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Abstract.  The first paleoecological analysis of a complete sedimentary record spanning
the period from the late Pleistocene to the present from lowland Panama, documents
changes in lowland vegetation communities through major climatic change and the onset
of human disturbance. Past sympatry is found among presently allopatric species, suggesting
that tropical forest communities are not species-stable through time. Late Pleistocene floras
at Lake La Yeguada (elevation 650 m), Panama, had high relative abundance of montane
forest elements, e.g., Quercus and Magnolia, existing some 900 m below their present range,
suggesting a climatic cooling of =5°C below present. This descent of montane forest taxa
onto lowland hilltops denied the ground to postulated lowland rain forest refugia. The late
Pleistocene (14 350-11 050 yr BP) was not uniformly cool and was interrupted by brief
phases of near present-day warming. The onset of the Holocene was abrupt, taking <100
yr, and was almost coincidental with the start of human forest disturbance. Changes in
climate at La Yeguada were found to be largely synchronous with those documented at
Lake Valencia, Venezuela, but no fine-scale climatic synchrony was apparent with South
American or European sites, and significant departures from the predictions of published

climatic circulation models are found.
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INTRODUCTION

Cvidence of climatic change in tropical montane
regions, apparently synchronous with northern hemi-
spheric glaciations (van der Hammen 1961, Martin
1964, Livingstone 1967), forced the revision of theories
of tropical environmental stasis (Fischer 1960). Large-
scale downslope movement of vegetation types sug-
gests paleotemperature depressions of ~9°C in mon-
tane Colombia and New Guinea during the period
30 000-18 000 yr BP (van der Hammen 1961, Powell
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1970, Flenley 1979, Walker and Flenley 1979, Hoogh-
iemstra 1984, 1989). However, paleoecological data for
the lowland (<1100 m) tropics remain scarce during
the period of the last northern hemispheric glaciation
(=115000-11 000 yr BP). Recent data from Eucador-
ian Amazonia suggest a 7.5°C lowering of temperature
between 33 000 and 30 000 yr BP (Bush et al. 1990),
and are in close accord with high Andean paleotem-
perature reconstructions (van der Hammen 1961,
Hooghiemstra 1984, Clapperton 1987). However, the
Ecuador records, like other previously published data
for lowland South and lower Central America, do not
detail the degree and rate of climatic change across the
Pleistocene/Holocene boundary. The most complete
published data for this transition are from: the Gatun
Basin, Panama (Bartlett and Barghoorn 1973); Lake
Valencia, Venezuela (Bradbury et al. 1981, Binford
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1982, Leyden 1985); and the long record of the Panama
lowlands at El Valle (Bush and Colinvaux 1990).

The palynological history of the Gatun Basin (Bart-
lett and Barghoorn 1973) contains a single datum with
a '“C age of 35 500 yr BP that we have reason to think
should be treated with caution. The ancient sediments
with the 35 000-yr date contain sufficient Rhizophora
pollen to require that the deposit was laid down close
to a mangrove swamp. Not only does this yield little
climatic information, but it also shows that the site was
very close to mean sea level at the time of deposition.
The drill log shows that the sample lies at =50 m below
modern sea level, putting it 75 m above the 125-m low
stand of the latest glacial maximum (Fairbanks 1989).

" Unless, therefore, there has been extensive local uplift
recently, the calculated radiocarbon age of 35000 yr
BP is unlikely to be correct. The post-11 000 yr BP
record from Lake Gatun is based on riverine sediment,
and the potential for pollen transport and re-working
detracts from the value of this site (Flenley 1979).

The Lake Valencia sequence is essentially a record
of changing lake level, one consequence of which is
that any thermal changes in the terminal Pleistocene
lacustrine record at lake Valencia are masked by changes
in salinity (Bradbury et al. 1981). The El Valle record
has not yet been analyzed in sufficient detail to isolate
short-term climatic change in the terminal Pleistocene,
and the preliminary boring lacks a Holocene record
(Bush and Colinvaux 1990). A further record from
Carajas, Brazil (M. L. Absy et al., personal commu-
nication), should provide a paleoecological history for
the last 35000 yr, but to date only a summary pollen
diagram from this site has been published.

For lack of data, the debate remains unresolved over
whether there were climatic oscillations during the pe-
riod 13 000-10 000 yr BP in Central America, and if
detectable, whether these were synchronous with those
of the European record as suggested for South America
by van der Hammen et al. (1981).

If the lowland tropics were subject to marked glacial
cooling as the El Valle and Ecuador record suggest
(Bush and Colinvaux 1990, Bush et al. 1990), empirical
evidence must be sought for the history of species and
communities now characteristic of the lowland forests.
The concept of permanent temperate communities that
can withstand glacial and interglacial alike (Braun 1955)
has been refuted through the mapping of isopolls of
individual species for the last 18 000 yr, and conse-
quently, the pattern of northerly species’ range expan-
sion following deglaciation (Huntley and Birks 1983,
Davis 1986, Webb 1987, Huntley and Webb 1989). A
large database of paleoecological records in northern
Europe and North America facilitated these recon-
structions. In the tropics the issues are similar: Are
tropical communities unvarying in species composi-
tion through time? When montane communities moved
downslope, what became of lowland rain forest taxa?
Did refugia associated with high relief support core
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communities of lowland species during dry glacial
times? We cannot draw upon a paleoecological data-
base comparable to the one used in studies of northern
temperate regions, but we can start by addressing the
issue of whether the species composition of tropical
forest communities is stable through time and whether
hilltops were refugia to lowland communities as sug-
gested by Haffer (1969), Prance (1982), and Whitmore
and Prance (1987).

The peopling of South America continues to excite
controversy between those advocating early entry (pri-
or to 20000 yr BP) and those advocating late entry
(post 12000 yr BP). The obligatory route for human
colonization was the land bridge between North and
South America. The Isthmus of Panama, therefore,
provides a study site for the impact of the first human
colonizers on tropical landscapes and ecosystems. Un-
like dispersals in the Old World tropics, this coloni-
zation took place within the range of radiocarbon dat-
ing. As paleoecological and archaeological records
increase in number and resolution, a trajectory of hu-
man arrival and disturbance will emerge.

This broad-based paleoecological study, utilizing
fossil pollen, phytoliths, diatoms, sediment chemistry,
pigment-analysis, and clay mineralogy of deposits dat-
ing to the Pleistocene from Panama was undertaken to
test four basic hypotheses:

1) Climatic oscillations over the last 14000 yr in
tropical Central America are synchronous with ob-
served and modeled climatic change at other latitudes.

2) Tropical forest communities do not vary in spe-
cies composition through time.

3) Areas of high relief were available to lowland
forest taxa as refugia from aridity during the last glacial
period.

4) Human disturbance has been a potent factor in
the shaping of Central American tropical forests over
the past 11 000 yr.

THE SITE AND SAMPLING

Lake La Yeguada (8°27' N, 80°51" W), Veraguas
Province, lies in a narrow, mountainous portion of the
isthmus, the steep incline of which from the coast to
the Continental Divide (1500 m elevation) provides
an environmental gradient highly sensitive to climatic
change. The La Yeguada region has a strongly seasonal
climate in which 90% of the =3300 mm of annual
precipitation falls between May and November (Es-
tadistica Panama 1975). Data from a single year are
available to show the spread of tempurature with the
season. The dry season was the hottest period, with
mean monthly temperatures ranging from 23.6 to
25.2°C. Mean monthly temperatures in the cooler wet
season were between 22.0 and 23.7°C. The mean an-
nual tempurature for that year was 23.2°C.

Lake La Yeguada is an elliptical body of water 1.5
x .075 km in size occupying a flat-bottomed basin at
650 m elevation in central Pacific Panama (Fig. 1). The
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FiG. 1.

Sketch map of Panama and contour map of the region surrounding Lake La Yeguada. The map of Panama shows

the location of Lake La Yeguada (1), El Valle (2); elevations >500 m are marked by the lightly stippled area and elevations
>1500 m are shown in black. The contour map shows the area subject to flooding at periods of past high water level (Z) and

the transect marked A-B is the cross-section shown in Fig. 2.

origin of the lake is uncertain, with damming by vol-
canic material at the southern end as one possibility.
Another is that the lake was formed by subsidence,
possibly associated with volcanic activity. The lake
basin is closed, being fed by several small inlet streams
draining its small catchment, but with no natural out-
let. Neither can we find traces of an outlet at any time
in the lake’s history, suggesting that the lake may prop-
erly be called “endorheic,” despite the high precipi-
tation of the rainy season. The lake system is, never-
theless, nutrient poor (Table 1). This nutrient poverty
is probably a consequence of the small catchment being
underlain by intensively weathered, kaolin-rich trop-
ical soils that are themselves nutrient poor.

Recent construction has resulted in a levee flanking
a portion of the eastern lake shore, the canalization of
one of the feeder streams, the reinforcement of the
shoreline in the southeastern corner, and a sluice at the
southwestern corner of the lake. We have observed the
lake depth to vary from 15 m in 1986 and 1990, to 6
m in the exceptionally dry conditions of the El Nino
year of 1987 (Fig. 2). The degree to which water ex-
tracted for down-valley irrigation in response to a gen-
eral water shortage contributed to this reduction in lake
level in 1987 is unknown. However, the low water level
was fortuitous, as it revealed alluvial terraces sub-
merged the previous year, and three past shorelines
were evident.

TaBLE I. Modern limnological data from Lake La Yeguada, Panama, gathered March 1990.
Alkalinity Con- Secchi :
(as CaCO;, ductivity 0, depth Temp. Cations (mg/L)
pH mg/L) S) (mg/L) (m) °C) Ca't Mgt Na* K*
7.24 14.9 30.0 9.00 0.75 25.3 1.106 0.195 4.721 4.202




