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Epidermal Patterns of the Lemma in Some Fossil and 

Living Grasses and Their Phylogenetic Significance 

Abstract. Morphological study of fossil grass anthoecia of Berriochloa and Nas- 
sella collected from Miocene-Pliocene strata in Kansas has revealed well-preserved 
epidermal structure. This seems to be the first micromorphological information 
known from fossil grass floral bracts. Thie epidermal pattern on the lemma in the 
fossils and their living counterparts are evidence in support of the view that the 
North American species of Stipa of the section Hesperostipa Elias and species of 
Piptochaetium have a common ancestry in Berriochloa, and that species of both taxa 
have been distinct from species of the Nassella, Oryzopsis, and other Stipa since at 
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Some of the most extraordinary plant 
fossils are the remains of fossil grass flo- 
ral bracts (1) reported from the Late Ter- 
tiary High Plains strata of central North 
America (2, 3). Genera previously de- 
scribed include Berriochloa (3-5), Nas- 
sella, and Paleoeriocoma of the tribe 
Stipeae (6), and Panicum and Setaria of 
the tribe Paniceae (7). Elias was one of 
the first to describe and compare the 
High Plains fossils with their modern 
counterparts (3). He developed pre- 
liminary evolutionary schemes on the 
basis of features of the floral bracts 
observable at low magnification (from 
x 10 to x33) with a binocular micro- 
scope, for example, shape, size, and 
surface texture. 

The classification of the grasses has 
been revolutionized by the introduction 
of microscopic characters from the inter- 
nal and external anatomy and morpholo, 
gy of both vegetative and reproductive 
organs (8). The use of these character- 
istics, along with some traditional ones 
of gross morphology, has made it pos- 
sible to produce a system of classifica- 
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tion with high phylogenetic and predic- 
tive value. Among the micromorphologi- 
cal features utilized in the "new" 
systematics have been the features of the 
floral bracts of grasses (9). Collections of 
fossil grass anthoecia in Kansas have 
provided specimens that are well enough 
preserved to allow detailed study of the 
lemma epidermises. The epidermal fea- 
tures of the lemma can be used in deter- 
mining relationships between some fossil 
and living grasses of the tribe Paniceae 
(10). I now present evidence that the epi- 
dermal patterns of the lemma, in several 
fossil and modern grasses of the tribe 
Stipeae, reflect systematic relationships 
and evolutionary trends dating from at 
least the Miocene or Pliocene epochs. 

A diverse assemblage of three-dimen- 
sional silicified grass anthoecia, as well 
as borage nutlets, sedge achenes, and 
hackberry nutlets, have been collected 
from Tertiary strata in Ellis and Rooks 
counties, Kansas (11). The fossils were 
found in sands and silts of the Ogallala 
Formation. I studied the fossil-bearing 
strata (5) and dated them as Miocene to 
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Pliocene on the basis of vertebrates asso- 
ciated with the fossil grasses. 

Fossils were picked by hand to free 
them from their enclosing matrix. Speci- 
mens of several described and unde- 
scribed fossil species of the grass genera 
Berriochloa and Nassella (Fig. 1, A to C) 
were coated with carbon and gold and 
examined with a scanning electron mi- 
croscope (JEOL-35). A similar proce- 
dure was unsuccessful with modern 
counterparts of the fossils because the 
thick cuticle obscured the epidermal pat- 
terns and no entirely successful method 
was discovered for removing it for an ex- 
amination of the underlying epidermal 
pattern. Lemmas of modern species of 
Piptochaetium, Stipa, Oryzopsis, and 
Nassella were cleared with 5 percent 
NaOH, treated with chlorine bleach, and 
stained with chlorozol black E. The pre- 
pared lemmas were then studied with 
light microscopy. Epidermal patterns of 
modern taxa revealed by light micros- 
copy are presented in the form of line 
drawings rather than photographs so that 
tissues underlying the lemmatal epider- 
mises do not obscure the essentials of 
the patterns (Fig. 2). 

Among the fossil Stipeae examined 
were 15 species of Berriochloa and 4 spe- 
cies of Nassella. The basic lemma pat- 
tern of Berriochloa is one of long cells 
(12) with strongly sinuous, well-devel- 
oped lobes (Fig. 1, E to G). Short cells 
are entirely absent. The observed lemma 
pattern of fossil Nassella contrasts 
sharply with that of Berriochloa. Short 
cells (silica or suberin cells) are abundant 
and the basic long cells have been re- 
duced in length (Fig. ID). Long cells 
have sinuous walls but not to the extent 
found in Berriochloa. 

Included in the modern Stipeae exam- 
ined were 21 species of Piptochaetium, 
11 species of Nassella, 13 species of Ory- 
zopsis, and 38 species of Stipa. Exami- 
nation of the lemmas under a binocular 
microscope reveals that many extant 
species of Piptochaetium possess ridges 
and grooves. Higher magnification re- 
vealed that the lateral walls of the long 
cells are strongly developed and project 
above the central area of the cell (Fig. 
2C). The exact mechanism for this modi- 
fication is unknown. Modern species of 
Nassella, like their fossil counterparts, 
have an epidermal pattern consisting of 
greatly reduced long cells and an abun- 
dance of short cells (Fig. 2D). Species of 
Stipa examined could be assigned to a 
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tern observed on S. comata Trin. and 
Rupr., S. spartea Trin., and S. neo- 
mexicana (Thurb.) Scribn., which com- 
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prise the North American species of the 
section Hesperostipa Elias. The pattern 
is characterized by well-developed long 
cells with strongly sinuous walls (Fig. 2, 
A and B) and the complete absence of 
short cells. No other species of Stipa ex- 
amined had a comparable pattern. Spe- 
cies of the genus Oryzopsis are charac- 
terized by reduced long cells and an 
abundance of short cells that were al- 
most exclusively of the silica type al- 
though some silica-suberized couples 
were also observed (Fig. 2F). In most re- 
spects they were similar to species of 
Nassella and certain other North Ameri- 
can species of Stipa (for example, S. ro- 
busta, Fig. 2E). 

The relationships among the fossil 
Stipeae and their modern counterparts 
have been subject to several inter- 
pretations. Elias (3) believed Stipidium 
to be the forerunner of the modern gen- 
era Stipa, Piptochaetium, Nassella, and 

Oryzopsis, but was unable to determine 
the affinities of Berriochloa. Stebbins 
(13) and Williams (14) suggested that Sti- 
pidium and Berriochloa most closely re- 
semble the modern genus Piptochae- 
tium, thus eliminating from phyletic con- 
sideration the important genera Stipa 
and Oryzopsis. The above-mentioned 
workers recognized relationships among 
the fossil and living grasses on the basis 
of macromorphological anthoecia fea- 
tures such as shape, size, and surface 
textures; that is, the essential dis- 
tinctions between genera (or sections) 
were the elongated, cylindrical anthoecia 
in Stipidium, Stipa, or Piptochaetium 
(section Podopogon), and the less elon- 
gated, generally robust anthoecia in Ber- 
riochloa, Piptochaetium (section Eu- 
piptochaetium), Oryzopsis, and Nas- 
sella. My own observations and those of 
others (15) have shown conclusively that 
the features used by other workers are 

not sufficient for recognizing phyletic 
relationships or boundaries of taxa, es- 
pecially at the generic level, for example, 
mature anthoecia of many Stipa are just 
as likely to be elongated-cylindrical as 
are mature anthoecia of Piptochaetium 
(16). When this occurs it is not possible 
to determine relationships with similarly 
shaped Berriochloa. Macromorphologic- 
al features of the anthoecia alone are not 
considered a sound basis for assigning 
taxa at the generic level or for determin- 
ing affinities among the fossil and related 
living Stipeae. 

The evidence presented should be suf- 
ficient to determine both the systematics 
and phylogeny of the grasses studied. 
Among the fossil and living Stipeae ex- 
amined there appear to be two basic lines 
of evolution suggested by the lemmatal 
cell patterns, as well as other anthoecial 
characteristics. In the Nassella-Ory- 
zopsis-Stipa (for example, Stipa robusta) 

Fig. 1 (left). (A) Nassella undescribed sp., lateral view (x 36). (B) 
Berriochloa undescribed sp., lateral view, showing abundant hooks 
on lemma surface and well-developed palea prow (arrow) (x 20). (C) 
Berriochloa minuta Elias, lateral view. Portions of the lemma surface 
are obscured by fossilized cuticle (arrows) (x 33). (D) Lemma surface 
detail of the specimen in (A). Reduced long cells show typical sinuous 
cell walls (arrows), while the crescent to oval shaped short cells have 
smooth walls (x 585). (E) Lemma surface detail of specimen in (C). 
Long cells have well-developed interlocking cell walls (x 585). (F) 
Berriochloa maxima Elias lemma detail showing long cells (x 585). 
(G) Lemma surface ofBerriochloa brevis. Long cells show well-devel- 
oped "buttress" lobes (arrows) adjacent to a hook (x 585). Fig. 2 
(above). Lemma epidermal patterns. (A) Stipa comata Trin. and 
Rupr. (B) Stipa neomexicana (Thurb.) Scribn. (C) Piptochaetium sti- 
poides (Trin. and Rupr.) Hackel. Lower part of figure shows a single 
long cell in lateral view. (D) Nassella trichotoma (Ness) Hackel. (E) 
Stipa robusta (Vasey) Scribn. (F) Oryzopsis hymenoides (R. & S.) 
Ricker (all figures x 255). 1, Long cell; h, hook; si, su, short cells, 
silica and suberin cells, respectively. 
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line the trend was toward a specialized 
epidermal pattern in which the long cells 
are greatly reduced and the short cells 
(silica and suberized cells or silica-suber- 
ized couples) are abundant. This con- 
trasts with the Berriochloa-Piptochae- 
tium-Stipa (section Hesperostipa) line in 
which only long cells are present. The 
reason for the differences in the patterns 
is unknown, but the fact that these lines 
have been divergent for a significant pe- 
riod of geologic time is clearly indicated 
by the patterns of the fossil and living 
species. 

My findings also indicate that species 
of Piptochaetium and North Ameri- 
can species of Stipa (section Hes- 
perostipa) appear to have a common ori- 
gin in species of the fossil genus Ber- 
riochloa. However, intermediate forms 
of Late Pliocene and Pleistocene grasses 
are not available, and the origin of the 
characteristic lemma pattern of Pipto- 
chaetium is unknown. At some time dur- 
ing the late Pliocene or Pleistocene Stipa 
(section Hesperostipa) and Piptochae- 
tium became generically distinct. 

JOSEPH R. THOMASSON 
Division of Science and Mathematics, 
Black Hills State College, 
Spearfish, South Dakota 57783 
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Lunar Tidal Acceleration Determined from 

Laser Range Measures 

Abstract. Lunar laser range measures covering the period 1969 to 1976 have been 
used to determine the anomalous secular acceleration in the mean longitude of the 
moon, commonly attributed to the effect of tidal friction in the earth. The accelera- 
tion determined is -24.6 + 1.6 arc seconds per century squared, against an atomic 
time scale, where the uncertainty is the formal standard deviation of the solution. 
The realistic uncertainty is surely larger, as evidenced by the ensemble of solutions 
performed with various models and observation sets. The determined value is in 
good agreement with the conventional value and with several recent determinations 
by other methods. An attempt to determine the rate of change of the mean distance, 
essential for separating the tidal effect from a time variation of the gravitational 
constant, yielded no significant result, because the observations still span too short a 
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The longitude of the moon shows an 
acceleration that is not explained satis- 
factorily by the techniques of classical 
celestial mechanics. This fact, well 
known for more than two centuries, con- 
tinues to provoke both scientific activity 
and controversy. The question is not on- 
ly astronomical but geophysical and cos- 
mological as well, since the cause of the 
acceleration is now commonly thought 
to be frictional dissipation in the earth, 
but it will also contain a contribution due 
to a time variation of the gravitational 
constant G, if such exists. As we have 
discussed elsewhere (1, 2), there are oth- 
er possible sources of contamination for 
a purely geophysical interpretation, but 
this is beyond the scope of this report. 

Since the basic observed fact is an ac- 
celeration in longitude, the most obvious 
technique for studying it is by means of 
measures of angular position of the 
moon. In the Taylor's series expansion 
of the mean longitude L 
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the parameter of interest is L = 2n (3), 
where n is the "sidereal mean motion" 
(4). This parameter, or rather the correc- 
tion to the adopted value, has been stud- 
ied by means of observations of lunar 
and solar eclipses, equinox passages, 
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meridian transits, and stellar occulta- 
tions. The currently adopted convention- 
al value of the "tidal" contribution 
of L is -22.44 arc sec/cy2 (cy = centu- 
ry); the results of recent studies of angu- 
lar position observations range from - 18 
to -42 arc seconds (5). One must ask 
why the disparity is still so large. 

One of the basic difficulties in this 
problem has been the lack of explicit par- 
tial derivatives with respect to the mean 
motion of the lunar orbit, which should 
be regarded as independent of the cus- 
tomary six Keplerian elements of the or- 
bit. In some studies, the lack has been 
overcome by application of Kepler's 
third law 
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relating the mean motion with the mean 
distance a, the universal gravitational 
constant G, and the mass E + M of the 
earth-moon system. The assumption that 
G(E + M) is constant gives, to first order 
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Thus, derivatives for L can be obtained 
from the readily available derivatives 
with respect to the mean distance. Van 
Flandern's attempt (6) to estimate G was 
an early warning signal that this is not 
sufficient. In that work, an attempt was 
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