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Ri chard A. REYMENT
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ABSTRACT:

Hem cyt herura ful va di spl ays ornanmental variation of two kinds. One
of these (terned the nmorph LACE) is vaguely |inked to shape and i s
generally differently distributed fromtherest of the material; this
mor ph may possess intrinsic evolutionary significance . The ot her
cat egori es are probably ecophenotypic in nature. Methods of di stance-
based mul ti vari at e nor phonetry and geonetri c nor phonetry were used f or
t he shape study.

Kevwars. Mul tivari at e nor phonetry, geonetri c nor phonetry, Gstracoda,
pol ynor phi sm shape ecophenot ypy.

RESUVEN

La especi e Hem cyt herura ful va McKenzi e, Reynent and Reynent nuestra
unas vari aci ones ornanent al es de dos ti pos. Una de ellos (norfotipo
"LACE"="encaje") estaencierto nodo rel aci onado con | a f orma del
carapacho y, desde un punto de vista estadistico, se diferencia
clarament e del resto del material; | o que podriatener unainportanci a
evolutivaintrinseca. La otra categoria podria ser de natural eza
ecof enot i pi ca, de hecho no puede ser separada del conjunto principal .
Para el estudio de la forma se utilizan | os métodos usual es de
nmorfometria nultivariable y geométri ca.

PaLaBras cLAVE: Morfometria multivariable, nmorfometria geonmétri ca,
ostracodos, polinorfisnmo, ecofenotipia de form
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| NTRODUCTI ON

Covari ation in shape and ornanment i n speci es of an ostracod genus was
investigated by Reynent (1985). It was found that i n Eocene speci es of
Echi nocythereis from northern Spain, shape nodifications were
correlatedwithirreversibl e changes i n ornanent. That study coul d,
however, only point to the possibility that there was a genetic
rel ati onshi p between t he two cat egori es, but coul d not prove t hat any
genui ne pl ei otropi c connexionreal ly exi sted. Mre recently, Kamya, at
the El eventh International Synposiumon Ostracoda, Warrnanbool,
Australia (1991) interpreted norphol ogi cal variationinrecent species
of ostracods internms of heterochrony, although w thout providing a
bi ometrical basis for his concl usions.

The prelimnary scanning of all of the material avail abl e of
Hem cyt herura ful va McKenzi e, Reynent and Reynent, of Eocene age,
suggested the possibility of that species being pol ynorphic with
respect to shape. It was al so observed that there was ornanent al
pol ynor phi smin the materi al that coul d perhaps inpart belinkedto
t he suspected variability in shape.

A sui t abl e neans of testing hypot heses about nor phol ogi cal vari ations
i n shape, with and without the intervention of size, is provided by the
tensor-bionetrical nmethods of Bookstein (1991), supported, where
rel evant, by standard nmet hods of nultivariate statistical anal ysis
(Reynent et al., 1984); that is, nultivari ate anal yses nade on t he
usual distance neasures - |lengths, heights, breadths etc., of
guantitative taxonom c work. Current concepts of nultivariate
nmor phonetri cs contrast with the ori gi nal scope defi ned by Bl ackith and
Reyment (1971); the newsynthesis may be regarded as a pragnati c fusi on
of geonetric norphonetry and "phenonetry”. It isinportant that this
di stinction be kept in mnd in what follows.

Conpl i cations occasi oned by sexual di norphi smhad to be takeninto



3

account inthe analysis. It was assuned t hat where sexual - di nor phic
di fferences di d exi st, the norphol ogi cal differentiation would showup
when si ze was allowed to remaininthe conputati ons. Reasonably wel |
supported identifications of nmales are indicated in the figures.

As al ways i n studi es i nvol ving ornanental variability inthe ostracod
carapace, it i s necessary to be aware of the possibility that quite
mar ked di fferences i n ornanent al patterns can be caused by a defi ci ency
or asuperfluity of cal ciumions during noulting and secreting a new
shel | (McKenzi e and Peypouquet, 1984). Hence, the "l acel i ke or nanment "
reportedinthefollowingis|ikewhat results froma deficiency of
cal ciumcarbonate, and the thickly ribbed vari ant resenbl es a conmon
product of supersaturationw th calcium | aminclinedto dismssthe
I'i keli hood of the concentration of cal ci umi ons as bei ng t he not or of
ornament al variationinthe present case because of therarity of the
two variants of interest and the fact that | can see no external
evi dence | i kely to support the supersaturation nodel inthe sedi nentary
properties of the sanples | have had at ny disposal.

The quantitative analysis was nade at two |levels. The total
eval uati on of all | andmarks (as defi ned bel ow) on all speci nens by t he
procedure termed "rel ati ve war ps” on sanpl es of shells (hence directed
t owar ds covari ances), and on sanpl e nean | andmar ks by t he nmet hod of
“principal warps". Further i nformati on was obt ai ned by t he net hod of
"shape- coordi nates” appliedto each|landmark referredindividuallyto
a chosen baseline (here, thelength axis of the shell). Thereis no
hi di ng the fact that tensor-bionetry is ahighlytechnical subject,
wel | beyond the usual | evel of nultivariate statistical analysis
confronting the biologist, and | must perforce refer the reader to
Bookst ei n (1991) for the necessary el aborati on of the fundamental s. Two
exanpl es are wor ked i n ny pal aeobi ol ogi cal text (Reynent, 1991). The
geonetri c norphometric cal cul ati ons were carried out usingthe public
domai n programs TPSPLI NE and TPSRWby F. Janes Rohlf and D. Slice

(Stony Brook, U S.A), distributedw ththe proceedi ngs of the M chi gan
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Mor phonetri cs Wor kshop (Rohl f and Bookstei n, 1990), and subsequentl|y
updat ed.

The hi erarchy of nmet hods used i n shape anal ysi s here may seemt o be

confusing, hence the need for a brief orientation in geonetric
nmor phonetry and what this new field of analysis proni ses.
The change i n shape of an organi smcan be hel pfully viewed as t he
deformation (i.e. warping) of athinnetal plate. Viewed globally, the
ef fects of these deformations will not be nmechanically great inthat
the force needed to make one formfit the other (by Procrustean
superposition, for exanple) will berelatively slight. Passingtothe
opposite end of the scale, we have the situation where the force
required to di spl ace adj acent | andmar ks (buckl e the plate) will be
| arge. This situation may seemparadoxi cal on first encounter, but the
| ogicinvolvedw !l soon nake itsel f apparent if you think yourself
into the properties of the plate-deformational nodel.

The interpretational strategy is primarily graphical, and only in
part statistical, althoughthis |latter aspect is currently being given
nore attention. | nentionthis fact soas toelimnate a source of
m sconception at an early stageinny report. W shall not then be
concerned with testing statistical hypotheses, but rather with
expressing, inpictures, relationshi ps between objectively defined
shapes. This can be done at several | evels. The appropri ate procedure
for assessing shape variability with respect to a set of | andmar ks
wi t hin a singlesanpl e has al ready been nenti oned under t he nane of
relative warps, whichis in mny respects an anal ogue of pri nci pal
conponent anal ysis. Mean | andmar k confi gurati ons can be conveniently
conpar ed by t he procedure of princi pal warps (Bookstein (1991) for
references), whereby the deformational effect of mapping one
configuration into a second one can be scrutinized.

The met hod of rel ative warps consists of fitting aninterpolating
function (i.e. thethin-plate spline) tothe pairs of coordi nates of
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t he | andmar ks, whi ch are di agnostic features | ocated on the organi sm
for each speci nen of a sanple. The paraneters of thefitted functions
can be used to portray vari ati on anong speci nens which i s expressed in
relationto a figurativebending energy matrix (fromthe anal ogy of the
deformation of athinnmetal plate). This matrix i s constructed fromthe
coordi nat es of the | andmar ks of a reference configuration, usually an
aver age of values. The rel ative warps are the princi pal conponent

vectors inthis space; the non-uniformshape variation signified by
each ei genvector is then interpreted graphically in terns of the
magni t udes of the associ ated ei genvalues. Thus, the snmall est

ei genval ue expresses gl obal change, that i s, change that affects the
entire surface under consideration (becauselittle forceis needed for

a def ormati on of the entire plate to make one formfit the ot her by,

f or exanpl e, Procrustean superposition), whereas, at the ot her end of

t he scal e, the eigenvector associ ated with the greatest ei genvalueis
connected with | ocal changes i n shape, i.e. | ocal "deformations”, that

is, relative novenents of | andmarks | ocat ed near t o each ot her (because
nore energy i s needed to buckl e a |l ocal section of the plate). The
rationalefor thisinterpretationlies withthe nodel of shape-change
on which geonetric norphonetry is based.

THE CHO CE OF LANDMARKS

The | andnmar ks sel ected for analysis areindicatedin Fig. 1. The
baseline used in all conputations is denoted by the axis 1 - 14
(anterior md-roundingto posterior tip). @ her | andmarks are | ocat ed
at ornanental intersections, the dorsal end of the adductor rnuscl e-scar
field, and at features onribs. All sites could be determ ned with
sati sfactory accuracy, = 0.1 nmor better. In the anal yses of the
entirematerial, only 11 of the 14 | andmarks of Fig. 1 coul d be used,
owingtothe fact that three intersections made by ri bs do not occur on
t he norph LACE. The seven distance traits enployed in the usual
mul tivariate statistical analyses are also shown on Fig. 1.
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Inthe original sense of the term | andmarks were supposed to be
| ocat ed at honol ogous sites on the organi sm such as at i ntersections,
structures and at ornanental prom nences. It has been found useful to
expand t hi s concept so as t o enconpass "pseudol andmar ks", which are
centres of roundi ng of the outline of the organism As only to be
antici pated, the accuracy of such | andmarks i s not al ways as good as
avai l able fromtrue | andmarks.

THE POLYMORPHI C STATES

The fol | owi ng pol ynor phic states were identified under the scanni ng
el ectron m croscope i nthe speci nens avail abl e for study. Naturally,
therelatively snmall size of the sanpl e avail abl e nust be kept i n m nd
i nthat one shoul d expect transitional shapes to exi st for sone of the
categoriesidentifiedfor whichthe mainvariational influence was
envi ronnment al .

1. Anovoid shape inthe sense that the posterior is nore broadly
rounded than the anterior (one specimen).

2. The presence or absence of a caudal extension onthe posterior
process, designated CAUDAL (14 specinmens - inrelationto 21 speci nens
that | ack the posterior extension).

3. Divergent ornanment of two kinds. Firstly, the type here
desi gnat ed EFFACED i n whi ch t he surface ornanent is greatly subdued and
t he nedi an ri b nmuch broadened, though feebl e (8 speci nens). Secondly,
strongly divergent ornanment wth shape differences, here desi gnated as
t he nmor ph LACE. There are four speci nens. The ornanment consi sts of a
fine network of diffuseriblets, pierced by coarse pores. There is
variationinthe distribution of these features. The question we ask is
whet her this variability is acconpani ed by shape i nnovati ons (see
Reynment 1985 for exanpl es of pol ynmorphi smin mari ne ostracods and



references).

MULTI VARI ATE ANALYSI S OF DI STANCE MEASURES

The formal results of these anal yses are sunmari zed i n Tabl es 1- 3.
The "di stance-traits"” nmeasured areindicatedinFig. 1. Al neasures
are of the usual kind, towit, Iength (A, anterior arch of the shell
(B), height of the shell at the ant erodorsal angle (C), position of the
t op of the adductor nuscle field determ ned fromthe anterior margin
(D), maxi mumhei ght of the shell (E), thelength of the dorsal arch
(F), and the wi dth of the caudal extension (G . The fourthtrait D, the
| ocation of the adductor nuscl e group, is of nore subtl e significance
than t he others. This character unites features of the hard-partswith
t he anat ony of the soft parts. Whet her or not a caudal process is
devel oped on a speci nen, thereis always a base for it; trait Gis the
wi dt h of that base.

Raw observati ons; covariance matrix. Only one vari abl e, hei ght of
t he carapace (E), deviates fromthe normal distributioninthat it is
skewnul tivariate. This may be due t o sexual dinorphic differencesin
maxi mumhei ght. The first three ei genval ues t oget her account for
82.46%of the trace. We shall now consi der these. The results are
summari zed in Table 1.

The first | atent vector has significant | oadings for (A, (C) and
(F), with A mnor contribution from (E), which, in the usual
i nterpretation of such princi pal conponent anal yses, woul d be seen as
representing variation in size of the carapaces. The second
ei genvector can beinterpretedingeneral terns of the confrontation of
t he anterior configuration (Band C) and dorsal length. Thisis, in
part, areflection of the conmonly occurring conditioninsone groups
of crustaceans of variability in the posterior configuration
(G lchrist, 1960). The maxi num hei ght does not enter into this
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rel ati onshi p, but the hei ght regi stered at t he ant erodor sal angl e does,
and quite strongly. The third ei genvector unites the | ength of the
dorsal margin Fwithtotal lengthinaninverse association. This seens
also to stemfromthe factor identified by GIlchrist (1960). The
eventual functional significance of this posterior variabilityin
ostracods is not apparent.

There are two traits that do not enter strongly into any of the
princi pal conponents hitherto di scussed. These are (D), the | ocation
of the adductor nmuscle field, and (E), the maxi num hei ght of the
carapace. However, these two characters dom nate the two smal | est
princi pal conponents, whichrepresent virtually invariant rel ationshi ps
inthe material (because t he correspondi ng ei genval ues denot e axi al
| engths cl ose to zero). The second | ast vector, the sixth princi pal
conponent (1.87%of the trace) can be seen as expressi ng t he presence
of forms marked by an invariant relationship between hei ght and
adductor site. The seventh and snal | est princi pal conponent (1.12%of
trace) expresses aninverse invariant connexi on between (D) and (E).
The snal | est princi pal conponent is oftensaidto be anerror term but
there are reasons for considering it to represent an invariant
relationship in the variables (Gower, 1967).

The Princi pal Conponent Scores. The pl ot of the scores for the first
two principal conponents is showninFig. 2. This conveys an i npression
of the exi stence of distinct norphsinthe material and possibly al so
of sexual dinorphism always a difficult property to evaluate in
Hem cytherura (recall the earlier remark concerni ng skewness inthe
hei ght distribution). There are several things worth noting. Firstly,
two final instars (denoted A-1) segregatetotheleft. The norph LACE
forns a di screte group, well separated fromall other speci nens. The
shell' s of the norph EFFACED are nested wthinthe field of the normally
ornanent ed i ndi vi dual s. Presunednal es grouptotheright (N.B. sizeis
not the criterion deciding this ordination).
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Logarithms of observations; covariance natrix: The effects of size
di fferences can be greatly di m ni shed by anal yzi ng the | ogarit hns of
t he observations. Theseresults are displayedin Table 1. The first
ei genvector isentirely dom nated by the wi dth of the caudal process
(G (67.6% of trace). The second conponent (20.3%of the trace)
mani f ests covari ationin the anterodorsal arch (B) and t he ant er odor sal
hei ght (C). The third, small conponent (7.3%of trace) is also a
rel ati onship between these two traits, but inversely.

There are fewright valves inour material, but as far as coul d be
ascert ai ned, these behaveidenticallywiththeleft valves formngthe
mai n part of the anal ysis; the two val ves are of al nost equal size and
cont our.

Cross-validationtreatment of principal conponents. A useful nethod of
anal ysi s of data-sets that are suspected of harbouring atypicalities
has been devi sed by Krzanowski (1987) - see pal aeont ol ogi cal exanpl e
wor ked i n Reynent (1991). All 29 adult speci mens were anal yzed by
cross-validation principal conponent anal ysis. Table 2 presents the
results of aformof redundancy anal ysi s, whereby t he resi dual suns of
squares after del eting each variableinturnfromthe conputations can
be assessed. Large residual sindicate that the del eted vari abl es are
i mportant. Littleincreaseinthe value of aresidual, after deletion
of a vari able, suggests that variableis not essential. It will be seen
fromTabl e 3, that variables D and E are not influential, whereas
vari ables A B, and Gare inportant, despite the nedi ocre perfornmance
of Band Gin the first principal conponent.

Cross validation has its main norphonetrical application for
identifying atypical specinmens. The technique it reliesonisto
exam ne resi dual s, as before, for the del etion of each specineninturn
and assessing the effects of this on variance and correlation. Inboth
cases, one "normal " speci nen was pointed out. It turns out to bethe
nmor phol ogi cal type denoted "ovoi d" earlier on. Two specinens of
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"l ace", one of "effaced”, and two of "normal " were separat ed out as
deviating fromthe distributional pattern for variance of the entire
sanpl e.

Di scrimnant function analysis. The three main norphol ogi cal
categories, "lace", "effaced” and "normal", were tested in a
di scrim nant function anal ysi s, using a programw itten in GENSTAT.
The results, sunmarizedin Table 3, indicatethat with respect tothe
generalized statistical distances, thelace-norph carapaces differ
significantly fromthe other two which, in turn, do not differ
significantly from each other.

GEOVETRI C MORPHOMETRY

Shape Coordi nates. The nost interesting | andmarks were sel ected for
shape anal ysis, oneat atinme, inrelationto a baseline given by the
| engt h of the carapace (from(1) to(14) inFig. 1). The formul a for
doi ng t he actual cal cul ati ons for produci ng the newcoordi nates i s
sinpletouse. Theinterestedreader isreferredto Bookstein (1991, p.
130) or Reynent (1991, p. 126). Inthis manner, sensitive sites onthe
carapace can be isolated and which can be of special value for
interpreting the indications yielded by the warping studies. The
foll owi ng salient features were deduced with the hel p of the shape-
triangl es (Bookstein, 1991).

1. There seens to be a significant connexi on bet ween shape and
ornanment inthe nmorph LACE(Fig. 3). Thisindicationis givenbythe
tight configuration of the relevant points.

2. Sone | andmar ks are shape-sensitive. Theresults for Landmark 6
(not shown) group t he nor ph LACE and t he nor ph EFFACED. Anot her, nore
clearly expressed exanple is illustrated inFig. 4 for | andmark 8
(posteroventral intercept) in which the norph LACE separat es out
di scretely and nor ph EFFACED i s al so wel | segregated, although wth
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sone overlap. The separation achi eved for the posteroventral rib
intercept (landmark 9) yi el ds two groupi ngs of the nor ph EFFACED and
the conplete differentiation of the nmorph LACE. All ot her conbi nati ons
of I andmarks wi t h t he basel i ne gave sone degree of separation, but the
cases cited are the nost informative ones.

RELATI VE WARPS

The ordination yielded by thefirst tworel ative warps produces a
certain degree of norphol ogi cal separation, but this is not as
concl usi ve as the resul ts obt ai ned by t he shape-coordinates. It isin
my opi ni on al ways advi sabl e t o precede a conpl et e anal ysi s of | andmar k
data by a suite of appraisals using shape coordi nates.

The graph of the first relative warp agai nst centroid size (not
shown) separates out the norph LACE, but a nore decisive result is
given by the plot of thethirdrelative warp agai nst size (Fig. 5); all
of t he LACE nor phs are neatly separated fromthe rest of the materi al
and t he speci nens assigned to the norph EFFACE are al so cl ustered
t oget her. The speci nens, shown as traci ngs of the outline, are spread
acrossthe graphinrelationto sizeinonedirectionandshapeinthe
ot her. As indicated by the di scrimnant anal ysi s, | ace-nor phs separate
neatly fromthe rest of the material with respect to size. The notable
contribution of the geonetric analysis is that thereis an equally
strong separation arising fromthe shape constituent. There is
t heref ore reasonabl e evi dence for accepting that thelace-norphis
differentiated not only with respect to size and ornanental features,
but al so shape.

COVPARI SON OF AVERAGE MORPHS BY THE THI N- PLATE SPLI NE

1. The average normal norph conpared with average LACE carapaces

Fi g. 6 shows the conpression of the anteriorly situated | andmarks (1,
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2, 3, 4) andthedilationinthe posterior third of the carapace. Fig.
7, the total non-affine transformation, displays this tendency even
nore clearly. The anterior set of | andmarks i s bei ng conpressed whil e
the features of the posterior group are being forced apart. Hence, it
may be suggested that the two norphs differ in their anterior and
posterior configurations with respect to variability in shape.

2. Aver age Normal norph conpared with a nore coarsely ornanent ed LACE
i ndi vi dual

The nmorph LACE i s not absol utely honbgeneous in that one of the
speci mens presents a nmore coarsely networked pattern. The
def ormati onal pattern, showmninFig. 8, is alnost identical withthe
foregoing (Fig. 6), but with some m nor differences inthe posterior
area and t he sharper anterior displacenent of | andmark 8. The LACE
category can thus be seen to differ in shape variation fromthe
pri nci pal norphol ogi cal category representedinthe sanple, but the two
variants of that norph are al nost identical in their non-affine
vari ational pattern.

CONCLUDI NG REMARKS

Hem cyt herura ful va, a speci es typi cal of the genus Hem cyt herura,
has been shown t o enconpass a range of ornanental and nor phonetri cal
variability. One of the norphs, here termed LACE, can be reasonably
regarded as adiscretely nmanifested variant, delineated with respect to
a distinctive ornanental pattern, size and shape. The second, nore
common, nor ph, here ternmed EFFACED, is not soclearly differentiated
fromthe main variational pattern present inthe species and coul d,
t heref ore, be an expressi on of ecophenotypy. Asimlar situation was
descri bed by Abe et al. (1988). There is al so a suggesti on of the
exi stence of a third, ovoid norph, but it istoorareto permt a
definite statenment.
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Conpared wi t h ot her pol ymor phi ¢ ostracod speci es, the conditions
exposed here are not unexpected (cf. Abe et al., (1988) and Reynent
(1988) and references therein). It nust, however, be enphasi zed t hat we
are only at the begi nning of chartingthe nature, origi n and extent of
pol ynmor phi smi n ostracods. The newi nformati on provi ded by t he present
anal ysis i s that di screte ornamental subgroups tendto maintaina
st abl e shape relationship (the LACE variant) and that posterior
differentiationoccurs not onlyinrelationto size but al soto shape.
Finally, the current study i ndi cates that benefits can be expectedto
accrue froma rounded approach t o norphonetri c anal ysi s, enconpassi ng
not only geonetrical procedures but al sothe multivariate anal ysi s of
t he usual distance characters of quantitative systematics.
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Tabl e 1. Largest and snal | est ei genvectors for the covariance matri ces
(raw, upper row, and logarithmc, |ower row) of Hem cytherura
(variables as indicated in Fig. 1).

Vari abl e Ei genvectors
I I 11 Vi VI |
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A 0. 446 0. 203 0. 851 0.181 -0. 038
0. 023 0. 043 -0.101 0.511 0. 480

B 0. 096 - 0. 405 -0. 005 0. 190 0.013
0. 052 0. 790 0. 596 -0. 090 0.077

C 0. 465 -0. 765 -0. 061 0. 017 -0. 131
-0.014 0. 592 -0.776 0. 019 0.012

D 0. 081 0.111 0. 009 -0.521 -0. 818
0. 044 0. 091 0. 040 0. 560 -0. 033
E 0.213 -0. 024 0.088 -0. 765 0. 558
0. 046 0.101 -0.028 0. 208 -0. 871

F 0.722 0. 402 -0. 506 0. 119 0. 032
0. 050 0. 057 -0.168 -0.612 0. 062
G 0.051 0.186 -0. 088 0. 243 0. 016
0. 995 - 0. 045 -0. 032 0. 010 0. 024

Per cent age 48. 96 21. 99 11.51 1.87 1.12
trace 67.61 20. 27 7.27 0.59 0.40

Tabl e 2. The effect of deleting variables inthe cross-validation
princi pal conponent anal ysis. (PC=principal conponent, asterisks
denote i nportant residuals.)
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Resi dual Suns of Squares

Vari abl e del eted PC1 PC1+PC2 PC1+PC2+PC3
A 4. 4364 4. 3930 12. 2368°
B 0. 9665 10. 81947 17. 42597
C 4. 5552 8.8173" 9. 7593
D 4.3828 6.2042 6. 5159
E 4.6786 4.4075 4. 4677
F 4.8775 4. 5467 5. 7849
G 0. 9053 7.1512° 27. 4571

Tabl e 3. Canonical discrimnant analysis of three norphs

Ei genval ues 4.070 0. 204
Fi rst canoni cal Second canoni cal



Vari abl e
A

O M mMmoOw
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vect or
1.1100
-0. 2237
-0.1974
-0.1132
-0.9788
0. 0988
0. 3467

CGeneral i zed di stances between norphs

FI GURE CAPTI ONS

| ace -
| ace -
nor mal

ef faced D
nor mal D
- effaced D

vector

5.507""
5.586™""
0. 965

0.

0094
6085
4615

. 0756
. 0608
. 0174
. 2395
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Figure. 1. Locations of the |l andmarks sel ected for shape anal ysi s
denoted 1 through 14, and t he di stance neasures for nultiviariate
anal ysi s, denoted A through G

Figure 2. Graph of the scores for the first two principal conponents
of untransformed data. Three specinens identified as mal es are shown
as well as two [ arval shells. The norphs "effaced” and "l ace" are
provided with convex hulls.

Fi gure 3. Shape coordi nate graph for landmark "3" inrelationto a
basel i ne fornmed by points "1" and "14". L denotes the norph "l ace", P
denot es speci nens with a posterior process. The outlines are the
convex hulls for the two clusterings of P. The inset sketch shows t he
| ocation of the | andmark 3.

Fi gure 4. Separation on shape coordi nates for | andnmark 8. E denotes
speci nens of the norph "effaced" around which thereis the appropriate
convex hull. The speci nens of "l ace" are |i kew se provided wth a
convex hull. The inset indicates the |ocation of |andmark 8.

Figure 5. Odination of specinens by thethirdrelative warp plotted
agai nst centroid size. Qutline draw ngs of the individual speci nens are
shown.

Figure 6. Principal warp conparison of the average norph "l ace" with
t he average norph "normal".

Figure 7. The total non-affine deformation for the principal warp
conparison "lace" / "norph".

Figure 8. The principal warp conparison for a sub-varietal speci nen of
"l ace" and the average normal norph.



