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ABSTRACT.—The spores of Christensenia are monolete, echinate, and superficially similar. How-
ever, detailed SEM study reveals differences in spore shape, size, and exospore characters, such
as spine distance, length, curvature, banding, apex morphology, and fusion. These differences are
taxonomically significant and correlate completely with characters of gross morphology in the
three taxa in the genus.

In a recent revision, Rolleri (1993) segregated the genus Christensenia Max-
on into the following taxa: C. aesculifolia Blume subsp. aesculifolia, C. aes-
culifolia Blume subsp. korthalsii (de Vriese) Rolleri, and C. lobbiana (de
Vriese) Rolleri. In that paper, spore morphology was considered to be unim-
portant taxonomically, and spores were only described as “monolete, elliptic
in polar view, with a conical/spinulose ornamentation of close, short, sharp
but soft spine-like processes” (Rolleri, 1993, p. 14).

Later observations of Christensenia spores, however, suggested that they var-
ied more than previously thought. Therefore, we decided to study spores with
a scanning electron microscope (SEM), especially to search for possible cor-
relations with the morphological data presented by Rolleri (1993). This is the
first analysis of specific and infraspecific variation within a genus of Marat-
tiales, although spores of extant genera and species of the order have been
studied and described for well over a century.

Previous studies involving Christensenia considered it to be monotypic, and
descriptions and illustrations of its spores were always attributed to C. aes-
culifolia (Edrtmann and Sorsa, 1971; Morucchio, 1973; Devi, 1977; Hill and
Camus, 1986; Tryon and Lugardon, 1990). Erdtman and Sorsa (1971) described
apparently monolete perispores having an outer wall densely ornamented with
spines. Morucchio (1973) described trilete, echinate spores and the possible
presence of a perispore. Devi (1977, p. 99) described the spores as monolete
and “devoid of perine, with inconspicuous laesura.” Hill and Camus (1986)
stated that the spores may be trilete, monolete, or alete within a single syn-
angium. They also described ornamentation as being prominently spinulose,
with large spines, a feature of the sporoderm that they considered derived in
the Marattiales. Tryon and Lugardon (1990, pp. 38, 42) described echinate
spores with prominent, dense spines, with a seemingly linear aperture. Their
use of TEM revealed an exospore of three layers and a perispore including
fine, parallel laminae.
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MATERIALS AND METHODS

Samples of spores for SEM micrographs were taken from the same speci-
mens studied for the revision of Christensenia (Rolleri, 1993) and were se-
lected from different localities for each species and subspecies. To minimize
the risk of contamination and the excessive use of herbarium specimens, two
or three undehisced synangia were taken from the laminae with a moistened
needle-knife and placed on double-sided cellotape. The synangia were then
split open onto the adhesive surface. The remains of the synangial walls were
wiped away from the tape with a very fine watercolor brush. This procedure
was repeated with each sample, using clean instruments every time. Spores
were untreated and were covered with gold under vacuum, and SEM micro-
graphs were taken at the Laboratorio de Microscopia Electrénica of the Museo
de La Plata. Standard magnifications were used for viewing each sample:
X2000 and X3500 for spores, X5000 for laesurae, and X10,000 and X20,000
to illustrate variations of the echinate ornamentation, details of the morphol-
ogy of the spines, and sections of the exospore in abraded spores.

SPORE SHAPE, SIZE, AND APERTURES

The spores of Christensenia are elliptic or circular in polar view and slightly
reniform in lateral view (Fig. 1). Ellipsoidal spores, always elliptic in polar
view, are found in C. aesculifolia subsp. aesculifolia (Fig. 1A, B) and in C.
lobbiana (Fig. 1E, F), the latter having somewhat larger dimensions (approxi-
mately 40 X 34 pm and 44 X 34 pm, respectively). Spheroidal spores, circular,
subcircular, or rarely elliptic in polar view, are present in C. aesculifolia subsp.
korthalsii (Fig. 1C, D) and in C. aesculifolia subsp. aesculifolia from the So-
lomon Islands (Fig. 1G, H). Subspecies korthalsii has the smallest spores (30
X 28 pm to 33 X 33 pm), a size proportion that holds in specimens throughout
the area. Spores of specimens of C. aesculifolia subsp. aesculifolia from the
Solomon Islands are almost twice larger than the largest otherwise recorded
for the genus (52 X 50 pm to 55 X 54 pm). According to Braithwaite’s (1977)
observation, this material is tetraploid, but it was not separated from the type
subspecies by Rolleri (1993), because the external and internal morphological
characters of plants did not reflect the higher ploidy described.

The laesura is linear and relatively long, reaching about two-thirds of the
total length of spore. It appears as a thin lip or rim, sometimes obscured by
the ornamentation of the exospore. It is more obvious in spores of C. aeculi-
folia subsp. korthalsii (Fig. 1D) than in spores of subsp. aesculifolia (Fig. 1B)
or of C. lobbiana (Fig. 1F), doubtless because of the lesser density and length
of the spines in subsp. korthalsii.

Among the taxa, only monolete spores were found, with no trilete, aborted,
or deformed spores. The possibility of finding alete spores cannot be totally
discarded because of potential masking of the thin laesura by the exospore,
but the proportion of such spores would surely be statistically very low. SEM
studies showed evidence of some channels in apparently alete spores, or in
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Fic. 1. Spores of Christensenia. A, B) C. aesculifolia subsp. aesculifolia from Java (Zollinger 1902,
P); A) polar view, B) laesura. C, D) C. aesculifolia subsp. korthalsii from Assam (Griffith s.n., P;
Mann s.n., P); C) polar view, D. laesura. E, F) C. lobbiana from the Philippines (Robinson 17914,
P); E) polar view, F) laesura. G, H) C. aesculifolia subsp. aesculifolia from the Solomon Islands
(Braithwaite 4220, P); G) polar view, half spore, H) same, complete spore. Magnifications: A, C, E,
G) X1850; B, D, F) X2650; H) X1060.
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cases where the laesura was apparently covered by dense ornamentation. The
channels are triangular in section and may correspond to the partially opened
aperture, as in the case illustrated by Tryon and Lugardon (1990, p. 49) in
Danaea.

SPORE WALL STRUCTURE

In spores of Christensenia, the sporoderm consists of three layers: (a) en-
dospore, an inner pectocellulosic layer that lies between the cytoplasm con-
tents of the spore and the exospore; (b) exospore, a middle sporopollenin layer,
external to the endospore and internal to the perispore; and (c) perispore, an
outer sporopollelin layer of the spore wall that is deposited on the exospore
by tapetal disintegration during spore formation.

The endospore is a very thin, nitid layer to which numerous, large, round,
discrete lipidic granules, which are opaque when seen with SEM, are adhered.

The exospore is relatively the thickest layer and the most important one
with relation to the observed morphological variation. It is sparsely to densely
ornamented with prominent, conical spines. The thickness of the exospore
varies from about 1 wm to about 4.5-5 pm.

The perispore appears as a continuous, thin layer deposited on the exospore
according to its ornamentation. SEM shows it as a discrete layer, as observed
in section, and as even to irregularly undulate in surface analyses. Its conti-
nuity and laminar structure were confirmed by Tryon and Lugardon (1990)
using TEM in spore sections. SEM demonstrated that it is continuous, and not
sparse or partial, as previous studies seemed to suggest (Hill and Camus, 1986).

EXOSPORE MORPHOLOGY AND VARIATION

The exospore is sparsely to very densely echinate (Fig. 2). The spines are
generally long, usually 3-7 times longer than their basal width, although short
spines with a length:basal width ratio as low as 1:1 occasionally occur. The
base of the spines is rounded and wide; the body is massive, compact, conical,
and either straight and erect or else curved for the distal % or % of its length;
in some cases it is markedly banded. The apex of the spines may be acute,
obtuse, incurved as hooks, slightly bifid, or bifurcate.

Although the spines are the predominant ornamentation, in some taxa non-
spiny, long, clavate or baculate processes are mixed randomly among the
spines. Spine density varies from bases that are contiguous to those that are
distant and allow the details of the undulate perispore between the spines to
be seen. The variations observed in the echinate-spinulose exospores fall into
four types:

(1) Spines dense, all 3—4 times longer than their basal width, interspersed
with a few others of lesser length and width (seen especially in exospore cross-
sections (Fig. 3A—C), none fused. Bases of the spines contiguous, wide, and
rounded; bodies massive, erect or slightly curved, and sometimes irregularly
banded; apices attenuate and nearly obtuse, or terminating in a small, twisted
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mucro or incurved hook (Fig. 2A-C). This type of ornamentation is character-
istic of C. aesculifolia subsp. aesculifolia, and was observed in material from
the entire range, except for specimens from the Solomon Islands.

(2) Spines rather dense, 5-6(7) times longer than their basal width, inter-
spersed with others of lesser length and width and with, long, clavate or bac-
ulate processes in a random pattern (Fig. 2G, H), the spines also fused among
themselves to a diverse degree, with free spines among groups of fused spines.
Bases of the spines somewhat separate; bodies erect or diversely curved in
both free and fused spines (Fig. 2G-J); apices attenuate and acute, obtuse,
hooked, or sometimes bifid to bifurcate at the apex (Fig. 2I, J). This irregular,
echinate-spinulose ornamentation is characteristic of the spores of C. lobbiana
(Fig. 2G-)).

(3) Spines not dense, all 2—-3 times longer than their basal width. Bases of
the spines wide, rounded, and quite distant (Fig. 2D-F), revealing the undu-
lating perispore surface (Fig. 2E), none fused with other types of spines or
processes. Bases of the spines rather distant; bodies massive, generally curved,
and regularly banded (Fig. 2F); apices acute, obtuse, or shortly mucronulate
(Fig. 2D-F). This type of exospore is characteristic of C. aesculifolia subsp.
korthalsii.

(4) Spines sparse, all 6-7 times (sometimes more) longer than their basal
width, commonly fused at their apices in groups of 8-10 or more (Fig. 2K-M).
Bases of the spines set evenly apart, rounded; bodies massive, curved, rarely
banded; apices of free spines attenuate, terminating in a slight hook or swell-
ing. The fused spines forming vaulted stuctures alternating with free spines
(Fig. 2K) constitute a distinctive and characteristic type of ornamentation
found only in spores of tetraploid specimens of C. aesculifolia subsp. aescu-
lifolia from the Solomon Islands.

As revealed by SEM, the sections of all these exospores vary in thickness.
Those of spores of tetraploid material of C. aesculifolia subsp. aesculifolia (Fig.
3G, H) are 1.5-2.0 times thicker than for diploid spores from other areas (Fig.
3A-C).

KEY TO THE SPORES OF CHRISTENSENIA

1. Exospores with all spines 2—3 times longer than their basal width; spines distant and always
free, their bodies banded, incurved or more rarely erect; spores predominantly circular in polar
VIEW L C. aesculifolia subsp. korthalsii

1. Exospores with at least some spines 3-7 times longer than their basal width; spines mostly
dense (rarely distant) and free or fused, their bodies rarely banded, incurved or erect.

2. Spines generally fused in groups of 8-10 or more laterally or at their apex, intermingled
with a few free spines as long as the fused ones, their bases mostly approximate; shorter
spines having a 1:1 length:basal width ratio lacking; spores 1.5-2 times larger than all others
and circular in polar view ...... C. aesculifolia subsp. aesculifolia (Solomon Isls. only)

2. Spines mostly free, a few fused in groups of fewer than 8 laterally or at their apex, their
bases mostly contiguous; shorter spines having a 1:1 length :basal width ratio mixed with
the longer spines.

3. Longer spines generally erect, 3—4 times longer than their basal width, not mixed with
clavate or stelate (baculate) processes, free; apices acute, obtuse or hooked; spores sub-
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Fic. 2. Exospore types in Christensenia. A-C) C. aesculifolia subsp. aesculifolia from Java (Zol-
linger 1902, P). D-F) C. aesculifolia subsp. korthalsii from the Philippines (Ridley 14244, P). G-])
C. lobbiana from the Philippines (Robinson 17914, P; Edario 36839, P). K-M) C. aesculifolia subsp.
aesculifolia from the Solomon Islands (Braithwaite 4220, P). Magnifications: A, D, E, G, H, K-M)
x4700; B, C, F, I, J) X9400.
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FiG. 3. Sporoderm cross-sections in Christensenia. A-C) C. aesculifolia subsp. aesculifolia from
Java (Zollinger 1902, P). D) C. aesculifolia subsp. korthalsii from Assam (Mann s.n., P). E, F) C.
lobbiana from the Philippines (Edario 36839, P). G, H) C. aesculifolia subsp. aesculifolia from the
Solomon Islands (Braithwaite 4220, P). Magnifications: A-H) X5700.
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circular to almost elliptic in polar view ........... ... ... ... ... .. ..
.................... C. aesculifolia subsp. aesculifolia (except Solomon Islands)

3. Longer spines generally bent, 5-6 times longer than their basal width, mixed with clavate
or stelate (baculate) processes, free or occasionally fused by their apices; free apices acute,
obtuse, bifid, or bifurcate; spores predominantly ellipsoidal in polar view . . . C. lobbiana

CONCLUSIONS

The spores of Christensenia are monolete and echinate (the latter a generic
character in the family), with ornamentation of prominent, long and sometimes
short spines formed by the compact exospore. The perispore covers the exo-
spore as a thin layer with an irregular or undulate surface. Although other
genera of Marattiales have echinate sporoderms (Archangiopteris, Danaea, and
Protomarattia), the greater length and development of the spines is character-
istic of Christensenia. The morphology of the spines, their relative length,
dense or sparse distribution, types of apices, bending of bodies, and degree of
fusion, as well as their random combination with other non-spiny processes,
are characters that vary at the specific and infraspecific levels and coincide
with the taxonomic categories proposed by Rolleri (1993).

The spores, either ellipsoidal or circular in polar view, do not show defor-
mations or abortions. No mixture of spores was observed in a single synan-
gium. The laesura is always linear, although the spine-like processes may ob-
scure its presence. Throughout different localities, there exists a high degree
of stability in the spore characters of the species and subspecies.

The differences in the characteristics of the spores allow one to distinguish
tetraploid from diploid specimens of C. aesculifolia subsp. aesculifolia. The
former are 1.5-2 times larger than the latter and exhibit a fusion of their spines.
Despite these differences, we do not propose to segregate the tetraploids tax-
onomically, because they do not exhibit any other discrete morphological traits
that allow one to distinguish them from diploid plants. Segregation carried out
on the basis of spore characters alone seems somewhat artificial. The larger
size of the spores does not coincide with larger or more developed plants. But,
it is worth mentioning that cases of neoteny are marked in other genera of
Marattiales, such as Danaea. Christensenia may provide another such case:
Tetraploid plants of C. aesculifolia subsp. aesculifolia from the Solomon Is-
lands tend to be smaller than diploid plants from other localities, but may be
precociously fertile.

Christensenia (together with Danaea) appears to be an advanced genus of
the Marattiales. The palmate, ternate or simple fronds, radial synangia, spe-
cialized porocyclocitic stomata (Rolleri et al., 1994), glandular indument, com-
plex perispore (sensu Tryon and Lugardon, 1990), and variably and promi-
nently echinate spores seem to be derived traits within the order.
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