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Fiqure L Ceoaraphrcal  d isrr ibut ionr ot  .ubsp.  r  apr l r  (o)  and subsp.  r  agnd ( . )  in roulh-we\tern Austra i ia Tracingr
f rom a leaj  a;d l ru i r  f rom three plants l rom a sample of  populal ion!  are given.  Nole lhe valrabi l i ly  ot  p lanls
from Yanneymooning Hill Gee text). Drawings (by S. J. Patrick) illustrate typical fruits, buds, flowers and leaves
of the two subspecies.

among eucalypts in the insularity and geographical separation of their populations, and

therefore might be expected to show unusual patterns of evolution.

This morphometric study complements other work on Eucalyptus caesia, including a

survey of allozyme variation (Moran and Hopper 1983), cladistic and phenetic analyses

of phylogeny (Hopper and Burgman 1983), an investigation of nectar flow and pollinators
(Hopper 1981, Wyatt and Hopper unpubl.), the formal description of the two races as

subspicies (Brooker and Hopper 1982), notes on the species' distribution and use of the

trami "Gutrgu.tr," (Rye and Hopper 1982), and an ass€ssment of E. clesia's conseryation

status (Hopper et al. 1982).

Materials and methods

Field sampting and measurements taken. K\ovtrr locations of Eucalyptus coesia were

established through a literature search (e.g. Blakely 1965, Chippendale 1973, Gardner 1979),

from specimen labels at the Western Australian Herbarium, and from information supplied

by professional and amateur botanists in Western Australia. Each location was then suneyed

in 1978 or 1979. Suitable granite rocks n€ar to the known locations were also surveyed
exhaustively for new populations of the species.

The species was found at 15 major locations (Hopper et al. 1982) and material was sampled
from ll of these, Two populations separated by a few hundred metres were sampled at

two locations (Chutawalakin Hill and Chiddarcooping Hill), while only a single sample
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Frsure 2. Fruit. leaf and bud measufement' taken in the sludy. Fruit: Fr, mid_fruil diameter: F?, fruit top diameter;
F., fruir lensth; F,, pedrccl length; F5, pedicel thickness. Leai Lr, leaf length; Lr, leaf width; Lr, petiolc length;
Bid.  8, .  operculum lengrhl  8, .  h)  panthium length;  Br,  bud diameter.  Drawing by S.  J.  Patr ick.

was taken elsewhere, giving a total of 13 populations sampled (Table l). A sprig with leaves
and fruits was selected from each of up to 15 plants on line transects in each population

Seven of the populations were visited sufficiently early (May-July) in the flowering season
to include mature buds as well as leaves and fruits on the sample sprigs.

The longest leaf, fruit and bud on each sprig were selected for measurement of the eleven
characters illustrated in Figure 2. Only a single organ per plant was measured since preliminary

studies indicated that variation within plants was minimal compared with that between
plants and between populations.
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Figure 4. Canonical variate means for the analyses based on 13 populations for (a) fruit and leaf cha.acters,
(b) fruit characters and (c) leaf characters. The canonical vectors areltandardized so that scores have unit variance
within populations. Population identification is given in Table L o - subsp. caeria, . - subsp. mdgrd.
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Analyses of populations of subsp. .ae.tia and of subsp ryapna ll 
themselves (Figures

5a and 5b) show ihat in each case, discrimination is confined largely to the first canonical

""ri"ia, *itft one population being separated from lhe rest For subsp caeJiu pLants lrom

ifr" ri.y.git poputuiion have lon-ger narrower fruits' shorter pedicels and shorter leaves

;il;.1;'"r?i.;; "ther populations' (Table 1'1. For subsp magna, plants from Billvacatting

Hili have smaller fruits on thinn.. pedicels and longer leaves than those from othel populations'

Multivariute analyses of subspecific tlit'ergence Previous analyses have shown that populations

oi itt. ,*o suuspecies are ilmost cot"pletely separated b) a single canonical variate ln

tfr. inffo*ing analyses, populations of'each subspecies are pooled to allow for detailed

i"""riig"ri.t1ftir. and shaie diflerences between thi two subspecies and to allocate individual

plants to subsPecres.

For two groups, canonical variate analysis becomes the traditional discriminant analysis

of fitrr.t ( l-S:O)i. TaUfe 2 gives standardized character coellicients and discriminant roots

for analyses of ihe two subipecies of Eucalyptus caesiq based on the five best discriminating

characten identified above

Fisures 6a and 6b show probabil ity plots of the Mahalanobis distancas for the log-

translformed data. The lineariw of the plots tor the two subspecies indicates good agreement

with underlying multivariate Gaussian distributions'

The discriminant root for the analysis ol the log{ransformed data is 444 (that for the

unt*nriortll"A data is 4 80). Table i gives the corresponding discriminant vector' The

Jir"t:i-inon, root and vector for the size/shape partition based on the log data are also

given in Table 2.

l ab te  ) .  5 l dndJ rd r /ed  cha rac re r  coe l l r c ren l .  and  J i ' c r im rndn r  f uo rs  l o r  l he  s r re  and  shaoc  ' na l v ' e '  o f  l he  l uo

subsDecjes of EucalJptus cdesn .nut""t"tt itiJnotJ ii'-F r rnia fruit diameter: F fruit lop diameter;

iJa?"it i*iil'; L.i lelf lensth; L3 peiiole length

Character coefficients

original data

corrected lbr

isometry" allometryb

log-transformed data

corrected for

isometry" allometrYb

F I

F3
L I
L3

discriminant

0.23
o.62

-  0 .15
0 .19
0.62

4.80

0.48
0.42

- 0.91
- 0.60

0.68

| . 27

0.28
0.58

- 0.95
- 0.55

0.64

| . 28

-  0 .14
0.64

- 0.91
, 0.23

0.64

L 1 8

0.32
0.52

-  0 .15
0 .12
0.64

4.44

0.06
0.48

- 0.92
- 0.36

0.74

l . 0 t

; i.: :ffi:"l;ti:1:'#;i1""loJ,ll1ti","o.n.o" o'""."".., see M€1hods.

The discriminant roots for the analysis o1 the isometrically-corected and allometrically-

-r*",Jtft"p. J",a are very similar. in each analysis, the shape discriminant vector results

i---" Lt,t'".t between the fruit diameter and iruit length' and between the leaf length

;;;;;il;;g,h.'irt. rtuit, of subsp ccesla are.naffoweri relative to their length' than

th*.'oi ,.turr,."-rgna. The petioles oi subsp' caeslz are also shorter relative to leaf length

than thos€ ofiubsP. nagna.
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Size differences account for about 75Va ofthe overall divergenc€ between subspecies' with

-".t"Jr"p"t",i"^ of populations o1 sJ'p co""t from populations ol subsp rzagna This

;;; .;;;;;; is 
'noi 

evident ior the'strap" vector' ihough the population means for

suUrp. "o"". are smaller than those for subsp magna' The. nature of the shape vector

.""ii*" *i,n that of the overall veator; the latter has positive components for all but

i-ii ferrgtft. Shape differences account for only about 25lo of the overall divergence'

Multivoriate allocation of plants to subspecies ancl their populatiotrs Allocation of plants

ffi; ;d;;;;;it aittun".t for the fivi best discriminating characters shows that onlv

;;; -dt;il;;i.-itE j l"t ot 138 are allooated to the wrong subspecies All three occur

in-popufu,i-o of subsp. cceslc one from Yanneymooning Hill and the other two from

tr,to'uit Stirting. fne coriect allocation ol a further two plants (one each from the Billyacatting

iiil;J St 6hiddarcooping Hill populations of subip- zagnc ) is doubtful Eleven plants

"i"' "vprli roi uri popuiutiio"s but iach is closer to its correct subspecies Some plants

"t. ^Jriri."ffv a[ocated to other populations of their subspecies' but all are also typical

of their own population.

The wrongly allocated plants are in this case also clearly identified by a visual appraisal

"f frirt"g.afrt'"1 {irst canonical uu,iut" l;"ot"t lor each oi the 13 populations included in

ifr"'"."f'rir "f i."it and leal measutements (Figure 7). The Yarme-ymooning Hill population

Jiff"* fit- others of subsp. caesrrr in having siveral plants with.fruits and leaves bordering

on the size seen rn subsp. mqgna. Il also Ias planti typical ol subsp ccella This range

"f""ilii." it *iaent in ihe histogram of canonical variate scores in Figure 7'

Discussion

Success of the multivqfiate approach. This study demonstrates that two morphometrically

Jirii^grir'fr"rrr" races exist ri'Eucalyptus caesla. A multivariate analysis ol five characters

l-ia-ittif Ji"-","r, fruit top diamiier, fruit length, leaf length.and petiole length) results

in n"fy ,ftt"" (20/a) ol the 138 plants measured being allocated to the wrong subspecies'

Such a low raie oi misallocation justifies the formal recognition of the races as subspecies

(Brooker and HoPPer l98l)

The multivariate analyses have shown that most (c 7570) of the dillerences between subsp'

"oiiio una stbsp. magna are related to size, with subsp magna being larger in all measured

;;;;ri;"t. tt ;lso has been demonstrated that mcasurements taken on both fruits and

leaves all make a significant contribution to the discrimination between the subspecies'

Measurements of individual characters show relatively poor discrimination between the

two subspecies with, at best, only 68% ol plants falling outside the subspecific range overlap

i", "ry Jitgr" -"ui,t."."ni. A 
- 
muLtivariate approach to discriminate between subspecies

is clearly necessary to improYe on this situation.

We conclude that it is possible to distinguish ieliably between-subsp magna and subsp

caesia, arrd that the gazetial ol subsp. magna as rate under the Wildlife Conseryation Act

1950-79 would not create an unworkable identification problem for officers of the Department

of Fisheries and Wildlife who police the activities of commercial seed collectors However'

it is now clear that both subspecies require special legislative protection because of their

t"ti V-i^ tfr" wild. This would alleviate any difficulties arising in those very few instances

*tt"i" ttt" allocation of plants to subspeciei by morphometric procedures is doubtful The

Westem Australian wildlife Authodty h;s aheady accepted the latter proposal' and: !1:alyptu:
c4esr4 (together with 99 other ta-ra) was gazetted as rare on November 14' 1980 (Rye and

Hopper  1981) .

t 
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Evolutionqry aspe(ts of geogrq)h[cal variation. Several ]incs ol evidence suggest that subsp.
magna was derived liom ancestral populations lesembling subsp. crzaria rather than vice
versa. Flowers and fruits smaller than those of Eucallptus caesia are typrcal of most eucalypts,
and are found in all its closest relatives in the subseries "O/b ifolinae " (cl. photos in Chippendale
1973). Phylogenetic parsimony, thereforc, would dictate that small flowers and fruits are
closer to the ancestral condition rt Eucqlyptus caesiq than are large flowers and lruits.
Hopper and Burgman (1983) have conlirmed this using cladistic techniques. Secondly, subsp.
cuesia has a much broader geographical distribution (Figure 1) and shows greater divergence
between populations in allozyme frequencies (Moran and Hopper 1983) than does subsp.
magfia. The simplest expianation fbr these patterns is that subsp. mdgl2a has been in existence
for a shorter period than subsp. cae.ria and, consequently, it has had less opportunity for
population divergence and to expand its distribution from its point of ongrn.

'fhe 
derivation of sr:bsp. mqgna's robust fcatures from those of the ancestral subsp. cae.rzl's

could have occurred under a number of selective regimes. Large woody lruits prcsumably
provide increased protection to seeds l iom seed predators such as parrots. Woody fruits
are also more resistant to firc than are non-woody fruits. I-arge flowers may increase the
effectiveness of birds as pollinators and thereby maintain high levels of outbreeding (Hopper
and Moran 1981). This would be of considerable importance to a species distributed in
small isolated populations prone to genetic drift and inbreeding depression. Large leaves
may increase photosynthetic and transpiration rates, favoudng rapid growth in communities
where last regeneration from fires is a decided advantage. Further work is needed to determine
which of these hypotheses is relevant to the origin ol subsp. magnc.

It seems likely that the Yanneymooning Hill population of subsp. cnesra has been of
fundamental importance in the origin ol subsp. mhgna (Hopper and Burgman 1983). As
shown in Figure l, Yanneymooning Hil l is geographically the closest population of subsp.
.iderirz to populations of subsp. magna. Yanneymooning Hil l is unusual among populations
of subsp. caeria in having plants ranging from the typical morphology of this subspecies
to a few approaching the large lbrm ol subsp. magna. Moreover, Moran and Hopper (1983)
have shown that the Yanneymooning Hil l population is exceptional in showing a greater
allozymic similarity to populations of subsp. nagnrz than it does to populations of subsp.
caesra. lndeed, the Yanneymooning Hill population is more similar in its allozymes to the
central core of subsp. rnagna populations than is the geographically-outlying Billyacatting
Hill population of subsp. ,zagna. We postulate that subsp. megna arose by the dispersal
of seed to the Coorancooping Hill-Chiddarcooping Hill area from a large lruited plant
in the polymorphic Yanneymooning Hil l population.

If such a course of events led to the origin ol magna why has further morphometric
differentiation not occurred within the two subspecies? Their isolated and small populations
appear to be ideal for genetic divergence through the operation of genetic drift and/or
natural selection according to curent evolutionary theory (Dobzhansky et al. 1977). This
prediction is borne out by the pattern of allozyme divergence in the species (Moran and
Hopper 1983). Eucalyptus cae.rla shows a fairly high level of divergence between populations
in allozyme frequencies for a eucalypt. Its populations are characterised by many alleles
that have reached complete fixation or extinction, a predictable feature ol small populations
undergoing genetic drift.

In contrast to this differentiated mosaic of allozyme variation, populations of Eucalyptus
cqesiq are morphometrically stabilised as either subsp. caesra or subsp. magna (except for
the Yanneymooning Hill stand). This morphometric stability must have a genetic base that
is not influenced by genetic drift due to small population size. Carson's (1975) concept
of a section of the genome closed to recombination and other faotor! generating genetic
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