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The modemn pollen deposition in high tropical mountains was studied by the pollen analysis
of 18 surface samples collected between 3 100- 4340 m elevation. The relative value among
the pollen types as well as the absolute value of the main types were estimated for each
sample. Pollen and spore assemblages reflect well the vegetation types, and their distribu-
tion. Fach type of paramo studied has a characteristic assemblage. The dispersion power

-and the quantity of deposition for the montane plants was evaluated by counting the

number of grzins per mg of sediment.

The long-distance type are: Podocarpus,

Hedyasmum, and psilate Cvarthea (moderate dispersion power); Alnus (high dispersion
power). The main adjacent source of pollen deposition is provided by Gramineae and
Compositae. Other pollen types have low or very low dispersion power. among them the
characteristic piramo herbs. Polvlepis sericea. a tree which grows high above the common
tree line, has very low pollen dispersion power, and low pollen deposition; its presence can

be detected only if the trees grow near the deposition site.
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Maria Léa Salgado-Labouriau, Centro de Ecolagia, IVIC, Apartado 1827, Caracas,

Venezuela.

The discovery of old moraines and other glacial
features in the Venezuelan Andes at -elevations
about 2000 m below the present snow line (4 700 m;
Royo y Gémez 1959) indicates the occurrence of a
Late Pleistocene glaciation which was recently de-
fined as the Mérida Glaciation (Schubert 19744a). It
was also found that the existing glaciers have un-
dergone a rapid retreat, particularly during the last
60 years (Schubert 1972). Evidence from the
Cordillera Oriental of Colombia (van der Hammen
1974) shows that the latest major upheaval of that
mountain range took place during Middle to Late
Pliocene time, and that by the end of the Pliocene it
had essentially reached its present elevation. The
Venezuelan Andes are the northeastern continua-
tion of the Cordillera Oriental and, therefore, it is
probable that they too may have reached their pres-
ent elevation before the beginning of the Quater-
nary. Although up to the present no evidence of
glaciation older than the Mérida Glaciation has been
found in the Venezuelan Andes. they may still_be
found in view of Herd & Naeser's (1974) recent
discovery of glacial deposits older than 100000
years B.P. in the Cordillera Central of Colombia.
Fluvio-glacial terraces were initially chosen to

Erdiman Memgrial Volume I

study the succession of post-glacial vegetation, and
possible paleoclimatic changes by means of pollen
analysis. These analyses were begun at La Culata
(Salgado-Labouriau & Schubert 1974, 1976), fol-
lowed by Mucubaji (Salgado-Labouriau & Schubert
1975, Salgado-Labouriau et al. 1977), both in the
Central Venezuelan Andes. at elevations between
2600 m and 2800 m. At present, borings of peat
bogs by means of a Hiller Sampler are under study.
In order to improve the interpretation of the data
from the old sediments it was thought necessary to
make a survey of the modern pollen deposition in
these mountains.

The site

The northern part of the Eastern Cordillera of Colombia
(the eastern branch of the Andes) is divided into two
branches, separated by the Maracaibo Basin (Fig. 1, in-
set). The northeastern branch (designated as the Ven-
ezuelan Andes) is an elongated series of mountain ranges
separated by deep valleys. They rise abruptly from low
elevation plains (llanos: 200 m elevation) 1o heights up to
5000 m, in a horizontal distance of less than 60 km. The
Central part of the Venezuelan Andes, where these moun-
lains reach their highest elevation, was chosen for the
palynological studies (Fig. 1). ‘
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Fig. 2. Piramo landscape: the Mifafi valley at 4000 m
elevation, .

The vegeration

The Venezuelan Andes have two distinctly defined vege-
tation belts: the piramos and the montane forest.

In tropical America the word “*paramo™ is used with two
different meanings, for the region between tree line and
the zone of permanent snow: and for the open plant forma-
tion occupying it (Fig. 2).

The pdramo vegetation has been extensively studied by
Cuatrecasas (1968), Vareschi (1970), Sarmiento et al,
(1971), Azocar (1974), Farifas (i975), and Monasterio
(in preparation). In Venezuela it is found from 2800 to
4700 m elevation, and therefore the piramo is a complex
displaving a nomber of different climatic and edaphic con-
ditions. Its vegetation is an open type of high mountain
plant formation, generally formed by a low stratum of
cushion-, rosette- and tussock-form herbs, mainly
Gramineze, Compositae, Rosaceae, species of the genera
Geranium, Lupinus, Arenaria and others. Scatiered
through this low stratum are small shrubs and tall roseltes
of Compositae, Hypericum, Hesperomeles, Arcyiophyl-
lum, Aragoa, and others. These, under some conditions,
€an cover up 1o 60% of the soil. The silvery-leaved
species of Espeletia (Campositae), varying in life-form
from large rosette-forming herbs 10 tree-like plants eight
meters high are, to the human eye, the most conspicuous
feature of the piramos, Of this latier genus 45 species are
known in Venezuela (Arstignieta 1564).

In the piramo belt, rivers, creeks, and small glacial
lakes are usually bordered by bogs. Peat formation is very
common. In these damp scils, Gramineae, Cyperaceae,
Genfianaceae, Iridaceae, Musci, Hepaticae, and Pierido-
phyies are found. At elevations higher than 3800 m it is
common to find a high altitude desert (called “Piramo.
desértico™ by Sarmiento et al, 1971) in which several

. species of tall Espeletia stand sparsely over bare rocky
soil. The piramos can be divided into (Cuatrecasas 1568):
1) Sub-piramo, transition zone between paramo and.

Fig. 1. Map of the Central Venezvelan Andes; inset: the
Northern Andes. Vegetational belts are represented by
their altitudinal limits. .
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montane forest: 2) Piramo proper, which includes all
types of piramo up to the finé of nightly freezing; 3)
Surperpiramo, the region between nightly freezing line and
snow line, i.e. the periglacial zone. ‘
High above the normal tree ling, on rocky slopes of the
pdramos. a dwarf forest is sometimes found: ‘Its main
component is'a tree. Polviepis sericéa. which reaches

, heights of 4 to 6 m. Sometimes it is the only tree: in other

instances, it is associated with small trees of Gynoxyx sp.
Under the trees there are shrubs of Hypericum, Aragoa,
Hesperomeles, and of several Conipositae. The existence
of the'Polylepis dwarf forest is still 2 problem to ecologists
and physiologists. It seems that it formerly occupied a
larger area (van der Hammen 1974), and it has been sug-
gesled that its existence above the tree line is mainly doe
1o favorable soil temperatures (Walter & Medina 1969).
The aliiiudinal Eimils of the paramos in the Central
Venezuelan Andes are shown in Fig. 1. The dwarf
Polylepis forest cannot be represented on this scale, but
its distribution jn the piramo de La Culata and the Piramo

+ de Mucubaji can be seen in Figs, 4 and §. These figures

ilustrate the reduced size of the dwarf forest, and its
anomalous distribution {mapped on aeral photographs
and verified in the field). -

Disturbance by man #s still small in the piramo belt.
There are small numbers of cattle in its lower parts, and
some cultivation, matnly of potatoes. up to 3 500 m eleva-
tion.

The tropical Montane Forest begins below the Tower
limit of the paramo (3 000 10 3300 m; usually 3200 m), and
in Venczuela this limit is sharp (Sarmiento et al, 1971).
The upper part (1700 10 3200 m) consists of a belt of
Cloud Forest. Some 40 1o 60 specics of trees, in several
strata’ip to 35-40 m high, many types of epiphytes, lianas,
and tree-ferns, characterize this evergreen mesothermic,
hydrophytic forest. The dominant trees genera are
Weinmania jahnii, Podocarpus oleifolius (and P. rospig-
hiosii}, several species of Lauraceae (QOcotea, Nectandra,
Beilschmiedia) and Guttiferae (Clusia, Havetia). The
small trees of Hedvosmum glabraium occur through al]
the altitudinal range, and the bamboo Chusguea in the
under canopy. Along the streams there are gallery forests,
sometimes almost exclusively by Alnus jorullensis, that
can penetrate inio the piramos. Studies on the structure
and composition of the Cloud Forest were made by Lam-
brecht (1954), Veillon (1962) and Sarmiento et al, (1971).

Part of the Cloud Forest was recently cleared. The
lower part, especially the flat terraces, up to 2200 m is
often vsed for agriculture, mainly corn; and in its upper

part potatoes are cultivated and cattle are raised. In many °

sites a secondary vegetation consisting mainly of Psidium,
Dodonaea, Compositae, Melastomataceae and Fri-
cacaeae, has developed. Most of the Cloud Forest,
however, is stil) fairly intact, The upper 2nd lower aliitud-
inal limits of the Cloud Forest belt is shown in Fig. L.

In a few places the Cloud Forest is replaced in its lower
parts by a dry everpgreen forest, The latter occurs at ele-
vations between 1400 and 2400 m, and jts main trees
are Podecarpus, Vallea, Rapanea, Myrcia, Cecropia,
Weinmannia, and Miconia. There are several ferns and
few grasses. This dry evergreen forest and the lowest
montane decidouos dry forest (600 to 1700 m) are much
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. Table I.-Dependence of annual
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average temperature on clevation'in a iransect-along the Sierra Nevada de

Mérida, Venezuelan Andes

T

Sy 2Tt T

< w e . .. Annual * e " R N AVCI’BgE .
L2 T e e T AltIWdE S . T4 s average e ~ATIAR X100 Total relative
T * (meter above AR 7% temperature AT | °C per precipila- humidity .,
Siation © . sealevel) m - 0 < . - 100m) tion %) .
. Mérida ©jagr 18.9 - 2044 81
N 943 5.9 0.6 4
La Montafid 2440 . 13.0 2339 86
- 1 006 ) 6.4 0.6
La Aguada - 3 446 . 6.6 . (1811 85
) 619 4.2 0.7
Loma Redonda 4065 24 1498 84
700 3.0 0.4
Pico Espejo 4 765 —-0.6 1135 92
tAh=3 268 eAT=19.5

eATx 100 _ 19.5% 100

eAh

sunrise.
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3 268

= =0.59 =0.6=diffezence in average temperature for each 100 m elevation.

The climate

Al present, the glaciers are restricted to a small area on
the highess peaks of the Sierra Nevada de Mérida (Fig. 1).
Below it is the Superpiramo or periglacial region where
temperature variations produce nightly freezing and daily
thawing almost every twenty-four hours.
The piramos have a cold and-humid climate. Their
averape lemperatures is between 0° and 10°C, depending
on the elevation. There is practically no seasonal tempera-
- ture distinction, and the monthly average throughout the
vear varies by a little over one degree. However the dif-
ference in temperature between day and night is great. In
Mucubaji {elevations between 3500 and 3750 m), where
the average yearly temperature is 5.3°C, the daily oscilla-
tions are between 6°C and 11.4°C.(Azocar 1974). The
precipitation varies from 600 to 1800 mm per year in the
paramos, with a dry season of four months (December to
March); these values, however, are not connected with
altitudinal gradients (Monasterio & Reyes 1974). There is
frost almost every night.
The Cloud Forest is defined by the isotherms of 10°C
and 18°C. It has a very small daily thermal oscillation.
Precipitation is high (between 1000 and 2300 mm per
vear) with only two months of dry season (January and
February). Fog i5s a constant feature from sunset to

disturbed. Settlements were established here after the
Spanish invasion, and population- has been fairly large
since then. The forest in many parts has been cut down for
agriculture and cattle raising. The main crop plants are
maize, tobacco, manihot. coffee and, in the highest parts,
wheat and potatoes. The 1wo types of dry montane forest
and their allitudinal range are shown in Fig. 1.

The areas of the two dry montane forests have average
iemperatures between 18° and 23°C. Precipitation varies
from 600 up to 1700 mm per year, and dry conditions
prevail through most part of the year (6 10 9 months). ~

Source of data: Observatorio Meteoroldgico ¥ de Radioactividad “Alejandro de Humboldi™ Servicio de Meteorologia,
Comando Aerologistico, Fuerza Aérea Venezolana,

Five meteorological stations in a transect along. the
funicular of Mérida, at Sierra Nevada de Mérida (1497 to
4765 m elevation; Fig. 1) have provided data showing the
dependence of temperature upon elevation. It was calcu-
lated (Salgado-Labouriau et al. 1977) that for each 100 m
increase of elevation there is a decrease of 0.6°C in the
annual average femperature. Temperature conditions in
the other ranges of the Venezvelan Andes are probably
similar to the ones found in this transect. Nevertheless

humidity changes with the mountain slope orientation. In

Sierra de Santo Domingo (Fig. 3}, the Atlantic side
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Fig. 3. Diagrammatic profile through Siera Santo
Pomingo showing localities and vegetational belts. At bot-
tom the total annual rainfall for each locality (based in
Nieto & Amroyo Garcia 1968; Azocar 1974).
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Figs. 4-6. 4. Piramo de Mucubaji (Sierra de Santo
Domingo) showing sampling sites. Note the small areas
occupied by the Polvlepis dwarf forest which occurrence
is marked by aerial photograph, and Jocal verification.
Base map: Geologic and Geomorphologic map of Paramo
de Mucubaji, Schubert 1970. 5.. Piramo de Pjedras

(Mitisus-Santo Domingo-Mucubaji), which includes the
Santo Domingo river basin, has a total annual precipita-
tion greater than 1 000 mm, whereas in the inner mountain
side (San Rafael-Mucuchies-Mucuruba, Chama river ba-
sin} 1t is below 700 mm. Thus, humidity varies with moun-
tain orientation; it plays an important role in the distribu-
tion of the different types of piramo (Monasterio & Reyes
1974), and in the aliitudinal limits of the vegetation belts.
The dryer slopes have the vegeiational belts displaced
upwards some 104 to 500 m in relation to the wet slopes.
The same displacement was observed for the snowline

Erdiman Memorial Volume I

Blancas. Base map: Glacial Geomorphologic map of
Piramo de Piedras Blancas, Schubert 1975. 6. Piramo de
La Culata. Polvlepis dwarf forest occurrence marked by
aerial photograph and local verification. Base map:
Geologic and Geomorphologic map of la Culata,
Schubert 1974 5.

and periglacial zones by Schubert {1975) in these moun-
tains, both at present and during the Late Pleistocene.

MATERIAL AND METHODS

The method of swface sampling ‘was chosen to
study the modern pollen assemblages from the
piramo vegetation because it represents an average
deposition of several years, and therefore
minimizes yearly fluctuations. Furthermore, plant
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Fig. 7. Sawration curves for the determination of the
number of pollen grains and Archeponiatae spores 1o be
counted for the percentage calculation in each sample

from Piedras Blancas.

remains found in these samples indicate local condi-
tions which are manytimes very important in the
ecological interpretation. Examples are certain al-
gae {as Zygnemalaceae) charactenstic of warmer
water, and also water plants {as Isoéres) whose
presence in sediments can indicate temperature
andfor humidity changes.

All these conditions are also found in post-glacial
sediments which make comparable both types of
assemblages. Therefore, ecological information
taken from the moderm surface samples can be used
in the paleoecological interpretation of the old sed-
iments.

The modern pollen deposition was studied by
sampling the surface of present soils and bogs at the
margin of Jakes and rivers, or mud in the bottom of
lakes. Two Lransects were studied, Santo Domingo
(3100-3600 m elevation) and Piedras Blancas
{4 000—4 340 m elevation). Besides these, samples
were also collected in other paramos.

1. Santo Donmingo transect
Sierra de Santo Domingo (Fig. 4)

Sub-pdramo. The transition zone between paramo and
momtane forest. Repiona) vegetation has pararo elements
with shrubs and small trees. Cloud forest is at a short
distance. Annual rainfall 1100 mm.

SD-58: elevation 3100 m; bot at the margin of Santo
Domingo river; damp soil.

Pdramo. Regional vegetation of grassland pdramo .in

which there are no elements of montane forest. Its upper

Jimits were considered 1o be the line of nightly freezing.

Annual rainfall 1 100 mm.

SD-19-1: elevation 3256 m; top of a core from a peat bog
behind glacial Jake Vicloria (pollen analysis of the core
in Salgado-Labouriau & Schubert 1977). :

Grana I8
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$D-20-1: elevation 3 600 m: 1op of a core from a peal bog
near the banks of Quebrada: Mucybaji (Quebrada=, oL
mountain creek). near the first frontal moraing in ..
Piramode Mucubafi. =~ T
SD-53: elévation 3 600 m:close 1o Thé site of the preceding
. sample: peathog covered with'shalfow water. o .
SDAT: elevation 3650 m; peat bog close 10-Quebrada ** L
Mucubaji headwaters. Just north.of this site there is 2 i
river terrace which has been previoisly analysed +
(Salgado-Labouriaui et al. 1977). This siteis close to a
Palvlepis dwarf forest. . '
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2. Piedras Blancas Transect * e
(Quebrada Mifafi) Piramo de Piedras -
Biancas (Fig. 5)

Superpdramo. Zone above the life of nightly freezing and
below the snow line. Region covered by bare-rocky soil,
modified by periglacial processes. with Joose stones on the
steep slopes; Espeletietum type of péaramo: vegetation is
dominated by tall rosetles of Espeletia; shrubs, grasses
and others herbs only on the valley floor, close 1o the edge
of rivers and glacial lakes. Annual rainfal] 800-%00 mm.

P g g agmes e e

PB-13: elevation 4000 m; peat bog at the rﬁargin of the

creek.
PB-6: elevation 4 100 m; top of a core from the peat bog at
the margin of the creek.

v,

T

PB-7: elevation 4 100 m; top of a core from the peat bog at R
the margin of the creek. ) .
PB-10: elevation 4340 m; clay at the bottom of a small | i
glacial Iake. o
PB-11: elevation 4 340 m; peat bog at the lake edge of the
preceding sample. y

PB-12: elevation 4340 m: clay at the bottom of another
small glacial lake.

3. Other localities

Gallerv forest. At Subpiramo, Simon Bolivar National
Park, closc to the Mérida funicular station of La Aguada i
(Fig. 1). Regional vegetation is Subpdramo with gallery
forests penetrating into it; forest can be seen at short
distance. Annual rainfall 1 800 mm.

TM-1: elevation 3420 m; dry soil surface at the margin ofa
creek.

TM-6: elevation 3450 m; dry soil surface at the margin of
another creek.

Pdramo

MUC-115: elevation 3650 m; peat bog at the edge of the
Mucujin river, Piramo de La Culaa; close to a river i
terrace (Fig. 6) which has been previously analysed
(Salgado-Labouriau & Schubert 1576). Regional vegeta- ?
fion of a shrub type of piramo with Palylepis dwarf
forest close by. Annual rainfall’l 187 mm. .

E€-1: elevation 3 840 m; pebbled clay on the bottom of the
Jower Laguna del Guache, near El Gavilin peak (Fig.
n; Regional vegetation of piramo with very liitle gras-
ses and Espeletia, even at the margin of the Jake. An-
nual rainfall 800 mm. .

EG-3: elevation 3 360 m; pebbled clay on the bottom of the 4=
upper Laguna del Guache, same type of vegetation as
EG-1. Annual ratnfall 800 mm.

Erdtman Memorial Volume 11 H
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Fig. 8. Saturation curves for the determination of the
number of pollen grains and Archegoniatae spores to be
counted for the percentage calculation in each sample
from Mucubaji, La Aguada. La Culata and El Guache.

Superpdramo

PB-5-1: elevation 4 200 m; top of a core from a peat bog at
the bottom of a cirque near the headwater of Quebrada
Piedras Blancas (Fig. 5), same type of vegetation as
samples from Piedras Blancas transect.

Some surface samples were 1aken at the top of
the cores (diameter 2.0 cm). Others were taken by
isolating an area of 28.3 ¢m® by means of a can,
open on both sides, which was introduced in the
soil. From this area. soil was removed 10 a depth of
3 cm. All samples were prepared from 2 g of mateni-
al, and treated by the same procedures used for old
sediments (Salgado-Labouriaz & Schubert 1976,
Salgado-Labouriau et al. 1977), in order to minimize
differences in treatment, when compared with the
old sediments.

The grain abundance was calculated following
the same procedures of pollen analysis: all grains
were counted in at Jeasl two slides, making a total of
1.0 or more milligrams of sediments; the absolute
number of pollen grains, spores and other
palynomorphs were estimated separately. The most
abundant types were separately estimated in order
to observe their dispersion and deposition
potentialities. Less frequent types could not be
estimated because samples wefie not largé enovgh.

After the abundance estimation, only pollen
grains and Archegoniatac spores were counted.
Counting was done on grains embedded in glycerin
until no more types appeared among at least 50
consecutive uniis (Figs. 7, 8, 9). Calculation of fre-
quency of pollen, trilete and monolete spores for
the Pollen Diagram was based in these totals.
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Because the significance of each type for the in-
lé_rprelaiion of the Pollen Diagrams was not know,
all pollen types with percentages over 1.5% of the.
totalkin at least one site were included in the Pollen.,
Sum. An exceplion was made for Cyperaceae dnd

Oenothera, which are surely of local source. Spores ~

of Archegoniatae, pollen grains of Cyperaceae and
Oenothera, and those below 1.5% are referred as
percentage of the Pollen Sum. : t
The identificaion of pollen grains and
Archegoniatae spores was based on reference slides
of pollen and spores of plants from the present day
moniane vegelation, and on the literature (Sal-
gado-Labourian & Schubern 1976):

ANALYSIS OF THE DATA

Large quantities of pollen were found in the sam-
ples from the Superparamo, from the grassland and
shrub paramos, and from the gallery forest (TM
samples) (Fig. 12}. The samples from El Guache
lakes (EG samples) yielded little pollen, but they
have been analysed in order to study the deposition
of pollen of long-distance transport when produc-
tion of local and adjacent vegetation is low.

Nine samples.were taken from the Subpédramo, of
these, only one (SD-58, Fig. 12) yielded pollen in.
sufficient quantity for analysis. The remainder con-
tained a few Irilele and monolete spores and Com-

. positae pollen and, therefore, were not used. It is

possible that the intense use of the land has dis-
turbed the sediments close to the river, where these
samples were collected.
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Fig. 9. Saturation curves from samples where one type of
spore represents more than 74 %6 of all grains. Coatinuous
Tine: all grains included; dashed lines: main type excluded.
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‘s " Pollen depasition’in Venezuelan Andes 61 e
1. A Df"f’ff"'f." d&f tvpes T ) grain frequency among the different samples shows & J%
% The number of types of pollen grains and spores ;s  that assemblages from the same type of paramo.are -:'Frﬂ
" shiown in Figs. 7: § and 9. The samiples which have ~similar. and can be separaied from those of the Lt
-+ ..*a large amount of one type of spore are'separaie]y dthé( types of piramo. as follows: 5 =

.o - . shown in Fig. 9. Grains in PBE-6 were counted until 1:. Transition zone between pdramo and montane _
P P 1808 units, but even’so the curve did not saturate fores1—The two samples taken inside the gallery " By
: : . : when Lycopodium spores {main type) were ex- forest (TM-1, -6) show a surprizing low percentage *- @g
v cluded. Isoéres spores are the main type in-SD-53, ©f forest pollen (31 10 36%); the assemblages are 'i

E EG:1, —3. In EG-3 saturation was reached with dominated by pollen from an open type of vegeta- r‘ﬁ
. ;1602 grains counted. In SD-53 and EG-1, counting  tion. SD-58 (Subpdramo) shows a pollen assemb- §

} including the main type was stopped at 3258 and lage similar o the gallery forest. The three samples :.-3

E . 2392 prains, respectively, because the amount of ~2T€ characterized by a) dominance of Compositae e
other types was still very low (88 and 49, respective- and Gramineae pollen: b) absence of other piramao ?
ly): counting was cared out, excluding Isoéres  herbs; c} presence of Ericaceae pollen. Tree pol- ;*

= spores, until saturation. len values are high (21 1o 36%); nine forest types ‘j
8 Grassland paramo (SD-19, -20-47, -53) and shrub  are present, but only Podocarpus, Hedyosmum and ;5:
paramo (MUC-115) show the greatest diversity of Alnus are found in all samples, and have the highest

3 1ypes (36 1o 45), whereas the Espeletictum frequencies. Polxpodium spores and other mono- e
. Superpiramo (PB samples) and dry paramo (EG lete spores are the dominant Archegoniatac; bl

2 samples) show the lowest (16 to_33 types). The foveolate Lycopodium spores are absent or in very Sy
' values from the transilion zone are intermediate, Jow frequency whereas reticulate Lycopodium 5
3_’ but since only one Subpdramo sample yields po]leﬁ, spores are frequent, Pitvrogranmma SpoOies, s '
| this result has to be considered with caution. although frequent jn one sample, are probably of 3
8 local source; Jamesonia (two types of spores) is ‘2-
' jr B. Relative pollen frequency present in the gallery forest samples.
.3 The pollen diagram is divided into two figures. Fig- 2. Grassland and shrub pdramo (samples §
? 10 represents the elements of the Pollen Sum; Fig. MUC-115, SD-19, -20, -47, -53).—Compositae and

‘% 11 represents other pollen types and” all the Gramineac pollen are highly frequent, and in the ;
E Archegoniatae spores. The pollen Sum used in this ~ Same proportion; Ericaceae pollen is absent or in )
& work was the basis for the analysis of the old sedi- low frequency; Caryophyllaceae pollen occur in ,_
ments in the Venezuelan Andes, and its division Jow percentage (0.7 to 2.6%); other paramo herbs 4

into three groups is similar to that of Colombia (van- are not atways found. Tree pollen is between 8 and 2

der Hammen et al. 1973) in order 1o facilitate com- 9% {(one sample 165%), Podocarpus, Hedyosmum e

parison of results. The Pollen Sum includes the  and Alnus are the main components. The freguency e

following elements found in this analysis: of monoletes decreases (except the local spores of B

— Montane forest elements: Podocarpus, He- Isoétes), and trilete spores increase in relation to %

dyosmum, Alnus, Alchornea, Rapanea, Myrica, the transition zone; foveolate Lycopodium spores s

Ilex, Juglans, and one 1ype of Melastomataceae. are more frequent than the reticulate type; psilate

— Shrubs and trees of the paramos: Compositag, Jamesonia (J. auriculata 1ype) occurs in Jess fre- 5

Ericaceae, and Polylepis. quency than verrucate Jamesonia (J. scammanae B

.- Herbs of the piramo: Graminea, Caryophyl-  type)- ) &

" laceae, Gentiana, Montia, Valeriana, Geranium 3, Dry pdramo (EG samples).—Compositae pol- 5

a and Acaena. fen percentage is higher than Gramineae pollen; S
Samples are arranged according to altitudinal pollen from other piramo clements has a frequency 5

. . type of piramo. The comparison of the relative similar to that in the grass]and paramo. The high J‘-
; . tree pollen and spore frequencies are due to dislor- R
tion caused by the use of relative values (see sec-

o Fig. 10. Pollen dia of modern pollen deposition in the tions C and D). Y g
E . thnezuclan péramgc::I\I:'ith elements inc]udcg in the Pollen  ° 4. Esp el:e'u‘emm Sup.erp‘ aramo (PB—samp]es): "B
i [ Sum. In the Composilae Tepresentation, black Bars rep- —Compositae pollen dominates the a?scmh]agcs, ;
+  resent Tubuliflorae pollen; white bars, Liguliflorae pollen.  grass pollgn has a Jower frequency than in the grass- i

|
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64 M.L. Sa!g(}do-La‘boun'nu . " .
+ 15.9/mg), thus in the two, El Guache lakes pol- . . |

The deposition potencialities of
¢ "analysed in the

land piramo: Caryophyllaccaé (mostly Areparia j
. type) occurs in Higher-frequéncy than Jh 1h;‘.,othcrl len ‘input is Jow.
_« typesof paramos? other paramg herbs are fopnd’i‘n_;ﬁ cith type (pollen and spore) ar ) g ;
* 4 lJow frequency. Tree pollgh bas a Jower-percemdge. . following seqtion.” ., . E ~ y ke E
" {han in the preceding. ass'émblz;'gés.' and only -~ ‘ oL ) i
Pddacarpus, Hedfgsrmgm and Alnus are present. 3
- Trilete spores dominate over monolete ones and the :
main type is a {foveolaie L_\-cppodium spores; i
Jamesonia (boﬂl'types) occurs in low frequency.

D. Dispersion and depasition of grains ‘
Although the a‘bsf‘)‘jme rgumbe( cannat give informa- ;\
tion on pollen and spore production by the different |
. -plants. it gives direct dala on dispersion"power-and 1
abundance -of deposition of: the different grain l‘

C. Absolure member per milligram ) 1ypes.

Fungi (spores and conidia) occur in all samples (Fig. The diagram of absolute values of pollen grains.
12). Their abundance varies greatly from one sam- monolete apd tnlete spores is shown in Fig. 13.

ple to the other (1.1 to 241.0 unitsimg), but the 1. Tree pollen.——Pollen grains of the three forest
lowest values are found on jake boltom sediments  generd, Podocarpus, Hedvasmum and Almus, are |
(EG-1, -3, -4; PB-10, -12). found in all piramo samples up 10 the highest eleva-

Among the algae, Pediastrunt, Botrvococcus and tion studied which is approximately 1340 m above
the upper limit of the forest. Thus, they experience

- spores of Zygnemataceae were identified in the

. samples. They do not occur in all assemblages, and longdistance transport. Podocarpus (several spe- . K

; are absent in the soil samples from the transition cies) shows an average of 9.3 pollen arains/mg at 1 '

A i zone (Fig. 12). In the grassland paramo samples, theupper forest limit, and decreases gradually until l J

£ T zygospores are the most abundant. Pediastrum and "an average of 1.6/mg at the highest elevations. This *

Sl | Boiryococcus OCCur in lake botiom samples from  shows {hat it has moderate dispersion power, which , E"’i

G 1 the dry paramo, the latter being the most abundant. decreases with elevation. A rough estimation of the E
: % In the Superparamo, these algae, when present, are distance between the deposition site and the place |
%‘%EHTZ&‘E,F ¢,,e;§::‘.«§"d£w1‘: ! found in Jow numbers either in 1zke bottom sedi- wh:.:re the tree grows carfbe madc.e by the number of : 3
'f" e baed Y ments or peat samples. These results suggest that  grains deposited. Alnus jorullensis pollen shows an .
g‘ '«%ﬁ; ; ‘m Pediastrum and Botryococcus are more abupdant  average of 1.2 10 1.3 grains/mg in all samples, €x- L?
A between 3800 and 4000 m elevation whereas ceptEl Guache in which it decreases to the average d
although it is present in low 1 :‘

in pdramos between 3250 and of 0.4]mg; therefore,
quantity in the atmosphere, it has a high dispersion

power, and the amount of grains deposited cannot
help 1o estimate the distance from the mother plant.
Hedyosmum glabratum pollen decreases from an
5 1o 2.2/mg as elevation increases,

zygospores prevail
3600 m elevation. Because algae were not the sub-
ject of this project, these are mere suggestions. but
they show that algae remains can be detected after
the strong chemical method of polien separation,
and that a carefu study of them could probably be  average of 14
helpful in deiermining waler lemperaiures at the thus although its guantity in the atmosphere near
site. the forest is the highest of all trees, its dispersion
Archegoniatae spores are found in all samples power is moderate. On the other side, this genus
(10.7103 187.8 spores/mg) (Fig. 12). The main max-  ¢an give the best estimation of the distance between
ima are due to a single type of Pieridophyte spore  the forest of origin and the site of deposition.
-53, EG-1, and -3; Lycocpodium in The following genera have very Jow dispersion
power: Myrica, Hex, Juglans, Rapaned, Alchornea,

s A ——
. )
e
e G L+

(Isoétes in SD

Grana 18 *

PB-6). If these 1wo genera are subtracied from the

rest, values are low, usually lower than those for and the family Melastomataceae.

pollen grains (black bars in Fig. 12). The highest 2. Pdramo poHen.——Deposilion of Compositae

values are found at the lowest elevations  pollen is slightly higher in the Espeletietum

(3 100-3 600 m). . Superparamo (average 65.0/mg) than in the grass- 5
Abundance of pollen grains varies between 2.5 land paramo (average 58.4). The lowest values are i ’i

and 298.5/mg (Fig. 12). Values in the Superpiramo found in the dry paramo, thus the Compositae pol- ] b!

(PB samples) are within the range of the grassland  len from higher and lower elevations was not trans- ik

paramo (36.0-298.5/mg). The lowest values are ported to El Goache lakes. These data indicate that 3 ,g]

found in the dry piramo (EG samples, 2 5. these grains do not have good dispersion power l‘:
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either upwards or downwards. and their absolute
values are due 16 abundance or scarcely of the
plants arpund the site of deposition. =~ - . °

Gramineae pollen deposition is lower at. high&r -
_ : : -

altitudes (Sizperpiramo and-'dry(pz'u:a'mo) thanin the
grassland paramo. which reflécts lacal and adjacent
conditiéris. Therefore. grass pollen probably does
not disperse upwards. . '

The Carvophyllaceae {Arcnaria 1ype) show 2
larger pollen deposition in the superparamo,
whereas Ericaceae pollen is more abundant at the
transition zone, both indicating Jocal and adjacent
conditions.

The Polvlepis-Acaena type has low values, and is
detected only in the samples collected close to the
plants. TM-6 was collected under a Polylepis sericea
tree and it only shows 2.5 prainsfmg. Other piramo
herbs also show Iow values.

The results show that the low pallen values from
El Guache samples are not due 1o 2 decrease of the
Jocal pollen deposited. but 10 the low pollen inpul
from the main paramé source. that is, Gramineae
and Compositae.

3. Monoletes.—Isogies shows the highest values
among the monoletes, nevertheless it is not found in
all samples. It occurs in all lake bottom sediments .
from pdramos (which is predictable of an aquatic
plant), and in three of the peat bogs. The other
monoletes decrease as elevalion increases, a psilate
monolete being the most abundani.

4. Triletes.—Spores of Lycopodium, Piry-
rogramma and a highly verrucate type do not show
any correlation with elevation or with the type
of piramo. Their abundance in the sample is proba-
bly due to the presence or absence of the plant
around the site. Among the Lycopodium spores, the
foveolate type is more frequent in the péramd than
the reticulate. The latter is more abundant at the
lower elevations.

Jamesonia spores (two types) are less abundant
in the Espeletietum than in the other types of
paramo. The plants are very abundant around the

upper El Guache lake (probably J. canescens); .

nevertheless their spores are nol abundant in the
lake samples (0.8 and 6.4/mg). This indicates that
they have a very low dispersion power.

The other trileie spores are more abundant in the
lower parts of the paramos. Among them, a psilate

" type is the most frequent. This type of spore is

found among the Cyatheaceae, suchas Cyvathea and
Sphaeropteris, and was referred in our other works

T—785893

detected vell above the forest belt. and.therefore, it

Pollen deposition in Venezuelan Andes 65

as Cyathea type. If this psilate spore found in the
haramos belongs'lo tree ferns.from the forest, it was

has ,vl.bgg-.dis‘la,ncc transport. and a moderate, disper: -

sion poiver. Vegricate spores are-also found dmong S
the Cyatheaceae but the ones found during this, + '
work do not show any correlation With allituds,
thus ‘suggesting a local source. It'is possible that
some paramo ferns also have vertucale grains.

E. Absoluie and relative values

In the three El Guache samples, long-distance tree
pollen increases to 20415 of the Pollen Sum (Fig.
10), although the forest upper limits are approxi-
mately 850 m below the Jakes. The absolute values
for tree pollen do not increase, and are kept within
the range expected for this elevation (Fig. 13). This
clearly shows that the increase of relative values is
an artifact of the percentage method, and it is due 1o
decrease in pollen input of the main adjacent
source, lhal is, Gramineae and, Compositac (see
part D). The region of those lakes is covered by
sparse vegetation, and most of the soit is bare.
Therefore, the absolule numbers reflect the re-
gional distribution whereas percentage values do,
not. "

These results support Hedberg's interpretation
that the increase of Podocarpus pollen percentage
in the highest parts of the East African mountains
was caused by small pollen production of the sparse
vegetation around the collecting site (Hedberg
1954).

Comparison of relative and absolute values from
the Venezuelan piramos show that pollen spectra
from sparse vegetation are distorted, and there isan
antificial increase in the percentages not only of
long-distance pollen and spores, but also of local
types. Such are the cases of the long-distance grains
of Podocarpus, Alnus, Hedyosmum and psilated
Cyatheaceae; as well as the local pollen and spores
of Dodonaea, Iseftes and several triletes of
Pteridophyta (Figs. 10, 11}. Accordingly, the rela-
tive values have to be taken with caution in assemb-
Jages with less than 16 pollen grains/mg (main adja-
cent source lower than 12.5/mg).

When regional pollen inpui is large {(deposition
above 35 pollen grainsfmg), and the main adjacent
source is higher than 24/mg, relative and absolute
values are similar, both reflecting the regional vege-
tation distribution.
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Table 1. Measurements of pollen of Polylepis sericea and Acaena species from Venezuela (in pm)

A. argentea

2 : Folar . ", Equatorial . S < Oralregion \

Species, . ~ .‘ ' diametere- . diameter® PIE (height)® .
P. sericea 409312 " 38.0+1.5 1.08 7.9+1.8
A. elongata’ ' 323418 29.8+1:8 1.08 v 51207
* A. eylindrostachya 30.4%15 392142 1.04 4,507
29.3%1.58- 28.6:1.6° 1.a2 -3.620.6

® X£1 0.95 (24).'s,=99 % confidence interval of the average
® n=15. s -

Absolute values berween 16 and 35 1otal pollen
grains/mg were not found in this analysis.

F. Comparison between modern and
old pollen assemblages

The ecological interpretation of the old pollen as-

semblages is made by comparison with the similar

modem ones. The Venezuelan paramo post-glacial

sediment which have been analysed (Salgado-
" Labouriau & Schubent 1976, 1977, Salgado-Labou-
riau et al. 1977) have pollen assemblages similar to
the present-day pollen deposition in the péaramo
region. Accordingly, there is good indication that
paramo vegetation has occupied, these high ele-
vations during the Jast 12650 radiocarbon years
(Salgado-Labouriau et al. 1977). Nevertheless,
post-glacial pdramo vegetation was not “strictly
analopous 10 present-day vegetation.

In the modern piramo assemblages Compositae
pollen dominates, and Gramineae pollen is the co-
dominant. This is specially true in the Espeletietum
Superpdramo and in the dry paramo. In all the old
sediments analysed so far, grass pollen dominates
whereas Compositae pollen shows low percentage.
The large increase of "Compositae pollen is dis-
cussed elsewhere (Salgado-Labouriau 197954) and
it seems possible that it was caused by the intense
use of the land after the arrival of the Spanish in the
16th century. it

In modern pollen assemblages, local and long-
distance vegetation are known by the study of
present-day vegetation distribution. In the old as-
semblages these facts are not known and, therefore,
absolute values are essential 10 determine the true
maxima for the ecological interpretation.
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G. Pollen of Polylepis sericea and Acaena

Pollen graips from the two genera Polviepis and
Acaeng are similar. This was shown for the species
of Colombia (van der Hamimnen & Gonzilez 1960),

Grana 13 -
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Chile (Heusser 1971) and Venezuela (personal
observations). Both genera occur along the Andes,
and in the Northern Andes they belong to the
paramo belt. Although both indicate piramo condi-
tions in Venezuela and in Colombia, a distinction
should be atiempied, because Polvlepis species are
trees that live high above the common forest belt,
forming dwarf forests within the open piramo vege-
tation, whereas Acaena species are herbs and small
shrubs of the pidramo. Furthermore, the discovery
of large quantities of Acaena-Polylepis type in
Pleistacene sediments (Van der Hammen 1974) sug-
gests that large numbers of these plants lived during
certain ‘intervals, the beginning of which were
identified as the beginning of glacial perods. If
these grains belong to Polvlepis, large extensions of
Polvlepis forests existed in the past.

The Venezuelan Polviepis sericea is a different
species from those occurring in other parts of the
Andes. Fortunately it can be separated, under the
light microscope, from the three Acaena species of
Venezuela (A. cylindrostachyva, A. elongata and A.
argentea).

Description of Acaena—Polylepis type:

Shape: .prolale sphaeroidal with circvlar amb, and
protruding, transparent oral region.

Apertures: grains 3-colporate; colpi not always visible
at small magnifications (below 400x), thus grains appeaf
to be “3-porate™. Os provided with a protruding trans-
parent operculbm sided by two pleats of the colpus margo;
these pleats do not extend out of the oral region.

Exine: rugulate, sexine visible from 600X up; in the oral
region sexine is psilate and transparent. Nexine thinner
than sexine, stratification not always clear.

Measurements: polar axis 29-41 um; equatorial diame-
ter in equatorial view 28-38 pm: P/E=1.02-1.08.

Distinction among the Venezuelan species:

Apeitures: P. serices has colpus with margo, central
pant of colpus always visible at the border of the oral
region; ends of colpus visible from 600X up; salient margo
with rough surface. A. argentea: colpus without marga,
whole colpus always visible. A, cvlindrestachva and A.
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" «elongara; colpus withoui™ margo.-visible from” 600xup.

Oral region: highly protruding in P, sericea and A, elonga-
1a: moderately protruding in A. r_vlindrqsmq}:_\'a and A.

© ‘argentea. . , o

" Exine; rugilate pattern in P. Serices forms + rounded

. fdges: in the three Acaena species ridges are narrow and

undulated. v

. Size: all thre'e.spgci:.s of Acaena are significantly differ-
enl from-Polvlepis sericea. but not among themsélves
{Table 11). . -

Although in Venezuela the 1wo penera can be
casily -distinguished, their separation in old
sedimentary deposits has 10 wait until the pollen
grains of all the South American species are
morphologically studied. becavse other species
could have existed. :

GENERAL CONCLUSIONS

1. The pollen and spore assemblages of surface
samples from the piramos reflect the regional vege-
tation {type and distribution). !

2. In sparse vegetation relative valies of pollen
and spores of long-distapce transport, as well as
local pollen and spores, tend 1o increase due to an
artifact of the percentage method. When deposition
is lower than 12.5 pollen grains/mg of treated sedi-
ment, it indicates sparse vegetation. and relative
values have to be counterchecked by absadlute val-
ues in order to be used in ecological interpretation.

3. When pollen assemblages have more than 36
pollen grains/mg relative and absolute values are
comparable. -

4. The dispersion power of forest trees js differ-
ent according to the species. Alnus jorullensis has
high dispersion power, and its deposition is low but
constant throughout the piramos. Podocarpus
(several species) and Hedvosmum glabratum show
moderate dispersion power, that is, the absolute
number of their grains decrease with the increase of
vertical distance from the forest belt. Therefore, the
quantity of pollen deposited by these"two genera
can be used to roughly estimate the distance be-
tween the forest upper limits and the site of deposi-
tion. Other forest genera have very low dispersion
power., .

5. Among the piramo elements, Compositae and
Gramineae are the main source of deposited pollen,
The first shows low upward and downward disper-
sion power. Grass pollen has low upward dispersion
power, and its downward dispersion could not be
verified.
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6. Grassland paramo shows the ereatest diversiy

of'pollcn and spores among the different Péramo

iypes. . .

7. The shrub paramo could not be distinguishb.& 5
from the grassland paramo because piramo shrubs’

(except Compositae) yield little pollen. A better,
knowledge of the pollen morphology among the
paramo Compositae wil] probably enable the dis-
tinction between these 1wa ypes. )

8. Sub-piramo, grassland (and shrub) paramo,
and Superpiramo have characierisitc pollen and
spore assemblages.

9. The Polvlepis dwarf forest can be detected in
the assemblages only when it grows close to the site
of deposition.

10. Paramo lake sediments are not easily distin-
guished from peat sediments, although the {irst have
low quantities of fungus spores and conidia, and
more algal remains. Isoétes spores are found in all
lake sediments. but they can be also found in peat
bogs.

11, The indicators of piramo conditions are:
Polvlepis, Acaena, Geranium, Gentiana, Montia
and Jamesonia. Unfortunately none of them have
large pollen deposition, and all have low dispersion
power. But since they include many Species, some
of them always occur in paramo sediments,

12.-Trilete and monolete spores usually are less
abundant than pollen grains. Their highest values
(except for local production) are found at lower
elevations.

13. Some algae can be detected after the strong
chemical method of pollen separation. Pediastrum
and Botrycoceus are more frequent between 3 800
and 4000 m elevation, and spores of Zygne-
mataceae between 3 250 and 3 600 m.

I4. Local sources of pollen and spores for the
pdramo vegelation are: Isoétes, Pityrogramma,
Jamesonia, Cyperaceae, Polylepis and Acaena.
Adjacent sources are: Compositae, Gramineae, and
probably Caryophyllaceae and Ericaceae. Long-
distance pollen and spores are: Podocarpus (mod-
erate dispersion power), Hedyosmum glabratum
{moderate), Alnus jorullensis (high dispersion), psi-
late Cyatheaceae (moderate dispersion). Other ele-
ments found in this analysis ‘could not yet be
characterized. .

15. Comparison between modern and old pollen
assemblages suggests an increase of Compositae in
the las! centuries,
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