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Inhoduction
The department has agait been concerned with a wide range of topics, some of immediate
practical agricultural value, some rclated to longer-term developments, and some to the
development of statistics itself as a subject. The interchange of ideas at various levels is
essential to progress in the development of quantilatiye models for the interpretation
of data.

Practicel applicrtions
Clop respotrses to f€rdliser. Examination of results of more than 100 experiments from
three series of multi-level nitrogen experiments with spring barley showed that most
tho3eh not all crop responses to nitrogen were well represented by linear sepents
(split lines) (in collaboration wittr Messrs P. Needham and p. A. Johnson, ADAS);
this findifg can be related to early theories of Liebig and Blackman on the role of limiting
factors. However, the chief object ofthese and other series of multi-level fertiliser experi-
ments is to formulate more accurate practical recommendations for fertiliser use. The
suggestion in the 1973 report that grouping results ofditrer€trt sites need not r€sult in the
loss of tle split-line form of response has been strengthened by results of experiments
with sugar beet, potatoes and barley (with Messrs D. J. Eagle and R. D. Russe[ ADAS
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and Dr. A. P. Draycott, Broom's Barn). When experiments with these crops were grouped
by soil series, previous rotation and regiou, the amount of fertiliser needed to reach
the turning point from the rising sepent to the 'plateau' sepent differed little from field
to field or year to year, and so the group averages retained the split line form. This means
that unless there is a several-fold increase in the relative cost of N, recommended N
dressings should remain almost unchanged. By contrast, except for crops on deficient
soils or for some high-value crop like potatoes, the average crop response to P fertiliser
is already insuficient to cover the cost of the dressing, though some may still be needed
to maintain soil reserves.

Decreased fertiliser recommendations might be one way of diminishing agriculture's
unwanted contribution to the N and P content of our water resources ; at an ADAS/ARC
Conference on Water Quality the rates of response/kg N and P of ttre principal crops
were used to estimate the likely losses to the farmer and the nation from sub,optimal
dressings @aper 14).

Although official fertiliser recommendations have not long been published, ways of
making them more ac.urate and also simpler are already emerging from the many
exp€rimental results that have appeared recently. With ADAS colleagues we have begun
work on the relation of N requirement to amounts of summer and winter rainfall and
to the N Index system. (Boyd, Dyer, Sparrow and Yictor)

The diversity of species. Work continued on indices of species diversity, and used data
from the Rothamsted Insect Survey. Yearly catches from 100 traps were used to compare
ttre fit of four different models for describing the distributioa of species frequencies in a
sample. A generalised form of Fisher's logarithmic series, based on the beta distribution
of the second kind, is proposed for fitting data on species-abundance with exceptionally
long tails, and gives a better general fit to light-trap data than the log-normal model
@aper 2l). (Kempton)

Multivariate analysis. The substantial facilities now available for multivariate analysis
were again in demand. The technique of Procrustes rotation for the comparison of a set
ofconfgurations ofpoints was applied to 46 configurations obtained from 23 taxonomists,
l1 experienced and 12 inexperienced, each using both intuitive and numerical scores. The
configurations represented a non-metric scaling applied to the characters of 12 Caminal-
cules (a group of imaginary animals created by Joseph H. Camin). By rotating each
confguration to best fit, a distance measure was obtained between each pair of taxonG.
mists. A principal coordinate analysis then revealed consistencies and inconsistencies in
the taxonomists' assessment of the same organisms. The same technique was applied to
data on forest trees from the Institute of Terrestial Ecology to compare the growth at
different sites.

A non-hierarchical classification using a sums-of-squares criterion was used on termite
measurements to classify them into varying numb€rs of classes from two to ten. Both
metric and non-metric scaling trchniques were applied to dissimilarity matrices relating to
material from 20 archaeological sites, and to matrices derived from skeletal remairs
from mesolithic sites in Western Europe. In all cases the results were found to be very
similar, showing the much simpler algorithm of metric scaling to advantage. Comparisons
of these kinds are being collated.

C. L. Bascomb (Soil Survey) supplied data for soil sample classifcation. A series of
dne tests was applied to the 1469 samples giving a binary key for each. A sample was
then allocated to the class that was defined by a similar key to that of the sample. This
procedure of testing variate values and allocating samples to classes was easily performed
using the CALCULATE directive in Genstat. (BaDielO
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. Cluster analysis was applied to strains of bacteria, soils, and higher plants. The connec-tions between data, clusiers and principar co-oraiiate"-*ere ,"ili"a to models of non-random sampling and aggregation. (Rbss, fane and WhiL) 
-----

9-::IlX--^lygI T 1ary Whel a1 alsay is used repeatedly on a routine basis,rruormauoD aDout the parameters, particularly the slope, accumulites, but is often noi
:;{ :.Y:":L::lryor knowledge is speciutry importuoi 

"neie 
asrri uits ur" 

"*p"*ir",as wllll assays on loot_a[d_mouth disease vaccines. Vaccines may lose their protective
ability during storage and regular testing is ,,ecessary. F;i"-;i, groups of cows fievaccinated at a series of dilutions, and alter inocutatiln witn itre'a-s"u"" a." e.u-inJforprese-lce- of symptoms. All cows taning part in the air"i -*i U" uu"O. The combi-nation ofinformatior on theslope from diherent assays iooL.". G 

".orrt 
ofinforma-

uotr grven per atrlmat; when the slole can be taken as known the total number ofresponses
is sufficient for the median protective dose and simple charts can-be-made for alt ooico-aofthe assay. (Ross, Lane and F. B. Leech)

Liy€stocl experimerb. We have helped. in revising the ADAS Advisory Bulletin on thecomposition and nutritive value of feeding stufls.-This invotvJcilects on the internalconsist€ncy of data for individual feeds, and tne catcutation-oi revised atimatesGdigestibility coefficients and metabolisabilities. (Attman anA-f*ssel9

^^Y,::*" lh"-9..flgn 
and analysis of aDAS animal experimenf,-ind investigations Uas

::r^:1":1-i,y:JTted te.n-fe.ar cG.ordinated experiment comparing differe.-nt systems
or cross-breedlng pigs has involved detailed preparation of forms- and ioding io.t"i"ti-,to ensure consistent and easily handled data, (Lessells)

After collection data must be checked for posible eriors, stored, then Iater retrieved,
merged and analysed. where any operation'can u" rturai.ii"o,'" standard Drosrammooule-can De wntten and prc_tested, and its action on a particular set of data-con-trolled by variable parameters stored lyith tne aata tnenseties. ier"ra .rcn f.ogrammodules have been written in Genstat for the anAysis of miit aal, wni* _"y io."tuai
i:T:.-i:d-]31 plases varying in rength between ani-ars. Th;';., .f .p;;d;;;andyses aDd reducing programming errors are bejng achieved, and att outstan?in!
winter-calving dairy experiments have now been 

"olyia. (Sp""ilt". ana frsseUsj---"
The coordinated experiments colnparing the performance oi'fi-ou.io aoA Simmentalcross'bred cattle with native breedJproided ixtensive data-for anarysis. Four ApAiExperimental Husbgndry Farms were involved together 

"ltn 
tn" N.ifoff, ACricufu;"I

Station. All animals were individually fd a&libi-turn 
"" th; ;;; complete diet, andserial slaughter was adopted to ensure that 

-the 
degee or mirn co"e.e<i a wid;;ange

within each breed. One side ofthe carcass of each Jf f:Z 
"oi."t, 

,""s jointea and ffidissected by the Meat and Livestock Commission; ttre resulG i-nitiauy 0".r" 
"il."rr"iin 190 measurements, reduced ffnally to 15.

^__Y^T..::*OT.! 
at rhe same degree of fiaish, as indicated by the fat percentage ofthe

Trcas-s, rh9 r9o9 cost per pound of carcass weight was lower for Hercfords and Limousinsthan for Friesians and Simmentars. The caicass composition- oi tne Limousins was
superior to that of all other breeds in having more meat,'less bone, and a high".p-poi-
tio-n of hi€h-priced cuts. In addition to these-breed comp;aroo. th" datu proioe vutoitt"informationconcerning the optimum degee of nnish at i,ttictr cat* ,froofi U" ,f"rghi"il.
(Lessells and Spochter)

Sweys. The Rothamsted General Survey program has again been widely used for
survoys on many topics,

Fertiliser practice. survey information about how farmers use fertilisers is particularly
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valud aow that estimatcs of total co$umPtion arc no longer available from subsidy

statistics, and of immediate itrterest because of very large increases in fertiliser prices.

In 1974, the new series of collaborative surveys begun in 1969 with the ADAS and the

Fertiliser iVanufa6urers Association (FMA) was therefore extended. Of the itrcreased

sample of 1400 farms, the FMA contribution to field work (800 farms) was done on their
behilf by a market rcsearch company. This, and the need to use t€mporary coding staff,

required mmpletc redesign of survey forms and instructions (with more explicit ques-

tio-ns and preioding) aad-was a valuable experience. Prelim.inary figu.res based on ll00
sample farms were ivailable early in Dccember: they showed a continuing increase in use

of 'strAgtt' N on grassland, and some reduction in use of P, particularly on grassland

Estimati of fertili-ser stocks held on farms were also obtained. The results of the 1973

survey have been writtea up (Papen 2 and 3), and analyses are proceeding on the soil

analyiis data for l97l-:72, whichwas received during the year. (Church and Hills)

Otlur sanqrs. We studied the feasibility of a multi-purpose -cereal 
survey for the

MAFF, and a survey of the land disposal of sewage sludge for the Department of the

Environment. Consulting continued bn ADAS surveys of pesticides and cereal foliar
diseases (both from MAFF Plant Pathotogy Isboratory) and on wild oat surveys

(ADAS, i,lorthern Region). The main analysis of the. 1973 National Potato Harvester

bu-"g" Srrr""y, 
"o""iog-OOS 

farms was completcd; it was 
-estimated 

that 23% of the
harves-ted ctopnnd sustained flesh damage and that 13% of the otherwise undamaged

potatoes had itrtemal bruising. (Church and Hills)
'ANationalSurveyoftheKlpingQualityofBulkMilkstartedinFebruary'Anupdated

analysis is prepared each montn ana copies circulated to laboratories in England and

Walis and-to'members of an informal consultative group. The survey of dystokia in
Friesian heifers entered its second year; the results confirm those already reported
(Rothsmsted Report for 1973,222) znd also highlight herd differences. (F' B' I-eech and

P. K. Leech)

Routine eoalysk. The amount of data handled this year rose by 5\ followir'g t 20fr
rise in 1973. 'itere was less work from overseas projects but more from ADAS. Turnrouod
time was again reduced, this year by half a day to 91} worting days. @unwoody, Dyer'
Simpson, Sowray and Todd)

Treatment plans produced by the design Program catr now be read directly by Genstat,

thus avoiding re-transcription with the associated risk of error. (Iodd)

lteory
Stltisticrt ldereDc*. Work has continued on the basic principles of statistical inferencc,

and on Fisher's theory of fiducial probability. Fiducial distributions cannot be trans-
formed like clsssicsl probability distributions, because of a requirement that a statistic
and its corresponding paramcter must retain a certain monotonic ordering relation
under transformatio;. This restricts transformability and also implies a restricted

additivity of fiduciat probability measures. Conscquently fiducial distributions, even

ono.diminsional ones, nccd trot be unique and this non-uniqueness represents an intrinsic
and empirically verifiable property of finite data. It has b€en formulated as an in consistency

principli wbici resalves many dimculties of fiducial theory. However, at the same time it
-bas 

adverse implications for Bayesian inference, thc fundamental question being whether
subjective prioi information can be properly represented by a probability distiaution,
and whether cohetency, howevcr dcsirable mathematically, i3 achievable in actual proce'

durcs of infercnce.
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Palrrs have been prepared on the fiducial combination of iuformatiol on mcals and
variances, and on more general principles of statistical infercnce. (Wilkinson)

^ 
The theory of. stable _par-aqeters (Rothamsted Report Jor lgT3, palir l,'223) was

turt[er dev€loped, and sheds light on the cotrf,ict of objcctives between the statisticiaa
and th-e biologis!. The biologist asks for more complex m6deb as a better approximation
to reality w.hile the statistician simplifies -o6"1"16 e6r"in morereliableparamiterestimates.
The statistician can ask for more data, be6gl d€sisn, ancillary informition or less random
yTalgn, ac9grdipe to what is practicable. Modelling is Gn as a tbre+.phase cycle of
definition, estimation and rodesign. practical implications ofthe theory have been worked
out for several examples.

Curve fltting in terms of stable ordinates works becausc each parameter meinly
rep-resents a different segment of the curve. constraints on the possibie ranges of stabl-e
ordinates reveal that cunes such as the generaliscd hyperbora, the doubb hfurbola and
the generalised logistic can tolerate onlra small rangc of crroi, which lirnits iheir useful-
ness in biologr. (Ross)

Mdaivrdrte r.lysis. work continued on the empirical distributions of goodness-of-fit
critcria for hierarchical classifications. Thrce groups of criteria were fouid from thosc
studies- Kendall's Tau, Lermaa's nueber of inversions and the cophenetic correlation
formed_ one group, criteria associated with ordination formed anothcr group and the
residual sum of squares after a hocrustcs rotation was the rcmainin-g criterion. e
particularly simple relation was found for the expccted value of the lait criterion in
terms of the numbers of units and variatcs ia the data matrix. Thh work formed the
UTil 9f * invited paper at the 8th International Biometrics Cooference, and will be
published in the conference proceedings (paper l8). (Banfield and Gower)

The Procrustes roation method for the comparison of relatcd confgurations of points
is proving a valuable practical technique in multivariate analysis, but, ; with hieratchical
classification techniques, assessment of any particular sct of results is diffcult without
knowJedge ofthose that would be obtained in the absence ofany real structure. The general
problem is very difrcult, but some results have been obtainedfor the sinplest prirustes
rotation problem where samples from distinct multinormal populationj with means Ft
and common dispersion matrix X give sample estimates ml atrd S; here explicit expres-
sions have been derived for the moments of the null distribution of the rotaiion statistic,
which measures the goodness-of-fit under rotation of the /< true canonical means with
the /< sample canonical means. (Gower, with professor K. V. Mardia, University of
Ireds)

Many distributional forms arising in multivariate analysis can bc obtained only by
simulation studics; such studies often rcquire the generation of samples from mutti-
variate normal distributions, conditional on the valucs of certain statistics, The problem
ofgeneratin-g such restricted samples can be reduced to that ofgenerating random ortho-
gonal traasfo_rmadons, and this problem has been solved using atechnique applicable also
to groups other than the group of orthogonal matrices. A paper has been iubmitted fo.
publication, together with an algorithm (see below). (Wedderburn)

A simple device to obtain statistics conditional on the data is to perform a serics of
randomisations of tle data. The resulting distributions of statistic-s of interest provide aa
empirical test for the existenoe of structure in a data matrix, and statisti& such as
$e largest eigenvalue and the mean nearcst neighbour are readily compared. (Ross,
I,ane and White)

RoDost rcgrcsioo, It may happen in fitting a modcl to data that the data ane homo-
geneous except for a few outliers or ,bad' points, caused perhaps by gross errors in
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recording- It may also hapPen that the model fits the data well, except at a few points

having extreme levels of ooe or more treatmcnt factors. Use of ordinary regression

methods for fitting the model followed by examination of residuals is not a very sharp

diagnostic tool for investigating such situations, and better ones can be devised (robust
estimation procedures) in which the discrepant points are iteratively discounted to pro-
duce a fit in which they are given little weight. A new type of procedure has been devised

in which the fitting procGs can be reduced to the iterative least-squares prooedure usd
in fitting generatised linear models; a by-product of this procedure is a new way offitting
linear models by minimizing the sum of absolute deviations (Ll-norm). The properties

of this procedure are being compared with others proposed elsewherc, using an adapta-

tion of the program GLIM (see below). (kne and Nelder)

Anrtysb of veriance. The algorithm in Genslat used to produce the analysis of variance

of data from designed experiments is rtstricted to generally balanced desigas. By contrast
the algorithm used for regression makes no assumptions whatever about possible sym-

metries, and so fails to take any short cuts that the recognition of such symmetries makes
possible. Some bridge-building between these extremes is required, and an iterative
method has been d-veloped for analysing designs that are not generally balanced;

numerical studies indicate that very good convergence rates can be obtained when the

canonical efficiency factors for any one tenn of the model are not too different.
(Wilkinson)

Trrnsforn ioc for eryon€ntirt frnilies. Exponential families of distributions, which
include the Normal, Poisson, Binomial, and gamma distributions, can be characterised

by the variance function Y(p) expressing the variance Y as a function of the mean p.
The use on non-Normal data of techniques developed for Normal data may require
simultaneous transformation of the data and the corresponding theoretical means. Four
transformations are of interest, namely those that normalise the Probability distribution,
normalise the likelihood, stabilise the variance, and stabilise the information. It has been

found that these can all be expressed as intcgrals of powers of the variance function; this
result subsumes several well-known but hitherto isolated cases. (Wedderburn)

Dirgnostic keys. In a non-probabilistic key the outcome ofa test on a species is always
the same, whereas in a probabilistic key the outcome is more or less uncertain and
probabilities must be assigned to the possible results. Several eisting criteria for selecting
binary tess in non-probabilistic keys have been investigated and found to have disad-

vantages; this work led to the discovery of a new criterion without these disadvantages.
A paper has been prepared (Gower and Payne). A new criterion has also been devised

for probabilistic keys and will be described elsewhere. (Payne)

Strtkdcrt Prtgrrtrmiry
furt Mr* 3, Though a few new facilities have been added, this has been mainly a
year of consolidation. Two releases were rnade, 3'03 in January and 3.O4 in July. The
efficiency of the version for the IBM 360/370 range has been improved by use of the H
compiler and in other ways. (Simpson) Further improvements in efficiency have come
from recasting the code, and this has often been combined with reduction in size and
greater generality for the user. In particular the revision of the general CALCIJLATE
furective has abolished many constraints on the types of operands allowed, and extended
the operatiotrs on tables. (Alvey) Similar improvements have been made in the handling
of thC many tables produced intcrnally during the construction ofan analysis ofvariance.
(Wilkinson)
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Among the multivariatc proccdurcs the ROTATE directive was extended and the
maximal predictive ritcrion was added to the CLASSIFY directivc. Again space was

saved by reducing cxisting code. (BanfelQ
A LOCAL directive his bcen implementcd which rcstricts thc scoPe of identifiers'

This allows macros to be dcveloped for gcneral use without risk ofan accidental clash of
identifiers in the user's progran and the macro. (Simpson)

A new directive CONTOUR gives contour plots of functions defined on a rectangular
grid, and improved versions ofihe procedures for hierarchical cluster analysis and the

Llculation oi .iri-rrm spanning trces werc introduced. (Ross) For the fitting of non-

linear models a new directiv€ oPTIMISE was developed and tested with a generalisation

of CALCULATE which defines models succinctly' The syntax has proved practicable

and the directives will be includcd in a futurc releasc. (Alvey and Ross)

Docarruitation. There are now cight User's Guides available for Genstat, the three

new titles being Srn cture Storage atd Retrievdl, Input ad Output and Analysis of Desrgted

Experiments @apcrs 5, 6 and 7). All aspocts of the system are now covered by these

introductory guides, and in addition a prosp€ctus has bcen prepared, together with an

information liaflet on availability and licensing conditions. During the year an imple-
mentor's manual has b€en writtcn, desctibing the internal structurt of the system. This
serves to document the progam both for the programmer concerned with maintaining
or extending lhe system, and for thc implemcntor concerned with transferring it to a new

machine range.

A ,naoo Ebroy, The Genstat language is sufEciently general to allow new procedures

to be wdtten in it using the existing facilities ofthe system, and to allow these procedures

to be defined as macros and stored in a library for general use. Any user may create such
a library for himself, but macros likely to be of general use will be included in a special
library and the text distributed with the program. A user's guide for this library is in
preparation (fodd), and the nucleus of macros deals with canonical correlation, gener-

alised Procrustes analysis, the evaluation of missing values in multivariate data (Banfeld
and Gower), iterative least squares (Wedderburn), and hierarchical analysis of variance'
(Lane)

fro$fer to o Et ,r@hirut. The trarsfer of vcrsion 3.03 to the CDC 7600 was success-

fully completed during the year, thanks to the cxcollent work of Dr. K. Y. Kwok under
the direction of Mr. H. C. Stone at the University of Matrchestcr Regional Computer
Centre. The incvitable unfores€cn incompatibilities occurred, but much has been learnt
from the cxercise, and many of the changee in code have been marked in the program in
such a way that thc transfcr of future versions will be done automatically by a simple
editing program. Version 3.05, duc for releasc at Rothamsted in January 1975, has been
fully ann66166 61tris respcct, and also makcs use for the first time of the two levels of
core storage which charactcrise the CDC 76fl).

A tape ofversion 3.05 has becn supplicd to the Statistical Rescarch Service, Agriculture
Section, Ottawa for pocsiblc transfcr to the Univac I 108 . The Fortran on this machine is
highly compatible with that of the program, and thc prospects of succ€ssful transfer are
god.

Distriburiln. Thc licensing proccdure is now in operation, and organisations pay a
slandard handling charge to thc distributor, togethcr with an annual licence fee, varying
with the type of organisation. Thc Program Library Unit of the Edinburgh Regional
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Computing Centre acts as distributor for the IBM 360/370 version, and the University
of Manchester Regional Computer Ccntre for thc CDC 7600 version. The progra.m is
now also available at the Univcrsity of London Computcr Ccntrc, the Universities of
Bristol, Cambridge and Newcastle, Univenity Collegc, London, and the MRC Institute
of Occupational Mcdicine. Licenccs have bccn issued to CSIRO (Australia) and to
Reckitt & Colman Ltd. in the UK. A number of other enquirics have been receivcd.

Geocreli*d lineu htenCive nod€[hg (GIIM). The first rclease of this program,
dtscribcd in the.Ro than*ed Reportfor 1973,pafi 1,227 wasmadc by tbe NumcAi""t fugo-
rithms Group-(Odord) during thc autumn. Versions are availaLle for the followlog
ratrges: IBM 3@1370, tCL System 4 ICL 1900, ICL 1906A, CDC 6000 series, and
CDg 7600. There has becn a gratifying intercst itr the faciliti€s that GLIM offers, both
inside and outside the Agricultural Research Service, and the program is now available
on the 470 for both interactive and batch use. Work is in progress on a second release,
which will include a plotting facility, simple macros, and otheienhancements. (Neldei
and Weddcrbum, in collaboration with membcrs of the Royal Statistical Society yforking
Party on Statistical Computing)

Muimnm |Il€lihood gogrrn QA,f). An intcraclivc version was released, containing
as much as possible of the program, including contour plots. A new HELp directive
lists the facilitics and the rules. Mnemonics werl introduced to simplify the specification
of options. Directives QUICKPLOT and PRINT provide usefui output, the former
being able to provide a visual aaalysis of variance in a one.way classification.

Shift operators and single-valuc functions of variatcs were provided, and likelihood
plots were arranged to show 95f contours around the solution in planes dcfined by all
pairs of axcs. True 951limis can be found by searching for the points of contait of
tangent primes normal to each axis, but this process requires much more computation
than the original solution. Correlations between successive obscrvations can be specified
to allow a modification of thc likelihood, leading to more realistic parameter estimates
when observations are on the same subjecf Stable ordinates for curves can be evaluated.
(Ross)

The sections dealing with probit analysis and models spccified by transition matrices
havc been revised and simplified to allow them to be included in the interactive version.
@ayne) A new facility allows the bivariate normal distribution to be fitted to twc.way
contingency tables, and the procedurc is extendable to other distributions if required.
(Kempton)

This program has becn released to selected users elsewhere for trials, and documen-
tation is now being devclo@ for a gcneral release.

Clust€r lnrlr$ pro,gnn (CLASP). New dcviccs in HIERARCHY save substantial
time and the NEIGHBOURS directive has bcen extended. IDENTIFY and ADDA-
POINT were combined to improvc efficicncy. Thc hicrarchy threshold can bc defined
automatically to produce a suitable number of stages. The FILLIN directive estimatcs
missing values in the similarity matrix. New plotting facilities allow group numbers or
principal co-ordinate scores to be plottcd on gpographical axes. Minimum spanning
trecs can now be produccd on the incremenlal plotrcr. RANDOMISE rcassigns variate
valucs at random for empirical tests of structure. (Ross, Hawkins and lane)

Genley. The ncw test sclectiotr criterion for keys (see above) has becn included in this
prograrn, and thc input of data made casier and more cfficicn! The new representations
of keys describcd in Papcr 4 are all available in thc lat6t version, which is now mounted
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also at Edinburgh. The Program Library Unit at thc Edinburgh Regional Computing
Centre has agreed to publish the manual for us. @aync)

Otber dgorithms An orthogonal matrix can represent either a purc rotaiion or a
rotation;mbined with a reflition according as its dcterminant is I or -1. Gower has

devised an algorithm to distinguish thcsc two cascs. Algorirhms. for tie gcneratio-n- of
random orthigonal transformations $Vedderburn), and thc scaling of graphs (Nelder)

have been submitted for publication.
Additiooat routines have bcen devclop€d aod test€d in collaboration with Dr' F' Yalcs

foi use in the Rothamsted General Survey Prognm. Those for data validation and

opdntiog und n 
"odment 

of tabulation arc proving cspccially useful. Other routines will
iiie any-set of tabular data in a form acccsiible to RGSP table-manipulation and print

instructions. (Church)
A 1".g. progro-, suih as Genstat, must b€ ovcrtaid in order to fit into the available

.p".r, u-nd^po.iibl"'overlay structures depend upon the inter-relationships of thl consti-

iient'sub-piograms. A piogram has becn deviloped that scans the output from the

Fonran comp-oser on the 470, construc{s a table of links between sub-programs, and

displays it in a readable form to assist thc construction of suitable oveflay structures.

(Simpson)

Commrcelth ud oveltcr

The work we do for agriculturists overscas is supported by the Ministry of Overscas

Development (ODM1, ana lr variety is as Srcat as evcr. we received data this year from
Cameroon Republic,-Fdi, Iran, I-esotho, Malaysia" Malawi, Mexico, Nicaragua, Nigeria,

Phitippines, S;bah, Sar;wak, Sudan, Swaziland, Tanzania and,Tambia; major tropical

"ropi 
iik. 

"otton, 
maize, cocoa, sugarcane and goundnlts Predominated, togcther with

alfalfa, tobacco, sunflowers, okra, cocoyam, teak, obeche, and gladiolus' Some data on

the growth of chickens came from Nigcria, and othcr projccts- concerned soil measure'

merif, the growth of timber in natural forests, and thc description of natural vegetation.

Again mich ofour work has concerned thc interpretation ofdata from many years and,

man! sites, and may involve substantial numbcrs of figures. The succcssful handling of
ru"h d"t" depends Leavily on the computing tools available, particularly the ability to
merge and seiect sets of data esily. Typical ofjobe undertaken during rhe y@r were-the

anaiysis of five years of cotton triab fiom Gezira Research Station, Sudan, a set of 34

rcra"oiog trials ior cotton progenies in Tanzaoia" and a long.term rotation ri'l from

Lesotho. (Macpherson)
Anoth"t iongjt".m cxforimcnt is that from Sercrc in Uganda where data are available

from several dve-year rotations over 29 seasons. The first five cycles have been sum'

marised and a paper prepared' Scts of plot residuals of a given crop arising in differcnt

cvcles were 
"xa.lod 

foi corrclation. All crops cxamined sbowed positive correlations

oi about 0.4 bctween successive cyclcs, and for cotton, correlations of this ordcr persistcd

in crops gtown 15 yeam aPart. (Wimblc, with Mr. A. R. Walt€r,.ex-Uganda),-- 
pata fiom ZamUa giving the percentage cover in quadrats occupied by grassr herb,an- d

se<tee so€cies were ani,sca using CUlSi, This provided the ecologist who collectcd the

a"ti *itn suggestions fLr groupi"gs of spccics to usc in the construction of a vegetation

map of part-;f the Lochinvar Nitional Park' Biologicatly meaningful groupings wcre

aeriva, 
-botn 

for rainy and dry s€ason data' and plots of the oTurrence of important
specics 

'referred to principal coordinatcs and to spatial co'ordinates wcre provided'

Cfrrimble, with Miss Wendy Rees, Zanbia)' pata on the growth of economic trccs in natural forest in Nigeria for the period

1959-73 have beco examined to determine whcthcr the predictioa ofbasal area incrcment
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could be improved; with Khaya species it has been found that an assessment of stemrorm shtus rmproves the accuracy of the basic predictor, initial basal area. (Walker,
with Dr. R. G. Lowe, Nigeria)

- cluster-analysis techniques were applied to a set of 46 quadrats of natural forest in
Southern Nigeria using stock densitieslmasures of species drl.ir".ol.f f 

j: t *.p"a*;
the 6'"t two-principal co.ordinates.wire related to soil type;d;pr;i". ai""rsity iir"ii
1^111._T:,:l19s)j-Further analysis is continuing with a rft'uced species list in ao iti..p
ro. loenEly any other important causes of grouping. (Walter, with Mr. J. B. Hail,Nigeria)

^.^Y".,::-: f-Tllry oo $:.pI".orylg and preliminary xaatysis o[ a pilot survey of liv+
6tock losses. in-Southem Ethiopia (Church), and on biometric problims connected with
sugar-cane in Mauritius. (Ross)

- During the year 20 overseas research workers caned here for substantial discussions ontheir work and training was given to two overseas students.

Steff rnd vbltlng worlers

P-iana lvlj Haxkins, Jacqueline S, Edrygd1 C E. Rogers, p. Aane Sowray and Agnesvictor left. 
_Jill_F. B. Altman, p. r "ne, H. H. spochtel J. wood antl R. p. while;ere

appointed. Walker retumed from a threa.year second."ot to th" federat Oepartment J.Agricultural Research, Nigeria.
Wilkinson was awarded the Guy Medal in Bronze of the Royal Statistical Society.

_ Nelder, Banfield, Ross and Wilkinson attended the gth Biom;tric Conferencc heli in
9.:*91=, Romania. Nelder organised a-scssion on statistical computing and 

"o.prt..srmurauon or brotogcal processes. Banfield presented a paper jointly prepared 
-with

Gower. Nelder attended a sFrooslya on computational ituiirti i, cOt,ipsfef, neH
rn vrenna and gave a paper (paper 23). Gower atiended the gth Internafional conference
i_1,"1T_13 l,-onomy hetd in Lisbon.and gave a paper @aper 16). Wilkinson organ-
rseo a weekend seminar on statistical 

_inference where papers were read by himielf,Prgflgor G. A. Barnard, Dr. O. Barndortr-Nielsen and ir.of"r.o. a. AirnUaum. noyi
T9 9!l.h attended an ADAS/ARC gonfe.en"e oo agri"riu.e anA Water quality
and. gave papers @apers 14 and- 12). Church attended i symposium on the stidy oiagricultural systems- at Reading univenity. F. B. Leech attenaea tte Fint International
Jymposrum ln t4utne Reproduction 

1nd. gave a joint paper paper 22). At a meetiog
of the,British Society for Alimal producti;n ne gaue a paper *iiil U.. f. F. Fullbrool
and Mr. D. L. Stewart on an investigation into-the inciaince oi dystokia in Friesian
heifers, an abstract of which was publiihed,in the Society,s froceeaings. feech also lave
lf f, it-1 Tll"*nce on applicati_ons of the computer in veterinary ;edicire o.lrnlr"O
?l P" Ar"ry:Io: 

9.f VetelnlV Teachers and Research Workeis. Atvey atteided a
contercnce at Shemeld organised by the Institute of Statisticians on the ur" Lf 

"ornpot 
.,in statistics.

_ -Nelder 
spent tlree weeks in the Caribbean on a Ministry of Overseas Development

(O^!,f!),assienrcnt _acting as Assessor for the Biometrics nesearcn Scteme jro.yJ
R2688 0972-70. He visitcd centres in Jamaica, Barbados, St. Lucia, Cry"ia inJ
Trinidad where he gave seminars, both general and statisticai to research workers. He
also took and helped to get working the program package GLIM for use in the project.

Gower spent a moDth at the invitation ofihe uniuers'itc de paris-Sud in the tablra-
toire de Biometrie at the Centre National de Recherches Zootechnilues, Jouy_en-Josas.
He was consulted on the use and imprementation of Genstat and-arso on ihe use of
multivariate techniques. He gave seminirs on both subjects. He also attended the summer
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School of the Swed.ish Statistical Society and gave lectures on maximal predictivc classifi-
cation and on multiplicative analysis of variance.

Sponsored by ODM, Walker visited the Soils Bureau, Manila, Philippines for four wecks
where he advised on the design and analysis of experiments.

A course on Genstat was given by Alvey and Banfield at thc Edinburgh Regional
Computing Centre.

Four temporary workers spent varying periods in the departncot, thrcc of them from
overseas,
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