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ABSTRACT

McGlade, J.M. and E.G. Boulding., 1986, The Truss: A Geometric and Statistical Approach fo the Analysis of
Form in Fishes. Can., Tech. Rept. Fish., Agquat, Sci. No. 1457,

This report describes the application of and software to produce a truss (sensu Strauss and Bookstelin 1982)
in reconstructing the outiine of a fish, based on a geomefrlic approach, and in providing the data necessary for
a multivariate statistical analysis of morphology In fishes. The use of the method In stock ldentiflcation 1s
described, and lllustrated by a case study of pollock (Pollachlus virens) and haddock (Melanogrammus aegelfinus)
on the Scotlan Shelf and In the Gulf of Maine. The truss s viewed as an effective alternative To more
traditional measures of morpholioglical description, as It relles upon a rigorous definitlon of homology between
Individuals.

RESUME

McGlade, J.M, and E.G., Boulding. 1986. The Truss: A Geomeiric and Statistical Approach to the Analysls of
Form In Flshes., Can. Tech. Rept. Fish. Aquat. Scl. No., 1457,

Ce rapport décrit |tlapplicatlion d'un réseau (aprés Strauss et Booksteln 1982) dans la reconstructlion d'un
profii de polsson, basé sur une approche géométrique, et la construction des données nécessalres pour analyser
les statistiques de varlables multiples de la morphologle des polssons, On décrit {t'appliication de cette
méthode & 1'indentiflcatlon des stocks. En sulte on démontre la méthode en utllisant nos &tudes des goberges
(Pollachius virens) et des alglefins (Melanogrammus aegiefinus) du Plateau Scotlan et du Golfe Malne. On
considere que le réseau est plus efflcace que les mésures classlques pour décrire la morphologle, sauve 1l est
basé sur une définltlion rigoreuse de |'homologle entre fes Indlviduels.,




INTRODUCTION

Paradoxically, the dlscrimlination of marine
finfish stocks relies as much upon similarity as
upon vartabliity, The simple fact that we can
detect differences between groups means that we
can also detect simllarities within them. Human
belngs are Inveterate classiflers, and so almost
every field of inquiry begins with some kind of
taxonomy or natural classiflication: physiclists
classify elementary particles, chemists use a
Periodic Table and of course blologlists have
developed the Linnean system.

At the root of blological classification Is
the taclt assumptlon that the members of a
particular group share a similarity of structure
or behaviour, or a commonallty of descent, from
which we see a scheme of relatedness that allows
us to assemble Individuals Into a class or taxon,
The process of classification Is generally
referred to as systematics, which Simpson (1961)
defined as '"the sclentiflc study of the kinds and
diversity of organisms and of any and ali
relationships among them". This definition Is
used Tn Its widest sense, and subsumes the
problems of taxonomy which pertain to the
tTheoretical study of classification, lIncluding Its
principles, bases, procedures and rules (lbid.).

Current developments In systematics have
Included rapid changes In concepts and procedures,
hastened no doubt by the wlde avallabllity of
computers, and advances In genetics, cytology and
molecular blology. And yet 1+ Is still fair to
say that for flsherles, the subject of the
structure of flsh popuiations Is ",,.a bewlidering
array of semantlc problems because there Is |lftle
agreement on the meaning of the words used to
define groups In the hlerarchy with the rank of
subspecies and below..." (Royce 1972)., True, the
}1terature abounds wlth observations, oplinjons and
statements on the nature of a flsh stock, but
there Is a fundamental disparlity which Is jikely
to keep any authoritative resolution In abeyance
~= that Is the beilef In a genetlcally determined
or even phenotyplcally defined group versus a more
pragmatic group defined In greater part by a
management plan In Ignorance of any genetic or
phenetlc Integrity.

Aftempting to define stocks, however, remalns
an Imperative for flisheries management especialiy
in the marine environment, because through the Law
of the Sea Conference, more and more natlons have
taken on the responsibllity for common fisheries
resources within the 200 mile zone adjacent to
thelr coastlines, and in so dolng have developed a
need to estimate the abundance of flsh stocks In
response to flshing pressure., Stock definition Is
thus at the core of flsheries, because Implicit In
management Is the sentiment put forward at the
beginning of the century by Theodore Roosevelt
that the Natlon behaves well if It freats the
natural resources as assets which It must turn
over to the next generation Increased and not
impalred In value,

In many countries the principle adopted for
the most efficient way to confrol extraction of
marine fishes Is one of total allowable catch
(TAC), allocation within which Is subject to

negotiations, The TAC Is the output from the
analytical, but essentially deterministic models
developed by Beverton and Holt (1957), Within
this legacy, the population (or stock) Is flrst
deflined, and then the principal parameters, such
as growth, mortallity, maturity and recrultment are
determined, Thus the first step In any fisherles
management plan Is to define the structure of the
fish resources within a stipulated area, and state
which stocks are transboundary, because in reality
a jurisdictlonal boundary may represent not only a
legat 1imit to natlional control but also to
dlvergent philosophies as to the ways In which
common property resources are viewed, and hence
exploited. The evidence for stock separation must
thus be as unequlvocal as possible, for It is
clear that subject to the division of oceans, the
theoretlc bases of stock dellneation will come
under serlous review and attack,

THE PROBLEMS OF STOCK DEFINITION

What then Is a stock? Traditlonaliy 1t has
been deflned as "a population of organisms which,
sharing a common gene pool Is sufficliently
discrete to warrant conslderation as a self=
perpefuating system which can be managed" (Larkin
1972)., However, the caveat of manageability
distorts the ferm by bet-hedging against the
possiblity of Irreconcliiable demands from biology
and politics,

Indeed 1t has been stated that whillst
"biologlical management of fisherles has been bullt
around the concept of the unlt stock... This
apparently common sense notlon may be an Instance
of misplaced concreteness which places artificlal
constraints on analyses or on managment rules and
procedures, in fact the stock Is an abstract term
applled to provide a ratlonale for a certaln kind
of aggregatlon of catch data. This Is not fo say
that there may or may not be such a thing as a
discrete group of fish that may constitute an
effective breedling group or stock, buf In many
cases there Is signiflcant uncertalinty about the
identity of the group from which successlve annual
catches are made, so that the operational term
does not unequlvocally refer to an ldentiflable
physical entlity." (Dickie 1979),

How then do we recognlize a stock? lmpliclit
In most statements Is the fact that a stock Is a
populatlion which by Inference maintalns I1tseif In
Castle-Hardy-Welnberg equliibrium, but by default
can be distinguished by i+s phenotype (Booke
1981, lhssen et al, 1981). However, these two
statements do nof proceed par! passu, and In fact
there Is now a developing llterature on epligenesis
(the phenotyplc translation of the genome under
different exogenous and endogenous constralnts)
and the helrarchical organization of adaptive
potentials that lead from DNA to the phenotype and
behavliour of an organism, which would suggest that
congrulty of genetlc and phenotyplc groups ls
highly unllkely, This of course begs the question
as To the role of population genetlics In flisherles
management, because there is some doubt as to how
selection, In the form of fishing, Is operating on
the phenome and hence the genome. Something as
fundamental as a cline (viz. a non-uniform spatial




distribution in the genetlc composition of a
population in equilibrium) may not colnclde with a
ciine In a phenotyplc character.,

The susceptibillity of a fish species to form
genetic stocks Is probably related fo the degree
of spatlal or temporal separation 11 encounters,

A specles whose range ls well separated by
geographlc barriers or whose 11fe history
attributes Include multiple spawning perlods,
homing to a spawning area, longevlity, and a
bottom-~oriented fry stage will thus be iikely *o
consist of multipie genetic stocks (Spangler et
al. 1981, McGlade 1981). The susceptibliity of a
fish speclies to form phenotypic stocks Is probably
related to I+s morphologlcal plasticity or genome=-
phenome |inkage, to the amount 11 moves and 1o the
presence of consistent environmental differences
among different parts of Its habltat, For
example, a species whose Ilfe history Invoives
Juveniles origlnating from the same spawning area
diffusing out into different areas, and then
returning to an area to spawn Is more llkely to
consist of multiple phenotyplic stocks.

Unfortunately, The varlablility observed In
electrophoretic analyses of enzymes == the
technique most generally used to ascertain levels
of genetlc varlabliity == cannot be Impilcitly
assumed to be representative of the varlablilty of
the genome as a whole; strucfural proteins appear
to be much less varlable than enzymes, and the
varlation ifself may depend on the subunit
molecular welghts of the enzymes. Collectively,
these results suggest that estimates of genetlc
varlatlion based upon the standard electrophoretic
technlques represent a highly blased sample of
genes, Measures of genetic differentiation,
whether among Individuals wlthin populations, or
among populations, must thus be coupled to the
collection of other Information such as
morphology, physlology and ecology. However The
explicit relationship between the genome and the
organism has not been extensively studied,

Thus, fisherles managers have largely based
thelr decislions about stock structures on evldence
from tagging studies, and more fraditlonally
meristic and morphometric analyses, The baslic
assumption Then Is that The results do In fact
reflect some genetlc homogenity, albethay
infiuenced by the environment,

PATTERNS OF GROWTH IN DIFFERENT FISH POPULATIONS

Patterns of growth from juvenile stages o
adult stages often dlffer In different fish
populatlions, The growth rate of a flsh wiil not
be generally uniform but there wlli be perlods (or
growth stanzas) during which 1t can be consldered
approximately so (Cock 1966), The transition
between one growth stanza and another often occurs
as the flshes go from one habitat to another or
from one maturlty stage to another as ontogenetic
potentials are crossed,

Differences In form among different fish
stocks are probably most convenlentiy considered
as dlfferences In shape as a function of size.
This 1s complicated because flish of the same slze
are not necessarlily of the same age or at the same
stage of development especlally If thelr average
adult size differs, The genesis of differences iIn
shape can occur through:

1) differences In shape generated during the egg
and larvae stages;

2) differences in the relative growth rates of
different body parts during a given growth
stanza;

3) differences In the size at which the transition
from one set of growth rates to another occurs
(Cock 1966).

All of the above mechanisms for generating
shape differences can occur because of genetlc
causes or because of different environmental
conditions experlenced by the varlous fish
populations, That genetic variability can be
responsible Is easliy seen by comparing the growth
patterns of two flish species which differ In
shape. But varlation In environmental varlabies
such as food avallablilty and temperature can also
generate shape dlfferences. During a
phenocritical perlod during the egg stage,
meristic characters, which In turn effect external
morphology, are very sensitlive fo temperature
(Ta&ning 1946, Té&ning 1952), salinity, O, and
CO,, pressure (Heuts 1949), The reiaTIvg growth
ra?e of dlfferent body parts can certalniy be
Influenced by starvation as exempiified by the
presence of stunted fish. And although there may
be a genetically=determined critical minimum
tength (Thorpe et al, 1980) that must be reached
before transition from one growth stanza to
another can occur, the time required to reach that
fength may In part depend on the environmental
conditions. Indeed there Is evidence that fish
may postpone transition to the next growth stanza
depending on thelr physical state; Eastern~
Aflantic salmon (Salmo salar) smoltify at elther
one or two years depending on thelr slze by the
fall of thelr first year; those which smoltlfy
after two years do not feed over thelr first
winter (Thorpe et aj. 1980).

THE QUANTIFICATION OF MORPHOLOGICAL DIFFERENCES

Biologists have fong been Interested In
quantifying differences In form among organisms
with some of the early workers taking a
statistlcal (Castle 1914, Huxley 1924, Wright
1932) and some a geometrlc (Thompson 1917)
approach., |t was recognized early in the 1900s
that body parts did not necessarily remain in
proportion to each other during growth (Castie
1914) and this led to the development of a
mathematical model (Huxley 1924) and a statistical
method (Gould 1966) to test for what became known
as allometry.

Long~standing interest In the genetic basis
of morphological varlation was and still Is a
driving force behind many attempts to quantify
morphology. An early appllication of the
multivartate procedure, principal components
analysis, and path analysls to morphometric data
from chickens was prompted by an Interest iIn
defining a general factor that Influenced overall
body size and additional speclal growth factors
which differentially affected different body parts
(Wright 1932). In the study of flishes, It was
also discovered that an environmental factor,
namely temperature, Influenced the number of
vertebrae present in trout (Schmidt 1921), and
that during the phenocritical period iIn embryology



a dlfference of up to 5 vertebrae could be Induced
even between genetlcally very simllar (full
sibilngs) embryos (Téning 1946). Thls discovery
-- that environmental factors could affect
meristic characters and in turn external
morphology == was Important because It showed that
the adult form of an organism resulfed from an
Interaction between 1ts genome and the
environment, the detailis of which are still
incompletely understood,

Most of the recent advances In morphometfrics
use new multivariate methods for separating
differences in slze from differences In shape
(Mostmann and James 1979, Humphrles et al. 1987,
McGlade 1981, Thorpe and Leamy 1983) or new
geometric methods for quantlfying changes in shape
from one form to another (Bookstein 1978). It Is
Important to separate varlatlion In shape from
variatlon In slze, so that the shape of an average
form can be compared at a glven size, ontogenetic
stage or chronological age. Indeed 1f the
ontogeny behind a given shape difference Is of
interest, some workers favour a geometrlc approach
to shape analysls rather than the multivariate
methods of data analysis we discuss in a later
section., They criticlize multivariate methods
because:

1) morphometric data used In such analyses Is
typlcally first reduced to a correlation or
covarlance matrix which resuits In the loss of
thelr spatlial relatlonshlps which would
otherwise enable a functlonal morphologlist to
Interpret the changes In shape (Booksteln
1978);

2) the Interpretation of allometry In a
multivarlate context Is debatable (Sprent
1972); end

3) the results of such analyses are often
difflcuit to Interpret and difficult o explaln
to non-statisticlans,

As a result many morphologists have taken a
geometric approach In comparing llfe-~hlstory
stages.

These comparlsons are facllilitated 1f Strauss
and Bookstelin's (1982) truss of morphometric
measurements Is used, The truss which conslists of
the distances between homologous landmarks on the
outiine of a two=dimenslional projection of a form
has many advantages over the traditlional
morphometric data sets:

1) 1+ provides a geometric protfocol for
morphometric character selectlon;

2) 1t archives the conflguration of the landmarks
so that the form of an Individual specimen can
be reconstructed;

3) 1T makes it possible to take morphometric
measurements with a digitizing board;

4) 11 enables construction of a composite,
average form that represents a glven
population at a glven age or slze; and

5) it allows visualization of multivariate trends
of growth and allometry within populations
(Strauss and Bookstelin 1982),

The truss method has been used for cottlid scuplins
(Strauss and Booksteln 1982), for juven!ie chinook
salmon (Winans 1984), and in this report we
present Its appllcation to the gadolds of the
Scotlan Shelf,

In this technlical report we describe how Yo
use the truss method In selecting morphometric
characters for identification of environmental
stocks. We also describe how to construct a
composite truss that provides a geometric
representation of the ontogenetic growth patterns
in a glven population, and provide FORTRAN V
programs and command language from the BMDP
Statlstical Package that do the calculations.
Finally we descrlbe a multivariate procedure for
analyzing morphometrlic data using Tthe BMDP
statistical package. We hope our experience wlll
benef it other workers Interested In applyling
morphometrics In a flsheries context,

METHODS
SAMPLING PROBLEMS

An effectlve sampling design may be obvious
where there are geographlical barrlers that prevent
or discourage mixing of the hypothesized stocks,
but wiil be less so where a specles Is
contlnuously distributed over a large, homogeneous
geographic reglon. If no previous information Is
avallable, 1t Is wlise to do a prelimlinary study,
comparing fish from the extremes of the specles
distribution before Investing additlonal sampling
effort, If there are no differences among the
extremes of a contlinuous distribution over a
homogenous geographical area, there are unilkely
to be differences among Intermediete areas, It Is
best to sample when the geographical separation of
the hypothesized stocks Is at a maximum, This
will usually be when the flsh are aggregated for
spawning but 1f environmental stocks are of
primary Interest It could be just before the young
fish leave a nursery area. We wlil refer to these
spawnling aggregations or nursery areas as
geographical areas,

The sampling problem then reduces to two
aspects: 1) to obtaln enough locations (or sets)
to characterize each geographlical area, and 2) to
obtain and measure enough fish to estlimate the
vartation within each location (Thorpe 1976).
Single sets are not sufflclent to characterize an
area If flsh of the same age tend To school
together or 1f segregation within a habitat Is
dependent on the flish's age. Therefore even in a
preliminary study there shouid be at least two
jocatlons (or sets) for each area and at least 50
or more flish obtained and measured from each
location depending on the amount of morphologlcal
vartation present, A more detalied study would
require many more flish and an even distribution of
sizes within the slze range beling characterized,
With rare specles or where sampling for
morphometrics Is only a component of a larger
sampling program, 1t may be difficult to obtaln
50-~100 fish per locatlon and there will be a
Temptation to pool all the flish from several
locations, This should be done with cautlon as It
may result In grouping together two genetically
distinct populations or subdividing a cline
(Thorpe 1976).



HOW TO SET UP THE TRUSSES

The exact confliguration of the fruss wlli
depend on the flsh species under Investigation.
Central to the concept of the truss is the ldea of
homologous anatomical landmarks (Strauss and
Booksteln 1982), In practice homologous characters
can be difflcult to choose 1f the fish are from
different genera. If only external morphological
criterla are used, a character may be considered
homologous with the character with whlch It shares
the greatest degree of simllarity or
correspondence (Sneath and Sokal 1973), although
ideally this wiil be based on evidence of
evolutionary relatlionships from the fossll record
or from comparative embryology.

When choosling landmarks It Is important to
1) choose points ldentifled by some consistent
feature of The local morphology such as the
insertion of a fin (Fig. 1), 2) to
comprehenslively and evenly cover the entire body
form, and 3) to choose the polnts so that the
Interiandmark distances are as short as possible
as short measures contaln more locallzed
Information about shape (Strauss and Booksteln
1982).

The truss we used for these gadold flshes
contains 7 cells and s derlved from a lateral
projectlon of the 3 dimenslonal fish onto the two
dimensions of the paper (Fig. 2)., A fruss
contalning 4 cells from a lateral projection and
an addltlonal cell with two appended friangles
from a dorsal projection has been used for
comparing specles of cottlds as head shape was
important (Strauss and Bookstein 1982)., Certalnly
It prior Information on the type of Interstock
varlation 1s avallable 1t makes sense to Increase
the density of landmarks In that body reglon.

It preserved flsh are tTo be used it Is
necessary to preserve them flat particulariy If
they are large, Freshly caught fish are ldeal and
because the archlving of landmarks is relatively
rapld, 1+ may even be possible to archlve the
fandmarks of an anesthetlzed fish which Is being
repeatedly measured over tlme for a growth study.

To archive the landmarks, the fish Is lald on
its side on a plece of water-reslistant paper and
its flins are spread out. The landmark positions
are marked with a pencll. Interlor landmarks are
extended to the closest polint on the body outilne
on a line perpendicular to The longitudinal axls
(see Fig. 1, landmarks 2, 3, and 5). The flsh Is
then removed, the landmarks are circled and the
paper labelled fo ldentify the flsh. |{f
insufficient landmarks exlst around The perlphery
of the fish, 1t 1s possible to establish polnts by
X-raying each fish, enhancling the edges using lron
fiiings In vasellne, and then projecting points
out to the edges from the vertebral column (pers.,
comm,, R.L. Stephenson, Marine Fish Division,
Biological Statlon, St. Andrews, New Brunswick).

There are two ways to fransfer The landmarks
to the computer. The first, Is fo measure the
distances between the landmarks with a ruler, and
then keypunch them Into the computer in order.
Alternatively a digitizer can be used to digitize
the position of the landmarks; then the interiand-
mark distances can be calculated by fthe computer

ustng Pythagoras! ftheorem (Winans 1984),

The use of the digitizer prevents errors from
measur ing and keypunching but necessitates writing
at least one speclal computer program for each
particular digitizer,

DATA VERIFICAT{ON

A data flle composed of a large number of
simllar measurements for a sample of flsh wiil
Inevitably contain a number of errors due to
measurement, coding, and data enfry. These must
be detected and removed before further analysis Is
possible (see Appendix A for a flow chart of
procedures).

Gross errors, (viz, a datum polnt more than
two standard devliations from the mean and Itfs
character state), may result from misplacing a
decimal polnt or taking a truss measure between
the wrong landmarks, These can be detected by
packages such as BMDP1D. An advantage of the
truss method 1s that the archiving of the
jandmarks on tracling paper allows measurements to
be checked months after the processing of the llve
fish has taken place,

Minor errors In multlivarlate data sets are
normally difficult or impossible to detect.
However where the total number of fish Is
relatively small fthese can be ldentified by
attempting to reconstruct the trusses of
individual fishes uslng the FORTRAN program TRUSSD
(see Appendix B for FORTRAN listings)., The
appropriate optlon should be selected, so that The
resuiting plotflle can be drawn on a small flatbed
plotter (e.g. a Tektronlx) and examlned for
distortlon., Dublous cases can be reconciled by
comparing plots of comparable slzed fish. Any
gross errors that remaln In the data set will
cause an error message stating that the program Is
unable to compute the x=y coordinates for that
particular flish,

A GEOMETRIC APPROACH: THE COMPOSITE FORM

The originator of a geometric approach to
shape analysis was the noted Scottlsh blologlst
and classlcal scholar D'Arcy Wentworth Thompson
(1917, 1942). In his classic book On Growth and
Form, he showed tThe transformation from one shape
To another by drawlng the distortion of a grid
(Flg. 3). Aftempts to quantify the distortion of
Thompson-type grids In terms of growth gradlents
(Huxley 1932) were largely unsuccessful because
the mathematics were Intractable (Bookstelin 1978).
A promising new quantitative approach to measuring
the shape change between any two forms ls the
method of blorthogonal grids (Booksteln 1978).
Booksteln!s method differs from that of Thompson
In fthe orlentation and structure of the grid. A
mesh of polints from the first form Is mapped onto
the second form by Interpolating between
homologous landmarks. A local grid Is then
computed at each of these polnts so that one of
i+s axes }s orlented along the direction of
maximum or minlimum local rate of change. A set of
curving lines 1s then derived by lIntegration from
the principal directions of the axes. The
elongations or contractlons at any desired point




Fifgure 1. Posftfons of landmarks around a pollock (Pollachfus virens),

Y 32805

TRUSS CONFIGURATION FOR SHAPE ANALYSIS

Figure 2, Trusses constructed from the landmarks {ndfcated fn Figure 1,



are thus obtalned and can be depicted directly on
the form (Bookstein 1978). Whlie we do not
include programs for blorthogonal analysis, we
mention 1t here because the first step Is the
construction of a composite truss for each of the
groups belng compared (Strauss and Booksteln
1982),

Diodon

Orthagoriscus

Fig. 3. Distortion of a grld giving the outliines
of Dlodon and Orthagoriscus (after D'Arcy
Thompson, 1917},

The geometric technique we describe In detall
In this report Is the construction of a composite
form (Strauss and Booksteln 1982) to represent a
given flsh populatlion., The population
characterized by a composite form Is a function of
the slze-classes the sample consists of; problems
wili arise 1f extrapolation outside the range of
the data Is attempted., However, the strength of
thls technique §s in Its versatlilty ~= one could
characterize the entlire ontogenetic growth pattern
from juvenlle To adult or alternatively all the
two year olds by varying the data set used, The
methed for construction of The composiﬁe form Is
derived from the power function Y = bX
described by Huxley (1924) to test for aliometry
where Y is a body part, X Is a measure of total
body length and b and K are the back-transformed
Intercept and slope, respectively from a |lnear
jeast~squares regression on log X and log Y (Gould
1966), Thus If b and K are estimated for a glven
body part for a glven populatlion of fish, the slze
of that body part can be predicted for any deslired
size of fish, In fThe method we descrlibe (a
revised verslton of Strauss and Booksteln 1982),
the scores on the first within-group principal
component are used In place of total bedy length
as the first within=group principal component best
explalns the patterns of covarlance among the
morphometric variables,

Theory and Algebra

Calculation of X~Y Co=ordinates:

The procedure for calculation of the x=-y
coordinates for each landmark is the same whether
an indlvidual truss Is belng reconstructed or a
composlite truss Is belng constructed from a

population, Calculation of the coordinates of the
first two polnts Is easier if both are arblirariiy
placed on the vy axls, Thus, If the first polnt Is
assigned the coordinates x = 0, y = 0, then the
second point will be at x = 0, y = d where

d,. 1s the distance between the firstZand

sdéond Jandmarks, The third point Is at a
distance d from the first point and d

from the sééond point, If a clircle with a radius
of d Is drawn, centered at the flrst polnt

and dnother with a radlus of d Is drawn
centered at the second point, %8 clrcles will
intersect at two polints, one to right and one to
the left of the y axis (Fig. 4).

Fig. 4. Calculation of the X-Y coordinates for
each landmark Is based on The polint of
Intersectlion of two clrcles with radil
equal to the dlstance between the first
two landmarks and an additional point.

We can determine the coordinates of these
points algebralcally:
Uslng PytThagoras' theorem twice:
2 2 2
(la) (x x1) + (y - y1) = d;3
2 2
(1b)  (x = xz) Ay =yy) = dys

where: x, vy - are the coordinates of the new
fandmark (number 3)

XT' y1 = are The coordinates of the
first point

- are the coordinates of the

Xy Y

2 2 second point

d12 - Is the distance from the
first to second }andmark

d23 - 1s the distance from the
second to third landmark

Eliminating y from the simultaneous equations
in 1a and 1b and solving for x using the quadratic
formula glves us:



2 3 2 4
(2) x = ~b +(b -dac)” or x = =b ~(b ~4ac)

2a 2a
where: a =1+ kg
b = ZKTKZ - kzy} - 2><1
c = x? + k? + y? - 2k1yT - d?B
and: k1 (x? + y? + d%B - d?3 - x22 -yg)
by = yy)
k2 = (><2 - x1)
(yT - y2)

Since the truss Is to be bullt from left to
right, the larger of the fwo values of x Is chosen
and substituted back Into equations 1a or 1b to

glve:
]

2 2.z
- + - -
(3) y Yy (d13 (x3 xj) )
where x_ Is the larger value obtalned In
equatlon 2.

The coordinates of the fourth landmark can be
obtalined using d and d. , d,., and d_., or d
and d, . Aga?n %ﬁo valuéd fo#4The x c8ordinaté®
wiil B& obtalned. Since the deflnltion of the
truss s such that landmark four !s above landmark
three, and so d Is on the y axls, the value
of x chosen Is %gaf giving the fargest value of

Yo

To calculate the coordlinates of subsequent
fandmarks, 1t ls important to rotate the truss to
a standard orlentatlon so that the correct value
of x can be selected from the quadratic equation.

To carry out this rotation we flrst calculate
the angle, 6, that d13 makes with the x axls
(F1g. 5a). Thus:

(4) 6 = Arctan ((y,-y,)

<X3—X1))

and then apply an approprlate angular
transformation to all the polnts calculated so
far, so that d1 now lles on the x axls,

Thus: 3

x!' =x cos 8 +y sin 8
(%) n n n
' = -
Yo Y, cos 9 x sin 8

In a composite truss, the length of a shared
slde may have been adjusted fo slightiy different
values In adjacent cells. To compensate for thls,
the poslition of the polnts In the previous cell
are adjusted so that the shared side has the value
of the next cell, This Is done by lining up the
segment's midpoints (Flg, 5b),

The above procedure Is repeated for each cell
untll the coordinates of all the landmarks have
been cajculated., When the entlire truss Is
completed, 1t Is rotated, using a simllar
procedure to that shown above, until a

"pseudolateral" line from the '"nose" to the "taiin
Is placed on the x axls,

Flnally, fo faclilitate plotting, the truss Is

ftranslated up the y axls until It Is entirely
within the first quadrant.

aj)

b) XY, 2

X3Y3

! v
X3Y3

Flg. 5. Calculatlion of the X-Y coordinates of
subsequent landmarks based on the
rotation of the fruss to a standard
orlentation by a) calculatling & and
applylng the fransformation to all
polnts; b) for a composlite truss the
midpolints of the shared sldes are |ined

up, as on A4 and 82.

Calculation of "Average" Truss Measures:

A composlite or "average" form can usually be
constructed for any slize that Is wlthln the size-
range of flsh found within the sample. Before
thls form can be plotted It Is necessary to
calculate the sltze of the truss measures
comprising 1+. The method used Is virtually
ldentical to that described by Strauss and
Bookstein (1982, p. 123) but we shall recapltulate
1t here briefly.

The measure of standard slze used was the
first within-group princlpal component scores,
however the total length of the fish or some
equivalent could be used, These scores were taken
from a princlpal components analysls on the log~
transformed fruss measures, and should be done
using the covarlance matrix (Appendix C BMDP4M).
Linear regressions between each truss element and
the first wlithin-group principal component scores
as the Independent varlable were completed, as



descrlbed In the previous sectlon. The
coefficlents from these regresslons allowed the
expected length of the truss measures for a fish
of the desired standard slize from the glven
population to be calculated (Fig. 6).
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Flg. 6. Truss measurements for a fish of a

desired standard size can be calculated
from a regresslon of the flrst within-
group princlipal component scores and the
fogarithm of each truss measure,

If k Is the slope and b Is the Intercept from
these regresslons, d Is the distance between
jandmark 1 and !andmé#k j, and S Is the flrst
wlithin=-group princlpal component score from the
analysls on the log (d, ).

N
then: log d?j =log b+ k S
which allows us to predlct a d for the

desired S. 1

Flattening the Truss:

If each cell of the truss conslsted of only
flve truss elements I+ would always be posslible to
form a planar truss, The presence of the sixth
element provides redundancy. This faclilitates the
detectlon of errors by maklng 1t Impossible to
reconstruct a planar truss 1f one element contalns
a gross error., However even when the data set Is
composed of planar trusses from Indlvidual flshes,
thls does not guarantee that a planar composlite
truss can be constructed, By examinlng the
simplest case where the populatlon consists of
only two Individuals 1t can easliy be shown that
the popuifatlon means for each type of truss
element wlil not necessarlly form a planar truss,
Non-homogeneous variances among the different
types of truss elements are the rule rather fhan

the exceptlon. Even when care has been taken to
delete all obvious errors from the raw data, some
will Inevitably remaln. Thus a method of
fiattening the composite fruss Is requlred,

Usually only small adjustments to the iruss
elements making up each cell are needed to allow
the cell To relax into a planar conflguration. In
order for these six distances (four edges and fwo
diagonals) to be co=planar they must satlsfy
Salmon's (1914) criterion of pilanarity: T.e,, the
determinant V of a matrix must be equal to zero.

where:

0 1 1 ! 1
2 2 2

! 0 92 Y5 9y

) 2 2 2
| = ! 12 0 935 9y =0

2 2

! 13 45 U 934

1 a2 4?2 o

14 24 34
This determlinant can be written algebralcally as:

(6)

2 2 2 2 2
| = -2d 13924 7 294595, T 29305, T 290,55,
2 2
- - +
243,955 7 204,955 F 2050450y, 20450,,d5,

- + +
2415950, F 24459505, F 2dy5d0,9y,

* 2dy599,9)5 = 2d4305,d55 F 20150055

2d1 5054054 7 244505955 T 2d45d5,dy,
T 204055005 2015014055 = 2

29594495 * 2954914923

Thls method of adjusting the truss elements
untll they are co-planar, differs from that of
Strauss and Booksteln (1982) In that the
determlinant Is used directiy., In this way the
magnitude of the correction to each fruss element
of the cell Is mintmized, while forcing the
determlinant V, as close to zero as possible,

24d34d14

Algebralcally:

Let D be the Inltlal vector of the slx *russ
elements for the cell belng "flattened",
then the corrected vector Qf =D + x where x
Is the vector of correctlions,

We want:
V(Ql+—192) =0
where V Is the determinant of the corrected truss
elements for that cell, and the whole Is termed
the penalty functlon,
and:
to be minimlzed, where x
Is the dlfference befwee%

the Initlal and flnal call
vectors,



Therefore we want to minimize:

6
M Feo = kv b
1=1
where: K Is a constant which fThe penalty functlon
Is multipiled by,

To do thls we use the derlvatlive~free verslon of
the Levenberg-Marquandt algorithm, The FORTRAN
program, TRUSS (Appendix B), calls the IMSL
(International Mathematical and Statlistlical
Library) (1984), subroutine ZXSSQ; LINPAC an
equivalent program may have to be used 1f IMSL Is
not avallable., ZXSSQ Is a subroutline which finds
a local minimum of the sum of squares of m real
functions fn n real variables. The form of
equatlion 7 used In the external subroutine, FUNC
(Appendix B), which 1s called by ZXSSQ is:

DO 30 K=1,6
F (K)=ABS (X(K))+(100,000*DETER ) **2
30 CONTINUE

Where:

DETER 1s equal 1o the value of the
determinant of the corrected truss elements,
Each element of the vector F 1s squared and
added together by ZXSSQ.

The large value of the constant, K, means
that the value of the determlnant affects the
value of F more than the absolute value of X. Thls
means 1t Is not technlcaliy a least squares
problem but In practlce the algorithm seems fo
work well,

When each cell of the composite fruss has
been "flattened" the adjusted truss elements are
ready for polnt calculatlion and plotting by the
FORTRAN program TRUSSD (Appendix B),

instructions

Once the data have been verlfled and edlfed a
composite form can be constructed for each group.
Int¥lally, we use the program BMDP4Ma (Appendix C)
which transforms the data using log, .,
completes a principal components ané?ysls usling
the covarlance matrlx opftlon, and saves the data
and princlipal component scores In a BMDP save
flle. Note that the USE statement In the TRAN
paragraph cen also be used to select a subset of
the total number of cases so that only the flsh
from the deslred jocatlon are present In the BMDP
save flle (Appendix C).

BMDP save flles are an efflclent method of
data storage but are not easlly read by non-BMDP
programs, To get around thls problem we use a
BMDP program BMDP1Db, to read directly the BMDP
save flle then Interface 11 with the FORTRAN
subroutine TRANSF (Appendlix B), which writes the
data Into a standard ASCIl flie. Thls subroutine
precedes the FORTRAN program TRUSRG descrlbed
below.

The FORTRAN programs TRUSRG and CTRUSS
(Appendix B) are used to compute a serles of
unlvarlate llnear least squares regresslons. The
siope and Intercept from one of these regressions

are used to predlct the first princlipal component
score of a flsh of the deslred slze of the
compostte, and thls Is used with the other slopes
and Intercepts to predict Tts expected truss
dimenstons, The regresslons are based on the log=
transformed truss measurements plus the flirst
princlipal component scores from the BMOP4M
analysis, For each of The regresslons used to
predlct the fruss dimenslons, the fruss measure lIs
the dependent varlable and the flrst principal
component score Is the Independent varlable, For
the additlonal regresslion the first principal
component score Is the dependent varlable and the
log=transformed total fork length Is the
Independent varlable. The coeffliclents from These
regresslons are saved In a standard flle.

The next FORTRAN program, CTRUSS, uses the
regresslon coefflclients to calculate the expected
truss dimenslons for a composite fish of the
desired slze, These 'average" fruss measures mus¥T
then be constructed Into a composlte truss. As
previously dlscussed, although the "average" fruss
measures are derlved from planar frusses, there Is
no guarantee that they wlll recomblne to glve a
planar truss, Therefore The program adjusts the
"average" truss measures, cell by cell, untll they
form a planar truss, by calliing a subroutine from
a non-llnear least squares package ({MSL's ZXSSQ
Appendix B), Thls subroutine minimlzes the value
of a determinant which Is equal to zero when the
truss 1s perfectly planar,

Non—=11near optimizatlon technlques are not
foolproof, and the one used by ZXSSQ s no
exceptlon, but It works well In Thls appllication
when the necessary correctlons fto the tfruss
measures are small (see the IMSL manual, Appendlx
Z-2)., 1t 1s Important to check that the value of
the varlable Infer passed back from ZXSSQ 1s not
equal to zero slince a value of zero Implles that
convergence has falled., In practice thls usually
ocecurs because there are st1l} uncorrected gross
errors In the data set, or because the standard
slze chosen for the composite construction Is well
outslde the slze-range of flsh In the data set,.
The program, CTRUSS, warns the user when Thls has
occurred by printing a message at the bottom of
the flle asslgned to unit 6, and called LDBUG,

The adjusted "average" fruss dimenslons are
then written Into a standard file, They are Then
read by another FORTRAN program, TRUSSD (Appendix
A), that calculates the x-y coordlinates of
fandmarks corresponding fto these truss measures,
On the CYBER Installatlon at the Bedford Institute
of Oceanography thls program Interfaces wlth s
graphlcs package "DISSPLAM™ whlch generates a plot
flle, The plotflle can then be plotted on a
Tektronlix or any type of flatbed plotter.

A STATISTICAL APPROACH: MULTIVARIATE ANALYSIS OF
FORM

The quantification of form has also been
approached from a statlstlcal polnt of vliew. As
stated above, the presence of allomefry can be
tested by a simple power functlon, descrlibed by
Huxley (1924) and Tessler (1936) as Y = BX_,
where Y Is a body part, X a measure of bod§
tength, and b and K constants whlich can be
estimated by a |inear least=squares regression on
a logartthmlc transformation (Gould 1966),



However Jollcoeur (1963) subsequently reallzed
that the allometrlc equatlon was too sImplistic In
1+s portrayal growth, and attempted to derlve a
generallzatlon to the multivarlate case, using the
direction coslnes of the logarithmlic covarlance
matrix. Unfortunately, the theoretlcal
assumptlons of thls method are stli! not
understood adequately To assess the effect on each
variable (Sprent 1972),

Another approach to the problem, has been to
use a number of multlvariate technlques In
conjuction wlith each other, Three methods
commonly applled, although rarely together are
princlpal component analysls (PCA), discrimlnant
functlon analysls (DA), and multlvarlate analysls
of varlance (MANOVA). These technlques are
described In varlous texts (e.g. Morrison 1967,
1976; Pimental 1979; Reyment et al. 1984), and
will not be descrlbed In detall here. Sufflce to
say, however, that desplte the wldespread use of
multlvarlate techniques In blologlcal studles of
growth and systematlic varlation, many of the
statistlical ramifications with regard to
systematics have not been fully appreclated,
Indeed, the mulflvarlate approach to slze and
shape varlatlion Is stlil Tn an exploratory phase,
With this In mInd, only the Important statistical
operations performed by these methods will be
stressed In this work,

Multlvarlate Procedures: Pattern Recognition In
Morphologlcal Hyperspace

Principal component analysls Is an ordinatlon
technlque, which can be used to sImultaneously
examlne varlation In a number of characters:
there are two types -~ R-mode and Q-mode. In an
R-mode analysls where X Ts anp.nxp data matrix, the
pxp minor product matrix Is X X, compared to a
Q-mode ana}ysls performed on the nxn major product
matrix, XX', in R-~mode analysls the relation=-
ship between varlables 1s of Import, whereas In
Q-mode the definition of Inter-object similarlty
Is of Interest., Thus In an R-mode analysis,
varfation can be regarded as the differential
response of cahracters along an ontogenetic
trajectory. Each character will show a range In
I+s response, which can be expressed statistically
as Its varlance,

The maln purpose of PCA Is to describe
parsimonlously the total varlance for all
characters, In as tew dimensfons as possible. The
derived dimensfons are |lnear combinatlons of the
orfgtnal varlables, that successlvely account for
the major patterns of varfatlon, The reifatfonship
between each dlimension Is an expresslon of the
correlation or covartance matrix of the original
data set.

Geometrically, the relationship can be
defined as the cosine of the angle between fwo
vectors, which describe the equiprobabliity
contours of two varlables (Fig., 7a). |f two
varlables are uncorrelated, then the vectors are
orthogonal; whereas, If they are correlated, then
the corresponding contours are elllptical, The
first princlipal component lies along the long axls
of the elllpse. The second component lles
orthogonally to It, and Is regarded to be
Independent of the first component (Fig. 7b).
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Fig. 7a. Equiprobability contours (p = 0.75,

0.95, and 0.995) for uncorreiated
varfables X, and X, (after Mortson,
1976). M énd pz ?efer to two

vectors d;awn at“zero varlance; these
axes Intersect at 90° thus the cosline of
B = 0, Pearson's product moment
correlation coefflclent (p) = 0.6,

7b. The lines of equiprobabllity are
el liptic, defined by B= 60°, and with
F= 0.6,

Algebratcally, the princlipal components can
be obtalined by solving for the elgenvalues and
elgenvectors of the correlatlon or covarfance
matrix. The elgenvalues are derived from the
characteristic equation of the matrix used:

D=A =0

where D Is a square matrix, of order p, A Is the
scalar (elgenvalue), and | Is the Tdentity matrix
of order p. Each elgenvalue has an assoclated
efgenvector, which satisfles The function:

(D - XY 1) a, = 0

where ), Is one of the p elgenvalues, and 3y
Is one éf the corresponding elgenvectors,



The elfgenvalue fndicates the length of each
principal component. When these are standardlzed
to represent the total varltance, then their
efgenvectors are equivalent to the principal
components that they represent. In blologlcal
terms, the first principal component has been
conslidered representative of overall slze effects
(Lee 1971, Kuhry and Marcus 1977), and the second
component Indicative of shape, an argument
determined by the bipolarity of the loadings
(Pimental 1979, Reyment et al, 1984), However,
detalled work on this aspect of principal
components analysis has yet to be done.

technique, discriminant
useful where a priorf

A second multivariate
function analysis (DA), Is
knowledge of the grouplings Is avallable, This
method essentlally assigns an Individual to a
group, based on a number of predesignated groups.
The functions are derfved from the Inverse matrix
of the within group varliance-covariance matrix,
and are gfven by:

where x, and X, are Th? mean vectors for the
respecT]ve samgles, s the Inverse

matrix, and X Is a vector of varfables, The
details of this method are given In a number of
statistical texts, such as Morrison (1976) and
Reyment et al. (1984).

Biologists have used the fechnique In two
ways, 1) the descriptfon of the differences
between the groups on the basis of the sample
data, and 2) the allocatfon of future elements,
whose orfgins are not known with certalinty
(Habbema and Hermans 1977). Usually, the
differences between groups are expressed In Terms
of a distance measure, such as,the Mahalanobls'
(1936) generallzed distance, D7, or Wllks!
(1932) criterfon . The former has a number of
Important propertles, one of which Is useful In
taxonomic research, namelythaf The contribution
of each character o the D™ can be ascertalned
(Rao 1952).

The lfnear discriminant function s connected
with the Mahalanoblis! generallzed distance as
follows:

D2 =

(X1 X2)
where vector d Is the difference between the fwo
rample mean vectors (Reyment et al. 1984), To
test whether the centrolds of Two groups are
significantly different, an F-test can be used,
where:

(X, = dla

- -1
1 X2)‘ S

Fip,n=-g=-p+ 1) =

p2 L+ 1) (h-p-1
nA nB p (n - g)
where n Is the total number of observations, and g

Is the number of groups.
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Some of the most Important points to consider
at the beginning of this analysis are 1) the costs
of assignment to a particular group, 2) the a
prior! probabliity of belonging to one of the

groups, and 3) The number of groups Involved

(Lachenbruch and Goldstein 1979). Other aspecis
that should be considered are 1) homogenefty of
the within~-group varfation, 2) mult{-normal
distributional assumptions, 3) criteria for
selection of vartables, 4) the way In which
selection Is made during the computations, and 5)
the derivation of The estimates of posterior

probabliity, These polints are discussed In mos¥
texts on multivariate techniques, Overall, this
method provides a robust test of group
assoclation, and can be quite effective In an

exploratory study of Inter~-group relatfonships.

The criterta for selectlon of varfables Is
often the highest F-value, Generally, this method
tends to distinguish well-separated groups
further, Instead of tryfng to separate poorly
defined groups, A jackknife procedure s often
appllied (Jennrich and Sampson 1983) to reduce bfas
In the final computations of the discriminant
functions. Each case Is eliminated, In turn,
the computations of the group means and
cross=products (Lachenbruch and Mickey 1975).
Homogenelty of the within-group covarlance
matrices can be tested with a chi-square test
(Kendall and Stuart 1966),

from

The Problem of Size

Much of the varfatfon fn many morphometric
data sets, Including our own, can be attributed to
size, But defining what s meant by size Is more
difftcult than might first appear., Early workers
Interested In allomefry treated sfze as a linear
distance measure from the extreme anterfor to the
extreme posterlor of the organism (Huxley 1924,
Gould 1966), This s sTil} used since The
muitivariate porfrayal of allometry (Jolicoeur
1963) s not yet well developed (Sprent 1972),
But most recent workers prefer a multivariate
definition of size especlally those who are
Interested In the genetlc basfs of form (eg.
Thorpe and Leamy 1983): they consider size to be
an unmeasured latent variable which explalins The
observed correlations among The morphometric
variables best, arguing that fhls avolds
confounding the varlatfon of an explicitly
measured sfze varfable with that of the
morphometric varlables (Booksteln et al. 1985),
The measure of size used for an [ndividual
specimen Is often [ts score on the first principal
component from a R-mode principal component using
the covarlance matrix (Humphries et al. 1981,
Thorpe and Leamy 1983, see preceding sectlon),

Differences In form among dlfferent groups of
fish can be subdivided Into differences In size
and differences in shape, Differences In mean
size at sexual maturity or In mean adult size are
often Important In characterizing different groups
of fish (McGlade 1981). But differences In mean
size among groups can also result from Inadequate
sampiIng., Thus {1 fs often Important to
distinguish differences In shape from differences
in size.

Three major classes of techniques have been
used to separate slize from shape: ratios,
residuals from regressions agalnst size, and



multivariate analyses. We will briefly discuss
each of these three methods, but for a more
thorough review see Humphries et al., (1981) or
Reyment ef al, (1984), -

Ratlos of morphometric variables over an
explicit size measure such as total body length
have been extensively used but have come under
considerable criticisme A ratlo wiil not be
constant within a group for Individuals showing
differentfal growth, and the effect of allometry
may be large compared fo the differences In shape
among groups (Reyment et al. 1984), The use of
ratios assumes that a linear regression for a
morphometrfc measure versus total length would
give a good fIt and would pass through the origin,
something which may not be true even [f the
variables are first log-transformed (Thorpe and
Leamy 1983), Finally the use of a ratio of a
morphometric character over an explicitly measured
vartfable such as total length confounds the
varfance In the numerator with that of The
denominator (Bookstein et al, 1983). Moreover,
the statistical properties of a ratio of two
random variables can cause problems which may not
be noticed by non=-statisticlians (Atchley et al.
1976). We Think that all of these problems make
[T Inadvisable to use ratfos to correct for sifze
-=- but not everyone agrees with this conclusfon
(Mosfmann and James 1979),

A second method of removing sfze s to
undertake a statistical analysis of shape on the
residuals from unfvariate regressions of the
morphometric varlables agalnst size (Thorpe 1976),
The patterns of growth and thus any allometry fIs
Ifkely to be different for groups from diffferent
environments, Therefore a separate univarlate
regressfon for each morphometric measure agafnst
sfze must be done separately for each group. The
consequences of tryfng to fit regression ifnes to
the pooled data from all the groups combined are
shown In Fig. 8; If there are dffferent patterns
of growth In the different groups, the reslduals
will be non-random. One method of avoiding this
Is to use an average of the within-group slopes
(Thorpe 1976), but this will. not work If the
within=group slopes are substantially different
(Booksteln et al, 1985},
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The third method of separating sfze from
shape Is with multivarfate techniques, primarily
principal components analysis, In practice the
scores of the Indfvidual specimens on the first
principal component are highly correlated with
traditlional measures of size such as total length,
The scores on the second and subsequent principal
components are Then considered as measures of
shape. The scores on the first principal
component are ploftted against those on the second
principal component, and the plot examlned to see
if There Is any separation of fish from different
locations., |f there Is any differentiation along
the axls of the flrst principal component then 1+t
fs usually atitributed to differences In slze, and
{f there s separation along the axis of the
second principal component then [t Is attributed
to differences In shape. The procedure can be
repeated using the Tthird or subsequent principal
component scores In place of the second f they
account for a significant proportion of the
vartance. The strength of this method s that no
a prior{ grouping of sample locatfons Is required,

The major critfcism of the technique however,
Is that the flirst principal component does not
necessar{ly account for all the sfze varfation In
the data, so that the remalning components might
contaln a mixture of sfze and shape (Humphries et
al, 1981; McGlade 1981), A method of shearing The
scores on the second and subsequent principal
components to remove sfze has been proposed
(Humphrtes et al, 1981)., This method has the
disadvantages that [T treats fish from different
sample locatlons differently and that It Is
difficult to program on non-Michigan Terminal
System (M.,T,S) operating systems (although It has
been done using IMSL subroutines (Winans 1984)).
Indeed this shearing procedure Is probabiy
unnecessary unless a more aesthetlc plot Is
deslired., Any dependence of The second principal
component scores on size can usually be seen In
the original plot as the magnitude of scores on
the second principal component will show a llnear
Increase with those on the first (Humphries et al,
1981). This will most often occur when fish from
different genera are belng compared and not when
differentlating stocks within a species where the
patterns of growth are quite simflar,

Instructions

Some parts of the procedure for analysing the
truss measures will depend on the type of study,
The flrst step, however, Is always the same and
consists of verification of the data=set (see
previous description).

The next step depends on whether there s an
a prior! hypothesis about the subpopuijation
structure In the fish population, [1f there
such hypothesis then a principal components
analysls should be undertaken on the log—
transformed fruss measures using the covarlance
matrix., The resulting plots of the principal
component scores can then be examined for
clusters, Identificatfon of the groups to which
the polnts belong can be fac!iitated by saving the
data and scores from this analysis In a BMDP save
file and usfng BMDP6D (Appendix C) to produce a
plot that Is f{abelled with the group fdentity. If
such plots reveal clusterfng by group then these
groups can be considered subpopulations.

Is no



AN EXAMPLE OF RESULTS ==
THE SCOTIAN SHELF GADOIDS

We will present three examples thal use the
techniques described In This report: 1) an
tnvestigation of stock structure In Scotlan Shelf
pollock (Pollachius virens), 2) an Investigation
of stock structure fn Scotfan Shelf haddock
{Melanogrammus aeglefinus), and 3) a comparison of
the morphology and of the growth patterns of
poliock and haddock,

The fish were collected during three crulses
on the Lady Hammond by Marine Fish Divisfon
personnel, 1hese were crulfse HO88 on January
6-11, 1983 (Fig. 9), crufse HO89 on Jasnuary 12-18,
1983 (Fig. 9), and cruifse H110 from November 28 to
December 8, 1983 (Fig. 10)., The sampling design
was a compromise between what was desirable for
stock Tdentification purposes and what was
desirable for other objectives of the Marine Fish
Diviston,

A seven cell truss was used as a basis for
collecting the morphometrfc data (Fig. 2).
Merfstic counts were also made on these flsh and
tissue samples were taken for electrophoresis:
these data will be published elsewhere,

GULF OF MAINE AND SCOTIAN SHELF POLLOCK

The pollock were all collected during crulse
H110 (Fig. 10). Fish were combined from sets 18
and 19 (hereafter set 18) which gave a total of
100 fish In set 3, 32 fish In set 12, and 100 fish
In set 18,

We used BMDP4M (Appendix C) to do a principal
components analysfs on the correlation matrix of
the Iog1 - transformed truss measures. (We
suggest fhat workers use the covariance matrix,
but In this case, the results are very simflar.)
We then used BMDP6ED (Appendix C) fo produce
jabelled plots of the scores on the principal
components.

The first principal component has high
positive loadings from all of the Truss measures,
except for Bl (Table 1), The loadlings suggest
that the first principal component does in fact
embody general size, Moreover, as the first
principal component explains 89.6% of the
varlance, we can conclude that most of the
varlance In the pollock morphometric data can be
attributed 1o vartation In sfze. The only truss
measure somewhat Independent of size fs Bl (Table
1), the distance between the attachment of the
pectoral and the attachment of the pelvic fins
(Ffgs. 1 and 2).

The second princlipal component has bipolar
loadings for the varlables (Table 1): the
Importance of a varlable's contribufion to a
principal component score can be determined by
comparing the magnitude of the absolute value of
Its loading coefficlient to that of other
varfables. In This example, the second component
shows a high positive loading for B} and a
moderate, negative loading for E3 (the distance
between the second and third dorsal fins). This
means a fish would have a high second princlpal
component score If Its value of Bl was large and
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Its value of £3 was small., Th{s component
accounts for an additional 2.6% of the vartance.

The
positive
loadings
negative
vartables (Table 1).
the variance so will

third principal component has a high
foading from E3, moderate positive
from B1, C1, E1, E5, and G3, and small
loadings from most of the rest of the

It accounts for only 1.5% of
not be discussed further,

Before plotting the scores for a glven
component, The program standard{zes them by
subtracting thelr mean, dividing them by the
standard deviatfon and then squaring them.
plot of the scores on the flrst principal
component versus Those on the second principal
component shows two distinct clusters, one
containing mostly fish from set 18 and one
contalning mostly fish from sets 3 and 12 (Fig.
11). The clusters are separated along the axis of
the flrst principal component but not along that
of the second suggesting that the separation [s by
size rather than by shape. Indeed the mean fork
fength, another measure of sfze, of fish from set
18 was only 37,0 cm compared to the mean of 67.9
cm for sets 3 and 12 combined,

The

We have constructed compos!te forms for
average pollock of fork lengths of 25 c¢cm, 50 cm,
and 75 cm (Figs. 12a, b, ¢) using the regression
coefficlfents for the data from all the sets
combined (Table 2). Note that the distortion, the
amount of correction needed to allow the average

fruss measurements to be constructed into an
average form, Is very small. The 50 cm form Is a)
proportionately shorter fn cell A, In side B1, and

in cell F, b) proportionately longer In cell D,
and c¢) proportionately narrower In cell E compared
to the 25 cm form. The same trends are notlceable
when the 75 cm form Is compared with the 50 cm
form. Thus as a pollock grows from 25 to 75 cm,
{+ts head, the distance between the pectoral and
the pelvic fins, and the body reglfon below The 3rd
dorsal fin become proportionately shorter, the
body reglon below the 2nd dorsal fin becomes
proportlionately longer, and the body reglon
between the 2nd and 3rd dorsal fins becomes
proportionately narrower, Pollock thus, exhibfts
conslderable differentfal growth of Its varlous
body reglons,

We also constructed composite forms for the
two groups separated In the principal component
analysis: one for sets 3 and 12 and one for set
18, Both of these forms were constructed for an
average flsh of the sfze corresponding to The mean
fork length for that group (Figs. 13a, b). The
differences In shape between these fwo composite
forms are what we would have expected for a 37.0
cm pollock and a 68,0 cm pollock on the basis of
the changes we saw between the smaller and larger
forms constructed from all the sefs combined.

GULF OF MAINE AND SOUTH=-WEST NOVA SCOTIAN HADDOCK

The haddock were collected from sets 9, 10,
30, 31, 37, 41, 42, and 43 on crufse H088 (Fig.
9), from sets 3, 4, 6, 11, 28, 29, and 30 on
crutse HO89 (Fig. 9), and from sets 10 and 19 on
H110. To avold confusion, set 30 from HOB8 was
recoded as set 88, set 30 from HO089 was recoded as
set 89, and sets 10 and 19 from H110 were recoded
as sets 70 and 79 respectively.
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Table 1. Principal component scores for each truss measure of pollock, the
varfance explafned and cumulatfve percentage for the flrst three
unrotated components (PC1, PC2, PC3) (using the correlation

matrix),

PC1 PC2 PC3

Al . 991 -.021 -,021
A2 . 981 -.017 -,037
A3 « 990 -, 054 -, 007
Ad . 996 -,006 -,023
A5 2991 =012 ~.026
A6 »990 -, 026 -, 023
B1 365 . 909 176
B3 . 984 -,000 =075
B4 .995 -, 030 -,034
B5 .993 -.005 -, 027
B6 996 -, 006 -.028
C1 .973 -.125 -.016
C3 767 -.020 122
Ca . 989 -.022 -, 013
C5 .990 -, 014 -.011
Cé »995 -.033 -.033
D1 .988 -.002 -.048
D3 «982 .006 -.065
D4 .990 .034 -.007
D5 .985 .017 -.049
D6 909 -.017 -.063
E1 . 787 -.068 « 255
E3 . 704 -,227 .605
E4 993 .030 -.039
E5 993 .019 .005
E6 . 991 .017 -, 013
F1 .982 ~-.017 -, 064
F3 . 985 .014 -.066
Fa 0972 .021 -.064
F5 . 930 L012 -. 129
Fé . 990 -, 010 -,046
G1 . 901 -.032 . 099
G3 .,918 -,026 114
G4 . 932 121 -.011
G5 934 .048 017
G6 . 964 037 .014
Varfance Explafned 32,271 . 930 559

Cumulative % 89,6% 92,2% 93,7%
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Figure 11, Plot of the first and second principal components (PC1 and PC2) from an
analysfs of pollock; 1 = Gulf of Mafne; 2 = Scotfan Shelf,
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a POLLOCKALLSETS
TOTAL FISH LENGTH 1S 25.0CH
DISTORTION 1S 0.088

b POLLOCKALLSETS
TOTAL FISH LENGTH IS 50.0CM
DISTORTION IS 0.037

c POLLOCKALLSETS

TOTAL FISH LENGTH IS 75.0CH

DISTORTION 1S 0,027

Figure 12, Composite forms for pollock of fork lengths a) 25 cm; b) 50 cm; and ¢) 75 cm
using all sets combfned.
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Table 2. Regressfon coefficfents for pollock for the first princfpal
component loadings of each truss measure and the log=transformed
measures versus total length, for all sets combined used to
reconstruct a compos{te truss form,

Intercept Slope r X Varfable Y Varfable
-7.19444 4,24707 .90 Total Fork Length ist PC scores
1.09960 . 18352 .99 1st PC scores Truss (1, 1)
. 715694 » 18565 .98 ist PC scores Truss (2,1)
1.,03883 . 18900 .99 ist PC scores Truss (3,1
1.05631 .18522 1,00 ist PC scores Truss (4,1
1.00253 . 18234 .99 ist PC scores Truss (5,1)
1,21779 . 18934 .99 1st PC scores Truss (6,1)
-,04523 .08531 37 1st PC scores Truss (1,2)
1.05631 .18522 1.00 ist PC scores Truss (2,2)
. 75805 . 18761 .98 1st PC scores Truss (3,2)
1.15565 . 19050 1,00 1st PC scores Truss (4,2)
1.05257 . 18765 .99 1st PC scores Truss (5,2)
1.16835 .18673 1.00 1st PC scores Truss (6,2)
93428 20661 .97 ist PC scores Truss (1,3)
1.15565 . 19050 1,00 st PC scores Truss (2,3)
.08225 .21378 .77 ist PC scores Truss (3,3)
1.08282 . 18861 .99 1st PC scores Truss (4,3)
1.07562 . 18863 .99 1st PC scores Truss (5,3)
1,18056 .19194 .99 1st PC scores Truss (6,3)
1.14781 . 19487 .99 ist PC scores Truss (1,4)
1.08282 . 18861 .99 st PC scores Truss (2,4)
1,04183 20728 .98 ist PC scores Truss (3,4)
.85108 .16474 .99 ist PC scores Truss (4,4)
1.15744 . 19206 .99 st PC scores Truss (5,4)
1.21054 20103 .91 1st PC scores Truss (6,4)
. 14437 . 18440 .79 ist PC scores Truss (1,5)
.85108 . 16474 .99 1st PC scores Truss (2,5)
. 18378 . 14433 .70 ist PC scores Truss (3,5)
.82763 . 16964 .99 ist PC scores Truss (4,5)
85329 . 16743 .99 st PC scores Truss (5,5)
84496 . 16661 .99 ist PC scores Truss (6,95)
.82821 .17016 .98 ist PC scores Truss (1,6)
82763 . 16964 .99 1st PC scores Truss (2,06)
.84594 . 17200 .99 ist PC scores Truss (3,6)
51014 16379 .97 1st PC scores Truss (4,6)
.92343 . 16812 .93 ist PC scores Truss (5,6)
91105 .17103 .99 ist PC scores Truss (6,6)
. 15698 21953 .90 ist PC scores Truss (1,7)
.51014 . 16379 .97 ist PC scores Truss (2,7)
. 15315 20347 .92 st PC scores Truss (3,7)
.47520 . 17005 .93 ist PC scores Truss (4,7)
. 53589 . 17442 .93 ist PC scores Truss (5,7)

.53483 . 16935 .96 1st PC scores Truss (6,7)




20

POLLOCKSETS3AND 12

TOTAL FISH LENGTH IS 68.0CH

DISTORTION 1S 0.063

POLLOCKSET!18

TOTAL FISH LENGTH 1S 37.0CM

DISTORTION IS 0.080

Ffgure 13, Composite forms for poliock from a) the Scotfan Shelf and b) the Gulf of
Mafne corresponding to a mean fork length of 68 cm and 37 cm, respectively.



A principal components analysis was again
undertaken on the correlatfon matrix, for all the
sets from all the crulses combined, The first
principal component accounted for 89,1% of the
varfance (Table 3). This component had high
positive loadlings for all the varfables Incliuding
Bl, As was frue of the pollock data then, most of
the varfance In the haddock data could be
attributed to variation In size. The second
principal component had large positive loadings
from C1, E1, E3, G1, and G3, a large negative
foading from B1, and accounted for an additfonal
2.4% of the variance (Table 3), The third
principal component accounted for only an
additlonal 1.4% of the varlance so wiil not be
discussed,

BMDPED can be used to label the polints on the
plots of the princlipal component scores In
different ways depending on the hypotheses about
stock delineatfon, We Inftially used a different
symbol for each of the sets but the resulting
plots showed no evidence of clustering by set, so
we have not Included them, We then decided to
aggregate the sets Into four geographic groupings:
X contalining sets 3, 4, 6, 9, 10, 11, 31, 37, 41,
42, 43, and 88 (Browns Bank = LaHave Basin), F
containing sets 28, 29, and 89 (mouth of the Bay
of Fundy), W contalining set 70 (Emerald Bank), and
Y contalning set 79 (Gulf of Maine) (Fig., 9). We
drew an envelope around the extreme polnts for
each group to faclilitate Interpretation of the
plots.

On the plot of the first princlpal component
scores versus the second principal component
scores (Fig. 14), groups W (Emerald) and Y (Guijf
of Malne) are separated from groups X (Browns -
LaHave) and F (Fundy) along the axis of the first
principal component, Flshes from groups W and Y
are on average larger than flshes from groups X
and F, but It will not be possible to tell If this
difference Is real or a sampling artifact untili
more than one set Is avallable from each of areas
W (Emerald) and Y (Guif of Maine). There was no
separation of these four groups along the axis of
the second principal component although group Y
has a more restricted distribution than the other
Three groups.

To define stocks on the basls of morphometric
characters alone, the robustness of the
classification shouid be tested by classifyling
fishes of unknown orfgin to one of the previousiy
fdentified stocks, Before this can be done a
classification functlion must be constructed from a
jfnear combination of the morphometric variables
for each of the stocks, We have done this for the
four geographical groupings of haddock using a
discriminant analysis program (BMDP7M, Appendix C)
which uses a stepwise method of entering and
removing the varifables Into the classiflcatlion
functions In order fo select the most
discriminating set of varlabies, The use of these
four grouplings Is meant as an example only -- we
are not making Implicatlions about the stock
structure of haddock on the Scotfan Shelf, With
the F value to enter set at 2,00 and the F value
to remove set at 1,99, the classification
functions contalned coefflclients for 18 of the 37
variables on step 18, the final step (Table 4),
The jackknifed classification matrix shows that
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these classiflication functions correctly
classified an average of 70.7% of the fish Into
the correct geographical grouping (Table 5).

Group X (Browns = LaHave) had the highest
number of Its fish correctiy classifled (83.1%)
while group F (Fundy) had the lowest (34.4%),

Fish from the Browns = LaHave group were most
often misclassf{flfed Infto the Fundy group and
vice=versa, Flish from Emerald and from the Gulf
of Mafne were most offen misclassiffed Into the
Browns - LaHave group. Most of the dispersfon
between the centroids of the groups (86.5%) was
accounted for by the first ftwo canonfcal varfables
(Table 6), The plot of these varfables shows
while the centrofds of group W (Emerald) and group
Y (Gulif of Maine) are well separated from those of
the other groups, the envelopes drawn around the
extreme points show conslderable overlap (Fig.
15). We suspect that at least some of this
separation of the centrolds Is attributable to
differences In mean slze among the groups,
especfally fn light of the results obtained from
the princlpal component analysis,

We constructed composlite forms for haddock at
three sfzes: 25 cm, 50 cm, and 75 cm using the
data comblned for all sets from all crulses., The
25 cm form s proportionately much longer In cell
A and proportionately shorter In cell C and D than
the 50 cm form (Figs. 16a, b, ¢). As a haddock
grows from 25 cm to 75 ¢m [ts head gets
proportionately smaller and I+s body regfon below
the 2nd and 3rd dorsal fin gefs proportlonately
fonger., We have constructed composfte forms at 50
cm for each of the four geographical groupings.
All four forms are simiiar (Figs. 17a, b, ¢, d).

POLLOCK VERSUS HADDOCK

The pollock data, combined for all sets, were
compared with the haddock data, combined for all
sets, A principal components analysis was
performed on the correlatfon matrix of the
combined data from both specles,

From the results (Table 7) we can see that
the first principal component has large positive
foadings from all the varfables except Bl., The
coefficient for Bl [s small relative to those of
the other varfables Indfcating [t Is relatively
Independent of general size. The first principal
component explalins 88.3% of the varfance; even
though we are now dealing with data from two
species most of the varfation in The data can
still be attributed to varlfation In size. The
second principal component explains an add{tional
3.7% of the varfance. Thls component has a very
high positive loadfng from B and high negative
loadings from E1 and E3, Fish with a large score
on this component will have a large value of Bl
and a small value of E1 and E3, The third
principal component accounts for an additional
1.4% of the varlance and has large positive
foadings from B1, C3, Ei, E3, G1, and G3, and
smal |l negative loadfngs from most of the other
varfables (Table 7). Haddock and pollock show
good separatfon on the axls of the 2nd principal
component but not on the axis of the first (Fig.
18a). T Is Interesting that the best ifne
separating the two clusters of pofnts would be a
dfagonal one; this suggests the scores on the
second principal component are somewhat size
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Table 3, Principal component scores for each fruss measure for haddock,
the varfance explained and the cumulat{ve percentage for the
first three unrotated components (PC1, PC2, PC3) (using
correlatfon matrix).,

PC1 PC2 PC3
Al 2940 ~.007 016
A2 971 . 024 =,057
A3 2972 =,014 ,019
A4 992 -.025 =.012
A5 978 -, 019 005
A6 . 991 .001 -, 011
B1 . 731 - 221 -, 041
B3 . 954 -,085 -.014
B4 «990 -.027 -, 008
B5 .990 -.024 -,011
B6 .991 -,050 -.014
Ct . 953 -.006 ~,022
C3 .834 .182 -,009
C4 .987 -.033 -.033
C5 .985 -, 032 -.025
Cé6 .992 ~-.014 -.019
D1 975 -.073 .024
D3 975 -.084 .044
D4 .985 -,058 -, 032
D5 979 -.062 .013
D6 976 -.060 .001
E1 . 701 .449 -.396
E3 .704 470 -e223
E4 .988 -.069 -, 023
E5 .989 -, 037 -, 035
E6 .988 -,057 -.030
F1 975 -,093 .015
F3 977 -, 067 -.009
F4 .967 -, 061 -,017
F5 .972 -,081 .004
Fé6 .976 -.090 .024
G1 . 751 .419 406
G3 .827 301 .331
G4 . 964 -,060 -,027
G5 973 .030 074
G6 . 962 .007 .053
Varfance Explatpned 32,095 .854 .506

Cumulative % 89,1% 91,5% 92.9%
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0.8

HADDOCK

20 30

Plot of the first and second principal components (PC1 and PC2) from an analysfs of
haddock; X = Browns-lLaHave Banks; F = mouth of the Bay of Fundy; W = Emerald Bank;

and Y = Gulf of Mafne.

N<O

HACZDOCK

Piot of the first and second canonical varfates
functfon analysis of haddock; the centrofds for
Browns~LaHave Banks; F = mouth of Bay of Fundy;
Mafne,

3.0 4,D

(CV1 and CV2) from a discriminant

each group are cfrcled == X =
W = Emerald Bank; and Y = Gulf of
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Tablie 4, Results from the dfscrimfnant functfon analysf{s of haddock:
classf{ficatfon functfons for the four groups.
Browns=-LaHave Bay of Emerald Gulf of
Var{able Banks (X) Fundy (F) Banks (W) Mafne (Y)
Al 54,96812 46,88943 61.67882 55.,48672
A2 ~210. 93507 -219,25172 -182.07651 -199,99408
A4 =230, 67607 =216,12962 -214,52070 =157.65714
A5 111,34489 113,79213 135.39158 80.29010
A6 1252,60022 1223,34600 1228,68963 1185,74304
B1 -20,22112 -28,50871 -21.75976 -23.49483
B3 11.26280 2.242217 .60841 1.80206
c1 ~207.84874 -203,06384 -197.26514 -184,05957
C3 -87.61634 ~-86,74213 -91,02581 -88,53851
c4 154,62978 158.,01670 125.64992 124,75467
D1 -4,06531 1.03590 -5.,55832 17.84244
ES 84,28142 78.13561 71.13342 56,48189
E6 -235.61437 ~205.05537 =-244,52142 =190,75460
F3 -127.75501 -134,83338 -121,06742 -141.51438
F4 -210,14415 -209.03612 -195,96999 -204,57436
G3 -79.56089 -85,86851 -85,07580 ~-83,33117
G5 -56.11385 -48,09416 -42,02010 -51.11458
Gé -69,74275 -64,21309 ~-75.84045 -71.38562
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Table 5, Jackknffed ciassiflcation matrix for the discrimfnant functfon
analysis of the four groups of haddock,.

Number of Cases Class{fied [nto Group

Percent Browns- Bay of Emerald Gulf of
Group Correct LaHave Fundy Bank Maine
Browns=~LaHave 83,1 275 16 19 21
Bay of Fundy 34.4 47 33 2 14
Emeraid Bank 72.0 17 6 72 5
Gulf of Malne 63,3 26 6 4 62

TOTAL 70.7 365 61 97 102
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Table 6, Results from the dfscrimfnant functfon analysis of haddock,

Cumulative Proportion of Total Dispersion

« 53509 .86519 1.,00000
Canonical Correlations
,64485 » 55240 . 38995
Varfable Coefflicifents for Canonfcal Varfables
Al ~3,43925 3,24647 4,91256
A2 -13.30696 3,87387 5,45256
Ad -14,21527 -31.63220 19.26072
A5 -4,95893 18.55716 ~20,73224
A6 14,93822 30.63949 ~-3,98424
B1 .19512 3.,04430 4,97345
B3 4,42015 3,81279 4,50425
Ct -6,66723 -9,.08509 5.18741
C3 1.51346 -.59383 -,39484
C4 15.31848 5.54516 -10.39193
D1 ~-1.76055 -11.,13310 6.48660
E5 8.,03565 10.56778 -5,49537
E6 62617 =-28.93087 -.51023
F3 -1.48241 9,24386 -2,33259
Fa -6.04808 58291 ~-1.09264
G3 1.98011 1.87047 4,06284
G5 -5.26035 -. 82892 ~-6,47440
G6 3,09786 -2,00742 -3,65146
Group Canonfcal Varfables Evaluated at Group Means
Browns=LaHave Banks .55319 . 36521 . 16341
Bay of Fundy 45503 -.67510 -, 86231
Emeraid Bank -1.69539 .63118 -.22055

Guif of Malne -.58418 ~-1.,21624 51782




27

a HADDOCKALLSETS

TOTAL FISH LENGTH 1S 25.0CH

DISTORTION 1S 0.109

b HADDOCKALLSETS

TOTAL FISH LENGTH IS S0.0CH

OISTORTION IS 0.161

c ( HAODOCKALLSETS

TOTAL FISH LENGTH IS 75.0CH

DISTORTION IS 0.596

Figure 16, Composite forms for haddock of fork lengths a) 25 cm; b) 50 cm; and ¢) 75 cm
using all sets combfned,



28

a ‘ HADDOCKGROUP X

TOTAL FISH LENGTH IS S50.0CM

DISTORTION 1S  0.060

b HADDOCKGROUPF

TOTAL FISH LENGTH IS S0.0CH

DISTORTION 1S 0. 450

<YK=

Figure 17, Composite forms for haddock from a) Browns-LaHave Banks (X); b) mouth of the Bay of
of Fundy (F); c¢) Emerald Bank (W); and d) Guif of Mafne (Y) all scaled.
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HADDOCKGROUPH

TOTAL FISH LENGTH IS 50.0CH

DISTORTION 1S 0.080

HADDOCKGROUPY

TOTAL. FISH LENGTH 1S 50.0CH

DISTORTION 1S 0.9015

Figure 17. (Contfnued).
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Table 7, Princfpal component scores for each iruss measure for poljock and
haddock, the varfance explained and cumulative percentage for the
first three unrotated components (PC1, PC2, PC3) (using
correlatfon matrix).

PC1 PC2 PC3
Al 964 -, 024 -, 038
A2 . 947 171 032
A3 . 951 =226 -.054
A4 994 -.019 -.036
A5 .984 011 - 0417
A6 . 986 -.094 -.025
B1 <364 820 . 240
B3 . 938 .210 -.051
B4 .989 -, 082 -.055
B5 . 992 ~.001 -.037
B6 .992 -,039 -, 043
C1 . 960 .025 -.046
C3 793 . 130 276
C4 . 987 -.056 ~-.046
C5 .988 -.028 -.040
Cé .991 -.076 -.044
D1 .973 -.098 -.059
D3 .975 .093 -.048
Da .987 .015 -.056
D5 .981 .072 -.047
D6 2954 -.075 -.067
E1 771 -.348 .202
E3 . 136 -.476 175
E4 . 989 .043 -,062
E5 . 990 .006 -, 046
E6 . 989 .019 -.056
F1 . 960 . 181 -.064
F3 . 967 . 163 =-,041
F4 971 -, 033 -.067
F5 .948 . 163 -.066
Fé .978 .097 -.064
G1 .833 - 175 . 360
G3 .863 =, 006 306
G4 «959 .023 -.023
G5 .964 .010 .070
G6 . 966 -.059 .033
Varfance Explafned 31,797 1.352 .504

Cumulative ¢ 88,3% 92,0% 93.4%
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FOLLGEK and
HADDBOCK
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Plots of the first, second, and third principal components (PC1, PCZ,
and PC3) from an analysfs of pollock (P) and haddock (H); a) PC1 versus
PC2; b) PC1 versus PC3, and c) PC2 versus PC3.

Figure 18.



dependent, This plot also shows the same
separatfon of the poliock Into two clusters, based
on sfze, that we saw In the analysis of pollock
only., The plot of the third principal component
scores versus the first principal component scores
shows falr separation of the two specfes along the
axis of the first principal component but none
along the axls of the third (Ffg. 18b)., The plot
of the second principal component agalnst the
third confirms that there Is no separation of the
two species along the ax{s of the third principal
component (Fig. 18c),

The patterns of growth In pollock can be
usefully compared wlth those In haddock using the
composf{te forms we discussed previously (Figs. 12
and 16). The 25 cm pollock form Is
proportionately narrower In cell A, and
proportionately shorter In cell F and sides B1,
C3, and proportionatiey longer In sides D1, El,
and E3 than the 25 cm haddock., The same trends
are notliceable when the 50 cm pollock form fIs
compared 1o the 50 om haddock and the 75 cm
pollock form s compared to the 75 cm haddock,

The most noticeable differences [n the growth of
the pollock and the haddock, then, are In the body
streamlining and In the distance befween the
pectoral and the pelvic fins. The shape of a
pollock fs such that the body does not reach its
widest polnt unt!] the end of the first dorsai fin
whereas the haddock body reaches [ts wldest point
at the beginning of the first dorsal fin, As a
pollock grows from 25 cm to 75 cm the distance
between the pectoral and pelvic fins becomes
proportionately shorter whereas {n the haddock
this distance stays In proportfon, It would
therefore be Interesting to understand how these
dffferences In morphology relate fto ontogeny and
the dffferent environments that these fish [fve In
-- the pollock Is seml-pelagfc and the haddock
fargely benthfc == although these fdeas are beyond
the scope of This report. In short, however, the
techniques outlined above can dlfferentiate the
growth patterns observed within and between
specles, and can be used to give a quantitative
estimate of the dffferences,

CONCLUS{ONS

Biologfsts can as a rule be dfvided Intfo
those who strive to capture diversity, and those
who seek underiyfng unitfes In the more than one
millfon specfes of lfving organisms. D'Arcy
Wentworth Thompson was amongst the latter, as he
searched for the basic [mmutable patterns of a
bauhaus desfgn In the organisms he studfed, But
as many blologists realize, these approaches are
simply aesthetic styles that affect the modus
operandf of science rather than dffferent theorfes
of blology. Indeed anyone who studfes dfversfty
would admft to common generating patterns, and any
analysts of unity recognise the [mportance of
particular expressfons of a pattern. Thus the
d{fferences lfe {n the applfcation and final
fntent, Population bfologists ftend generally to
think fn terms of point by pofnt, or character by
character dffferences, whilst systematicists
generally look for continued simflarfties In
overal{ characterf{stics., The pofint of departure
fs Thus the event horfzon against which the
results are posfted; In ffsherfes management the
horfzon [s generally five to ten years, fIn
fchthyology It can be marked In thousands of
years,
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From the analyses gfven above, ft [s clear
that truss data sefs provide a clear and relliable
view of shape differences [n gadofds, Moreover,
comparisons wlth conventfonal morphological data
sets suggest that truss data capture more
Informatfon about local body proportifons {(pers.
comm., J. McGlade). In the examples used In this
study, pofnt by point Interspecific dffferences In
the ontogeny of shape were [dentffled, and certaln
areas fsolated with respect Yo causal |Inks
between morphology and {ffe-history, Thus the
data from trusses provide a view for both the
population blologfist and the systematicisT
interested In long=term evolutfonary patterns.,

The fact that the trusses can be used fo Ifdent(fy
those areas of body development whfch fncrease
most rapfdiy with age, and describe the actual
form of such growth {s of real Importance In a
fishery where mesh controls are used as the
conservation measure. Indeed, [T would be
possible to predict the shape of a selectivity
oglive glven the cross~dimensfons of the mesh and a
serfes of trusses for fish of different sfzes,
The Impact of a mesh=regulation on a multispecles
fishery could thus be modelled,

The long=term evolutionary view fs gfven
through comparfsons of growth patterns for
different specfes; as was shown In this study,
growth rates of the area fn front of the caudai
peduncle and of the head region were different In
haddock and pol lock., Such differences may In fact
represent an overall response to a semf{-pelaglc
versus a benthic way of If{fe == hypotheses that
could be open to analysfs through experiments on
swimmfng and observation of prey preference. More
Important, however, s that the truss analysis can
be used to franscend the somewhat reductfonist
approach that generally ensues from faking each
character and presumfng fn some nafve way that
every varfatfon represents an optimal desfgn. And
this s clearly the most fmportant concliusfon that
studfes of morphology must realfse, for organisms
are directed and limfted by thelr past, and hence
fmperfect and unpredictable In thefr form and
function,
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APPENDIX A:
RECONSTRUCTION OF COMPOSITE TRUSS

*¥¥%(CYBER procedure given fn bold type and underlfned)

raw morphometric data
30910 transformed

for each group

PCA usfng covarfance matr{x
PCAONE: BMDP4M (Appendfx C)

serfes of unfvarfate regressfons w{th each truss
measure as dependent varfable and first princfpal
component scores as {ndependent varfable
REGPROC: TRUSSRG (Append(x B)

choose a sfze to reconstruct composfte fish

use regressfon coefficlients to predict length
measures for a fish of that size

fiatten the fruss
LEASUB: CTRUSS with ZXSSQ (Appendix B)

use plotting procedure to calculate
pofnts and plot composf{te fish
TRUSSPLT: TRUSSD with DISSPLA (Appendix B)
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APPENDIX B:
FORTRAN V PROGRAHS USED IN HORPHOMETRIC ANALYSIG.

THE PROGEANS [N THIS APPENDIY ARE WRITTEN TM FORTRAN ¥ AS INSTALLED
ON THE CYBER HAINFRAME COMPUTER AT THE BEDFORD I HSTITUTE OF DCEANDGRAPHY.
THE OPERATING SYSTEM OF OUR CYBER IS NOS 2.4 WHICH 15 WRITTEM BY THE CONTROL
DATA CORFORATION.

THE ENTIRE HOS PROCEDURE IS5 LISTED HERE, FOR FEOPLE HITH A COMFUTER
SYSTEN EYACTLY LIKF OURS AT B.1.0., YOU RUN THE HOS PROCEDURES BY TYPING
THE PROCEDURE®S NAME THEM PUSHING THE CARRIAGE RETURN. THE CYBER WILL
PROMPT YOU FOR THE INFORMATION IT NEEDS TO RUM THE PROGRAH.

HOTE THAT AUTOSAV 1S A PROCEDURE WE HAVE IJ UUF LIBRARY AT H.F.D. THAT DECIDES
IF A FILE IS DIRECT DR IMDIRECT THEN USES EITHER RETURN OR SAVE AS
AFPROPRIATE. YOU CAN REPLACE THESE TWO LIﬂES HITH "SAVE, FILEMAHE."

UNLESS YOU HAYE THOUSANDS OF FISH IN WHICH CASE *RETURN, FILENAHE

15 NECEGGARY. SOME COMPUTER CENTRES WITH A CYBER (SUCH AS DALHOUSIE UNIVERSITY)
KEEP BMOPID IN A FILE CALLED SOMETHING OTHER THAN BHDPLD - YOU'LL HAVE

70 CHECK. ALSD YATCH DUT FOR DIFFERENCES 0N OTHER CYBERS IN THE THO LINES

THAT FOLLOW THE ®/J0B® STATEMENT; THESE RELATE T0 ACCOUNTING OF COHPUTER

FUNDS, ALLOCATION OF HEMORY AND TIME FOR THE JOB RUN BY THE PROCEDUKE.

IF YOUR COMPUTER HAS A DIFFERENT OPERATING GYSTEM THESE NOS
FROCEDURES WILL NOT RUN. YOU SHOULD BE ABLE TO HODIFY THE FORTRAN V PROGRAHMS
§0 THAT THEY WILL RUN ON YOUR COMPUTER. IF YOU ARE INTERESTED IN DOINa
THIS PLEASE NOTE THE FOLLOWING:

1) THE FORTRAN PROGRAMS THEMSELVES ARE AT THE VERY END OF THE PROCEDURE.

2) THE FIRST FIVE OR SIX LINES OF THE NOS FROCEDURE BEGIN HITH A

NOS VARIAELE MAHE THAT MAY BE USED IN THE FORTRAN V PROGRAM LISTIMGS.
THESE ARE USED TO PROMPT THE USER FOR ARRAY SIZEG, NUMBER OF FISH,

DATA FILE NAMES, AND OQUTPUT FILE NAMES. If YOU ARE HODIFYING

THE FORTRAN V PROGRAMS FOR ANOTHER SYSTEN YOU WILL HAVE TO REMDVE

THE N0OS VARIABLES FROM THE FORTRAN PROGRAHS AND REPLACE THEH

WITH EXACT HUMBERS AND NAMES. OF COURSE EVERY OPERATING SYSTEH

HAS HINOR DIFFERENCES IN THEIR INSTALLATION OF FORTRAN V THAT YOU

YILL HAVE TO LOOK OUT FOR. PARTICULARLY WATCH OUT FOR THE WAY

YOUR OFERATING SYSTEM INTERFACES YOUR FORTRAN V PROGRAM WITH THE

DATA FILES AND QUTPUT FILES IT USES.”

THE GRAPHICS PROGRAM *DISSPLA® USED BY THE FORTRAN V PROGRAH

TRUSSD I¥ TRUSPLT AND THE IMSL SUBROUTIME *ZX858" USED BY THE

FORTRAN V PROGRAM LTRUSS IN LEASUB HAY NOT BE AVAILABLE ON ALL
SYSTEMS DR EVEN OM ALL NOS SYSTEHS. BUT AT LEAST IF YOU HAVE A

NOS SYSTEM YOU HAVE THE OPTIOW OF BUYING DISSFLA AND IHSL FROM THE
COMPAHIES THAT PRODUCE THEHM.

IN THE PROCEDURE REGPROC THERE IS A FORTRAN V SUBROUTINE *TRANSF® THAT
INTERACTS WITH BHMDPID IN ORDER TO WRITE DUT SDME VARIABLES IN

FROW THE BHDP SAVE FILE CREATED IN PCADME (YOU NEED THE

PRINCIPAL COMPONENT SCORES TO DD THESE REGRESSIONS)Y. FOR

A DIFFERENT OPERATING SYSTEM YOU WILL WANT TO CONSULT THE

BHDP HANUAL TO FIGURE OUT THE BEST HAY OF DOIMG THIS.

L3
—

4

—
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REG, CHI77000, T100,

JREAD, HFDU1

BET, BHDFILE/MA.

IFE, . NOT.FILE(BMDF ILE, AG), NDGET.
ATTACH, BHDF ILE.

ENDIF, HDGET,

ATTACH, BHDP LD/UN=L IBRARY.

FTNS,

BHDP LD, L=NEANS, B, W=15000.

PALE, BNDPOUT,

REWIND, BHDPOUT,

REWIND,LGO.

FTNS.

LG,

GET, AUTOSAV/UN=LIBRARY,

REFLACE, HEANS.

sanTc,%EAai,nx Lp

PLACE, RESID=RESTDULS.
FEPLA‘L,.BCF SLOEFFE,
DAYFILE, DUTRUT.

REPLACE, DUTPUT=REGDK.
ENOUIRE, F.

EY1T.

DAYFILE, DUTPLT.
REPLACE, DUTFUT"%EGBDHB,
REFLACE, MEAY

ENOUIRE, T

JETR
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SUBROUTINE TRANGF (X, KASE, NFROB, USE, NVAR, IHIS)
THIS FORTRAN V SUBROUTINE INTERFACES WITH A BMDPID PROGRAN TO WRITE QUT
VAEIABLEQ FROM THE BHDP SAVE FILE CONTAINING
THE PRINCIPAL COMPONENT SCORES TO AN ASCID FILE THAT LAH BE
READ BY THE SUBSEGUENT FORTRAN PROGRAM “TRUSH E“,
FROR THE FIRST PRIMCIFAL COMPONENT ANALYSIS OF T
THERE HUST HOT BE ANY HISSING DATA FOR ANY OF T
DIMENSION {OHVAR)

Lan' I

e

L)

INTEGER QUTFIT(33},0UTBUF(512) NCELL, WTRUSH,J, ILAL
CHARACTER GROUP(SIRLLO
PARAHETER (HCELL=NURCELLS, MTRUSH=3ENCELL DD

[ DETERMINE POSITION OF FIRST VARIARLE IN FILE

ILAL=NVAR-5-NTRUSH
© CALCULATE NUMBER OF LINES OF DATA PER CASE
L=1+INT O (NVAR-TLAT+1) 7110 +1)
£ DEFINE AND OPEN FILE ONLY FOR THE FIRST CALL
IF (KASE .EG. 1) THEN
CALL FILESD (OUTFIT,’LEN',"BNDFOUT!,'RTY, 707,
B OTBTY,TCY,PFLY, 110, P FHEY , DUTBUF (D),
L B 51:,f0rr' 2
CALL OPENMCOUTFIT,”OUTFUT")
CALL CLOSEM(OUTFIT,'N")
ENDIF
Ot FOLLONING IS EXECUTED FOR EVERY CASE
CALL OPENA(OUTFIT,?QUTRUT!,"N")
WRITE(BROUPCL), 2000K (1), X(2)
WRITE(GROUP(2), 2013 (X(J), J=ILAL, NVAR )
00 20 I=1,L
CALL PUTCQUTFIT, SROUPCL), 110 )
20 CONTIMUE
CALL CLOSEM(OUTFIT,’N")
200 FORMAT(ZY,Ad,1X,F2.0)
200 FORMAT (LIF10.4/11F10,4/11F10,4/9F10.4 )
RETURN
END
JEDR
/PROBLEN TITLE='WRITING OUT MEANS'.
JTHRUT
FILE=EHDFILE.
CODE=SECRET,
I TRAY
JEMD
JER
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PROGRAM TRUSES
CREpRbpbvnhv i e i e e e

£ THIS PROGRAHM DOES 37 REGREGEIONS USING THE LOG-TRANGFORMED TRUSC

L HMEASURES AND THE FACTOR SCORES FROH THE FIRST PRINCIPAL COWPOMENT

¢ I CAVES THE COEFFICIENTS FROM THE REGRESSIONS FOR LATER USE

G T¥ TRUSS RECONSTRUCTION AT A STANDARD SIZE

L THE ELQIQJALS FEOM THE REGRESSIONS ARE ALSD SAVED IM A SEPARATE FILE,
C

L URITTEN BY ELTZ&BETH BOULDING
T MARINE FISH DIVISION
C  BEDFORD IMSTITUTE OF DCEANDGRAPHY,

[ VERSION HAY 4,1984,

REAL XVARCARRAY) YVARLARRAY), TRTRUS(36, ARRAY), TLENG(ARRAY)
REAL FAlTRI(#.E’¥) FACTRZ(ARRAY)
THTEGER NTRUSH,NCALL NCASE NCASES, NTAG(ARRAY) NSETCARRAY) NCELL
PARANETER (NCELL =HUHCELLS, NTRUSH=NHCELLIS+D)
£
OPEN (8, FILE='BHDPOUT)
LY THIS FILE CONTAINS THE ORIGINAL TRUSS HMEASURES AFTER THEY HAVE BEEN
L LDG-TRANFURMED AND THE FALTOR GCORES FROM THE PRINCIPAL COHPONENT
[ ANALYSIS. 1T IS THE INPUT DATA FOR THIS PROGRAN.
N
OFEN (10,FILE="CREF?)
L¥E THIS FILE CONTAINS THE REGRESSIOM COEFFICIENTS THAT WILL BE
L USED IN THE TRUSS
[ RECONSTRUCTION FOR A FISH OF A STANDARD 5IIE.
£ THE FIRST VALUE OW EACH LINE I8 THE INTERCEPT AND THE SECOND
L I5 THE SLOPE.

100 I§ THIS PROGRAM MUST MATCH 200 AMD 201 IN THE PRECEDING SUBROUTINE
TRAMSF THAT WROTE THE DATA INTO THE ASCII FILE READ BY THIS PROGRAH.

104 15 THE FORMAT IM WHICH THE RESIDUALS FROH THIS PROGREAH ARE WRITTEH
LTO AN ASCIT FILE,

[ 105 IS THE FORMAT IN URICH THE REGRESSION COEFFICIENTS ARE URITTEN 7D &N
L ASLII FILE.

£
OPEN (13, FILE=TRESIDY)
Cx% THIS FILE CONTAINS THE RESIDUALS FROW THE REGRESSIONS OF THE
£ LDG-TRANSFORMED TRUSS MEASURES AGAINST THE FIRST PRIMCIPAL CORPONERT
L SCORES.
L
[ FORMAT STATEMENTS
C

D

C¥r INITIALIZE VARIABLES
MCALL=0
CasE=t
99 READ (H,100,ERR=16,END=1B)HTAG(NCASE) | HEET(NCASE),
E(TRTRUS(I,NCASE)Y, I=1, NTRUSH 3,
ETLENG(HCASE), FA'TCIINTnSE) FalT
Gy ASSUHE THAT ALL CASES HAVE MO HISS
HCAGE=NCASE+!
G0 70 99

ot

RE(H
NG
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100 FORRAT (2¢,14,1X,12,/,11F10.4,/ ,1 O 4,7, 1FL0.4, 7 6F10.4)
103 FORMAT (' ERROR WHILE READING, CHECK YOUR DATAT)
16 HRITE(10,103)
1§ MLCASES=NCASE-]
L% DO FIRST REGRESSION WHICH WILL BE USED TO OBTAIN THE
[ FACTOR! SCORE OF & FISH OF TOTAL LENGTH X .
00 10 J=1,HCASES
LY YVAR IS THE INDEPCNDENT VARIABLE
LVARCDI=TLENG (D)
CiE YVAR I8 THE DEPENDEHT VARIABLE
YVAR{J)=FACTRILD)
10 CONTINUE
CALL REGRES(TRTRUS, XVAR, YVAR, NDASES, NCALL)
£
£¥t DO INDIVIDUAL REGRESSIONS FOR EACH TRUSS MEASURE WITH FACTOR 1
[ SCORES AS THE IMDEPEMDENT VARIABLE,
L
Lkt THE INDEPEMDENT VARIABLE IS THE GAME FOR ALL SUBSEQUENT REGRESSIONS
[0 19 L=1,NCASES
IVAR(L)=FACTRI(L)
13 CONTINUE
¥t DO THE FOLLOWING FOR EACH TRUSS MEAGURE
DO 20 K=1,NTRUSH
C¥% HOWEVER THE DEPENDENT VARIABLE DOES CHANGE FOR EACH REGRESSION
D0 30 M=1,NCASES
YVAR(HI=TRTRUS (K, })
30 CONTINUE
CALL REGRES(TRTRUS, XVAR,YVAR, NCASES, NCALL)
20 CONTINUE
C¥t URITE THE RESIDUALS INTD 4 FILE
DO 40 IN=1,NCASES
WRITEC12, 104)NTAGCIN  HSET(IM), TLENGUIND  FACTRICINY, FACTRZUINY,
L(TRTRUS (M, IN) H=1, NTRUSH)
40 CONTINUE
HRITE(10, 105)NCASES
104  FORMAT(ZY,14,1X,12,3F10.4,/,15F8.4,/,15F8.4,/,6F0.4)
105 FORMATOTHE MUMBER OF CASES (FISH)Y I5 7,14)
HRITE(10,%)*REGRESSIONS MERE SUCCESGFULY!
5TOF
END
SUBROUTINE REGRES(TRTRUS, XVAR, YVAR, HCASES, NCALL)
REAL IVARCARRAY),YVAR(ARRAY) XDEU(AEEAY),YDEQ,IHTEPT,SLDPE,R
REAL RESY,SUNX,5UHY SUFXX,:UHYx,SUﬂX ; THEAN, YHEAN, TRTRUS (36, ARRAY)
IHTEGER NIALL HCASES, NVAR
CF INTTIALIZE AND SUH VARIABLES
NEALL=HCALL+L
SUMY=0.0
SURYY=0.0
SURTY=0.0
IF THIS I5 LESS THAN THE THIRD CALL 7O THIS SUBRDUTINME
L IMITIALIZE ALL VARIABLES ASSDCIATED WITH INDEREMDENT VARIABLE
IF [NCALL.LT.3) THEM
SUHY=0.0
SiMY¥=0.0
EHDIF

o
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00 10 I=1,MLASES
IF {;IALL LT.3) THEN
SUME=SUHI+{VAR(D)
ENDIF

Lt CALCULATE THE SUM OF ¥ FOR ALL CALLS TO REGRESS
SURY=SUMY+YVARLDD
10 CONTIHUE
If (MECALLLLT.3Y THEN
{HEAN=GURX/NCASES
EMDIF
YHEAN=SUNMY /HDASES
B0 20 J=1,HNCASES
IF (HCALLLLY.3) THEM
{DEV{T)=XVAR (1) -IMEAN
SUMLY=CURY L+ XBEVIIIRYDEVID)
ENDIF
YREY=YVAR(])-YHEAN
SUMYY=SUNYY+YDEVEYDEY
SUMYY=SUMXY+XDEV(JIRYDEY
20 CONTINUE
SLOPE=SUMAY/SURXX
THTCPT=YHEAN- (SLOPEXIHEAN)
C¥f CALCULATE R THE CORRELATION COEFFICIENT
R=SUMXY/ L CSUNXXESURYY ) £80.5)
C¥y NCALL REFERS TO MOD. OF CALLS TD REGRESS
CALL COEFSV(SLOPE, INTCPT, B, NCALLY
IF (MCALL.GT.1) THEN
B0 30 K=1,MCASES
(¥t REPLACE INDIVIDUAL TRUSS MEASURES WITH RESIDUALS FRDM REGRESSIONS
RESY=(YVAR{K)-(SLOPEIVAR (K)+INTCPTY)
HVAR=NCALL-1
TRTRUS (MVAR, K)=RESY
30 CONTIHUE
EHDIF
RETURN
END
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SUBRDUTINE COEFSY(SLOPE, INTCPT,R, NCALL)
REAL OLDCEF(3),SLOPE, INTCPT, R
INTEGER SIDE,CELL,NCALL
C¥t INITIALIZE SIDE AND CELL
IF (NCALL.ED.1) THEN
SIDE=D
CELL=0
ENDIF
C¥t URITE THE COEFFICIENTS FROM THE REGRESSIONS INTO THE FILE
£¥t D0 THE FOLLOWING OHLY FOR FIRST REGRESSION
IF ((SIDE.EQ.0).AND. (CELL.EG.0)) THEN
WRITE(10,104) INTEPT,SLOPE,R
104 FORMAT(ZF10.5,2X,'CORRELATION COEFFICIENT 1S 7,F4.7)
ELSE
C¥t DO THE FOLLOWING FOR ALL SUBSEQUENT REGRESSIONS
If (SIDE.EQ.4) THEM
C¥t HUST STORE COEFFICIENTS FOR SHARED SIDE
OLDEEF (1) =INTCPT
OLDCEF (2)=SLOFE
OLDCEF (3)=R
ENDIF
WRITE (10,105) INTCFT,SLOPE,R,S1DE, CELL
105 FORMAT(2F10.5,2X, CORRELATION COEFFICIENT IS 7,F4.2,2Y,
WTRUSS(,18,7,7,11,10")
£t MUST AUTOMATICALLY FILL IN COEFFICIENTS FOR SHARED SIDE
IF ((SIDE.EQ.1).AND. (CELL.ET.1)) THEN
SIDE=SIDE+
WRITE(10,105) (OLDCEF (J3,J=1,3), SIDE, CELL
ENDIF
ENDIF .
C¥f DO THE FOLLOWING FOR ALL REGRESSIONS
IF ((SIDE.EQ.0).0R. (SIDE.EQ.6)) THEN
§1DE=1
CELL=CELL+
ELSE
SIDE=SIDE+H
ENDIF
RETURN
END
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PROC, LEASUBET, TLENGTH®
HURCELLS"HUMBER OF CELL
COEFFILETTHRUT FILE CONTA
ADJUSTED®TRUSS DESIRED M
RUNMESS*DESIRED NAME OF FIL
4 THIS FROCEDURE RUN THE F éi
.& TEUSS OF AVERAGE TRUSS HEA LEE
T USE INTL. HATH. STAT. A
R MORE DETAILED COMMENTS REFER TO FORTRAM P

-
L

DERIR
S IN
TAl
Al

ATTALH IﬁSLIB 1BRARY,
LIBRARY, IHS LIE
GET, COEF=LOEFFILE.

FTH3.
LOSET(LIB=IHSLIE, FRESET=1ERD)
LG,

BET, AUTDSAV/UN=LIBRARY,
REPLACE, DUT=ADJUSTED,

BEGIN, , AUTDSAY, LDBUG, RUNHESS.
DAYFILE, QUTRUT,

REFLACE, OUTPUT=LEADK.
ENQUIRE,F.

EXIT.

DAYFILE, DUTRUT,

REPLACE, DUTFUT=LEABOHE,

SAVE, LDBUG,

ENBUIRE, F,

JEDR

! DLLTE FIEH INTEGER"= {%T”.iif‘56759
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PROGRAH CTRUSS
e e e et e R r e et e et s i s st rtsetstsstisststisateetttseristiiss
T CTRUSS CALCULATES THE TRUSS FOR AM AVERASE FISH AT A STANDARD SIIE
C USING THE REGRESSION COEFFICIENTS FROM THE REGRESSIONS DF THE TRUSS MEASUR
C OF THE INDIVIDUAL FISH AGAINST THE FIRST WITHIN-GROUP PRINCIFAL IQHDPMCM
C IT THEN "FLATTENS EACH CELL OF THE TRUSS BY ADDING OR SUBTRACTING
C  SHALL CORRECTION TO EACH OF THE SIX SIDES,

C  THESE CORRECTIONS ARE CALCULATED BY MINIMIZING THE VALUE
G DETERMINANT WHICH WILL BE EQUAL TO IR WHEN THE TRUSS I
C PERFECTLY PLANER. THE ADJUSTED TRUSS MEASURES

T ARE THEN IN A FORM WHERE THEY CAN BE RECONSTRUZTED IN X-Y SPACE AND
C TRANSFORMED INTO A PLOT FILE BY OUR COMPANION FROGRAH TRUSSD.

e
l‘1’l

[ DEVELOPED 144 BY:

£ JACQUELIME MCSLADE (M.F.D., B.I.O.Y

G AND ELIZABETH 6. BOULDING (M.F.D., B.I.0D.
HITH ASGISTANCE FROM:

L

C TOBY KEITH HAY (BIDLOGY, DALHOUSIE UNIVERSITY)
£ GENERAL IDEA SIMILAR TO THAT IN STRAUSS & BODKSTEIN (1952, SYSTEMATIC
£ Z00LOGY 31:113-135).

-
Ly

C¥t  THIS PROGRAM HORKS FOR TRUSSES OF FOUR TO SEVEN CELLS EACH CONTAINING
LEE SIY MEASUREMENTS,

L THE SIX MEASUREMENTS ARE LISTED IN THE ARRAY "TRUSS®

£ IM THE FOLLOWING ORDER:
£

I I
C 1 [2 3 41 \'5 &/
I I

NOTE THAT BIDE4 IS THE SAME AS SIDE 2 OF THE NEXT CELL,
THIS PROCEDURE CALLS THE SUBROUTINE 11558 FROM THE

L IWTL. HMATH. STAT. LIBRARY WHICH CAN ONLY BE COMMECTED
L BY CLEARING DHE OF QUR EXISTING LIBRARIES. THIS I8

[ DONE MEAR THE BEGINMING OF THIS PROCEDURE.

REEE2 341 R R e s s e e
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Lar]

L)

INTERPRETATION OF COMVERGENCE CRITERID
L

AMD ERRDR MESGABES FROM
IHELTE 7558 SUBROUTIHE ARE INM THE FILE rUW

i
£ RUHHESS.

Lar

Dun e |

NFER=0 LONVERGENCE FAILED
E VARTABLE IER FOR DXPLAHATION.

i
5E

D)

Do e T e R
i ]
oD
a4
[ =
R g
e
ey
1y
e

HAT THE PARAMETER ESTIRATES AGREE 10 MSIG DIGITS
IV ITERATIONS WAS SATISFIED.

FR]

i} THAT ON THD SUCCESSIVE ITERATIONS THE RESIDUAL
HATES BIFFER BY MO HORE THAN EPS ké: SATISFIED.

Ean I B
ot
ez
=
"
=
1}
2
e
s d

-—i i

ot r"l

Lo B e ]

INFER=4 CRITERION THAT EUCLIDIAN MORH OF THE APPROXIMATE GRADIENT
IS LESS THAN OR EQUAL TO DELTA WAS SATISFIED,

L)

k% IF MORE THAN OME CRITERION WAS SATIFIED THEN IHFER HILL
BE EBUAL TO THE SUW OF THOSE SATISFIED

e I

[awd}

%% ERROR PARAMETERS TO REFER TO #HEN INFER=D

Ly

Dyl

L]

TAL ERRORS

D]

TER=129 GINGULARITY WAS DETECTED IN THE JACORIAM AND
RECOVERY FAILED.

Dogr B e’}

IER=130 AT LEAST ONE OF M M, I0PT,FARK{L), DR PARM(Z)
WAS SPECIFIED INCORRECTLY.

L e B e}

Lo B ]

IER=131 HMARGUAND PARAMETER EXCEEDED PARM(3).

Lar}

£ IER=132 AFTER A SUCLCESSFUL RECOVERY FROM A SINBULAR
‘ JACOBIAN, THE VECTOR X HAS CYCLED BACK 10 THL FIRST
£ STHAULARITY.

c

L IER=133 [IHPLIES THAT HAYFM WAS EXC

G MAIFN{THE HAXIMUR MUMBER OF CALLS TO

£ 70 BE 100,

[ i WARNING ERROR

G IER=0 IRPLIES THAT THE JACOBIAM IS IERO. THE

C SOLUTION ¥ I5 A STATIONARY POINT.

£¥% FOR A WORE DETAILED DESCRIPTION 5EE THE IMSL

L HAHUAL, THE RELEVANT PORTIONS OF WHICH ARE
APPENDED ONTO THE "TRUSS" HANUAL

EEDED, HE HAVE SET
THE SUBROUTINE)

o ._,‘ o =

¢y

L.._.

R e R e O s T e e
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IHPUT - QUTPUT INFORMATION

FORTRAN UNITS

3= INPUT FILE

§= DEBUG AND RUN TIHE MEGGARES

7= ADJUSTED TRUSS MEASURES AND CALCULATION OF DISTORTION

READY FOR INPUT INTO THE COMPANION PROGRAM TRUSSD,

FORMAT STATEHENTS

102 & 103 READ THE SLOPES AND IMTERCEPTS FOR THE REGRESSIONS
F THE TRUSS HEASURES AGAINST THE FIRST WITH-IN GROUP
PRINCIPAL COMPONENT SCORES (SIZE) AMD OF THESE SCORES
AGAINST EXPLICITLY HEASURED SI7E, TLENG. THESE WERE

CALCULATED BY REBPROC,
104 THIS WRITES OUT THE TRUSS MEASURES S0 THEY CAY BE USED

BY TRUSPLT TO CALCULATE THE CO-ORDINATES OF THE
COHPOSITE FORM.

105 THIS WRITES OUT THE DISTORTION OR DEPARTURE FRON PLANARITY
OF THE COHPOSITE FORM AND THE STIE THE FISH HAS BEEN
CONSTRUCTED AT,

DICTIONARY OF SELECTED VARIABLES
NOTE: CHECK TYPE DECLARATION, FIRST LETTER TYPE DECLARATION IS
NOT USED.

B(E) - REAL ARRAY CONTAINING THE INTERCERT
FSIZE ~ TOTAL LEMGTH (CH) DESIRED FOR LDWFU:ITE FISH
LFACT! - REAL VARIABLE COMTAINING FIRST P.C. SCORE OF FISH
LFSIZE - REAL VARIABLE LOAGIO-TRANFORMED OF TOTAL LEMGTH
OF THAT TOTAL LENGTH
SIDE(R) - REAL ARRAY COMTAINING THE DISTAMCE HEASURES OF THE
CELL BEING PROCESSED
SL(E) - REAL ARRAY CONTAINING SLOPES
TRUSS(E,7) - REAL ARRAY CONTAINING DISTANCE MEASURES OF COMPOSITE FISH
WITH & SIDES PER CELL AND UP TO 7 CELLS IN THE TRUSS
1(6) - REAL ARRAY CONTAINING CORRECTIONS TO DISTANCE HEASURES
C0R(E,7) - REAL ARRAY CONTAINING CORRECTION FOR ALL CELLS
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REAL TRUSS(E,7),XCOR(E,7), X{6}, SIDECR) LFSITE, LFACTY
REAL B(&),5L(E)

INTEGER IHFER,QASN,HEELLS

FARAHETER (HCELLS=NUMLELLS)

OPEM (5, FILE=TLOEF?)
OPEN (&, FILE=TLDBUGY)
OPEN (7, FILE=10UT")
Tkt INITIALIZE VARIABLES
DO 3 E¥={,NCELLS

bo 4 JJ 1,6
LCOR T KK =
4 fDMTIHUE
3 CONTIMUE

Ct THIS 1S THE STANDARD SIZE AT WHICH THE "FISH® WILL BE RECONSTRUCTED
FSIIE=FLOAT(TLENGTH)
READ (5,102)BLFACT,SLFACT
WRITE(E, $)7FOR A FISH OF STANDARD SIIE ! FSIIE
WRITE(E, £)BLFACT, SLFACT
C CALCULATE FIRST PRINC. COMP. SCORE OF A FISH OF DESIRED STANDARD SIIE
LFSIZE=L0G10(FSIZE)
LFALT{=5LFACTELFSTIE+BLFACT
ICELL=1
WRITE(G, ¥IFSIZE, LFSIIE,
99 WRITE(E,%)'THE CELL N
00§ I=1,6
READ(S, 103, END=990)B(1), SLLD)
5 CONTIHUE
Ukt CALCULATE THE AVERAGE TRUSS MEASURES FRON THE REGRESSIDN COSFFICIENTS.
00 10 J=1,6
SIDE(T)=SL(JY4LFACTI+B(I)
SIOELN=1033SIDELD)
HRITE(E, )V TRUSS(?, 1,7, ICELL, )7, SIDE(])
10 CONTINUE
NOW ADJUST THE SIDES OF THE CELL UNTIL IT IS FLANER
THIS IS DONE BY ADDING AND SUBTRACTING SHALL AMOUNTS
[ ONTO EACH OF THE SIY SIDES THAT COMPRISE EACH CELL.

£
il

FACT!
£

L
BER IS !, ICELL

L

Lar}

]

L THIS SUBROUTINE IS
CALL FLATISIDE,Y,
DO 30 K=1,E
30 CONTIMUE
D0 40 L=1,6
TRUSS (L, ICELLY=SIDEL)
I?(Iarez.ﬁs,s)xcﬂE(L,1EELL>=X<L>
40 CONTINUE
ICELL=ICELLH
IF (ICELL.LE.MCELLS) 60 T0 99

CALLED ONE FOR EACH OF THE SEVEMW CELLS,
THFER)
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£#% IF ALL SEVEM CELLS HAVE BEEN FLATTEMED CONTINUE
. CALCULATE THE DISTORTIOM
DISTORT=0.0
D0 45 H=1,HCELLS
DO 47 H=1,6
DISTORT=DISTORT+(XCORCH, M) /TRUSS(N, M) 2312
47 CONTINUE
43 CONTINUE
DISTORT={DISTORTIHHL.S
YRITE(7, 105 DISTORT, FEIIE
L CALCULATE THE FLAT!ENED TrRUSS

- ADD THE MECESSARY CORRECTIONS TO THE ORIGINAL DATA H

WRITE(6, %) THE ADJUSTED TRUSS 18!
00 50 11=1,NCELLS
00 60 JJ=1,6
TRUSS(JJ, TT3=TRUSS (JJ, TT)4XEOR(JT, 1T
£0 tan11au5
WRITE(7,104) (TRUSS{XY, 1), KK=1,6)
QEITE(E,XOHJ(TEJSS.hh,II),KK=1,S)
50 CONTINUE
102 FORMAT(2F10.5)
102 FORMATI2F10.5)
104 FORMAT(EF6.2)
105 FORMAT(FG.4,F6.1)
930 §TOP
END

Dar]

ATRIX.
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SUBROUTINE FLAT(SIDEP, ¥¥, INFER)
DRIVER FOR 71550 LEAST SOUARES ESTINATION
T0 FORCE CELL TO BE PLANER
INSL VERSION FEBRUARY 2,1984.
PR R R R
EXTERNAL FUNC
INTERER H, M, INJAC, NSIG, HAXFY, 10PT, 1, INFER, IER, L I:La,LL
REAL PARM(4),1(5) F(8) LIAT(E, 6), LITI(21), HORK(ED) EPS DELTA,
4550, SIDECE), ¥1(E), SIDER(E)
COMMON/150/S 108, ITER
IO 3 Mi=1,6
SIBECHHY=STDER ()
3 CONTINUE
¥t INITIALIIE VARIABLES
INFER=39
1ER=19
Het
Neh
ITER=0
INJAC=G
NS16=3
EPS=0.1
DELTA=0. 0
MAXFH=100
I0FT=1
DO § J=1,6
$01)=0.0
CONTINUE
CALL TYSSROFUNC,H,N,NSIE, EPS, DELTA, HAXFN, 10PT, PARN, ¥, 550, F,
Y YJAC, [LJAL, YITT, HORK, THFER, TER)

Lo AT e B ]
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n

WRITE(E, 1)
WRITE(E, %) 'THE RESULTS OF ', ITER,’ ITERATIONS ARE!
WRITE(E, 417 1ER=", IER
HRITEiﬁ,ﬁk’IHFEE:’,IHFEP
WRITE(6,%)7530=", 550
10 9 L=1,6
WRITE(E, £)'F (7, L, 1=, FIL)
9 CONTINUE
00 11 LL=1,6
WRITE(E, £37 40, LL, 0= 4{LL)
XLILLY=X(LL)
11 CONTINGE
RETURN
END
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SUBROUTINE FUNCCX,H,8,F)
SUBROUTINE TO CALCULATE FUNCTION REQUIRED BY Y550

INTEGER H,N,1,J,K, ITER

REAL XON),F (M), Y(S5),0(6),S10EC6), X5UN, DETER

COMMDN /752/S1DE, ITER

ITER=ITER+

WRITE(6,¥)MADE IT T0 FUNC, NO. OF ITERATIONS=',ITER

YSUN=0

00 10 I=1,6

D(D=SIDECD+UD)
DID=DID$2
WRITE(S, 1)'DSED{Y, T, 1= 1, D(D)
0 CONTINUE
WHEN THIS DETERMINANT IS IERD THE CELL (DF THE TRUSS)
1S PERFECTLY PLANER.

DETER=-2. ¥D(3)ED{1)£12-2, $D (1) ED{2) 4422, 4D (414D () 442
E-2, XD (2)ED(4) $E2-2, 3D (6)ED (5)442-2. KD IS)ED(6) 142
342,400 ED(2YEDID) 42, XD (1) DI ED () -2, 4D (DD ED(5)
2, D1 AD (A0 ()42, 4D 010D EDLS) +2. 5D (1) EDLTIEDE)
§-2, 4D (1) EDE4)EDE6) 42, ¥DC1)EDCS)ED(6)+2, 1D (2 AD (24D (4)
L2, 8D (A0 (A0 (5)+2, 4D (4D () ED () +2. 2D(DEDL4)4DLE)
842, 4D02)ED(5)EDIE) -2, DI 2D L4)3D(5)

B2, 202 EDSIEDE) 42, 2D (4) 4D (54D (6)

WRITE(E, %) DETER=", DETER

D0 20 J=1,6

XSUM=XSUN+K ()
CONTINUE
DO 30 K=1,6
F(E)=ABS(X(K) )+ L000D0EDETER) §42
0 CONTINUE
RETURN
END
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JFROC, TRUSPLTHI, PLTLABEL ™15 DIGITE TO LABEL TRUSS DRANINGY,
HUHCELLS*HURBER OF CELLS IN YOUR TRUSS®=(351{438733,
FISHTYPE"! FOR IMDIVIDUAL FISH OR 2 FOR QD%FGQITE1=x?HIliL))
DATAFILE"IHDIVIDUAL TRUSSES OR ADJHCTED KEHrF‘ItE“ (1),
PLOTFILE"HANE YOU YANT PLOT FILE SAVE .
RUNHESS"RUN Txﬁr RESSAGES DETAILS oOF F“IﬁT i* LE=(30),

I

H
+ THIS VERSION IS FOR TRUSSES WITH FOUR T0 SEVEN CELLS.
¥ THIS FEQLEDUPt CONVERTS THE TRUSS
4 HEASURES 7O §-Y COORDINATES,
% 1T THEN USES DISSPLA TO GEMERATE A
% PLOTFILE.
SUBHIT, SUBJDE,
.D&TA, SUBJDE.
1108
FI”T CH177000, 732

READ, HFDUL
EET TOATA-DATAFILE.
ATTACH, DISSELA/UN=L [BRARY,
FTNG.
LDSET(LIE=D138PLA).
L&,
BET, AUTOSAV/UN=LIBRARY,
REPLACE, PLFILE=PLOTFILE.
ALTOSAY, PDERUS, RUNHESS.
DAYFILE, BUTFUT,
REFLACE, DUTPUT=PLOK.
ENOUIRE, F,
EYIT.
DAYFILE, DUTPUT.
REPLACE, DUTRUT=PLRONE,
SAVE, FDERUG=RUNNESS
ENOUIRE, F.
JETR
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PROGRAM TRUSS
?*?*¥¥¥Y§#?¥f‘?i?%*§§%%%
PROGRAM TRUSSD RECONSTRUI
IH

:]:L.IH—
r::!r:.....-u-w.

E

FhN BE PLOTTED ON A GRAP
BE TRUSS HEASHRES FPﬂﬁ
TRUSE HEASURES FROW & RED
STANDARD SIIE.

i
I———Cl_lm%

-

DEVELDPED 1584 BY:
JACQUELTHE HCBLADE (M.F.D., B 1.0
AND ELTZABETH 5. BOULDING (M.F.D., B.LOD
HITH ASSISTAHCE FRDH:
TORY EETTH HAY (BIDLDRY, DALHOUSTE UMIVERSITY)

ORIGINAL: FEBRUARY 1984

REVISED: JULY 1984 & HAY 1935
GENERAL IDEA SIHILAR TOD THAT IM 5TRAUSS & BDOKGTEIM (1962, BYSTEMATIC
100L08Y 31:113-133)

THIS PROGRAM 15 FOR TRUSSES WITH FOUR TO SEVEN CELLS
EACH CONTAINING STY MEASUREMENTS.
THE HEAGUREHENTS ARE LISTED IN THE ARRAY "TRUSS®

WHERE TRUSS 1S A THO DIMENSIONAL ARRAY WITH SIDE NUMBER

BEING THE FIRST DIMENSION AND CELL NUMBER BEING THE SECOND
(IE., TRUSS(SIDE,CELL),
CELL 1 IS NEAREST THE HEAD AND CELL 7 IS NEAREST THE TAIL,
THE SIDES ARE NUMEERED IN THE FOLLOWING ORDER:

I - i
i 12 3 41 v 5 B/
I I

NOTE THAT SIDE 4 IS THE SAHE AS SIDE 2z OF THE NEXT CELL.
INPUT - DUTPUT INFORMATION

FDETRAN UNITS

= [NPUT FILE
7 DEBUG AND RUM TIME MESBASES ,

THE PLOT OF THE TRUSS IS AUTOMATICALLY GEMERATED BY
DIESFLA INTO THE FILE PLFILE

FORMAT STATEHENTS

100 MUST HATCH DATA FILE WITH RAW TRUSS HEASURES FOR
INDIVIDUAL FIS

200 & 201 nUsT ﬁa*’” DHTPYT DATA FILE FROM THE FORTRAN
CTRUSS COMTAINING THE "FLATTENED" TRUSS HEASURES
FROM THE RECOMSTRUCTED COMPOSITE FISH.
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DICTIONARY OF SELECTED VARIAR

NOTE: CHELDK T

PE DECLARATION, FIRST LETTER TYPE D
IS MOT Usth,

¥l
5t

CELL ~ IMTERER VARIABLE, CURREMT CELL NUM
DISTOR - REAL VARIABLE, DISTORTION 0F LOHP
FRON CTRUSS PROGRAN,
[FISH - INTEGER VARIABLE, EDUALS | FOR INDIVIDUAL TRUSSES AHD
EQUALS 2 FIR COWPDSITE.

H - IHTEGER FerrﬁETEE, HURBER OF SIDES (ALY
N - IHTEGER FARANETER, NUMBER OF CELLS IN
NPNTS - IMTEGER FA%aﬁETEn, HUMBER OF POINT

SET - INTEBER VéRIéBLE, READ FOR INDIVIDUAL
SIDE - IMTERER VARIABLE, CURRENT SIDE MUMBER INDEY.
FLABEL - CHARALTER ARRAY, LABEL FOR TRUSS DRAWING,

TRLENG - REAL VARIABLE, ACTUAL LENGTH OF TRUSS

BER
POS

WaYs &),

THE TRUSE

5 HEEDED TB PLOT TRUSS.
FIGH,

TLENG - REAL VARIABLE, LENGTH OF FIGH TD BE DRAMN IN CM, READ IN,

TRUSS - REAL ARRAY, CONTAINS TRUSS MEASURES,
(POINT - REAL ARRAY, CONTAINS ¥ CO-DRDINATES OF TRUSS,
YPOINT - REAL ARRAY, CONTAINS Y CO-ORDIMATES OF TRUSS,



54

L

C¥r MAIN PROGRAM RRppfdpdidigssbiiygpidiippipdiiiissisibasiiinins

c
REAL TRUSS(E,7), TLENG, {PDINT(16), YPOINT{16), DISTOR, TRLENS
CHARACTER PLABELY1S

L B1DE, H, 8, ST, L, LL HF 15H, HPHTS

IﬂTFEET CELL,
COMHON TRUSS, TLEMR, 5ET, SPOIHT, YPOINT, NFISH, DISTOR, TRLENG
FaFﬂﬁET B (H=f, N=NUNCELLS NPHTS=23H:2)
£ IMITIALTIE VARIABLES
SET=0
DISTOR=0.0
DATA FLAREL/? ¥

DATA PLABEL/'FLTLABELY/

£

D¥t INPUT FILE DEPEMDS DN WHETHER INDIVIDUALS DR COMPOSITE.
[FISH=FIGHTYPE
IF (IFISH.ER.1) THEN

C USED DMLY FOR INDIVIDUAL FISH
OREN (4,FILE='TDATA? RECL=150)
ELSE

C USED ONLY FOR COMPOSITE FISH
OPEN (d4,FILE=TTDATA")
ENDIF
QpEN (7,FILE="PDEBUS")
CALL CONPRS
NFISH=1

&

-

IF (IFISH .ED. 1) THEN
¢ FOLLOYING USED FOR INDIVIDUAL FISH
93 READ (4,100,ERR=16, END=18)SET, ((TRUSS(SIDE,CELLY,5IDE=1, M),
BEELL=1, M), TLENS
100 FORMAT (5%,12,/,78,7F4.1,T20,F4.1,
8TE0,F4.1,T76,5F4. 1, 780,74, 1,796, 5F
WP, T121,F3.1, T35, 4F 5.1, F4. 1)
WRITE(7, 104)SET, ((TRUSS(SIDE, LELLY, SIDE=1, M), CELL=1,N) , TLENG
CALL FINDP
WRITE(7, 105 (XPDINT(LY,L=1, NPNTS), (YRDINT(LL), LL=1, NPNTE)
CALL DRAWIT(FLABEL)
NF TSH=NF T5H+
IFONFISHLBT. 100050 T0 17
80 10 99

T36,5F4.1,T40,F4.1, 756, 5F 4.1,
4.1,T100,F4.1, T1L6, 4F4. 1,
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ELSE
C USE FOR CONPOSITE FISH
READ(%,;Si;DISTQR,TLENE
199 D0 10 CELL=1,M
READ (4,200, ERR=16, END=18) (TRUS3(BIDE, CELL)  BIDE=1, 1)
10 CONTINUE
200 FORMAT(6FE.2)
201 FORMAT{F6.4,F6.1
WRITE(7, 104)SET, f(TEUSS{EIDE,ﬁELL},SIDEzi,H),EELin,ﬁ},TLEHE
CALL FINDP
WRITE(7,105) (EPOINTILY,L=1, NPNTS), (YPOINTLL), LL=1, HFHTS)
CALL DRAWIT(PLABEL)
NF ISH=NF 5H+ 1
50 10 199
ENDIF

16 WRITE(7,103)
sToP
17 WRITE(7,%)7D0 YOU REALLY WANT TO DRAW MORE THAN 100 TRUSSESY!
18 CALL DONEPL
102 FORMAT (YERROR WHIL ﬁzéngiu, CHECK YOUR DATA")
104 FORMAT (12,24,24FS5.1,/,12F5.1,F4. 1,54, 1,F5.1,/)
105 FORMAT ("X CODRDINATES: ’,16F6.1/'Y CODRDINATES: ', 16FE.1)
STOP
END
>

"
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SUBROUTIRE FINDP

THIE SUBRDUTINE CHANGES THE TRUSS DISTANCES INTD X,Y COORDIMATES
SUTTABLE FOR PLOTTING.

REAL TRUSS(6,7), TLENG, {FOINT(16), YPOINT(16), RADNET, RADLST, TRLENS
REAL YNEXTL,YLAST,K1,K2,4,8,C, THETA, X5UB, XADD, YSUB, YABD, IH, D, DY, DY
REAL $HID,YHID,XLAST, {NEXTL, THETE, TEMP, TEMP2,P1,DISTOR

1
E
Y HTENPS

H
INTEGER [1,MISS,NTEHP, 1,1, 1], HH, MY,
INTEGER LPOS(7) | CELL, NEW, 5ET, JK, NF 1SH
CONMON TRUSS, TLENS, SET, YFOINT, YPOINT, NFISH, DISTOR, TRLENS
PARANETER (NSNUMCELLS, NPNTS=2ENs2, PIZ3, 141592653)
DATA LPOS(D),LPOS(2), LPO3(3), LPOS(4), LPDS(5), LPOS(6), LPRS(7)
4/-1,2,1,1,2,-1,-1/
ONE SIDE DUT OF STX 15 REDUNDANT AND IS NOT NEEDED T0 CALCULATE
THE 1,Y CO-ORDINATES OF EACH CELL. THE SHORT SIDES SHOULD BE
USED LEAST THEY BE SGUEEZED DUT OF EXISTENCE.
WHEN LFOS IS ONE, THE TOP SIDE OF THE CELL IS NOT USED,
WHEN IT IS -1 THE BOTTOM SIDE IS NOT USED.
AND WHEN TT IS THD THE END IS NOT USED

DO 10 T1=1,NPNTS
YPOINT(I1)=0,0
YPOINT(I1)=0.0
CONTINUE
YPOINT(2)=TRUSS(2,1)
THE VALUES OF THE FIRST THO COORDINATES ARE NOW DEFINED
DD 20 J=1,N
CELL=]
NEW=2%CELL
00 20 I=t,2
MISS=LPOSICELL)
IF (1.EQ.1) THEN
DO THE FOLLOWING OMLY FOR THE FIRST TRIANGLE
NEXTL=240ELL-1
INEXTL=XPOINT(NEXTL)
YNEXTL=YPOINT(NESTL)
LAST=24CELL
XLAST=XPOINT(LAST)
YLAST=YPOINT(LAST)
IF ((MISS.EQ.17.0R. (HISS.EQ.2)) THEN
DO THE FOLLOWING IF THE TOP SIDE IS NOT USED
RADNYT=TRUSS(1, CELL)
RADLST=TRUSS (5, CELL)
NEW=NEW#1
ELSE
DD THE FOLLOWING IF THE BOTTOM SIDE IS NOT USED
RADNYT=TRUSS(6, CELL)
RADLST=TRUSS(3, CELL)
NEW=NEW+2
ENDIF
ELSE
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DO THE FOLLOWING DMLY FOR THE SECOND TRIANGLE
IF (MISE,ED. 1) THEN
D0 THE FOLLOWING IF THE TOP SIDE IS MNOT USE
LLAST=XPOINT (HEW)
TLAST=YPOINT ONEW)
EHENTL & YNEITL RETAIN THE SAHE VALUE AS FOR THE FIRST TRIANGLE
RADNXT=TRUSE (8, CELLD
RADLET=TRUSS (4, CELL)
HEW=NEW+]
ELSE IF (MISS.EB.2) THEN
DO THE FOLLOYWING IF THE END I5 NOT USED
NB. NOTE THAT XLAST,YLAST,XNEXTL, % YMEXTL 5TAY THE SAME
RADNIT=TRUSS (&, £ELLD
RADLBT=TRUSS{(3, CELL)
NEY=NEH+]
ELSE
D0 THE FOLLOWING IF THE BOTTOM SIDE IS NOT USED
INEXTL=XPDINT(NEW)
YNEXTL=YPOINT (NEW)
£LAST % YLAST RETAIN THE SAME VALUE AS FOR THE FIRST TRIANGLE
RADNXT=TRUSS {4, LELL)
RADLET=TRUSE (5, CELL)
NEW=NEH-1
ENDIF
ENDIF
El=(XHERTLER 2+ VHEXTL S 2+RADLS THE2-RADNY TR 2- XLAST RS2
L-YLASTHE2)/ (2 (YNEXTL-YLAST))
2= (XLAST-XMEATL) / (YNEXTL-YLAST)
A=l+i2i82
B=28K 13K 2- 28K IAYNEXTL- 28 XNEXTL
C=XNEXTLEEZHE LR 24V NEXTLER2- 2K LEYNE A TL-RADNY THE2
IH=Bf#2-45A%0
IF (IHAT.0.00 &0 TO 993
[H=(SRRT(IN) I/ (23A)
LADD={-1,04B/ (24A))+1H
f8UB={-1, 08B/ (238D )-TH
IF (I.EB.1) THEM
IF THIS IS THE FIRST TRIANGLE, TAKE THE LARGEST X VALUE
TPOINT(NEW)=XADD
YPOIRTONEW) =R 1+E2EXADD
ELSE
IF THIS IS THE SEPDMD
YADRD=K1+K
YEUB=R1+K
IF (RISE. THEN
LPOINT(NEH)=XADD
YPOINT(NEW) =YARD
ELSE If ((MISE.EQ.1.AHD,YADD.GT.YSUR).OR,
% {M155.£0, -1, AND, YADD.LT.YSUB)) THEM
IF THE TOP SIDE IS NOT USED HE WANT THE LARGEST VALUE OF Y

TRIANSLE
ZEXADD
217508
£, 2
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[ WHEREAS IF THE BOTTOM SIDE I5 NOT USED WE WANT THE SHALLEST.
LPOINTCHEH)=YADD
YPOINTONEW)=YADD
EL5E
TPOINT (HEW)=XSUB
YPOINT (HEW)=YSUER
END IF
IF (CELL.LT.H) THEH
£ IF HOT THE LAST CELL DO THE FOLLOWIHA
£ HUST ROTATE THE COMPLETE CELL HOW 50 THAT IT 15 M X AXIS
£ TELLS US BHICH WAY 15 UR.
H=-1+23CELL
HN=1+240ELL
THETB=ATANCCYPOINTCRNI -YROINT O 3/ CXPOINT (RN -XPOINTOO D)
00 40 1J=1,MPNTS
TERP=XPOINT(ID)
KPOINTCID) =XPOINTLI N RCOS(THETE) +YPOINT{ LDV EGINCTHETR)
YROINTCLI)=YPOINT (I RCOS (THETR) -TERPESIN(THETR)
40 CONTINUE
HOW ADJUST THE SHARED SIDE TO ITS VALUE IN THE NEXT TRUSS
NTEMP=CELL+!
D={TRUSS (2, NTEWMPI-TRUSS (4, CELLY)
YALUE OF LOWER POINT
Hi=1+28CELL
£ VALUE OF UPPER POINT
NN=2424CELL
THETA=ATANCCYPOINT(NM) -YPDINT (HH))/
(XPOINTONM) -XPOINT (M) D)
IF (THETA.LT.0.0) THEN
THETA=PI+THETA
ENDIF
DY=0,SEDASIN(THETAY
DY=0,54DECO5(THETA)
APOINT (HHI=XPOINT (M} -DX
{POINTINN) =XPOINT O +DX
YPOINT (HHI=YPOINT (KH)-DY
YPOINTONNI=YPOINT (MH) +DY
ENDIF
ENBIF
30 CONTINUE
20 CONTINUE
[ ROTATE COMPLETED TRUSS BALK 7D STANDARD ORIENTATION
£ BISECT ®FISH" AT PSEUDOLATERAL LINE
£ FIND POINT BISECTING SIDE 4 IN LAST LELL.
NTEMP3=NPNTS-1
{HID=XPOINTNTENP2I+0, 5% (XPOINT (HPHTS) -XPOINTINTENPE))
YHID=YPOINT (NTENP3)+0, SECYPOINTIMPNTS) -YPOINTINTENFD))
THETA=ATANCYHID/XHID)
D0 50 JK=1,NPHTS
TEMP2=XFDINT(IE)
LPOINT(JK)=XPOINT(JE)SCOS CTHETA+YPOINT (JKDRSIN(THETA)
YPOINT (JO=YPOINT (JIOACOS (THETA) -TENPZES INCTHETA)
30 CONTIMUE
TRLENG=((XHID-XPOINT (DD ) 242+ (YHID-YPOINT (13420 840,35
L TRANSLATE POINTS 70 ABOVE X AXIS

Dan)

L]

F
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POINTLEK) 0, 253TLENG

&l I
RETUR
9% URITEL7,%)'THE ROOTS OF THE QUADRATIC ARE IMAGINARY, '
YRITE(7,2)TCHESK YOUR DATA!I!IEDY
RETURN
Bl
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SUBRDUTIME DRAWIT(PLABEL)

N DRAH AMD DRAWIT PLOT THE POINTS WHOSE CO-ORDINATES
AND YPOINT USING THE DISSPLA GRAPHICS PACHAGE BY
ILL HAVE TD HODIFY THEW FOR OTHER GRAPHICS PACKAGES.

i:-———(

REAL CURVEI(30), CURVYIC30), CURVEECI4), CURVYZ (1)
REAL YPOINT(L83,YPOINT(16), TRUSS(E, 70, TLENGS, DISTOR, TRLENS
INTEGER FENPS1(30),PENPS2(14),1,J,8ET, 15ET, N, NPHTS, HEURYL, NCURYZ
CHARACTER PLABELE1
COMMDN TRUSS, TLENG,BET, XPOINT, YPOINT, NFIGH, DISTOR, TRLENG
PARARETER (N=MUNCELLS, NPN 9=Eir+:,ﬂtUPV1-“tHPM”S z,f!uqv =NPNTS-
DATA PENPSI/1,4,3,2,1,3,6,4,5,6,7,5,8,7,10,8,9,10,

Ri1,9,12,11,14,12,13,14,15,13, 16,15/
ﬁéTA srﬂrs /2,4,3,5,6,8,7,9,10,12, 11,13, 14, 16/

ISET=5ET
00 10 I=1,NCURYL
CURVIT{T)=XPOINT{PENRSI(I))
CURMYTCDD) =YPOINT(PENPSLCTD)
10 COMTIMUE
D0 20 J=1,HCURYZ
CURVEZ (Y =XFOINT(PENPS2(]))
CURVY2(J)=YPOINT(PENPSZ(IY)
20 CONTINUE
CALL DRAH (CURVXI,CURVYL,CURVEZ, CURVYZ, ISET, NFISH, DISTOR,
RPLABEL , TLENG, TRLENG)
RETURN
END

)
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SUBROUTINE DRAW (CURVXY,CURVYL, CURVX2,CURVYZ, IGET, HFISH, DISTOR,
APLABEL, TLEMG, TRLENG)

CHARACTER PLABELELS

REAL CURVEL(E ) LBP?YK’ 0 CURWY
REAL XXSTP, X%
INTEGER N H

14‘ CURYY2(14), DISTOR, TLENG

~“dTS petly

y HCURVI=2ENPNTS-2, HOURVE=HANTE-)

CALL BGNPL{HFISH)
CALL TITLE (FLABEL,-13,0,0,9,0,10.0,6.0)
SCALE THE PLOT FROM 10,0 X 6.0 INCHES TO UNITS OF CO-ORDINATES,
YASTP=(TRLENG+ (TRLENEE0.1))/10.0
FAMAR=XESTFH10.0
YYSTP=4)5TP
YYHAE=YYSTPEE, 0
CALL GRAF (0., 1XSTP, XYHAY, 0., YYSTP, YYHAL)
CALL HARKER(4)
CALL CURVE (CURVYL, CURVY, NCURYL, )
CALL CURVE (CURVYZ, CURVYZ, NCURVZ, 0)
CALL MESSAG ('TOTAL FISH LENSTH IS CH',28,6.0,5.0)
CALL REALND (TLEMG,102,8.5,5.0)
CALL MESSAG ('DISTORTION IS 7,13,5.0,4.9)
CALL REALND (DISTOR,104,7.7,4.9)
CALL ENDPL(D)
RETURN
END
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APPENDIX C:

EMDP PROGRAM CONTROL LAMGUASE LISTINGS FOR NORPHOMETRIC AMALYSIS

HOTEE O USING BHDP STATISTICAL GDFTHARE.

.—4
::1>—
f'ﬁ
~<1
m
[mon
prried
AN
]
4
[ sy
( r.:

THE CONTROL LancUAGE LISTINGS IN THIS APPED
TO RUN PRINCIFAL CORPOMENTS ANALYSIS, QBTﬁ i PLGTS GV TFE FillplFAL
Conp UﬂF“TC SCORES THAT WERE LABELLED BY GROUP, AND TO DO DISCRININENT
AHALYSIS. HWE INCLUDE THESE LISTIMES OHLY AS é GUIDE, YOU WILL HAVE TO HAKE
HANY CHAMGES IN THEM 7O USE THEW FOR YOUR DATA. FOR EXAﬁFLE ¥ THE LISTIMG
FOR PRINCIFAL COMPONENT AMALYSIS YOU WILL HAVE TO PROBABLY CHANGE THE
FORMAT AND IF YOU HAVE OTHER THAaM 7 CELLS IN YOUR TRUSS YOU WILL HAVE 70
CHANGE THE NURBER OF VARIABLES, THE ADD STATEMENT, THE USE STATEHENT, THE
YARIABLE NMAMES, AND THE NUMBER OF TRANSFORMATION STATEMENTS.

FOR THE LISTING 7O PRODUCE THE LABELLED PLOTS OF PRIMCIFAL COMPOMENT
SCORES YOU WILL HAVE TD CHANGE THE ABOVE AS WELL AS THE VARIABLE HUMBER
IN BRACKETS INCLUDED I THE HAX,HIN,CODE AND NAMES STATEMENT., IN THE
THO EXANFLES OF LISTINGS FOR FiAFLUT NE BIVE THERE ARE THO DIFFERENT METHODS
OF DtFIH NG GROUPS TO LABEL WITH A DISTINCT SYRBOL: DME USING THE TRAN
PARAGRAPH TO SUBDIVIDE BY CASE NUMBER AMD OME USING THE VALUE OF &
VARTABLE; YOU WILL HANT TD CHODSE THE APPROPRIATE OHE FOR YOUR DATA.

FOR THE DISCRIMINENT ANALYSIS LISTING YOU WILL HAVE TO CHaHAE ALL OF THE
ABOVE PLUS THE CODE AND MAME STATEHENT TO CORRESFOMD TD THE NUMBER O
GROUPS YDU HYPOTHESIZE FOR YOUR DATA, YOU WILL ALSO HAVE TO CHANGE THL
PRIOR STATEHENT (NOTE THAT FOR A GIVEN GROUR THAT THE PRIDR PROBABILITY
§ EBUAL TD THE NUMBER OF FISH IN THAT GROUP DIVIDED BY THE TOTAL MUMBER
OF FISH IN THE ANALYSIS). DEPENDING ON THE REGULTS YOU HAY ALSO YWANT 10
ADJUST THE F 7O ENTER AND REMOVE,

70 MAXE THE ABOVE LHANGES YOU WILL WANT TO REFER TD THE 1983 REVISED
PRINTING OF THE BHMDP STATISTICAL SOFTHARE MAMUAL. THERE IS ALSD A HANDY
RUICK REFEREMCE MANUAL THE BHDP USER'S ﬁI*FST FOR THE CYBER INGTALLATIDM
OF BHOP YOU WILL WANT TO REFER TO THE OHLINE DOCUMENTATION (AVAIL ABLE AT
YOUR COMPUTER CENTRE IF THEY HAVE BMDF) "BHDP- Su (COC VERSION) FOR
OPERATING SYSTEHS" WHICH WAS RELEASED BY NORTHHESTERM UMIVERSITY Yﬂ
AFRIL 1385,

T0 RUA FITHER THE PLADHE FRO

hhhhhh

oo

OCEDURE OR THE DISCOME PROCEDURE DN A CYRER
HITH BHDPES AND NOS 2.4 YOU JUST MEED TO MAKE THE CHANGES DESCRIBED ABOVE
T0 CUSTORIZE 17 FG% YOUR DATA, TYPE THE PROCEDURE HAHE AND ANSHER THE
IMTERACTIVE QUESTIONS ABOUT THE NAMES OF YOUR INPLT AND OUTRUT FILES.
HOTE THAT AUTDSAV IS A PROCEDURE WE HAVE 1N OUR LIBbai Y AT H.F.D, THAT DECIDES
IF & FILE 15 DIRECT OF INDIRECT THEM USES EITHER RETURM OR 5AVE AS
APPROPRIATE. YOU CAM REPLACE THESE TWO LINES HITh "BAVE,FILENAKE.®
UNLESS YOU HAVE THOUSANDS OF FISH IN WHICH CASE "RETURM, FILEMARE.®
IS5 NECESSARY. THE THO LIMES OF THE PROCEDURE AFTER /JOB RELATE 7O ACCOUNTIMG
OF CORPUTER FUNDS AND ALLOCATION OF MEMODRY AND T I?E AHD HAY DIFFER ON
OTHER CYBERS, ASK YDUR CONSULTANTS BUT INFORM THEM THAT HULTIVARIATE

BHDP PROGRAMS RERUIRE LOTS OF TIHE AMD MEHDRY,
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NOTE THAT SOHE COMPUTER £r‘ AI H CYEERS, SUCH AS DALHOUSIE UMIVERSITY
27 f ‘E “H CH May "’E 4 DZ?FEEEHT

,FJi ALL THE BHDP PROGRA I
ARE THEN THE ORE QSEUngJ WFF
THE ATTACH COMMAND, NOTE THA
SYSTEMS WILL NOT USE THERE PR
[EVERYTHING AFTER THE */EOR™) |
THE LABELLED PLOTS GF TH’
HADE BY RUMNING BRDPRD INTERACTIVELY, ]
GET,BAVEFILE. (IT COULD BE DIRECT ACCESS IF
ATTACH, BHDPED/UM=LTRRARY,
BHDPED, L DUTPUT, 4=15000
AFTER THE JUB HaS R {UU CAY SEMD DUTPUT 70 THE PRINTER.

?
E
T
U QYEVER T%L Bl 'ﬁ”lﬁﬂi L%ﬁGSASF
5 I CAL ON HOST TYPES OF COHPUTER
‘QNENT BCORES (PCAPLOTY ARE BES
HIS OM BUR CYBER:
T 1§ REALLY LARGE).

]

ne
o
wud

T
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JFRCC,PLADNEST, DATAFILE"INPUT FILE WITH RAY DATA"=(3F),
SAVEFILEPDESIRED NAME OF BMDP SAVE FILE Fe=(3F),
RESULTS*DESIRED NAME OF FILE WITH BHDP OUTPUT*=(3P),
OUTTITLELABEL FOR BHDP OUTPUT LESS ThAL 20 Chig"
% THIS DOES FCA ON LOG-TRANSFORMED DATA.
SUBHIT, SUBIDE.
.DATA, SURJOR,
1308
FLAL, CHI77000, T290,
JREAL, HFBUL

BET, DATAF ILE/NA.
IFE, .NOT.FILECDATAF ILE, AS)  NOGET,
ATTACH, DATAFILE.

ENDIF, NOGET,
ATTACH, BHDP4H/UN=LIERARY.
BHDP4H, L=0UTRUT, H=20000,
BOKE.
EXIT.
ENOUIRE, B,
DAYFILE, DAYPCAL,
REPLACE, DAYPLAL
RET, AUTOSAV/UNLIBRARY,
AUTOSAY, DUTRUT, RESULTS,
AUTOSAY, SAVEFILE.
REWIND, DUTFUT.
JEOR
JPROBLEN TITLE='PCA LOG-TRANS DUTTITLE’.
JINPUT VARTABLE=39,

FILE=DATAFILE.

FORMAT=' (281,38, /, 1%, A4, F 2.0, 31F4.1,5F 5.1, F4. 17,
IVARIABLE
NANES=TA, SET, A1, 42,3, 4, A5, A6, B, B3, B4, 5, B6, 1, £3, 04, 5, 6, D1,

3,04,05, 06, E1,E3,£4,£5,E6,F1,F3,F4,F5, F6, 61,53, 54, 65 56, TLENS,
LAl,LAE,LAS,LA%,LAS,L%&,LBI,LBE,LB#,LBS,LRE,LEI LC3, L4, LES, LEE,
LD1,LD3,L04,L05,L06, LEL, LES, LE4, LES, LEG, LF1,LF3, LF4,LFS, LFé,
LA1,L53, 154,65, LG, LTLENG,
ADD=37.

USE=LAL TO LE6.

LABEL=TAG.
/TRAN



IF{SET EB 0) THEN U8E=
LAat=L0G(A1).
LAZ=LOG(A2).
LA3=L0G(A3).
LA4=LDG{A4).
LAS=LDG{45),
LAE=LOGIAG),
LBi=LOG{BE),
LB3=LOR(RD),
LB4=LDG(EH),
LB5=L0G(R3).
LB&=LOG(BE),
LCt=LOGC0T).
Le3=L0G(E3),
Lo4=L0G(C4).
LC5=L0G(C3),
LLE=LOG(TE).
LDI=LBA(D1),
LD3=LD6(D3Y.
LD4=L0a{D4).
LD5=L0G{D3).
LDE=L0GL06).
LE1=LOG(EL),
LE3=LOR(ES),
LE4=L0G(E4}.
LES=LOG{ES),
LEE=LDRIEG),
LFI=L0Ga(FL),
LF3=L0G(F3).
LFd=L0G{F4),
LF3=L0G(FS),
LF&=L0G{F&).
LE1=L0B(G1).
LG2=L0R(R3),
La4=106(54).
LE5=L0G(55),
LA6=LOG(5R).
LTLENG=LOGITLENE) .
JFALTOR FORM=COVA.
NUHBER=3.
CONST=0.0125.
/ROTATE HETHOD=NONE,
/SAVE CDDE I5 GECRET.
HEN.
FILE=BAVEFILE.
FORH=BHDP.
CONT=DATA.
JEND

-1
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JPROBLEN TITLE 18 'HADDOCK: PLOT OF PC SCORES, RAM DATA (MORPHOMETRILS)!,
JTHPUT FILE=BHADALL,
CODE 15 SECRET.
JVAR
HAXTHUN 15 (7
HINIHUM 15 (7
GROUFING
JEROUP
DODES(2)=3,4,6,9,10,11,28,29,31,
37,41,42,42,70,79, 89,89,
HAMES (2321, 0,0, 0, 0, X, F R X,
1,800, E

)3, 3, o

-
/
Y- -3
£

|
-3 3.
I

-1
vy
5 EET.

JPLOT
YVAR AR
TUAR 4
GROUP 15 4, X
BROUP 15 1.
BROUP 15 V.
BROUP 15 W,
GROLP 15 F.
SIIE=70,56.
JEND

TOR2, FACTOR3, FACTORZ,

EFAC
RE FACTORY,FACTORL,FACTORZ,
F.

E
Yy

JFROBLEM TITLE 15 7POLLOCK: PLOT OF FC SCORES, RESIDUALS CORRELATION MATRIX'.
JINPUT FILE=BTOT.
CODE 15 BECRET.
AL
AbD=1.

MAXIHUM 15 (3933, 3, 2.
MINIHU IS (39)-3, -3, -3,
NAMES=(44)SPECTES,
GROUPING IS SPECIES.
/184N
IFIKASE LT 233) THEN
IFIEASE BE 23D) T
JEROUP
CODES(44)=1,
NAHES(44) =H,
/pLaT
YVAR ARE FALTORZ,FACTORZ,FACTORS.
{UAR ARE FACT TORY, FACTORT, FACTORZ,
GROUF 15 H,P.
BROUP 15 H.
GROUP 15 P,
S1IE=70, 56,

i
JERD

3
e
jad

i
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LFROC, DISCONERT, DATAFILE"NAME OF STANDARD INPUT FILE"=(¥F),
QUTFIL*FILE THAT WILL CONTAIN BHDP QUTPUT*=(3F),
% THIS PROGRAM DOES DISCRIMINANT ANAVLGIS ON THE HORFHOMETRIC DATA
i YDU WILL HAVE TO CHANGE THE GROUP PARAGRARFH DEPENDING DM WHICH
DATASET YOU USE.
IT 15 CURRENTLY SET LP FOR THE HADDOCE
YOU MUST CHANGE THE CODES,NAMES, AMD FR
UBNIT, SUBJOR,
.DATA, SURIOB.
1308
DISCR, T100, CHITTO00,
/READ, DU
BET,DATAFILE!“é
IFE, NOT.FILECDATA
ATTACH, DATAFIL
ENDIF , NORET.
ATTACH, BHDP7H/UN=LIBRARY,
BHDFTH, L=0UTPUT, ¥=25000,
BONE.
EXIT,
ENGUIRE, F.
DAYFILE, DAYDISE.
BET, AUTOSAY/U=LIBRARY.
ALTOSAY, DUTPLT, DUTFIL.
REWIND, DUTRUT.
ROUTE, OUTPUT, DE=LF,
ATDSAY, DAYDISE.
JEOR
/PROBLEM TITLE 18 *DISCRIMINANT ANALYSIS OF HADDOCK!.
JTNPUT VARIABLE=39,
FILE=DATATILE.
FORMAT=" (28X, 3%, 7, 1%, A4, F 2.0, 31F4, 1,573, 1, F4. )7,
JYARIABLE
HéﬁES=TéE,8ET,§1,AZ,A3,A4,AS,%B,BI,BS,B#,ES,BE,CI,CB,E4,£5iCE,
3,04, 05, 6, 1, E3,E4,E5,E6, 1, 3,4, 5, 6, 1 53,54, 85, B6, TLEWS,
LAL, LA2, LA3, LA4, LAS, LAG, LBL, LB, L34, LES, LB, 101, 103, L4, LS, LS,
LB1,LD3,LD4,L05,L06,LE1, LES, LE4, LES, LE, LF 1, LF2, LF4,LFS, LFE,
LE{,LE3,L64, LG5, LGE, LTLENG.
ADD=37.
USE=LAL TO LTLENE,
LABEL=TAR,
GROUP=SET
ITRAN

¥
¥
b4
% ?E STATEHENTS
il

FILE, A5, NOGET,
E.



LAL=LOG(AD),
LA2=L0G(AD).
LA3=LOG(AZ).
LA4=L0B (44D,
LAS=LOG(AS),
LAG=LOB (46).
LE1=LOB(BD).
LBA=LOG(ED),
LR4=LOG(ES)
LBS=L05 (55).
LBA=LOB(EE).
LC1=LOR(ED).
LE2=LOBLED),
LC4=L0G(C4).
LLS=LOG(ES),
LC=LOS(CE).
LD1=LOGDIT,
LD3=LOR(D3).
LD4=L0R(D4).
LDS=LOG(DS).
LDE=LOBLDA).
LEL=LOR(EL),
£3=LOG(ED).
LE4=LOG(ES),
LES=LOG(ED).
LEA=LOR(EE).
LF1=LOG(F1).
Fa=LOG(F3).
LF4=LOBCF4),
LF5=LO&(FS).
LFE=LOBLFE).
LA1=LOG(BD),
LE3=LOB(ED),
LG4=L0G(E4),
LB5=LOG(ES).
LB6=LOR(RE).

LTLENG=LOG(TLENG).

/ERONE

CODES(Z) ARE 3,4,6,9,10,1t,28,29

43,70,79,58, 89,
NANES(ZY ARE 1,0, 0,5, 1, 5,5, F, 0,1
FRIOR=.5296, . 1536,.15,. 1563 .
/DISC ENTER=2,0,2.1.
REMOVE=1.33,1.19.
JACKENIFE,

/PRINT POST.
POINT.

JEXD

31

Ay
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o7 4,42,

XY,



