Effect of
collembolan grazing upon nitrogen and cation leaching from
decomposing leaf litter. Soil Biol. & Biochem., 14,  601-605.

Ineson, P.  &  (Anderson, J. M.)  1982. Microbial biomass
determination in deciduous leaf litter. Soil Biol. & Biochem., 14,
607-608.

(Jefferies, D. J.)  &  Arnold, H. R.  1982. Mammal report for 1981.
Rep. Huntingdon. Fauna Flora Soc. 34th, 1981,39-46.

Jeffers, J. N. R.  1983. Analysis of spatial data. In: Ecological
mapping from ground, air and space,edited by R. M. Fuller, 16-21.
(ITE symposium no. 10). Cambridge: Institute of Terrestrial
Ecology.

Jenkins, D.  &  Harper, R. J.  1982. Fertility in European otters
(Lutra lutra). J. Zool., 197,  299-300.

Jones, D. H.  1983. Photographic technique for the live mass-
measurement of small fish. Prog. Fish-Cult.,45,  158-161.

Jones, D. H.  &  Elphinstone, G. B.  1983. Simple and inexpensive
holding cages for small fish. Fish. Mgmt, 14,  39-41.

Kenward, R. E.  1983. The causes of damage by red and grey
squirrels. Mammal Rev.,13,  159-166.

Kenward, R. E.  1983. Forecasting squirrel damage. In: Plant
protection for human welfare. 10th Int. Congr. Plant Protection,
Brighton, 1983, vol. 1, 187. Croydon: British Crop Protection
Council.

King, J., comp.  1983. Serials list. Abbots Ripton: Institute of
Terrestrial Ecology.

Kruuk, H.  &  Parish, T.  1983. Seasonal and local differences in the
weight of European badgers (Meles meles L.) in relation to food
supply. Z. Saugetierk.,48,  45-50.

Lakhani, K. H.  &  Newton,  I. 1983. Estimating age-specific bird
survival rates from ring recoveries-can it be done?J. Anim. Ecol.,
52,  83-91.

Lakhani, K. H.  1983. Strategy for successful survey. In:
Ecological mapping from ground, air and space, edited by

R. M. Fuller, 8-15. (ITE symposium no. 10). Cambridge: Institute
of Terrestrial Ecology.

Last, F. T.  1982. Cats and dogs or acids and alkalis: the danger to
our environment. Parliam. Yearb.,292.

Last, F. T.  1983. Acid rain - a matter for concern? Scott. Wildl.,
19(2),  12-14.



1 26 Publications

Last, F. T. 1983. Acid rain, what it is, where it is and future
implications for upland management. Blackface J., 53-54.

Last, F. T.  &  Nicholson, I. A. 1983. Acid rain: sinister, silent
destruction? Living Ctryside,  11, 2510-2513.

Last, F. T. 1983. Direct effects of air pollutants, singly and in
mixtures, on plants and plant assemblages. In: Acid deposition: a
challenge for Europe, edited by H. Ott & H. Stangl, 105-126.
Brussels: Commission of the European Communities.

Last, F. T. 1983. The ecology of management of vegetation. In:
Management of vegetation, edited by J. M. Way, 1-25. Croydon:
British Crop Protection Council.

Last, F. T., Mason, P. A., Wilson, J.  &  (Deacon, J.W.) 1983. Fine
roots and sheathing mycorrhizas: their formation, function and
dynamics. Pl. Soil,  71, 9-21.

Last, F. T. 1983. Introduction. In: Ecological mapping from
ground, air and space,edited by R. M. Fuller, 4-7. (ITE symposium
no. 10). Cambridge: Institute of Terrestrial Ecology.

Lawson, G.  J.,  Callaghan, T. V.  &  Scott, R. 1983. Biofuels from
natural vegetation in the United Kingdom: the management of
novel energy crops. In: Energy from biomass,edited by A. Strub,
P. Chartier & G. Schleser, 212-221. (2nd E. C. Conference, Berlin,
1982). London: Applied Science.

Lawson, G. J.  &  Callaghan, T. V. 1983. Primary productivity and
the prospects for biofuels in the United Kingdom. Int. J.
Biometeorol.,  27, 197-218.

Leakey, R. R. B. 1982. Seed source establishment and tree
improvement project (Sabah), Malaysia. Vegetative propagation:
in vitro culture, based on the work of Dr R. R. B. Leakey.
(Consultant's report 10). Rome: Food and Agriculture
Organization.

Leakey, R. R. B. 1983. Stockplant factors affecting root initiation
in cuttings of Triplochiton scleroxylon K. Schum., an indigenous
hardwood of West Africa. J. hort. Sci., 58, 277-290.

(Lendzian, K. J.)  &  Unsworth, M. H. 1983. Ecophysiological
effects of atmospheric pollutants. In: Physiological plant ecology
IV: Ecosystem processes: mineral cycling, productivity and
man's influence, edited by 0. L. Lange and others, 465-502.
Berlin: Springer.

Lightowlers, P. J. 1983. Notes on the Antarctic mosses Pohlia
crudaand P. inflexa. Bull. Br. antarct. Surv.,no. 60, 83-87.

(Long, D. G.)  &  Hill, M. 0. 1982. Tortula solmsii (Schimp.) Limpr.
in Devon and Cornwall, newly recorded in the British Isles. J.
Bryol.,  12, 159-169.

Lowday,  J.  E. 1983. Bracken control at Weeting Heath. Tern,
13, 5-6.

Lowday,  J.  E.1983. Bracken control in dense bracken stands and
the restoration of heather cover. In: Heathland management in
amenity areas, edited by J. L. Daniels, 25. Cheltenham:
Countryside Commission.

Lowday, J. E. 1983. Bracken control on lowland heaths. In:
Heathland management, edited by L. Farrell, 68-77. (Focus on
nature conservation no. 2). Shrewsbury: Nature Conservancy
Council.

Lowe, V. P. W.  &  Gardiner, A. S. 1983. Is the British squirrel
(Sciurus vulgaris leucourus Kerr) British? Mammal Rev.,  13, 57-
67.

Lowe, V. P. W.  &  Gardiner, A. S. 1983. The origins of the
Petworth roe deer. Deer,  6, 17-19.

Maitland, P. S.  &  (Holden, A. V.) 1983. Inland waters in the Inne
Hebrides. Proc. R. Soc. Edinb. B,  83, 229-244.

Maitland, P. S. 1983. Loch Lomond's unique fish community
Scott. Wildl., 19(2), 23-26.

Marquiss, M., (Brockie, K. &  Nicoll, M.) 1982. Herons in Fife an
Tayside. Fife & Kinross Bird Rep. 1981,23-27.

Marquiss, M. 1983:Goshawk - sporadic success. Birds,9(7), 27.

Marquiss, M., (Nicoll, M.  &  Brockie, K.) 1983. Scottish herons
and the 1981/2 cof8 winter. BTO News, no. 125, 4-5.

Marrs, R. H. 1983. The control of birch and pine. In: Heathlan
management in amenity areas, edited by J. L. Daniels, 26
Cheltenham: Countryside Commission.

Marrs, R. H., (Roberts, R. D., Skeffington, R. A. & Bradshaw,
A. D.) 1983. Nitrogen and the development of ecosystems. In:
Nitrogen as an ecological factor,edited by J. A. Lee, S. McNeill &
I. H. Rorison, 113-136. Oxford: Blackwell Scientific.

Marrs, R. H.  &  Lowday, J. 1983. The role of herbicides for nature
conservation. In: Plant protection for human welfare. 10th Int.
Congr. Plant Protection, Brighton, 1983,vol. 3, 1151. Croydon:
British Crop Protection Council.

Marrs, R. H. 1983. Scrub control on lowland heaths. In:
Heathland management, edited by L. Farrell, 59-67. (Focus on
nature conservation no. 2). Shrewsbury: Nature Conservancy
Council.

Mason, P. A., Wilson, J., Last, F. T.  &  (Walker, C.) 1983. The
concept of succession in relation to the spread of sheathing
mycorrhizal fungi on inoculated tree seedlings growing in
unsterile soils. Pl. Soil, 71, 247-256.

Mason, P. A., Dighton, J., Last, F. T.  &  Wilson,  J. 1983.
Procedure for establishing sheathing mycorrhizas on tree
seedlings. For. Ecol. Manage., 5, 47-53.

May, L.1983. Rotifer occurrence in relation to water temperature
in Loch Leven, Scotland. Hydrobiologia, 104,311-315.

Merrett, P.  &  Snazell, R. G. 1983. A comparison of pitfall
trapping and vacuum sampling for assessing spider faunas on
heathland at Ashdown Forest, south-east England. Bull. Br.
arachnol. Soc., 6, 1-13.

Merrett, P.1983. A linyphiid spider with two epigynes. Newsl. Br.
arachnol. Soc.,no. 36, 3-4.

Merrett, P., ed. 1983. P. M. Brignoli: a catalogue of the Araneae
described between 1940 and 1980. Manchester: Manchester
University Press.

Merrett, P.1983. Spiders collected by pitfall trapping and vacuum
sampling in four stands of Dorset heathland representing
different growth phases of heather. Bull. Br. arachnol. Soc., 6, 14-
22.

Miller, G. R.  &  Watson, A. 1983. Heather moorland in northern
Britain. In: Conservation in perspective, edited by A. Warren &
F. B. Goldsmith, 101-117. Chichester: Wiley.

Milne, R., Ford, E. D.  &  Deans, J.  D. 1983. Measurement and
modelling of the movement of water through Sitka spruce
forests. Annu. Rep. Inst. terr. Ecol. 1982,57-61.

Milne, R., Ford, E. D.  &  Deans, J. D. 1983. Time lags in the water
relations of Sitka spruce. For. Ecol. Manage., 5, 1-25.



Mitchell, C. P., Brandon, 0. H.), Bunce, R. G. H., Barr, C. J.,
Tranter, R. B., Downing, P., Pearce, M. L.) & Whittaker, H. A.
983. Land availability for production of wood energy in Britain.

n: Energy from biomass, edited by A. Strub, P. Chartier & G.
chleser, 159-163. (2nd E. C. Conference, Berlin, 1982). London:
pplied Science.

(Moore, J. A.)  &  Greene, D. M.  1983. Provisional atlas of the
Characeae of the British Isles, including a  catalogue of specimens
held in the Herbarium of the British  Museum  (Natural History).
Abbots Ripton: Institute of Terrestrial Ecology.

Morris, G. J., Coulson, G. E., Meyer, M.A., McLellan, M. R.,
(Fuller, B. J., Grout, B. W.W., Pritchard, H. W. & Knight, S. C.)
1983. Cold shock - a widespread cellular reaction. Cryo-letters,4,
179-192.

Morris, M. G.  1983. Apuntes preliminares sobre capturas
sistematicas de Hemiptera-Auchenorhyncha de Alto Aragon
occidental en junio y julio de 1972. Pirineos,118,  63-70.

Morris, M. G.  1983. Cashing in on the insect trade. Int. agric.
Dev.,3(2), 26-27.

Morris, M. G.  1983. Dorset weevils (Coleoptera.
Curculionoidea): additional, critical and notable species, 1968-
1982. Proc. Dorset nat. Hist. archaeol. Soc.,104,  159-164.

Morris, M. G.  1983. Insects and the environment in the United
Kingdom. In: Atti  Congresso Nazionale  Italiano Entomologia,
12th, Rome, 1980,203-235.

Morris, M. G.  &  Plant, R.  1983. Responses of grassland
invertebrates to management by cutting. V. Changes in
Hemiptera following cessation of management. J. appl. Ecol., 20,
157-177.

Moss, R.  &  Watson, A.  1982. Determination of clutch size in red
grouse without implying the egg-"numerostat". A reply to Steen
and Parker. Ornis scand.,13,  249-250.

Moss, R.  1983. Gut size, body weight, and digestion of winter
foods by grouse and ptarmigan. Condor,85,  185-193.

Mountford, M. D.  1983. Estimation of population fluctuations
with application to the common bird census. Appl. Statist., 31,
135-143.

Newton, I., Bell, A. A., Bull, K. R., Every, W.  J.,  Haas, M. B.,
Harris, M. P.  &  Osborn, D.  1982. Birds of  prey  and  pollution.
Annual report. Part 1 Monitoring. Part 2 Mersey bird mortality.
Part 3  Incident investigation.  Part 4  PCB  residues in PCB-dosed
puffins. (CST  report no. 400). Banbury: Nature Conservancy
Council.

Newton, I., Marquiss, M.  &  Rothery, P.  1983. Age structure and
survival in a sparrowhawk population.J.  Anim.  Ecol., 52,  591-602.

Newton, I.  1983. Birds and forestry. In: Forestry and

conservation, edited by E. H. M. Harris, 21-36. Tring: Royal

Forestry Society.

Newton, I.  &  Marquiss, M.  1983. Dispersal of sparrowhawks
between birthplace and breeding place. J.  Anim.  Ecol., 52,

463-477.

Newton, I., Marquiss, M.  &  Village, A.  1983. Weights,
breeding, and survival in European sparrowhawks. Auk, 100,  344-

354.

Nicholson, I. A.  1982. Effects of deposited sulphur and nitrogen
on plant growth via soil mechanisms. In: Proc. Workshop on

Ecological  Effects  of Deposited Sulphur and Nitrogen
Compounds, Royal Society, 1982,4. London: Royal Society.

Publications 1 27

Nicholson, I. A.  &  Paterson, I. S.  1983. Aspects of acid
precipitation in relation to vegetation in the United Kingdom.
Water Qual. Bull., 8, 59-66.

(Nicholson,  J.  K., Kendall, M. D.)  &  Osborn, D.  1983. Cadmium
and mercury nephrotoxicity. Nature, Lond.,304,  633-635.

(Nicholson,  J. K.)  &  Osborn, D.  1983. Kidney lesions in pelagic
seabirds with high tissue levels of cadmium and mercury. J. Zool.,
200,  99-118.

Osborn, D., Every, W.  J.  &  Bull, K. R.  1983. The toxicity of trialkyl
lead compounds to birds. Environ. Pollut. A. 31,  261-275.

Page, F. C.  &  (Robson, E. A.)  1983. Fine structure and taxonomic
position of Hydramoeba hydroxena (Entz, 1912). Protistologica,
19,  41-50.

Page, F. C.  1983.Marine gymnamoebae.Cambridge: Institute of
Terrestrial Ecology.

Page, F. C.  1983. Three freshwater species of Mayorella
(Amoebidae) with a cuticle. Arch. Protistenk., 127,  201-221.

(Payne, S.)  &  Watson, A.  1983. Work on golden eagle and
peregrine in northeast Scotland in 1982.Scott. Birds,13,  159-162.

Pearson, B.  1982. Relatedness of normal queens (macrogynes)
in nests of the polygynous ant Myrmica rubraLatreille. Evolution,
Lancaster,  Pa,36,  107-112.

Pearson, B.  1982. The taxonomic status of morphologically
anomalous ants in the Lasius niger/Lasius alienus taxon. Insectes

soc., 29,  95-101.

Pearson, B.  1983. The classification of morphologically
intermediate ants in the Lasiusalienus/Lasius nigertaxon: further
observations. Insectes soc.,30,  100-105.

Pearson, B.  1983. I ntra colonial relatedness amongst workers in
a population of nests of the polygynous ant Myrmica rubra
Latreille. Behav. Ecol.  Sociobiol.,12,  1-4.

(Peirce, M. A.)  &  Marquiss, M. A.  1983. Haematozoa of British
birds. VII. Haematozoa of raptors in Scotland with a description of
Haemoprotens nisi sp.  nov. from the sparrowhawk (Accipiter
nisus). J.  nat. Hist., 17,  813-821.

Pennick, N. C.  1983. Studies of the external morphology of
Pyramimonas: 9. Pyramimonas spinifera sp. nov. Arch.
Protistenk., 127,  1-7.

Picozzi,  N. 1983. Growth and sex of nestling merlins in Orkney.
Ibis, 125,  377-382.

Picozzi,  N. 1983. Two hens, but a single nest: an unusual case of
polygyny by hen harriers in Orkney. Br. Birds,76,  123-128.

Pollard, E.  1983. The Butterfly Monitoring Scheme. Annu. Rep.
Inst. terr.  Ecol.  1982,35-38.

(Preisig, H. R.)  &  Hibberd, D. J.  1982. Ultrastructure and
taxonomy of Paraphysomonas (Chrysophyceae) and related
genera 2. Nord. J.  Bot.,2, 601-638.

Radford, G. L.  1982. Site information system. (CST report no.
395). Banbury: Nature Conservancy Council.

Ranwell, D. S.  1983. Use of vegetation in shoreline protection.
In: Shoreline protection, 77-82. London: Telford.

Reading, C. J.  &  Clarke, R. T.  1983. Male breeding behaviour and
mate acquisition in the common toad, Bufo bufo. J. Zool., 201,
237-246.



1 28 Publications

(Renshaw, E.)  &  Ford, E. D. 1983. The interpretation of process
from pattern using two-dimensional spectral analysis: methods
and problems of interpretation.  Appl. Statist., 32, 51-63.

Reynolds, B. 1982.  Preliminary studies on the laboratory
simulation of nutrient transfers within a podzol soil.  (Bangor
occasional paper no. 12). Bangor: Institute of Terrestrial Ecology.

Reynolds, B. 1982.  A system for the digitisation and processing
of V-notch weir hydrograph records.  (Bangor occasional paper no.
111. Bangor: Institute of Terrestrial Ecology.

Reynolds, B. 1983. The chemical composition of snow at a rural
upland site in mid-Wales.  Atmos. Environ., 17, 1849-1851.

Rispin, W. E. 1982. Coleoptera. In:  An ecological survey of Slepe
Heath - Summer 1980. Proc. Dorset nat. Hist. archaeol. Soc.,
103,  113-114.

Rothery, P. 1983. Estimation of survival to breeding age in young
puffins. (Appendix to Biology and survival of the immature puffin
Fratercula arctica,  by M. P. Harris).  Ibis, 125,71-73.

Rowland, A. P. 1983. An automated method for the
determination of ammonium-N in ecological materials.  Commun.
Soil Sci. Pl. Anal., 14,49-63.

Sargent, C.  1983. The biological survey of British Rail property.
Final report.  (CST report no. 435). Banbury: Nature Conservancy
Council.

Sargent, C. 1983. The British Rail land survey. In:  Ecological
mapping from ground, air and space,  edited by R. M. Fuller, 47-56.
(ITE symposium no. 10). Cambridge: Institute of Terrestrial
Ecology.

Sargent, C. 1983. Land survey and vegetation dynamics: an
integrated approach to railway conservation in Britain.  Annu. Rep.
Inst. terr. Ecol. 1982,  38-44.

Sargent, C. 1983.  Veronica montana  in Raveley Wood.  Rep.
Huntingdon. Fauna Flora Soc., 35th, 1982,  24.

Satchel!, J. E. 1982. Recreation, ecology, landscape.  Naturopa,
no. 42, 26-28.

Satchel!, J. E. 1983. Earthworm ecology in forest soils. In:
Earthworm ecology, from Darwin to vermiculture,  edited by
J. E. Satchell, 161-170. London: Chapman and Hall.

Satchel!, J. E., ed. 1983.  Earthworm ecology, from Darwin to
vermiculture.  London: Chapman and Hall.

Satchel!, J. E. 1983. Earthworm microbiology. In:  Earthworm
ecology, from Darwin to vermiculture,  edited by J. E. Satchell,
351-364. London: Chapman and Hall.

Satchel!,  J.  E. 1983. A history of Meathop Woods. Part I - pre-
history.  Trans. Cumb. & Westm. antiq. & archaeol. Soc., 83,
25-32.

(Schoonoord, M. P.)  &  Maitland, P. S. 1983. Some methods of
marking larval lampreys (Petromyzonidae).  Fish. Mgmt, 14,
33-38.

Seel, D. C., Thomson, A. G.  &  Owen, G. H. 1982. A wing-tagging
system for marking larger passerine birds.  (Bangor occasional
paper no. 14). Bangor: Institute of Terrestrial Ecology.

Seel, D. C. 1983.  Breeding of the magpie  Pica pica  on Anglesey,
North Wales.  (Bangor occasional paper no. 15). Bangor: Institute
of Terrestrial Ecology.

Seel, D. C., Thomson, A. G.  &  (Turner, J. C. E.) 1983
Distribution and breeding of the barn owl  Tyto alba  on Anglesey
North Wales.  (Bangor occasional paper no. 16). Bangor: Institut
of Terrestrial Ecology.

Seel, D. C. 1983. Fluoride in the magpie.  Annu. Rep. Inst. terr.
Ecol. 1982,  45-48.

Sheail, J. 1983. The availability and use of archival sources of
information. In:  Ecological mapping from ground, air and space,
edited by R. M. Fuller, 22-27. (ITE symposium no. 10).
Cambridge: Institute of Terrestrial Ecology.

Sheail,  J. 1983. "Deserts of the moon" : the Mineral Workings
Act and the restoration of ironstone workings in
Northamptonshire, England, 1936-1951.  Tn Plann. Rev., 54,
405-424.

Sheail,  J.  &  Wells, T. C. E. 1983. The fenlands of
Huntingdonshire, England: a case study in catastrophic change.
In:  Mires: swamp, bog, fen and moor, Part B - Regional studies,
edited by A. J. P. Gore, 375-393. (Ecosystems of the world v.4B).
Amsterdam: Elsevier.

Sheail,  J. 1983. The historical perspective. In:  Conservation in
perspective,  edited by A. Warren & F. B. Goldsmith, 315-328.
Chichester: Wiley.

Sheail, J. 1983. Nature conservation in Britain. In:  Geographyand
regional planning,  edited by J. H. Johnson, 141-148. Norwich:
Geo Books.

Sheail, J. 1983. Planning, water supplies and ministerial power in
inter-war Britain.  Publ. Adm., 61, 386-395.

Smith, B. D., Lyle, A. A.  &  Maitland, P. S. 1983. The ecology of
running waters near Aberfeldy, Scotland, in relation to a proposed
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conservation and the law.  2nd ed. Shrewsbury: Nature
Conservancy Council.
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Wyllie, I. 1983. The confusing cuckoo. Birds,9(6),  36-39.

Theses and other publications by research students
supervised, wholly or partly, by ITE staff

Evesham, E. J. M. 1982. Regulation of the production of female
sexual morphs in the ant Myrmica rubra Linnaeus. PhD thesis,
University of Southampton. (Dr M. V. Brian).

Fleming, L. V. 1983. Succession of mycorrhizal fungi on birch:
infection of seedlings planted around mature trees. Pl. Soil,  71,
263-267. (Prof. F. T. Last).

Freer-Smith, P. H. 1983. Chronic pollution injury to some tree
species in response to SO2 and NO2 mixtures. PhD thesis,
University of Lancaster. (Prof. F. T. Last).

French,  J.  M. 1982. Behavioural and endocrine aspects of
breeding in Arctic skuas, Stercorarius parasiticus, and feral
pigeons, Columba livia. PhD thesis, University of Cambridge.
(Dr S. Dobson).

Gillham, M. 1983. The role of earthworms in moorland soi
amelioration, with specific reference to the effect of Lumbricu
rubellus in soils colonized by birch. PhD thesis, University o
Aberdeen. (Dr J. E. Satchel!).

Harris, D. 1982. Growth responses of Elymus farctus to
disturbances encountered in the strandline. PhD thesis,
University of East Anglia. (Dr D. S. Ranwell).

Hopkins, P.  J. 1983. Invertebrate diversity and composition on
fragmented heathland. PhD thesis, University of Southampton.
(Dr M. G. Morris).

Rafe, R. W. 1983. Species area relationships in conservation.
DPhil thesis, University of York. (Dr M. D. Hooper).

Tonkin, J. M. 1983. Activity patterns of the red quirrel (Sciurus
vulgaris). Mammal Rev.,  13,99-111. (Mr V. P. W. Lowe).
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Contract reports

Bell, B. G.  1982.
Biological monitoring of the Forth Valley. Second report. 23pp.

Department of the Environment. ITE project 526.

(Budd, R. E.), Heal, 0.  W., Latter,  P. M.  &  (Rawes, M.)  1983.
Plenmeller: a preliminary study of vegetation restoration. 27pp.

Countryside Commission. ITE project 834.
Dobson, S.  &  French, J.  M.1982.

Data profiles on 50 chemicals from the I RPTC working list. 530pp.

United Nations Environment Programme. ITE project 763.

Dobson,  S.I1983.
Chemicals in the terrestrial environment. 49pp.
Department of the Environment. ITE project 759.

Dobson, S., French, J. M.  &  Howe, P.  D.1983.
Review of toxicity and environmental hazard assessment for mirex,

camphechlor, chlordecone, heptachlor, heptachlor epoxide, kelevan and

chlordane. 137pp.
World Health Organisation. ITE project 763.

Dobson, S.  &  French, J.  Mil 983.
Toxicity data on captan, carbaryl, p-dichlorobenzene and methoxychlor.

720pp.
United Nations Environment Programme. ITE project 763.

Gray, A. J.  &  (Pearson, J. M.)  1983.
Holes Bay: salt marsh vegetation survey. 27pp.
Nature Conservancy Council. ITE project 796.

Harding, P. T., Greene, D. M., Preston, C. D., Arnold, H. R. &

Harper, R.  J.1983.
Biological Records Centre. Interim report. 22pp.
Nature Conservancy Council. ITE projects 208, 209, 529, 557, 656, 657.

Hatton, A. A.  &  Hornung, M.  1982.
Examination and assessment of the performance of the Kaelbe-Gmeinder

TLG12, deep soil loosener. 174pp.
National Coal Board. ITE project 727.

Heal, 0.  W.,  Latter, P. M., Miles, J., Millar, A.  &  Smith, I. R.  1983.

Gruinard Island: assessment of ecological consequences of decon-

tamination. Phase I: Preliminary analysis of the problem. 31pp.

Ministry of Defence. ITE project 834.
(Hollis, G. E., Stevenson, A. C., Agnew, C. T.)  &  Fuller, R. M.  1983.

Vegetation dynamics and ecological interrelationships at the Ichkeul

National Park, Tunisia: a study using LANDSAT. SKYLAB, air photo,

hydrometeorological, ornithological and fieldwork data sources. 47pp.

European Economic Community. ITE project 836.

Marrs, R. H.  &  Lowday, J. E.  1983.
Management of lowland heaths. Final report. 65pp.

Nature Conservancy Council. ITE project 599.

Mitchell, B.  &  McCowan, D.  1983.
The faecal accumulation method for estimating and comparing (i) popu-

lation densities of, and (ii) site occupation by red deer (Cervus elaphus
L.). Progress report. 27pp.
Nature Conservancy Council. ITE project 528.

Mountford, J. 0.  &  Sheail, J. 1982.
The impact of land drainage on wildlife in the Romney Marsh: the

availability of baseline data. 134pp.
Nature Conservancy Council. ITE project 718.

Newton, I., Haas, M. B., Osborn, D., Bell, A. A., Every,  W.  J.,

Hanson, H. M., Harris, M. P. & Wyllie,  1.1983.

Birds of prey and pollution. Interim report. 54pp.
Nature Conservancy Council. ITE project 181.
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Perkins, D. F.  1983.
The effects of industrial emissions on the trees at Penrhos, Holyhead.
45pp.
Isle of Anglesey Borough Council. ITE project 160.

Perkins, D. F.  &  Last, F. T.  1983.
Fate and effects of pollutant fluorides in terrestrial ecosystems. 9pp.
Commission of the European Communities. ITE project 160.

Pollard, E.  1983.
Butterfly monitoring scheme. Progress report. 6pp.
Nature Conservancy Council. ITE project 204.

Quarmby, C.  1983.
Variability in the distribution of alpha and gamma emitters in a typical
pasture field in the vicinity of Sellafield Works, West Cumbria. 45pp.
Ministry of Agriculture, Fisheries and Food. ITE project 553.

Penwell, D.  S. &  Storeton-West, R. L.  1983.
Sizewell—ecological survey. 92pp.
Central Electricity Generating Board. ITE project 838.

Sargent, C.  1982.
The biological survey of British Rail property. Final report. 147pp.
Nature Conservancy Council. ITE project 466.

Seel, D. C.  &  Last, F. T.  1983.
The accumulations of fluoride in the different tissues of the magpie
(Pica pica).  14pp.
Commission of the European Communities. ITE project 753.

Webb,  N.  R.  &  Chapman,  S. B. 1983.
Ecological survey of North Canford Heath. 29pp.
Poole Borough Council. ITE project 823.

Wells, T. C. E.  1983.
Establishment of herb rich swards. Final report. 141pp.
Nature Conservancy Council. ITE project 242.
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Commissioned research contracts
listed by customer organizations for 1983

Customer

Nature Conservancy Council

Department of the Environment

Department of Industry

Ministry of Agriculture. Fisheries and
Food
Ministry of Defence
Central Electricity Generating Board
National Coal Board

Anglian Water Authority
Severn Er Trent Water Authority
Essex County Council
Building Design Partnership

Laurence Gould Consultants

English China Clay Company
Dartington Trust
Shetland Oil Terminal
Environmental Advisory Group
Welsh Office

Dyfed County Council
European Commission

UNESCO
UNEP

Project number Project title

181, 461 Birds and pollution
204 Butterfly monitoring scheme
208/9/11, 557, 656 Recording of data on individual species
242 Creating attractive grassland
291/2 Population ecology of bats
718 Effects of drainage on wildlife
776 Moor House data analysis
852 Impact of herbivores on woodland

Advice and services
408 Arboriculture
553 Radionuclides
609 Biological classification of UK rivers
625 (pt) Upland management and water quality (joint

FBA/IH)
700 Ecological guidelines for locational strategies
759 Biological effects of chemicals in the

environment
790, 837 Acid deposition on soils and plants
851 Effects of long-term preservation on micro-

organisms

802 Environmental sampling in west Cumbria

834
838
360

858
819
853

858

859
844
715

160 (pt)
594, 625 (pt)
845
850
160 (pt)
553 (pt)
625 (pt)
674

760
750
763

Gruinard Island decontamination assessment
Ecological survey of Sizewell
Tree planting study
Vegetation overburden mounds
Holme dune study
Soar Valley improvement scheme
St Osyth conservation scheme
Falkland airport survey

Environmental study of River Ray drainage
scheme
Environmental study of Thames drainage
scheme
Furzeyground restoration scheme
Wood production on Culm measures
Otters at Sullom Voe

Fluorine pollution
Upland management and water quality
Acid rain in Wales
Pembrokeshire National Park
Fluorine pollution
Radionuclides
Land management and water quality
Native and naturalized species for energy
production
European mapping
West African hardwoods
Chemical data profiles
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R T Collins

UNEP/FAO Senegal Sahelian project
World Pheasant Association 764 Black grouse studies

Expected level of income from commissioned work for the financial year 1983/84
(£1000)

Nature Conservancy Council 199
Department of the Environment 326
Other Government Departments 87
Public bodies and other UK organizations 73
Overseas customers and contracts 88

773
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Publications for sale

The charges for postage and packing will be additional to the price of the publications shown (30p for total
orders up to and including E1 ; 20p for each E1 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 ISBN 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 1SBN 0 11 881393 5  £0.85

1977
A CODED CHECKUST OF ANIMALS OCCURRING IN
FRESHWATER IN THE BRITISH ISLES
P. S. Maitland
A comprehensive list of the 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 1SBN 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 soil insect, widely distributed
but little known and understood.
27pp 1SBN 0 904282 13 9  £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 147  £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 CHECKUST 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

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 244  £0.80
BIRDS OF ST KILDA
M. P. Harris & S. Murray
A list of bird occurrences, with photographs.
42pp 1SBN 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 airned to ensure that sampling 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 1SBN 0 904282 31 7  £4.00

WILDUFE IN SNOWDONIA
First 3 leaflets in a popular series about wildlife in the National
Park. Available in Welsh or 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

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 PLANTAIIONS
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
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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 1SBN 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 15BN 0 904282 32 5  £2.00
HISTORICAL ECOLOGY: THE DOCUMENTARY EVIDENCE
J. Sheail
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 368  £3.00
STATISTICAL CHECKLIST 3: MODELLING
J.  N. R. Jeffers
Third in series to aid mathematical modelling. Recommended for
use with Checklist 1 (see 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 organization, as a basis for its conservation.
14pp 1SBN 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 c.ultures 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 ISBN 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
soils and vegetation and their implications.
18pp 1SBN 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 54 6  £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 1SBN 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 1SBN 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 1SBN 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 1982
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 (editor)
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 597  £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 IN 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 1SBN 0 904282 64 3  £2.00
ATLAS OF THE LICHENS OF THE BRITISH ISLES
M. R. D. Seaward & C. J. B. Hitch (editors)
Detailed distribution maps of lichens in Britain, with notes.
192pp 1SBN 0 904282 57 0  £4.50



A HELD KEY FOR CLASSIFYING BRITISH WOODLAND
VEGETAIION: Part 1
R. G. H. Bunce
A key for classifying British vegetation within 32 plot types,
including distribution maps and colour photographs.
103pp 1SBN 0 904282 68 6 £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
CUMATOLOGICAL MAPS OF GREAT BRITAIN
E. J. White & 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 694 £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 1SBN 0 904282 71 6 £6.00
ANNUAL REPORT 1982
Research work; project and staff lists; addresses; with scientific
papers and publications produced in 1982.
149pp 1SBN 0 904282 74 0 £5.50
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MARINE GYMNAMOEBAE
F. C. Page
A source book for the investigation of naked lobose amoebae in
the marine environment.
54pp ISBN 0 904282 759 13.00

1984
BRITAIN'S RAILWAY VEGETATION
C. Sargent
Rural British Rail verges were intensively sampled over a 5 year
period. The habitat, vegetation forms and influences that have
combined to produce them are described, together with a
discussion of the success, and decline, of certain 'railway'
species. A model predicts vegetation changes and a conservation
strategy is suggested.
34pp 1SBN 0 904282 76 7 E3.50
METALS IN ANIMALS
D. Osborn (editor)
Twelve papers given at a workshop held in September 1982 at
Monks Wood. They cover many different aspects of metals in
animals (from food chain accumulation and effects studies
through to the use of advanced chemical techniques (eg nuclear
magnetic resonance). (Symposium no. 12).
77pp ISBN 0 904282 77 5 £3.50
MOORLAND MANAGEMENT: A STUDY OF EXMOOR
G. R. Miller,  J.  Miles & 0.  W.  Heal
An ecological basis for managing moorland for agriculture, sport
and nature conservation, with special reference to Exmoor
National Park.
118pp ISBN 0 904282 79 1 £4.50
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