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ABSTRACT

1) Six coexisting grass species from a seasonal savanna in Western Venezuela were studied
during a 20-month period. In the field, measurements were made of phenology, increase in aerial
biomass, diaspore production, seed number and germination. Laboratory measurements were made.
of the fraction of diaspores carrying a caryopsis, caryopsis viability and germination after dispersal.

2) Three species flowered precociously by the beginning of the rainy season and also showed
similar patterns of leaf and shoot production. The other three species flowered at different times
(early, intermediate and late during the wet season) and showed different patterns of shoot production

3) Precocious species produced less diaspores per plant and per dry weight than did later
bloomers with the exception of Trachypogon plumosus (a late bloomer with a low reproductive
output but a high vegetative spread). Seeds produced by precocious species germinated as soon as
they reached wet ground, but the seeds from the other species remained dormant in the soil until the
start of the following rainy season. Thus, all seeds germinated during the first months of the rainy
season.
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RESUME

1) Pendant une période de 20 mois nous avons étudié six espéces de graminées qui coexistent
dans une savane saisonniére du Venezuela. Dans son milieu naturel nous avons suivi la phénologie,
la production de diaspores, la quantité de graines et leur germination. Au laboratoire nous avons
déterminé la proportion de diaspores qui portent une caryopse, ainsi que la viabilité de ces caryopses
et leur germination aprés dispersion.

2) Trois espéces ont une floraison précoce, juste apres les premiéres pluies de la saison pluvieuse,
et montrent les mémes rythmes de production du feuillage et des tiges. Les trois autres espeéces
fleurissent pendant la saison pluvieuse, une au commencement, une autre au milieu et la derniére a la
fin. De plus, elles montrent différents rythmes de production de tiges.

3) Mis a part Trachypogon plumosus qui a un nombre trés réduit de caryopses et une importante
propagation végétative, les espéces produisent d’autant plus de diaspores (par plante et par poids sec)
qu’elles ont une floraison plus tardive. Les caryopses des espéces précoces germent vite sur un
substrat humide. Au contraire, celles des autres espéces ont une longue période de latence qui dure
jusqu’au commencement de la saison des pluies suivante. En conséquence, les caryopses de toutes ces
especes germent en méme temps durant le premier mois de la saison pluvieuse.

MoTs-CLES © Savane - Graminées - Phénologie - Semence - Germination.

Acta (EcologicalEcologia Plantarum, 0243-7651/85/01/41/11/$ 3.10/© Gauthier-Villars



42 J. F. SILVA AND M. ATAROFF

INTRODUCTION

After twenty years of ecological research on the tropical savannas of Venezuela,
there is a sizeable amount of information on several aspects of the structure and
functioning of this tropical ecosystem. A recent review is given by SARMIENTO (1983 a).
However, very little is known regarding the population ecology of common species
of savanna plants, both grasses and trees. Most of the available information at the
population level concerns phenology (MONASTERIO & SARMIENTO, 1976; RAMIA,
1977, 1978). There are a few works on the population biology of trees (ATAROFF,
1975; XENA et al., 1980; RAMIREZ & ARROYO, 1980) and on the architecture and growth
dynamics of grasses (ATAROFF, 1980). This lack of population studies of savanna plant
species limits our understanding of savanna communities in both the New and the
Old world; particularly critical is the lack of data on the dominant grass species which
are responsible for most of the primary production in these systems (SARMIENTO
& MONASTERIO, 1983; SARMIENTO, 1978; CESAR, 1971; CEsAR & MENAUT, 1976,
LAMOTTE, 1975).

Savanna communities are relatively rich in species and within one community
several grass species are important contributors to the total biomass (SARMIENTO
& MONASTERIO, 1971). These codominant species are always perennial grasses, very
similar in life form and general phenology, suggesting great niche overlap. Further-
more, reported differences in vertical distribution of biomass (SARMIENTO, 1978)
suggest further differentiation among coexisting species regarding plant architecture
and tiller formation dynamics as reported for less diverse grassland communities
(MCcKENDRIK et al., 1975). Moreover, although all these species are reported flowering
every year, information is lacking on their reproductive dynamics. And in a similar
way with other grassland and savanna areas, there is an unsubstantiated belief
that vegetative reproduction is the common reproductive strategy of dominant
grasses, while sexual reproduction is rare (BERG, 1972; MCKENDRIK et «l., 1975).

SARMIENTO (1983 b), distinguished precocious, early, intermediate and late
flowering phenological types among dominant grass species in tropical seasonal
savanna communities. If grass species from tropical savannas are flowering at different
times during their growing season as shown by SArRMIENTO (1978), they probably
differ along other axes of their “regeneration niche” (Gruss, 1977). For instance,
late bloomers produce their seeds when the wet season is advanced, and it might
therefore be expected that these species would exhibit dormancy in order to enable
them to survive until the next wet season. Dormancy should be lacking in early
produced seeds and these should germinate as soon as they are in contact with wet
ground, in order to maximize the length of their first growing season. Furthermore,
if late-produced seeds have to wait several months before becoming seedlings there
would be an added mortality risk for them when compared to the seed crop of early
blooming species coexisting in the same community. Late bloomers would be expected
to compensate for this added mortality by producing a larger annual seed crop than
early blooming species.

In this paper we present preliminary results from a 20-month field study on the
reproductive ecology of six perennial grass species which coexist in a seasonal savanna
in western Venezuela.
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MATERIALS AND METHODS

Six species were selected for this study: Elyonurus adustus (Trin) Ekman, Sporobolus cubensis
Hitche., Leptocoryphium lanatum (H. B. K.) Nees, Axonopus canescens (Trin.) Pilger, Androrogon
semiberbis (Nees) Kunth., and Trachypogon plumosus (H. and b. ex. Willd.) Nees. These species are
perennials usually found as codominant in the herbaceous stratum of seasonal savanna communities
from the Western Llanos of Venezuela (SiILvA & SARMIENTO, 1976).

The study area is a typical seasonal savanna on the Andean piedmont hills of Barinas State,
located 10 km west of the city of Barinas (08 28’ N-70 12’ W). Mean annual temperature is 27° C,
mean annual rainfall 1,500 mm. Temperature varies little throughout the year. but rainfall is markedly
seasonal, with four to five months with little or no rain (December to April) and seven to eight months
of wet season (April to November). Climatically, the area belongs to the Llanos Region of Venezuela
(MONASTER10, 1970).

Dominance by grass species appears to be patchy (ATAROFF, 1983). Cover was msasured by ran-
dom points. It was found that Elyonurus adustus and Trachypogon plumosus were the two most
important species. but their cover values varied widely between 20 and 80 %,. At a second ranking
level were Leptocoryphium lanatum, Andropogon semiberbis, Sporobolus cubensis and Axonopus
canescens, whose cover values varied widely between 0 and 40 %,.

Twenty healthy looking adult plants of each of the six species were selected and marked, and
new tiller formation, new leaf production, reproductive growth and aerial biomass growth were
monitored. The aim was to check if the populations were partitioning flowering time as described by
SARMIENTO (1983) for other populations of these species, and also to explore further differentiation in
patterns of vegetative growth.

Monitoring of seed germination in the field was difficult because of the complex patterns of seed
spread and the numbers of seeds produced. Because some of the species produce scores of seeds and
very many seedlings, whereas others produce fewer seeds and only very few seedlings, several sizes
of plots were compared in order to select a size which provided a compromise between the excessive
work involved in monitoring the abundant-seeding species and the need to detect germination of the
scarcely-seeding species. After tests, three 8 m plots were set up and monthly collections made of all
seedlings appearing in the plots. Identification and counting of seedlings was undertaken in the labo-
ratory by comparison with known samples under the stereoscopic microscope.

Diaspore numbers in the soil were monitored monthly by collecting the upper 2 cm of soil from
four randomly set 50 < 50 cm quadrats. In the laboratory the soil was washed with | % sodium
hypochlorite solution and after sifting through 35 mesh, the diaspores were separated, identified and
counted under the stereoscopic microscope.

To measure diaspore production, we selected five healthy looking specimens in flower of each
species. Shortly before diaspore release each plant was enclosed in a fine mesh material. After disper-
sal was completed, each whole plant including underground biomass was removed to the laboratory.
diaspores collected and counted, and the aerial and underground biomass was washed and dried to
constant weight. Diaspore production was expressed as number of diaspores per gram of dry weight
of plant and as number of diaspores per individual plant; these measures probably represent the near
optimum annual reproductive output. Furthermore, collected diaspores were examined under the
microscope to detect the presence of a caryopsis. Caryopses were tested for viability using the tetra-
zolium test (MooRE, 1973). Simple germination tests were undertaken using three replicates of
100 caryopsis-carrying diaspores in Petri dishes under room conditions for three weeks.

Given the intention to highlight trends in seed bank dynamics and field germination, and due
to the high variance imposed by horizontal patterns of distribution, data on diaspores numbers in the

soil and on the appearance of new seedlings are shown as total numbers detected in the sampling,
rather than mean values.

Data are presented here for the period February 1980 to December 1981. Prior to May (980,
the study site was under extensive cattle grazing, but since that time cattle have been totally excluded
from the areca. Extensive savanna fires in 1980 and 1981 affected the study area. On 26 February 1980
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a first fire swept across most of the study area. The rest was burnt by a second fire on 13 March 1980.
In 1981, a single fire swept across the whole area by the end of March. Also, a weather anomaly
during 1981 created a break in the usually continuous dry season, due to unexpected rains during
February which had ceased by the beginning of March.

RESULTS
I. PHENOLOGY

Figures 1 and 2 present the results of the phenological tracking of the six species
under study throughout 1980 and 1981. These curves do not represent rates of tiller
formation or leaf growth but rather they show the proportion of the population acti-
vely producing new tillers, new leaves or reproducing. The latter includes floral deve-
lopment, fruit development and dispersal of diaspores.

Four different trends can be distinguished. In Elyonurus adustus, Sporobolus
cubensis and Leptocoryphium lanatum, new tiller formation was restricted to the rainy
season. S. cubensis peaked in tiller formation activity towards the end of the wet
season, although this pattern was less marked in 1981. L. lanatum showed an inverse
trend, peaking early in the wet season. E. adustus maintained a high level of tiller
formation activity from May to December 1980 and again during the first part of
the 1981 rainy season, but this activity declined progressively during the last months
of the year. Production of new leaves for the three species was also maximal during
the wet period, with no major differences between species, and it continued at a low
level during the dry season.
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FiG. 1. — Phenological curves for Elyonurus adustus (E); Sporobolus cubensis (S) and Leptocoryphium
lanatum (L). The abscissa represents months from March 1980 to December 1981. The ordinate
is the percent of individuals in each of the three phenophases: a) producing new leaves 0—o:
b) producing new tillers @—@ and c¢) reproducing (A—A).
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F1G. 2. — Phenological curves for Andropogon semiberbis (A); Trachypogon plumosus (T)
and Axonopus canescens (X). For details see legend of figure 1.

These three species were also related in their reproductive phenology, flowering
precociously by the end of the dry season and the beginning of the wet season.
E. cdustus and S. cubensis bloomed a few days after the fire in both years, dispersal
being very rapid after caryopsis formation. L. lanatum bloomed about a month later
in 1980, and its reproductive period was about a month longer because of slowe:
dispersal. None of the marked plants of this species flowered in 1981. Observations
in the surrounding areas revealed very few flowering individuals, corroborating the
lack of blooming activity during that year.

A second trend in vegetative growth is shown by Axonopus canescens. The majo-
rity of the population was constantly producing new tillers and new leaves. This trend
of constant production of new vegetative structures was confirmed by our observations
on the total population and by preliminary unpublished data on tiller formation and
mortality rates. Flowering and fruit formation took place during July-August and
diaspore dispersal was prolonged until November.

The timing of tiller formation in 7' plumosus differed radically from the above
species, peaking by the end of the dry season and the beginning of the rains, and
decreasing afterwards. Again we found maximum leaf production activity during the
wet period, with low levels of production during the dry season. None of the twenty
plants in our sample flowered during 1980 or 1981. From observations on the total
population we estimated that a third of the population flowered in 1980 and in 1981.
Flowering peaked in September and dispersal took place before the end of Gctober.

Andropogon semiberbis produced new tillers from the end of the wet season
(October) to mid-dry season (February). Shoot elongation took place during Septem-
ber and October and the peak of anthesis was in November. Dispersal was slow and
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continued during most of the dry season. Most of the population was producing new
leaves throughout the year, except during the last months of 1980 when tiller and
flower production were peaking.

2. REPRODUCTION

Diaspores differ greatly between species. Those from E. adustus, A. semiberbis
and 7. plumosus are structurally complex, heavy and bulky, whereas those from
S. cubensis, L. lanatum and A. canescens are much smaller, simpler and lighter.
There seems to be no relation between diaspore weight and number of diaspores
produced per year (table I). Although diaspore production differed between the
two years, particularly in the precocious species, there were important differences
between species (table 1). An analysis of variance showed these differences to be signi-
ficant (p < .01) and a t-test pair compatison showed that in both years 4. canescens
and A. semiberbis, produced a significantly higher number of diaspores per plant’s dry
weight and per individual plant than the other species. 7. plumosus produced as few
diaspores as the precocious species.

TaBLE |. — Data on reproductive output for the six studied species.

SPP. 1% 2% 3% 4x 5% 6% 7* gx 9%
E. adustus 146 669 4.6 12.3 65 96 30 2.6 2.2
5. cubcacis €81 549 7.4 20.6 100 89 83 0.5 0.7
L. lanatum 593 - 16.0 - 74 72 69 0.6 0.8
A. canescens 4051 2958 125.7 102.0 17 85 2 0.2 2.3
T. plumosus 759 528 4.4 2.4 17 63 0 1.6 0.5
A. semiberbis $509 11897 133.3 148.0 26 L 1 1.4 19.7

1* = Diaspores per individual plant 1981.

2* = Diaspores per individual plant 1982.
3* = Diaspores per gram dry weight 1981.
4* = Diaspores per gram dry weight 1982.

5% = Percent diaspores with caryopsis after dispersal.
6* = Percent viable caryopsis.

7* = Percent germinated caryopsis after dispersal.

8* = Diaspore dry weight (mg).

9* = Percent of total dry weight in diaspores (mean).

The proportion of diaspores carrying a caryopsis was much higher in precocious
species than in the others studied. The proportion of diaspores having a non-fertilized
perfect floret (taken as a measure of fertilization failure) was 30 and 53 9 in A4. semi-
berbis and T. plumosus respectively. This counts probably indicate that the low pro-
portion of caryopsis-carrying diaspores in these species partially results from heavy
predator pressure. Actually, many spikelets lacking a caryopsis were found to carry
an insect larva inside, but neither the extent nor the nature of the predation was
assessed.

All species except 4. semiberbis displayed a high caryopsis viability (table I).
Seeds from precocious species were ready to germinate immediately after dispersal,
whereas seeds from the other three species exhibited dormancy (table 1). A. semiberbis
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had the highest annual investment in diaspores, almost twenty percent, 4. canescens
and E. adustus showed intermediate values (near two percent), while the others had
values lower than one percent (table I). Using the data shown in table 1, we estimated
the annual mean contribution of new embryos per individual for each of the six
species. Although these estimates are based on only one’s year data (1980) and we did
observe important between-year fluctuations, they could be considered as a first
aproximation. 7. plumosus, the only one with extensive vegetative multiplication,
showed the lowest annual progeny per mean individual with only 3 embryos per
individual per year, whereas A. semiberbis showed the highest number with about
1,000 embryos per individual per year. The values for the other four species are
intermediate and similar to each other (200 to 300 embryos per individual per year).
The original data represent maximum reproductive output in the field, therefore these
are overestimates of annual individual contribution to the population.

The peak of germination occurred during May and June for all six species
(fig. 3 and 4). In the three precocious species (S. cubensis, L. lanatum and E. adustus ),
there was a peak in number of diaspores in the soil immediately after flowering, at
the beginning of the rainy season. Germination seems to deplete this bank of diaspores
since diaspores of these species were not found after September. It is after this Sep-
tember that dispersal of the other three species ( A. canescens, T. plumosus and A. semi-
berbis) took place. An increase in diaspore numbers in the soil for each of these
species was recorded towards the end of the rainy season, followed by a slow decrease
during the dry period and a sudden depletion due to massive germination by the
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Fi1G. 3. — Diaspores found in the soil and seedlings harvested in the field. Numbers of diaspores are

the sum of four 50 x 50 cm quadrats and numbers of seedlings are the sum of the harvests
from three 8-square meter permanent plots.
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Fi1G. 4. — Diaspores found in the soil and seedlings harvested in the field.
Numbers of diaspores and seedlings as in figure 3.

start of the following wet season. This evidence suggests that there is no permanent
diaspore bank in the soil, but rather that it is annually refilled by each yearly flowering
of the populations concerned.

Important differences in reproductive output occur between years. For instance,
L. lanatum bloomed massively during early 1980 but failed to flower in 1981 and
flowered again massively during 1982. Other species not considered in this study,
like Paspalum pectinatum and Andropogon selloanus whose flowering peak coincides
with that of L. lanatum were observed to show an inverse trend, blooming scarcely at
all in 1980 but substantially in 1981. As shown in figures 3 and 4, seedling recruitment
also changed from 1980 to 1981. Seedlings of S. cubensis were much more abundant
in 1980 than in 1981; E. adustus seedlings, on the other hand, were not found in 1980
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but were abundant in 1981. Also noticeable were the differences in number of seedlings
on the ground for the different species: 4. canescens and 7. plumosus were scarcely
found, whereas L. lanatum and A. semiberbis were abundant.

DISCUSSION AND CONCLUSIONS

These results show that the six studied species differ in their vegetative and repro-
ductive phenologies and that those species which flower well after the beginning of the
rainy season postpone germination until the starting of the next year rains. Since this
delay increases the risk of mortality during the seed stage, it could be compensated
by producing more seeds. Two of the three late flowering species did produce signi-
ficantly more diaspores than the other species, whereas T. p/lumosus produced as few
diaspores as the precocious species. This is probably related to the fact that 7. p/u-
mosus grows extensively by vegetative multiplication.

Phenological spread of codominant grass species is common in other savanna
communities (Ramia, 1977, 1978; SARMIENTO, 1983 b; MENAUT & CESAR, 1983)
but there is no data on their reproductive output and germination.

GRIME (1979) pointed out that coexisting plant species which grow in different
seasons of the year differ widely in their physiologies. Although venezuelan savanna
climate has a dry-wet seasonality (MONASTERIO, 1969) the rainy season could be
considered rather as three different periods (SARMIENTO, 1983 b). Phenological
differentiation of grassland species seems to be related to temporal partitioning of
nutrient resources but until very recently no direct evidences had been published
(VERESOGLOU & FITTER, 1984). Flowering at different times during the growing season
should imply different temporal patterns of energy flow in the plant which may be
related to different temporal patterns in the use of limiting nutrient resources, On the
other hand, RaBINOWITZ et /. (1981) have suggested that flowering time spread in
wind pollinated coexisting species may be avoiding interference between stigmatic
sutfaces, but no evidence is yet available to support this hypothesis.

Our results back the idea that phenological differences are related to differences
in demographic programs (GRUBB, 1977). A. semiberbis seems to have the shortest
life cycle with the highest annual reproductive output whereas 7. plumosus is probably
the most longevous of this group, with strong vegetative multiplication and low annual
reproductive output. Although differences in regeneration dynamics have been
proposed to explain coexistence (SARUKHAN, 1974; GruBs, 1977; GRIME, 1979),
the role of demographic differences allowing the coexistence of plant species competing
for space is still unclear.

Maximizing the length of the first growing season may be of adaptive significance
in communities with a marked seasonality (FRANKIE et al., 1974). Thus, dormancy
of A. canescens, T. plumosus and A. semiberbis seeds would have adaptive significance
and could help to explain coexistence with the precocious species. Furthermore, the
three species exhibiting seed dormancy probably differ in their dormancy mechanisms
and diaspore dispersal syndromes since their seeds are dispersed under different
environmental conditions. Thus, A. canescens and T. plumosus seeds are dispersed
under the very humid conditions of the second half of the wet period and therefore
stay in a very wet soil for several months. In contrast, 4. semiberbis dispersal occurs
during the first weeks of the dry season.

1t seems that grass species coexisting in seasonal neotropical savannas are actively
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reproducing by seeds and that they differ not only in growth and phenological patterns
but also in their sexual reproductive dynamics and probably in their demographic
patterns.

ACKNOWLEDGMENTS

We thank our field technician, Mr. Luis NIETO, for his assistance; our colleagues from the Plant
Ecology Group for encouragement, for support in field work and for stimulating discussions;
Dr. Guillermo SArRMIENTO, for interesting criticisms and suggestions; Mrs. Isa MATA, owner of
Farm Palma Sola, for permission to work in her property; J. CANALES and I. TrRompIZ, for help in
the field.

The research was funded by the Universidad de los Andes through the C. D. C. H., grant
C 138 79, and by the Consejo Nacional de Investigaciones Cientificas y Tecnologicas de Venezuela
(CONICIT) through the grant to the Postgrado de Ecologia Tropical, ULA.

REFERENCES
ATAROFF M., 1975. — Estudios ecologicos poblacionales en dos especies de arboles de las sabanas de
los Llanos. Tesis de Licenciatura, Universidad de los Andes, Merida, Venezuela.
ATAROFF M., 1980. — Arquitectura y dinamica del desarrollo de Axonopus compressus (Swartz)
Beauv. Universidad de los Andes, Merida, Venezuela.
ATAROFF M., 1983. — Analisis de las estrategias de ocupacion del espacio por gramineas de la sabana

estacional. Tesis de Maestria, Postgrado de Ecologia Tropical, ULA, Merida.

BErRG A. R., 1972. — Grass reproduction. In: V. B. YOUNGER & C. M. McKELL, eds., The biology
and utilization of grasses. Academic Press, N. Y., p. 334-347.

CEsAR J., 1971. — Etude quantitative de la strate herbacée de la savanne de Lamto ( Moyenne Céte-
d’Ivoire). Ph. D. diss., Faculté des Sciences de Paris.

CesArR J. & MEenNaut J. C., 1974. — Le peuplement végétal des savanes de Lamto (Cdte-d’Ivoire).
Bull. Liaison cherch. Lamto, Numéro spécial, 1974, Fac. 11, 1-161.

FrRANKIE G. W., BAker H. G. & OpLER P. A., 1974. — Comparative phenological studies of trees
in tropical wet and dry forests in the lowlands of Costa Rica. J. Ecol., 62, 881-913.

GRIME J. P., 1979. — Plant Strategies and Vegetation Processes. J. Wiley and Sons.

Gruss P. J., 1977. — The maintenance of species richness in plant communities: the importance of
the regeneration niche. Biological Review, 52, 107-145.

LamoTTE M., 1975. — The structure and function of a tropical savanna ecosystem. In: F. E. GOLLEY
& E. MEDINA, eds., Tropical Ecological Systems. Springer-Verlag, N. Y., p. 179-222.
McKEeNDRIK J. D., OwensBy C. E. & Hype R. M., 1975. — Big bluestem (Andropogon gerardi)
and indiangrass (Sorghastrum mutans) vegetative reproduction and annual reserve carbo-

hydrate and nitrogen cycles. Agro-Ecosystems, 2, 75-93.

MENAUT J. C. & Cesar J., 1983. — The structure and dynamics of a west African Savanna. In:
B. J. HunTLEY & B. H. WALKER, eds., Ecology of Tropical Savannas. Springer-Verlag, N. Y.,
p. 80-100.

MONASTERIO M., 1970. — Ecologia de las Sabanas de America Tropical. [1. Caracterizacion ecologica
del clima de los Llanos de Calabozo, Venezuela. Revista Geografica (ULA), 9, 3-83.

MONASTERIO M. & SARMIENTO G., 1976. — Phenological strategies of plant species in the tropical
savanna and the semideciduous forest of the Venezuelan Llanos. Journal of Biogeography.
3, 325-366.

Moore R. P., 1973. — Tetrazolium staining for assessing seed quality. In: W. HEYDECKER, ed.,
Seed ecology, p. 347-366.

RasiNowlTz D., Rapp J. K., Sork V. L., RATHCKE B. J., REEse G. A. & WEAVER J. C., 1981, —
Phenological properties of wind and insect pollinated prairie plants. Ecology, 62, 49-56.
Ramia M., 1977. — Observaciones fenologicas en las sabanas del Medio Apure. Acta Botanica

Venezuelica, 12, 171-206.
RamiA M., 1978. — Observaciones fenologicas en las sabanas del Alto Apure. Boletin de 1a Sociedad
de Ciencias Naturales, 33, 149-198.

Acta Ecologica]Ecologia Plantarum



PHENOLOGY, GROWTH AND GERMINATION OF COEXISTING GRASS SPECIES 51

RAMIREZ N. & ARrRroyo M. T. K., 1980. — Dinamica poblacional de Copaifera pubifiora Benth
(Cesalpinacea) en los Altos Llanos Centrales de Venezuela. Acta Cientifica Venezolana, 31
(suppl. 1), 91.

SARMIENTO G., 1978. — Estructura y funcionamiento de Sabanas Neotropicales. Universidad de los
Andes, Facultad de Ciencias, Merida, Venezuela, 367 p.

SARMIENTO G., 1983 a. — The savannas of Tropical America. In: F. BOURLIERE, ed., Tropical Savan-
nas. Elsevier, Amsterdam, p. 245-288.

SARMIENTO G., 1983 b. — Patterns of specific and phenological diversity in the grass community
of the Venezuelan tropical savannas. Journal of Biogeography, 10, 373-391.
SARMIENTO G. & MONASTERIO M., 1971. — Ecologia de las sabanas de America Tropical. 1. Analisis

macroecologico de los Llanos de Calabozo, Venezuela. Cuadernos Geograficos, 4. Universidad
de los Andes, Merida, 126 p.

SARMIENTO G. & MONASTERIO M., 1983. — Life forms and phenology. In: F. BOURLIERE, ed., Tropical
Savannas. Elsevier, Amsterdam, p. 79-108.

SARUKHAN J., 1974. — Studies on plant demography: Ranunculus repens L., R. bulbosus L. and
R. acris L. 11. Reproductive strategies and seed production dynamics. J. Ecol., 62, [51-177.
SiLvAa J. F., MONASTERIO M. & SARMIENTO G., 1971. — Reconocimiento ecologico de los Llanos

Occidentales. II. El Norte del Estado Barinas. Acta Cientifica Venezolana, 22, 60-70.

SiLvAa J. F. & SARMIENTO G., 1976. — La composicion de las sabanas de Barinas en relacion con las
unidades edaficas. Acta Cientifica Venezolana, 27, 68-78.

VEREsoGLOU D. S. & FITTer A. H., 1984. -— Spatial and temporal patterns of growth and nutrient
uptake of five coexisting grasses. J. Ecol., 72, 259-272.

XENA N., RAMIREZ N. & AGoSTINIG., 1980. — Patron electroforetico de proteinassolubles ensemillas
de Bowdichia virgilioides H. B. K. (Leguminosae, Faboideae) y sus grados de variacion en la
progenie. Acta Cientifica Venezolana, 31 (suppl. 1), 32.

Vol. 6 (20), n° 1 - 1985



