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ABSTRACT

The dynamics of a seed cohort over a one-year period and its laboratory germination requirements at eight constant temperatures
in light and darkness were studied in Espelezia timotensis Cuatr., a giant rosette species from the Venezuelan Andes (paramo) at
4200 m elevation. After one year (coinciding with the end of the rainy season) 55 percent of the seeds remained viable, 17 percent
had germinated, and mortality accounted for 30 percent. Soil samples collected at the beginning and the end of the rainy season
and sieved to separate the buried seeds revealed naturally occurring viable seeds on both occasions. In the laboratory, maximum
germination percentages were 80 and 67 percent in light and darkness, respectively, much higher than the germination percentage
observed in the field. The adaptive significance of the asynchronous germination pattern in the seed bank of E. timotensis and the

differences between field and laboratory germination are discussed.

IN THE VENEZUELAN ANDES, pdramo vegetation ranges from
alticudes of 2800—4600 m where giant rosette plants of
the genus Espeletia comprise a conspicuous physiognomic
element. One of the dominant species in the highest pa-
ramo zone, Espeletia timotensis Cuatr., is a long-lived
caulescent rosette growing to 3 m tall and restricted to
well-drained slopes above 4000 m (Fig. 1). The frequent
occutrence of night freezing temperatures throughout the
year is a common feature in high tropical mountain en-
vironments (Hedberg 1964, Coe 1967, Troll 1968, Mon-
asterio and Reyes 1980) and may limit germination and
establishment (Smith 1980, 1981, Smith & Young 1982).
For this reason and because it lacks vegetative propagation
and reproduces polyannually (Monasterio 1983, Berry &
Calvo 1987), we might expect adaptive characteristics in
the timing and degree of germination synchrony of the E.
timotensis seed bank. To date, very few studies have for-
cused on the seed biology of paramo species. Pannier
(1969) found in E. schulizii, a widely distributed giant
rosetce, that germination percentages were higher n light
and increased by drying and wetting cycles. Smith’s (1975)
studies of germination optima from altitudinal populations
in five species showed that only seeds from high-elevation
populations could germinate at temperature regimes other
than that of their natural habitat.

The objectives of this paper are to evaluate the dy-
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namics of a seed cohort of E. timotensis over a one-year
period and to characterize its germination requirements
under laboratory conditions. Although the population dy-
namics and ecophysiological aspects in this species are fairly
well known (Monasterio 1983; Goldstein e «/. 1984,
1985; Rada ez a/. 1985), basic features of its seed biology
have remained unstudied.

STUDY SITE

The study was conducted in the Paramo Las Cruces, Estado
Mérida, Venezuela (8°51'N, 70°49'W), at 4200 m ele-
vation. The vegetation is described by Monasterio (1980)
as “‘desert paramo’’ with total plant cover ranging from
S to 30 percent. The slope of the site varies between 10°
and 30°. Other characteristic plant life forms in the area
include tussock grasses, cushion plants, and small acau-
lescent rosettes. The zone was subjected to glacial events
during the late Pleistocene (Schubert 1980); soils were
formed by the accumulation of colluvial deposits and are
composed primarily of sand. The climate is strongly sea-
sonal with a 4- to 5-mo dry period (December—March)
followed by an 8-mo rainy season during which 76 percent
of the mean annual rainfall of approximately 800 mm is
received. Daily temperature fluctuations are far greater
than seasonal ones. Mean annual temperature is 2.8°C,
with a mean monthly difference of about 2.7°C between
the warmest and coldest months. In contrast, daily cycles
recorded during the dry and wet season at soil surface
have given extreme (day/night) values of 40°/—10° and
26°/0°C, respectively (Monasterio 1983).



FIGURE 1. Individual of E. timotensis from the Venezuelan
paramos at 4200 m. Approximate height is 2 m.

METHODS

Seeds were collected for seed bank dynamics and laboratory
germination experiments prior to disperal in De-
cember 1983 from 25 randomly selected fruiting indi-
viduals inside a 20 X 50 m plot. Mean seed weight is
0.92 mg (SD = 0.16, N = 100 seeds). Since this species
forms a seed coat regardless of whether the ovule has been
fertilized, filled and empty seeds were distinguished by
applying light pressure to each seed with a pair of tweezers.
The seeds were stored in paper bags at room temperature
for use in the two experiments.

To assess the density of seeds buried in the soil within
the plot, 60 samples (30 % 30 x 5 cm deep) were collected
at random intervals along two 50-m transects on 12 March
and 4 December 1984, at the beginning and end of the
rainy season. Samples were placed in plastic bags and
transported promptly to the laboratory where they were

stored at 4°C in the dark. Each sample was air-dried,
sieved into >1.0-mm and >0.5-mm fractions and the
filled seeds hand-sorted. Since a great number of samples
contained either no seeds or only empty ones, all replicates
were combined for each date, and seed density was esti-
mated by dividing the number of filled seeds by the total
area sampled (5.4 m?).

SeED BANK DYNam(cs.—Thirty nylon 1-mm mesh bags of
100 seeds each were buried in January 1984, at the onset
of natural seed dispersal, at randomly chosen locations
inside the plot. The bags were filled with sieved soil from
the burial site and placed within 2—3 c¢m of the soil surface.
Approximately every 2 mo over an entire year, 5 randomly
selected bags were taken to the laboratory and kept at
4°C 1n the dark for =2 days. Recovered seeds were des-
ignated either germinated, viable, or dead. Because seed
coats are not easily degraded under natural conditions and
emerging seedlings might have died, the criterion for des-
1ignating germinated seeds was the detection of a longi-
tudinal incision in the coat and the presence of the te-
gument that surrounds the embryo. The remaining intact
seeds were incubated in tetrazolium chloride, and stained
embryos were designated viable. If the sum of the seeds
in the three categories did not total 100 for each bag, the
difference was designated unrecovered.

LABORATORY GERMINATION.—Germination tests were con-
ducted on an aluminium thermogradient bar connected
at both ends to constant temperatute baths, Treatments
used were 5°, 10°, 13°, 16°, 19°, 23°, 26°, and 28°C, in
both constant light and constant darkness. Fifty seeds per
treatment were placed on strips of filter paper inside glass
tubes (1 cm diameter X 25 cm long) and arranged at the
selected temperatures along the bar. Samples were moist-
ened every 2 days with | ml distilled water. Light was
provided by fluorescent tubes with quantum flux of 18
umol/m? X sec. The glass tubes were covered with alu-
minium foil in the dark treatments. A seed was considered
to have germinated when both the extrusion of the radicle
and a longitudinal split in the seed coat were observed.
Germinated seeds were counted every day and dark treat-
ments inspected with a dim green safelight for no more
than 2 min. For each treatment, the experiment was ter-
minated following 5 consecutive days in which no ger-
mination was recorded. Experiments were repeated three
times over a 3-mo period during which the viability of
the stored seeds remained high (94.5%; N = 400 seeds).
For each treatment, mean germination time (MGT) was
calculated in every replicate according to the formula:

>N, X T)
2N,

Reproductive Ecology in Espeletia timotensis 55

MGT =



100+

Percentage of Seeds

0 i ¥ T

A M J

T L T

J A S O N D

Month

FIGURE 2.

Percentage of germinated (squares), viable (circles), and dead (triangles) seeds of E. timotensis at each sampling date

during 1984, Percentages of viable and dead seeds for the date of burial (January) were obtained with a tetrazolium test in a lot
of 500 seeds. Each value represents the mean (+SD) of five replicates of 100 seeds each.

In which T, = time (in days) since the start of the ex-
periment, and N, = number of seeds germinated at time
T,. Germination percentages were arcsine-transformed and
compared using 1-way ANOVA. A posteriori comparisons
were performed with a Tukey’s test (Sokal & Rohlf 1981).
Final germination percentages for each treatment in light
and darkness were compared with a G-independence test.

RESULTS

The percentage of viable seeds decreased exponentially
with time in the seed bank, as described by the equation
Ln(percentage dormant seeds) = 4.499 — 0.0557, where
T = months (»2 = 0.72; slope ¢ value = —3.66, df = 5,
P <0.01;95% C.1. for slope = —0.093, —0.017). After
one year, about 55 percent of the buried seeds remained
viable (Fig. 2). Germunation started after the first rains in
May and did not exceed 17 percent/mo during the whole
year. Seed mortality was more common than germination,
reaching about 30 percent by the end of the experiment.
No signs of external damage (e.g., by seed predators) were
observed. The percentage of unrecovered seeds varied from
1.6 in January to 10.8 in July and declined to 3.4 and
2.2 in October and December, respectively. If coat deg-
radation contributed to the lack of seed recovery, an in-
crease of seed loss with time would be expected; but no
significant relationship was found. Mean density and per-
cent viability in the seeds sampled in the study plot
(Table 1) decreased between the beginning and the end
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of the rainy season (probably caused by germination).
Viability percentages, however, were lower on both dates
than those for the bagged seeds: 67 vs 83 percent in
March and 39 vs 55 percent in December.

At all temperatures, germination percentages were
consistently higher in the light, but the highest percentages
in darkness tended to occur at warmer temperatures (Table
2). Germination percentages were influenced differently
by light and darkness as temperature increased, as a sig-
nificant interaction component was found (2-way AN-
OVA, F=209,df =7, 32, P < 0.001). In the lighe,
the highest percentages were obtained between 5° and
19°C, whereas in darkness no germination occurred after
40 days at 23°, 26°, and 28°C. A tetrazolium test applied
to these treatments showed a decline in viability of ap-
proximately 40 percent, suggesting that the seeds may
have been damaged by the higher experimental temper-
atures. The mean germination time increased as the tem-

TABLE 1. Mean density and percent viability of E. timotensis
seeds in the study plot at the beginning (March) and
the end (December) of the rainy season during 1984.
All replicates were pooled and divided by the total

area sampled, 5.4 m’.

Total no.

No. of seeds

Date seeds/m’ % viability sampled
March 68.5 67.8 370
December 235 39.8 127




TABLE 2.  Mean (£SD) of final germination percentages and mean germination times (MGT, in days) at constant temperatures in
E. timotensis seeds. Within the light and dark conditions, mean final germination percentages followed by different letters
differ significantly at P < 0.05. At all temperatures, germination was higher in the light (G-independence test, P < 0.05
in all cases).
Light Dark
Temp. (°C) % germination MGT % germination MGT
5 76.00 (5.29)a 10.81(2.71) 50.00 (2.00)a 19.23(1.98)
10 81.33 (2.30)a 6.75 (1.75) 65.33 (7.02)b 14.08 (1.27)
13 78.00 (5.29)a 5.92 (0.97) 67.33(2.30)b 8.77 (0.57)
16 80.00 (3.46)a 6.28 (1.32) 45.33(2.30)a 8.19 (1.04)
19 77.33(4.16)a 4.76 (1.56) 30.00 (2.00)c 6.25(2.89)
23 28.66 (4.16)b 5.00(2.45) 0.00 (0.00) —
26 8.66 (5.03)c 3.20(2.98) 0.00 (0.00) —
28 0.66 (1.15)d —* 0.00(0.00) —

* At 28°C in the light, mean germination time was not recorded due to small sample size.

perature decreased and was always greater in the dark
treatments (Table 2).

DISCUSSION

The seed bank experiment with E. timotensis showed that
a high fraction of the seeds remained viable more than a
year following production (a “‘persistent’’ seed bank; sensu
Grime 1979). In addition, naturally occurring viable seeds
were present in the soil along the study plot at the end
of the rainy season, although their viability was relatively
lower than those used in the seed bank experiment. This
reduced viability might result from differences in sample
sizes or from the presence of seeds in the soil from past
fruiting episodes. Exponential decay of the seed bank has
been reported in other species in studies of one year and
longer (Roberts & Feast 1973, Sarukhan 1974, Yadav &
Tripathi 1982, Anderson 1983). Assuming that the decay
rate does not change with time, the expected longevity of
seeds in the soil would be four to five years. The use of
the bags, however, might have reduced the effects of seed
predators or modified microenvironmental factors mnflu-
encing seed survival, possibly leading to an overestimation
of the expected longevity.

Asynchronous germination of the seed bank can be
of adaptive value where selective pressures restrict estab-
lishment and early growth in plant populations (Angevine
& Chabot 1979, Rathcke & Lacey 1985). In high-ele-
vation tropical habitats, seedling establishment seems to
be limited by such environmental factors as frequent noc-
turnal frosts and periods of low water availability. Smith
(1981) reported low seedling survivorship at 4200 m in
two common caulescent rosettes from the paramos, E.
schultzii and Espeletia Intescens, especially during the dry
season. Similarly, seedling survivorship was very low dur-
ing a one-year survey at 4100 m of Senecio keniodendron,
a giant rosette from African tropical mountains (Smith &

Young 1982). Our field observations over large areas in
the study zone also suggest that seedling establishment is
rare in E. timotensis, probably as a result of substrate
instability that causes upper-soil movement (gelifluction)
during repeated freezing and thawing cycles (Malagén
1982). Goldstein ez /. (1985) found that E. timotensis
juveniles (up to 40 cm tall) showed the highest risk of
mortality in the population and attributed a low phys-
iological capacity for drought tolerance as the main cause.
A seven-year phenology study by Monasterio (1983)
showed that reproductive cycles in E. zimotensis tend to
occur synchronously at the population level about every
three years. This factor might also select for the persistence
of seeds in the soil for more than one growing season.

Field germination percentages were usually lower than
those obtained in the laboratory. Although laboratory re-
sults are difficult to extrapolate to field conditions, we
suggest that enforced dormancy due to prevailing low
ambient temperatures in the paramo restrict germination
of E. timotensis seeds. Similar results have been obtained
in arctic (Bell & Bliss 1980), alpine (Marchand & Roach
1980), and cool-climate populations from widely distrib-
uted temperate species (McNaughton 1966) and could
be interpreted as a mechanism to “‘avoid’’ low tempera-
tures that might lead to seedling mortality (see Angevine
& Chabot 1979).

Our results of higher germination in the light, along
with dark gérmination favored at warmer temperatures,
were also reported in E. schultzii by Pannier (1969), who
suggested the action of a photosensitive mechanism for
this pattern. This author also showed that repeated drying
and wetting cycles enhanced germination values. Alchough
this treatment was not applied in E. timotensis seeds,
germination values comparable to those obtained by Pan-
nier (1969) have been found in E. schnltzii without any
treatment other than watering (M. R. Guariguata, pers.
obs.). The lower germination times and the higher per-
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centages within a broader temperature range found for E.
timotensis seeds in the light suggests that germination is
likely to be favored near the soil surface.

In summaty, E. timotensis seed bank dynamics follows
a "persistent’’ strategy, possibly as an adaptive response
to a recruitment rate limited by extreme environmental
conditions in the paramo habitat. How this pattern is
maintained by the partial contribution of germination re-
quirements of different genotypes, maternal effects during
seed maturation, or dormancy enforced by low tempera-
tures is unknown. Further studies on the seed biology in

high tropical mountain species are needed to better un-
derstand their regenerative processes in this environment.
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