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We have studied the microspore tetrad arrangement and pollen exine in both
Cercidiphyllum japonicum Siebold & Zuccarini and C. magnificursn (Nakai)
Nakai with light, transmission and scanning electron microscopy. By means of
differential staining of apertural and interapertural regions we show that the
arrangement of apertures on microspore tetrads soon after meiosis is governed
by Fischer’s Law. Thus the apertures of Cercidiphyllum are perpendicular to the
equator and, therefore, are correctly termed colpi, not sulci as has been postu-
lated.

Both apertural and interapertural regions have exine templates, with the result
that the tectum and its spinules on these regions develop similarly. While apertu-
ral and interapertural regions of the exine look the same in surface views in both
light and scanning electron microscopes, they differ greatly in these regions
when seen in section with a transmission electron microscope. Apertural regions
lack bacules and footlayer and have a distinctive endexine.

There is every indication that length and width of the three apertures are equal
during formation and development. They appear equal also in fresh mature pol-
len. After pollen grain dehydration portions of some apertures do not again ex-
pand or contract equally.

An unusual aspect of pollen exine development in Cercidiphyllum is the
gradual, continuous growth of the exine, extending as it does from tetrad stages
through microspore mitosis. In other taxa exines reach almost their definitive

thickness soon after microspores are released from the callose envelope.
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The family Cercidiphyllaceae has but one genus, Cercidiphyllum (the Katsura tree), with two closely
related species, C. japonicum and C. magnificum, both from Japan. The pollen grains have three wide
furrows with rounded ends. According to Erdtman (1952) they are 3-colp (oid) ate, signifying that he
considered the furrows to be perpendicular to the equator. Kuprianova (1969), however, questioned this
arrangement of furrows.

A combination of unusual features -- apertures of apparently unequal length with rounded ends has



114 Rowley « Huynh * Qureishi * Rowley

had a lasting influence on the nomenclature of fossil pollen. The Early Jurassic- Cretaceous
sporomorph originally called Tricolpites troedssonit but now known to be gymnospermous, was sub-
sequently named Eucommiidites because it seemed to share these features with Eucommia ulmoides
(Erdtman 1948). Erdtman (1948, 1952, 1963, 1969) reported that grains with colpi of unequal length with
rounded ends occur in Cercidiphyllum, Eucommia ulmoides and Euptelea pletosperma.

Endress (1986) called attention to Cercidiphyllum and Euptelea as anemophilous genera of the
Trochodendrales. The exine surfaces of these genera of two species each, are remarkably similar, but
the aperture margins differ. In Euptelea the margin is very abrupt (Endress 1986 : Figs. 35, 38,. Walker
and Doyle 1975 : Fig. 3 A, E, F) while that of Cercidiphyllum is gradual. This can be seen in Walker's
(1976 a, b) and Endress’ (1986) scanning electron micrographs (SEMs) and is also apparent in
Rowley’s (1992) transmission electron micrographs (TEMs).

Pollen of Cercidiphyllum japonicum was studied and described (LM unless marked SEM or TEM) by
Agababian (1968, 1973), Harms (1916), Mitroiu (1963, 1970), Nakamura (1943), Praglowski (1975 :
TEM), Rowley et al. (1979, 1980 : TEM), Rowley 1992 : TEM), Solereder (1899), Swamy and Bailey
(1949), Takeoka (1965), Walker 1976a : TEM, SEM, 1976b : SEM), Chang (1983), Zavada and Dilcher
(1986 : TEM, SEM). Erdtman (1952) studied C. magnificum as well as C. japonicum.

The microspore tetrad after meiosis

Congo red and maleic hydrazide stain contrasts the interapertural exine intensely but the exine of the
furrows only moderately so that the distinction between them is readily apparent (Figs. 1 and 2). In
polar view the optical section through the middle level of a microspore shows three intensely stained
sectors alternating with three that are only faintly stained (Fig. 2). In the postmeiotic tetrad in Fig. 1
the upper microspore is shown in an equatorial plane. The equatorial outline looks like an equilateral

triangle composed of six very distinct parts (Fig. 1).
Early microspores through pollen grain stages

Stages from early microspores to mature pollen grains are illustrated in Rowley (1992). Here we
show the gradual transition from interapertural to apertural exine (Fig. 3) and the mature exine. The
mature exine has an interapertural tectum with spinules and a thick footlayer appressed to, and often
indistinguishable from, the endexine (Fig. 5). The height of the bacules is correlated with their distance
from the aperture. The section in figure 4 1s close to an aperture. There is no apertural footlayer and no
bacules except near the aperture margin. The aperture margin shows the termination of the footlayer

and reduction in bacular height.
Colpi and Fischer’s Law.

In tetrads arranged as in Fig. 1, it can be seen that each furrow of the upper microspore lies above the
center of one of the lower microspores. This indicates that the arrangement of the microspores is gov-
erned by Fischer’s Law, which Erdtman (1952) described as the situation of apertures in 3-aperturate
pollen grains where each aperture meets one of an adjacent grain at six points in the tetrad. Thus the
apertures of Cercidiphyllum are perpendicular to the equator and, therefore, are colpi. They are not
sulci as Kuprianova (1969) postulated.
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Figs. 1 and 2. The postmeiotic tetrads and early free microspores for these fig-
ures were from buds of C. magnificum collected from trees at the University of
Neuchatel, Switzerland. The tetrads and early free microspores were extracted
from fresh anthers with a fine needle and mounted in a mixture of Congo red
and maleic hydrazide (Stainier, Huard and Bronckers 1967) which provides dif-
ferential contrast.

Fig. 1. Postmeiotic tetrad. The inner limit of the early exine is represented on
the upper level microspore only. The difference in intensity of staining between
colpi and intercolpal region is shown in the optical section of the upper right
sector of this microspore (see Fig. 2). Bar = 151 m.

Fig. 2. Microspore at the free microspore stage. The dashed line parallel with
the outline of the microspore marks the inner limit of the early exine. The differ-
ence in intensity of the Congo red./maleic hydrazide staining between the colpi
and intercolpal regions as seen in optical section is shown at the upper right sec-
tor. Bar = 151 m.

Fig. 3. The region of the aperture margin at an early pollen grain stage. The

distinction in TEM sections between the apertural exine (left of the asterisk) and
interapertural exine (T = tectum ; arrowheads = bacules) is easily seen, but is
less obvious in surface views (see SEM in Fig. 6). It can be seen that there is no
footlayer or bacules on the apertural side of the aperture margin (asterisk). The
endexine (arrow) connects with the apertural ectexine (“flecks of exine”). Stain
: uranyl acetate followed by lead citrate. Bar = 1 um.
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Fig. 4. Section of a mature pollen grain with the aperture margin (asterisk) at

the far right. While the ectexine decreases in height over a lateral distance of
three or more v m (as is seen in Fig. 3) there is an abrupt termination of the
footlayer (arrow) and absence of bacules at the actual margin (asterisk). It is
apparent that there is a similarity between tectum (T) and spinules (arrow-
heads) of the aperture and interapertural exine. The dark contrast is due to the
Thieéry (1967) reaction for carbohydrates (periodic acid oxidation to

thiocarbohydrazide to silver proteinate. Bar = 1 um.

Fig. 5. A mature pollen grain near the aperture margin. The bacules are short
because of their proximity to the aperture margin. The ectexine footlayer (F)
and the endexine (E) have the same contrast in this section and appear to be
fused at several sites. The intine (I) and exine surface components (arrow-
heads) are dark, indicating the presence of Thiéry-carbohydrates. Stain : same
as Fig. 4. Bar = 1um.
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Exine development

In our earlier works we described the later stages in development of the exine (Rowley et al. 1979,
1980), and many stages from the very early free microspore stage are illustrated in Rowley (1992).

A distinctive aspect of pollen exine development in Cercidiphyllum is its gradual growth from the tet-
rad stage to the microspore mitosis stage. In many other taxa exines reach almost their full thickness
before or soon after microspores are released from callose envelopment (e. g., Larson and Lewis 1962,
Leguminosae ; Skvarla and Larson 1966, Poaceae ; Angold 1967, Liliaceae ; Heslop-Harrison 1968,
Liliaceae ; Dickinson 1970, Liliaceae ; Sampson 1977, Monimiaceae ; Horner and Pearson 1978,
Compositae ; Takahashi and Sohma 1980, Pyrolaceae ; El-Ghazaly and Jensen 1986, Poaceae ; Rowley
and Rowley 1986, Ulmaceae ; Suarez-Cervera and Seoane-Camba 1986, Labiatae ; Blackmore and
Barnes 1987, Compositae ; Fernandez and Rodriguez-Garcia 1988, Oleaceae ; Takahashi and Kouchi
1988, Malvaceae ; Simpson 1989, Haemodoraceae ; Rowley, J. R. and Flynn, J. J. 1990-1991,
Monimiaceae ; Rowley, Skvarla and Pettitt 1992, Eucommiaceae ; Martinsson 1993, Callitrichaceae ;
Takahashi 1994, Hydrocharitaceae ; Theilade and Theilade 1996, Zingiberaceae ; Rowley and Dunbar
1996, Centrolepidaceae ; Gabarayeva 1996, Magnoliaceae ; Gabarayeva and El-Ghazaly 1997,
Nymphaeaceae).

Exine development in Cercidiphyllum can be considered to be an example of heterochrony. As Raff
(1996) notes, heterochrony has been the single most pervasive idea in evolutionary developmental biol-
ogy.

The apertures

Cercidiphyllum apertures have what Wodehouse (1936a, b) referred to as “flecks of exine” covering
germinal apertures. These occur in many families (see Wodehouse 1935) : for example,
Hamamelidaceae (Liquidambar), Juncaceae, (Juncoides), Naiadaceae (Ruppia), Oleaceae (Fraxi-
nus), Plantaginaceae (Plantago), Platanaceae (Platanus), Salicaceae (Salix). Wodehouse (1935 :
p.321) described the germinal furrow of the Juncoides campestre grain in the tetrad as being not
sharply defined but represented by a thin area of the exine distinguished from the rest of the grain by
its elastic nature, resulting in a more open distribution of its granular flecks.

Wodehouse’s description applies rather closely to conditions for seeing the edges of apertures in
Cercidiphyllum pollen. It is extremely difficult to distinguish between interapertural and apertural
exine in surface views even in scanning electron micrographs (see for example Walker 1974 : Fig. 38, re-
produced with permission as Fig. 6). With light microscopy or SEM the size limits of a Cercidiphyllum
pollen grain aperture are appreciated largely because of the elastic nature of the apertural exine, as
Wodehouse noted for Juncoides. The granular flecks on expanded apertures on Cercidiphyllum pollen
have a more open distribution than they do on the interapertural region where similar spinules and
tectal components are anchored to the ectexine. The expanded condition requires a hydrated
protoplast, and it is the contracted condition of apertures that has given rise to reports of apertures in
Cercidiphyllum pollen that are not always equilong (e. g., Erdtman 1952 : pp. 106-107, 1963 : p. 30, 1969
: p.86). In the expanded condition where the exine flecks are rather widely separated (see the TEM in
Fig. 3) aperture margins should be readily distinguishable, even with the light microscope.

Our studies have failed to show evidence for aperture inequality in pollen of Cercidiphyllum
japonicum during formation and development or in mature fresh pollen (Rowley, Rowley, Huynh and
Qureishi 1979 ; Rowley, Rowley, Qureishi and Huynh 1980 ; Rowley 1992). This does not mean that
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Fig. 6. James W. Walker’s SEM of C. iaponicum showing two of the three large

elipsoidal apertures. The aperture to the right appears to be shorter than the
other one, but this is because only a portion of it is folded inward. The actual
margin can be detected above the indented portion at a level comparable to the
aperture on the left. This micrograph is from Walker (1976a : P1. 12, A) and is

used with permission of the author. Bar = 10 p m.

Fig. 7. A photocopy of part of the SEM in Fig. 6. Only a lower portion of the
“short” aperture is strongly folded inward. The aperture margin itself is out-
lined by a curved file of arrowheads. In Fig. 6. this margin can be seen to have

a finer surface texture than the interapertural exine.

Erdtman and many others were wrong. Apertures appear unequal when grains are observed after they
dehydrated (cf. sketches in Rowley 1992), especially so after the repeated dehyrations and rehydrations
common in preparation for light or scanning electron microscopy.

A satisfactory demonstration of aperture equality is achieved with LM examination of fresh pollen
taken at any stage from undehisced anthers and placed in an osmotically balanced buffer (we used
phosphate buffer at pH 7 adjusted to 300 milliosmoles, mmol.kg). The contents of anthers can be
quickly scored for general symmetry, since asymmetrical grains can be readily recognized with
through focusing (rapid up and down focusing). Strongly asymmetrical grains can be easily spotted

even when the microscopic field includes hundreds of grains. After Cercidiphyllum pollen grains have
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been air dry and then are seen in rehydrating buffer, this same method of assay reveals something of
the unusual construction of the apertural areas. The unequal expansion of their apertures on
rehydration causes many grains to become strongly asymmetrical.

The aperture inequality feature of Cercidiphyllum pollen ought to be reconsidered as an ontogenetic

character. An aperture appears to be short when only a portion of the aperture is folded inward.
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