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Remarks

Gray (1851, 1855) distinguished B. desorii from B. australasiae principally on
the basis of the greater number of primary tubercles; he also noted the elongate,
narrow nature of the internal fasciole. Following Agassiz (1872), H.L. Clark
(1914, 1917, 1938, 1946), amongst others, placed B. desorii in synonymy with
B. australasiae as he considered the greater number of primary tubercles to be
insufficient basis on which to distinguish the western form as a separate species.
The nature of the internal fasciole was not considered. Mortensen (1951) was the
first worker to reinstate B. desorii on the basis of a number of characters. He
believed that an important distinguishing character, noted also by James (1966),
was the length of the labrum. He believed it extended posteriorly to the third
adjoining ambulacral plate in B. desorii, but only to the second in B. australasiae.
AM. Clark and Rowe (1971) noted a marked variation in this character between
species. Rather than the labrum reaching either the second or third ambulacral
plate, depending on the species, it is more appropriate to note that, on the basis
of examination of large samples, the labrum reaches the third ambulacral plate in
B. desorii in about 80% of specimens and the second in 20%, whereas in B.
australasiae the third plate is reached in about 60% of specimens and the second
40%.

Mortensen (1951) further distinguished B. desorii from B. australasiae on the
basis of B. desorit possessing 8 pore pairs in each of the ambulacra within the
subanal fasciole, whereas B. australasiae was said to have only 6. A.M. Clark and
Rowe (1971) noted no more than 7 in the largest of the eleven Western Australian
specimens of B. desorii which they studied; one had as few as 4. Examination of
a large sample of adult specimens of B. desorii showed a range from 3 to 8, but
generally there were 6 or 7. Frequently there will be more pore pairs in one
ambulacrum than the other. In B. australasiaze the number of pore pairs varies
between 3 and 7, though generally there are 5 or 6.

The principal character noted by Gray, the greater number of primary tubercles
in B. desorii, is particularly noticeable in large adults. Even small juveniles of
B. desorii possess more primary tubercles than equivalent sized specimens of B.
australasiae (Figure 8); rate of production of tubercles is greater in B. desorii than
in B. australasiae.

B. desorit can further be distinguished from B. australasiae on its possession of
longer petals, both anterior and posterior (Figures 1, 3), though there is little
difference in number of pore pairs; a tendency for a slightly deeper anterior
peripetalous fasciole extending closer to the ambitus laterally and posteriorly;
longer and generally narrower internal fasciole (Figures 6, 7); narrower peristome
(Figure 5); and smaller periproct.
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Breynia neanika sp. nov.
Figures 12, 13

Holotype

AM J14324; adult ?female; dry test with some spines preserved; collected from the Arafura
Sea on the CSIRO Soela Cruise on 14.11.80 at Station 507/80/35 (10°29’S, 182°01'E) at a
depth of 80-82 m by J. Paxton.

Paratypes

AM J14325, from the Arafura Sea; collected on the CSIRO Soela Cruise at Station 807/80/
43 (10°13°S, 133°58'E) at a depth of 72 m; AM J14326a-d, from the Arafura Sea; collected on
the CSIRO Soela Cruise at Station $07/80/34 (10°27'S, 132°01°E).

Other Material

AM J5295, J5296 from Albany Passage, Torres Strait (10°44-47'S, 142°36-39'E), ‘from
9-12 fathoms on gravelly bank’; AM J9993, from 14°24'S, 144°48'E (about 18 km ESE of
Barrow Point, Queensland) at a depth of ‘10 m from mud with Halimeda and Gracilaria’; AM
G7448, from Bowen, Queensland; BM 1881.11.23.29 from Torres Strait, collected on the
Challenger expedition.

Diagnosis

Test flattened aborally: bears few primary tubercles, no more than 9 tubercles
in interambulacra 2 and 3, and 16 in interambulacra 1 and 4. Apical system
almost central. Peripetalous fasciole set far from ambitus laterally and posteriorly;
internal fasciole short and narrow. Posterior petals short, same length as short
anterior petals. Peristome narrow and only slightly sunken; plastron and subanal
fasciole narrow; ambulacra I and V broad adorally. No more than 5 subanal pore
pairs.

Description

Test reaches a maximum known length of 92 mm; widest at, or slightly
posterior, to mid-test length, width generally varying between 80 and 85% TL;
91% in one specimen. Aborally surface of test flattened, but inclined gently
anteriorly; highest posterior of apical system; height 44-58% TL. Test has broad,
shallow anterior notch; posterior of test almost vertical. Apical system almost
flush with surface of test and situated slightly anterior of mid-test length; in form
like that of B. australasiae and B. desorit.

Ambulacrum III aborally very shallow, deepening slightly anteriorly; about 20
widely spaced, very small pore pairs aligned exsagittally; abaxially ambulacral
plates bear few larger tubercles. Anterior petals with rows widely spaced adapical-
ly, converging abapically; anterior rows not transverse, but anteriorly divergent at
150-160°; posterior rows diverge at 90° initially, then half petal length at 110-
120°; width across petals short (Figure 9), 46-54% TL; 9-12 pore pairs in anterior
row, 14-16 in posterior row; pore pairs conjugate and deeply sunken. Posterior
petals short, same length as anterior petals; converge anteriorly at about 50°;
15-16 pore pairs in outer row, 13-15 in inner row.
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Figure 12 Breynia neanika sp. nov.; AM J14324, holotype from the Arafura Sea at 10°29'S,
132°01°E. (A) aboral view; (B) posterior view; both x 1.
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Figure 13 Breynia neanika sp. nov.; (A, B) AM J5295, from Albany Passage, Queensland;
(A) aboral view; (B) lateral view. (C) AM J14324, holotype, from the Arafura Sea
at 10°29°S, 132°01°E, adoral view; both specimens x 1.
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Within peripetalous fasciole interambulacra 1 and 4 bear 9-16 primary tubercles;
interambulacra 2 and 3 bear 3-9. In holotype and one other specimen (AM
J5296) there is one primary tubercle in interambulacrum 5. Peripetalous fasciole
is 20% TL from ambitus posteriorly; does not extend to ambitus laterally, passing
across plate 7 of interambulacra 1 and 4; anteriorly in interambulacra 2 and 3
fasciole turns through almost a right angle and runs adambitally for a short
distance before turning adaxially to run close to ambitus across anterior of test.
In many specimens a branch of fasciole extends line of lateral course of fasciole
to run across ambulacrum III 15% TL posterior of anterior ambitus. Internal
fasciole short (Figure 6) occupying 37-44% TL, and narrow (Figure 7), width
being 12-15% TL across apical system; gradually broadens anteriorly.

Peristome semicircular and only slightly sunken; narrow (Figure 5), 9-13%
TL. Eight unipores in phyllode in ambulacra II and 1V; 6-7 in ambulacra I and V
and 5 in ambulacrum III. Labrum long, 14% TL; does not project anteriorly;
posteriorly extends to third ambulacral plate; tapers posteriorly. Plastron narrow,
posteriorly being 35% TL; subanal fasciole also narrow, 28-30% TL; triangular
to suboval; encloses up to 5 pore pairs in each ambulacrum. Ambulacra I and V
flat and broad, width 16-17% TL. Periproct longitudinally oval, 12-15% TL.
Test between periproct and subanal fasciole almost flat. Adoral interambulacral
tuberculation relatively sparsely distributed.

Remarks

B. neantka differs from B. australasiae and B. desorii in the possession of a
flatter test, the posterior of which is more vertically orientated; shorter petals,
which are of equal length; anterior row of anterior petals being less transversely
directed; more centrally situated apical system; peripetalous fasciole not as
distally positioned laterally and posteriorly; less sunken peristome; broader
ambulacra I and V adorally; narrower, more oval subanal fasciole; sparser adoral
tuberculation; and fewer phyllode unipores. It can further be distinguished from
B. australasiae by its narrower internal fasciole and narrower peristome; and from
B. desorii by the possession of fewer primary tubercles, shorter internal fasciole,
absence of anteriorly projecting labrum, and less sunken area between the peri-
proct and subanal fasciole.

It can be distinguished from B. elegans Mortensen, 1948, by its possession of a
less tapering test; fewer primary tubercles; broader and shorter petals; more
centrally situated apical system; longer internal fasciole; and longer plastron.
B. neantka has more primary tubercles than B. vredenburgi Anderson, 1907,
which also has a flattened aboral test surface. On the basis of data provided by
James (1966), B. neanika would also appear to differ from B. vredenburgi in its
possession of more poriferous petals; more oval periproct and narrower internal
fasciole.

James’ (1966) key for the separation of species of Breynia was based solely
on the relationship between the position of the posterior of the labrum with
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respect to the adjoining ambulacral plate. It has been shown (above) that,
contrary to the opinion of Mortensen (1951), there is little difference between
B. australasiae, B. desorii and B. neanika in this highly variable character. The
revised key, presented above, is based on a combination of other characters.

Etymology
Neanikos (Gr.): youthful, alluding to the possession of adult characters which
occur in the juveniles of other Australian species of Breynia.

Phylogenetic Relationships

Many of the morphological characters which vary within populations, and which
differentiate the three living Australian species of Breynia, are characters which
undergo appreciable change during the ontogeny of the species, as their growth is
allometric. The principal ontogenetic changes observed in both B. desorii and
B. australasiae can be summarized as: a narrowing of the test; a relative anterior
movement of the apical system; an increase in petal length and resultant abapical
shift of the peripetalous fasciole toward the ambitus; an increasingly transverse
orientation of the anterior row of the anterior petals; a narrowing and lengthening
of the internal fasciole; an increase in the number of primary tubercles; a relative
decrease in size of the peristome and periproct; development of a more deeply
sunken peristome; a decrease in width of adoral ambulacrum I and V; and an
increase in the number of subanal pore pairs.

B. desorii undergoes greater morphological changes in the majority of these
characters during ontogeny than the other Australian species. B. australasiae
undergoes less morphological change than B. desorii during ontogeny but more
than B. neanika, which thus retains in its late adult form characters which occur
| only in juveniles and small adults of the other two species (paedomorphosis).

The rate of anterior movement of the apical system is similar in both B. desorii
and B. australasiae, but in B. neantka it shows less anterior movement and remains
in a more central position, like juveniles of the other two species. Both anterior
and posterior petals lengthen more through ontogeny in B. desorit than in B.
australasige, which in turn has petals which lengthen more than those of B.
neanika. Like juvenile B. desorii the petals of adult B. neanika are of similar
length; the posterior becomes longer in adults of the other two species. As a
consequence the peripetalous fasciole migrates out toward the ambitus most in
B. desorii and least in B. neanika. This results in adults of B. desorii possessing
larger interambulacral areas between the internal and peripetalous fascioles, so
enabling a greater number of primary tubercles to be generated in B. desorii than
in the other two species.

The anterior rows of the anterior petals change orientation during growth in
B. desorii, from being anteriorly divergent at 120° in juveniles to almost trans-
verse in adults. The change in orientation, which occurs as the petals lengthen,
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is least pronounced in B. neantka, the adults of which have anterior rows diverg-
ent at 150-160°.

The internal fasciole changes from being short and broad in juveniles of B.
desorii, to long and generally narrow in the adult; in B. australasiae this fasciole
remains broad and short, whilst in B. neanika it remains relatively short, but does
become narrower. The peristome, which relatively decreases in size during
ontogeny in proportion to the whole test, decreases at a less pronounced rate in
B. australasiae than in B. desorii. Consequently adults of B. australasiae have a
relatively larger peristome. Whereas B. neantka generally retains the most juvenile
characters, it has a relatively small peristome, like B. desori. This illustrates the
potential for development of large numbers of morphotypes from a B. desorii-
type ancestor, as decreased rates of morphological development may operate on
different combinations of characters. Adults of B. neanika do, however, like the
juvenile B. desorit, retain only a slightly sunken peristome in the adult. As with
the peristome, the periproct also undergoes an appreciable decrease in relative
size through ontogeny in B. desorii. This change is less pronounced in B. aust-
ralasiae, which consequently possesses a larger adult periproct. B. neantka also has
a relatively larger periproct than adult B. desorii. The adoral ambulacra I and V
are very wide in juvenile B. desori. They decrease in relative width through
growth in B. desorii and B. australasiae; the ambulacral plates also become tumid
with growth. B. neanika retains the juvenile flat, relatively broad ambulacral
plates into the adult. Another juvenile character retained by B. neanika is the
possession of sparsely distributed adoral tubercles.

The number of subanal pore pairs in each ambulacrum progressively increases
during juvenile growth in B. desorii to the adult complement of 6-7. B. austral-
asiae generates only 5-6, whilst B. neanika has no more than 5.

Consequently, speciation in Breynia may be considered to have occurred by
selection of paedomorphic forms. B. australasiae evolved by selection of an
extreme paedomorph of B. desorii which possessed a morphology which was
sufficiently different from the ancestral B. desorii morphology to allow ecological
and, subsequently, genetic isolation.

It is clear that the adaptive threshold which must be crossed in order for specia-
tion to occur has not been reached by the Shark Bay population of B. desori.
Like B. australasiae there has been a reduced rate of morphological development
of some characters, compared with the more normal populations of B. desoru.
Fewer characters have changed in the Shark Bay population than in B. australasiae,
however, and they are insufficient to allow ecological separation of this morpho-
type from the ancestral B. desorit morphotype.

B. neantka is neotenic with respect to B. australasiae, from which it is con-
sidered to have evolved by the same process as B. australasiae evolved from B.
desorii. By showing increasing degrees of paedomorphosis, from the apaedo-
morph, B. desorii, though B. australasiae, to the most paedomorphic, B. neanika,
the three species form a paedomorphocline (McNamara 1982b) (Figure 15).
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Fossil species of Breynia have never been found in the Miocene deposits of
southern Australia (principally the Murray River in South Australia and the
Nullarbor in Western Australia). Neither, it would seem, was it present in south-
west Australia during the Pliocene as no specimens have ever been recorded from
the richly fossiliferous Roe Calcarenite, despite intensive collecting in recent
years. The presence of B. desorii along the western part of the south coast at the
present day suggests it is a relatively recent immigrant.

In addition to the occurrence of Miocene and Pliocene species of Breynia in
the western Sind and Kachh regions of Pakistan, in Taiwan, Japan and Java, it
also occurs in the Middle Miocene of north-west Australia (McNamara in prep.).
Modern distribution suggests a migration from this general Indo-West Pacific
region eastwards to encompass western, northern and eastern Australian coasts.
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Figure 14 Map showing known distribution of species of Breynia around Australia.
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Figure 15 Suggested phylogeny of Australian species of Breynia. The three species form a
paedomorphocline. B. australasize is thought to have evolved pre-Late Pleistocene,
and B. neantha post-Late Pleistocene. Reconstructions are x Y, except for juvenile

B. desorif which is x 1%,
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Outside of the Australian region the genus is now rare, being known only from
the Kei Islands (B. elegans) and Andaman Island (3 specimens of B. vredenburgr).
The absence of Breynia from both the fossil and living records from much of
southern Australia, suggests derivation of the eastern Australian species, B. aust-
ralasiae and B. neanika, along the northern coast from species to the west. This is
in keeping with the suggested paedomorphic derivation of these species from the
western Australian B. desorii. The localized, uncommon occurrence of the paedo-
morphic B. neanika in north-east Australia (where it occurs with B. australasiae)
and in the Arafura Sea, is consistent with a suggested development by paedomor-
phosis from the morphologically closest species, B. australasiae, perhaps in
relatively recent times. The geographic spread of B. neantka east and west of
Torres Strait, which was emergent between 80 000 and 8 000 years ago (Jennings
1972; Chappell 1976), suggests evolution of the species may have occurred after
that time. Genetic isolation of B. australasiae in the east (it is not known west of
Torres Strait) from B. desorii in the west, may have been facilitated by the long
periods of emergence of Torres Strait during periods of Pleistocene glaciation.
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