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POLLEN MORPHOLOGY AND EVOLUTION OF SARCOLAENACEAE
(CHLAENACEAE)'

SHERWIN (CARLQUIST
Claremont Graduate School and Rancho Santa Ana Botanie Garden, Claremont, California

The family Sarcolaenaceae (correctly named by Caruel 1881), still known
in most literature as Chlaenaceae, is endemic to Madagascar. The systematie
position of Sarcolaenaceae is not entirely clear. When he deseribed the family,
du Petit Thonars (1803) claimed the group was allied to Malvaceae or Tiliaceae.
This view has been accepted by subsequent French aunthors. Gérard (1919) em-
phasizes malvalean relationship for the family, although he suggests many simi-
larities with Theaceae as well. Cavaco (1952b) believes that Sarcolaenaceae are
polyphyletic, derived from origins near Theaceae and Tiliaceae, respectively.
Cavaco does not outline, however, which portions of Sarcolaenaceae might be re-
lated to Theaceae and which might have affinities to Tiliaceae. Dehay’s (1957)
petiolar studies emphasize a relationship to Malvales in general and Tiliaceae in
particular. Hutchinson (1959) places Sarcolaenaceae in Ochnales, along with
Ochnaceae, Scytopetalaceae, Dipterocarpaceae, Ancistrocladaceae, and a family
based on the Madagascar endemic Rhopalocarpus, Sphaerosepalaceae. These views
on relationship seem guite various. There may be, however, some degree of
affinity, or at least many common features among the putatively-related families
mentioned above. Erdtman (1952, 1954) notes similarity between pollen of
Sarcolaenaceae and such varied groups as Ericaceae, Caryocaraceae, Kielmeyera,
and Lecythidaceae—Planchonioideae, however.

Pollen tetrads of Sarcolaenaceae are of interest not only for the information
they may give regarding the relationships of the family, but also as an example
of pollen evolution. These tetrads, in fact, offer examples of some of the most
intricate pollen construction to be found in angiosperms. This complexity results
not only from the peculiar ways in which external seulpturing conforms to the
tetrad as a whole, but also the truly remarkable ways in which the internal walls
of the tetrad are sculptured. Had sectioned material not been employed for this
study, these latter phenomena and their rich variety would have gone unnoticed.
These results emphasize the need for study of sectioned material, whether very
thin sections viewed by licht microscopy or ultra-thin sections studied by elee-
tron mieroscopy, for further advances in pollen morphology. Our knowledge of
tetrads and pollinia especially should benefit from study of sections.

The pollenmorphological data herein are valuable for ecomparison with taxo-
nomic¢ systems within the family, and correlations are discussed in the conelusion
of this paper. :

The only previous monographic survey of pollen of Sarcolaenaceae is that of
Smith (1934). Smith claims that all but two of the genera for which he had
material have not merely tetrads, but groups of 16 grains united into “tetra-
quartets.” This was refuted by the data of Erdtman (1945, 1952, 1954). When
viewed in ordinary whole-mount preparations, the complicated optical appear-
ances of external and internal walls and surfaces make interpretation diffienlt.
Therefore, paraffin sections were employed in the present study. This technique
quickly revealed that all Sarcolaenaceae have only tetrads, never larger aggrega-
tions, but more importantly, the exine stratification of external walls and the

1This investigation was aided by two grants from the California Research Corporation.
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sculpture and stratification of internal walls could be examined. The unusually
good representation of the family at my disposal and the richness of sculptural
detail revealed in these preparations compelled production of this study. Pollen
of all of the genera and, with but few exceptions, the known species of the family
was available for study. Unfortunately, no living or liquid-fixed material, which
would certainly be desirable for certain future studies, was available.

MATERIALS AND METHODS

The basis for this study was material collected from herbarinm specimens in
the United States and Europe. The writer wishes to thank the curators of the
herbaria cited in Table 1 for their generosity in sharing this material. Dr. Peter
Raven secured the material from European herbaria, and deserves special thanks
for this task and for encouraging this study.

Anthers containing pollen were treated with a warm 2.5% aqueous NaOH
solution until cleared and expanded. These anthers were washed, and each col-
lection was separated into two portions. One part was dehydrated in a tertiary
butyl aleohol series and infiltrated according to Johansen's (1940) schedule, sec-
tioned at 5 p and stained with safranin. The other portion was dehydrated in an
ethyl aleohol series, stained with safranin in absolute alcohol, destained, and
transferred to xylene; these anthers were crushed in a drop of canada balsam
on a slide, and permanent whole-mounts of tetrads were thus prepared. The
NaOH technique proved satisfactory because various degrees of treatment could
accomplish good clearing and expansion to normal size without appreciable altera-
tion of exine or, in many cases, destruction of intine. In addition to NaOH-
treated material, untreated tetrads were removed from dried specimens and
mounted directly in glycerine, These provided comparisons to insure that intine
and exine structure seen in the NaOH-treated material did not reflect degrada-
tion from the NaOH treatment.

Analysis of the tetrads was based mostly upon sectioned material viewed under
oil immersion with eritical illumination. External appearances of tetrads and
their dimensions were obtained from whole mounts. Dimensions given in Table 1
correspond to a measurement, taken vertically, of the widest point of the first
figure on each plate of drawings. Drawings were prepared with the aid of a
microscope projection device and by means of direct observation. Specimens
studied are designated in Table 1, and are not indicated on legends for ficures
unless more than one collection of a speeies was available for study. Measure-
ments of tetrads are based on 100 tetrads, except for those specimens which did
not provide 100 tetrads. Terminology for pollen structure follows that of Erdt-
man (1952).

Tetrads are tetrahedral in organization, except for Schizolaena exinvoluerata,
S. parviflora (Erdtman 1954) and S. viscosa (fig. 20-23) in which both tetra-
hedral and variant types are found. Each grain of a tetrad has three apertures,
arranged in accordance with Fischer’s law (ef. Erdtman 1952). Adjacent pairs
of apertures, however, are united into common apertures (seen in the second
figure of each plate of drawings, center).

Various types of views and sections are used in this study to reveal fully
the complex detail of the tetrads. For each species illustrated, a view of a tetrad
from directly above a common aperture of one of the grains and a view from
directly above a pole of one of the grains are shown. A section of a tetrad, show-
ing a wall in face view for one of the grains is also drawn. Often, such a section
also shows a longisection of a pair of apertures (e.g., fiz. 13, 45). The thickened



1964] CARLQUIST : SARCOLAEXACEAE POLLEN 233

ring of nexine is usually best illustrated in a section just above or below the
internal wall. On account of the pit- or channel-like structures, a transection
of an internal wall, tangential to an aperture, is useful and is figured for all
species. Sections of external walls are drawn to show the nature of sexine orna-
mentation and for most species illustrated a surface view of sexine ornamenta-
tion is given. Conventions used in drawings are: stippled = nexine; black =
sexine (except in fig. 53, where it is stippled) ; white = an additional (ectosexine)
layer present in some genera (viz, fig. 89) ;intine = a pair of parallel dotted lines
shown at apertures in some figures (e.g., fig. 80) ; a single dotted line across an
aperture indicates the bulging germ pore, for which the precise thickness of
intine could not be reliably determined. The optical distinctions between these
layers may be due more to sculpture than to chemistry or refractiveness, as
Chambers and Godwin (1961) and others have claimed for various families.
Nevertheless these layers may represent sequential events in formation of the
wall, and provide stratification which can be compared from genus to genus,
although such correlations are sometimes difficult and, as with any study of
complex wall stratification, assignment of terms to particular wall layers is to
some extent provisional.

Thick intine (5 K in thickness) was observed covering germ pores in Lepto-
laena bojeriana, Ehodolaena altirola, and Sarcolaena grandiflora (fig. 80). This
thick intine narrows sharply toward the interior of the grain. Intine was identi-
fied not only by position but also by the marked difference in staining reaction
between exine and intine.

"With respect to taxonomic nomenclature, the recent monograph of Cavaco
(1952a), which appears supported by evidence from pollen, is followed.

DESCRIPTIONS

Schizolaena.—The simplest, as well as the smallest, tetrads in the family are
those of Schizolaena  (fig. 11-23). Grains are altered in shape as a result of
mutual contact in the permanently-united tetrad but are otherwise of a rounded
shape (fig. 11, 12). The common apertures have a nearly circular outline, with
the internal wall dividing the circle (fig. 12). The appearance of ellipsoid com-
mon apertures in Erdtman's (1954) figures of Schizolaecna may be at least, partly
due to perspective, for apertures shown in face view appear nearly circular. The
internal wall, where it faces the common aperture, is thickened (fig. 13, 15). The
ronformation of thickenings of walls around the aperture (fig. 15) suggests that
these thickenings might serve as a closure device for dehydrated grains. | have
observed similar thickenings in permanently-united tetrads in other families,
such as those of Vacciniuni oration (Ericaceae). This is probably a parallelism,
rather than an indication of relationship. The alteration of the internal wall
with relation to the tetrad habit and the conformation of the common apertures
suggest that Schizolaena tetrads, the least specialized in the family, are already
evolved as units and are more firmly united than tetrads in certain other families
(e.g., Onagraeeae). Smith (1934) reports that tetrads of Schizolaena cauliftora
and <. ("Rhorfola-f na"| parviflora are "rather easily separated." Smith does not
detail his method of preparation. The present study definitely does not confirm
Smith's observations, which might have been the result of viewing aberrant or
immature tetrads.

The only species in which a large number of aberrant tetrads was observed
was 8, riscosa (fig. 20-23). In the collection studied, no perfectly formed tetra-
iledral tetrads were observed. Most tetrahedral tetrads appeared at least slightly



