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Abstract: The presence of S-type sieve-element plastids and antho-
cyanins in the Vivianiaceae indicates that it is not a member of Ceniro-
spermae (Caryophyllales).

The tribe Vivianteae within Geraniacese, comprising annual and
perennial herbs, largely confined to Chile and with one species in southern
Brazil and Uruguay, was separated from Geraniaceae and for the first
time raised to the rank of a family by Krorzsca (1836). While most
subsequent systematists treated Vivianiege within Geraniaceae (e.g.
BextHAM & HookEr 1862-1883, RErcme 1897, Kxurtan 1912 and
1931, MELcHIOR 1964, CrONQUIST 1968, THORNE 1968), several recent
workers (e.g. HurcuiNson 1959, TaraTAaTAN 1969, 1973, and DAHLGREN
1975) reestablished the separate family Vivianiaceae.

A comprehensive taxonomic revision of the Vivianiaceae comprising
four genera with six species has recently been presented by LEFor (1975).

The present investigation was prompted by TakmTasans 1973
treatment of the Vivianiaceae as a member of his order Caryophyllales,
thus revising his earlier (1969) view which incorporated it into Gera-
niales. TARHTAJAN (1973) mentions probable affinities with Caryophyl-
laceae and, referring to BORTENSCHLAGER (1967), points out, in particular,
similarities in the pollen structure. BORTENSCHLAGER (1967) in a “pre-
liminary note on the pollen morphology of the family Geraniaceae’”
favored the segregation of Vivianiaceae and proposed its alignment with
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the Centrospermae (Caryophyllales). Based primarily on palynological
characters he suggested a position intermediate between Caryophyl-
laceae and Amaranthaceae; for example, he noted that the pollen exine
of Viviania montevidensis (= Caesarea) and V. elegans (= Cussarobryon)
appears similar to those reported for Caryophyllaceae while in other
Viviania species the semitectate exine patterns approach those in
Amaranthaceae.  Thus, these palynological investigations provide
belated support for the views of Krorzscm (1836) and CAVANILLES
(1804) of a close relationship between Viviania(ceae) and the Centro-
spermae.

Since Centrospermae are characterized by very specific P-type sieve-
element plastids (BEENKE 1976) and by the presence of betalains in all
but two families (MaBrRY 1976) and since our previous collaborative
investigations of these characters have permitted reevaluation of the
systematic position of several taxa of questionable alignment (e.g.
MagrY & BEENKE 1976), it was desirable to examine ultrastructurally and
chemically members of the Vivianiaceae also.

For ultrastructural investigations plant specimens of Caesarea albiflora
CamB. [= Viviania montevidensis (Krorzson)] ReErcae were collected and sent
to Heidelberg by A. R. Scmurrz (Porto Allegre, Brazil). Fresh stem parts
were fixed in a formaldehyde/glutaraldehyde mixture followed by 19,
osmic acid, then embedded in epoxy . resins and processed for screening
with a Siemens Elmiskop 101. As a test specimen Pelargonium tetragonum
(L. {.) L’HerrT. (Geraniaceae), Botan. Garten Heidelberg, was subjected
to the same methods.

Reddish colored petals from herbarium specimens of Viviania ovaia
Puir. (V. rosea Hooxk., leg. O. Zé1LNErR No. 610 on top of Campanita,
Chile, 1963-12-15, ex Herb. Mus. Bot. Berol. [B]), kindly provided by TH.
EcrarpT (Berlin), were subjected to pigment analysis by standard procedures
(MaBRY et al. 1975).

The sieve elements of Caesarea albiflora contain S-type plastids
(Fig. 1), a type which is widespread in dicotyledon angiosperms but
entirely excluded from the Centrospermae. In Caesarea each sieve-
element plastid includes in its matrix a few, often club-shaped starch
grains. Bordering against the matrix and surrounding the grains are
tiny starch-like particles which show the same staining properties as
the large grains. Thus, Caesarea S-type sieve-element plastids (Fig. 1)
look much like those of Pelargonium (Fig. 2).

The pigment in the petals of Viwiania ovate was found to be an
anthocyanin, namely a cyanidin monoglycoside (probably a glucoside
based on co-chromatography kindly performed by J.B. HARBORNE).

The presence of both S-type sieve-element plastids and an antho-
cyanin in the Vivianiaceae indicates that its alignment to Centrospermae
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Fig. 1. Caesarea albiflora: Part of a sieve element with S-type sieve-element
plastids (S) and mitochondria (M). x 25,000

Fig. 2. Pelargonium tetragonum: S-type sieve-element plastid. Marker =
1 pm. X 25,000

is unlikely. The data especially deny a close relationship to the Caryo-
phyllaceae and Amaranthaceae: 1., although all Centrospermae are char-
acterized by a very specific P-subtype of sieve-element plastids, the
Caryophyllaceae and Amaranthoceae contain distinet and unique mor-
phological forms of this subtype (BEENKRE 1976); 2., although the Caryo-
phyllaceae do contain anthocyanins, dmaranthaceae have only betalains.

The ultrastructural and chemical data do not exclude either an
alliance of Vivianiaceae with Geraniales or its placement, into Geraniaceae
as Vivianieae; still other treatments (e.g. placement in Pittosporales,
Huroninson 1959) are also possible.
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