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ABSTRACT

‘We employed paleolimnological methods to investigate tropical forest recovery and soil sta-
bilization that followed abandonment of agricultural systems associated with disintegration
of Classic Maya polities ca. A.D. 800-1000. We used lithological, geochemical, magnetic, and
palynological data from sediment cores of Lake Petén Itza in the Maya Lowlands of northern
Guatemala. Sediment core chronology was developed using radiocarbon dates on terrestrial
wood and charcoal fragments. Our results indicate that in the absence of large human popu-
lations and extensive farming activities, Petén forests recovered under humid climate condi-
tions within a span of 80-260 yr. Soil stabilization postdates pollen evidence of forest regrowth
stratigraphically, and required between 120 and 280 yr. We conclude that the tropical forest
ecosystem in the watershed of Lake Petén Itza had been reestablished by the early Postclassic
Period (A.D. 1000-1200).

INTRODUCTION that began ca. 1000 B.C., and initiated regional

Ancient Maya population decline during the
terminal Classic Period (ca. A.D. 800-1000)
in lowland Guatemala (Fig. 1) was associated
with abandonment of regional agricultural sys-
tems. This demographic decline occurred fol-
lowing a long episode of sustained occupation

forest recovery and soil stabilization. Several
paleolimnological studies in the Maya Low-
lands found evidence of environmental recovery
associated with decreased anthropogenic pres-
sure, but the exact timing and dynamics of forest
regrowth and soil stabilization remained elusive,
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Figure 1. A: Bathymetric map of Lake Petén Itza, with location of sediment core PI VIII-05
7C (core 7C) along seismic line PI7. Inset shows map of circum-Caribbean region with sites
from the Maya Lowlands mentioned in this study: 1—Lake Petén Itza (this study), 2—Mirador
Basin (Wahl et al., 2006), 3—Laguna Las Pozas (Johnston et al., 2001), 4—Petapilla Swamp,
Copan Valley (Rue, 1987), 5—Aguada X’caamal (Hodell et al., 2005), 6—Cariaco Basin (Haug
et al., 2001, 2003). B: Bulk density with scan of core 7C superimposed on seismic image
collected along seismic line PI7 (Anselmetti et al., 2006; location in A). Density contrast at
transition from clay to gyttja results in high-amplitude reflection in seismic record.
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due to the difficulty of establishing reliable sedi-
ment core chronologies and to spatial and tem-
poral variations of human impact on the land-
scape (Wiseman, 1985; Leyden, 1987; Brenner
et al., 1990, 2002; Islebe et al., 1996; Johnston
et al., 2001; Rue et al., 2002; Wahl et al., 2006).
Dating lake sediment records from the region is
challenging because radiocarbon dates on bulk
sediments are confounded by hard-water-lake
error (Deevey and Stuiver, 1964). The problem
arises because old carbon from local limestone
bedrock and soils can enter lake water as dis-
solved bicarbonate and be incorporated into
lacustrine organic matter. Aside from the chal-
lenge of developing reliable core chronologies,
it remained unclear whether reforestation after
the Classic Maya Period (ca. A.D. 250-1000)
was exclusively a consequence of reduced
anthropogenic stress, as some have suggested
(Deevey et al., 1979; Wiseman, 1985), or if it
was associated, in part, with increasing regional
rainfall (Hodell et al., 2000; Brenner et al.,
2002). We investigated these complex interac-
tions among climate, environment, and humans
in the Maya Lowlands using a well-dated sedi-
ment record from Lake Petén Itzd that spans
approximately the past 1000 yr.

Previous studies throughout the Maya Low-
lands (Fig. 1) displayed considerable variabil-
ity with respect to the apparent timing of forest
recovery and soil stabilization after the Classic
Period. Forest recovery is indicated in regional
pollen records by a transition from a savanna-like
landscape to a closed-canopy forest that appears
similar to early Holocene, pre-Maya vegeta-
tion. Soil stabilization is marked by a reduction
in inorganic detrital input, i.e., the end of rapid
watershed soil erosion. Pollen studies from the
shallow southern basin of Lake Petén Itza (Islebe
etal., 1996; Curtis et al., 1998) and from the Mira-
dor Basin (Wahl et al., 2006) point to rapid for-
est recovery and soil stabilization within 150 yr
after the disintegration of Maya political systems
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between A.D. 800 and 1000. Studies from the
Petapilla Swamp, Honduras (Rue, 1987; Rue et
al., 2002; Webster et al., 2005), and from Laguna
Las Pozas in the Rio de la Pasion drainage, Gua-
temala (Johnston et al., 2001), suggested that for-
est regeneration began after A.D. 1200, long after
the decline of Classic Maya populations. Poorly
dated pollen records from small, shallow lakes
in the Petén savannas (Brenner et al., 1990; Ley-
den, 2002) even suggested that forest regrowth in
Petén was delayed until the Spanish conquest in
the sixteenth century A.D.

STUDY SITE

Lake Petén Itzd (16°55'N, 89°50'W) is the
deepest and largest lake in the lowland Neo-
tropics of Central America (maximum depth
~160 m, area ~100 km?) (Fig. 1). It is located in
the Department of Petén, northern Guatemala,
in the heart of the Maya Lowlands. Lake Petén
[tz4 occupies a closed basin and its water level
varies in response to the changing ratio between
evaporation and precipitation (Hillesheim et
al., 2005; Hodell et al., 2008). Lake Petén Itza
is located in a climatically sensitive region
where rainfall is highly seasonal and related to
the migration of the Intertropical Convergence
Zone and the Azores-Bermuda high-pressure
system (Hastenrath, 1984).

METHODS

In August 2005, short sediment cores were
retrieved from Lake Petén Itzd with a grav-
ity corer. Core locations were selected based
on high-resolution seismic data collected in
1999 (Anselmetti et al., 2006). In this study
we focused on core PI VIII-05 7C, hereafter

referred to as core 7C. Core 7C was 106 cm long
and was collected in ~60 m of water (Fig. 1).
Past climate and environmental change was
inferred from multiple variables, including sedi-
mentology, elemental geochemistry, magnetic
susceptibility, and pollen from the late Holocene
sediment archive. The chronology for core 7C
was based on “C ages of terrestrial wood and
charcoal samples (Table DR1 in the GSA Data
Repository'), thereby avoiding dating problems
associated with hard-water-lake error (Deevey
and Stuiver, 1964). Radiocarbon ages were
measured using the accelerator mass spectrome-
try facility at ETH, Zurich. An age-depth model
was developed using a depositional P sequence
model (k = 3) of the OxCal 4.1 calibration pro-
gram (https://c14.arch.ox.ac.uk). The approach
assumes that depositional processes are random
and incorporates a priori information on sam-
ple stratigraphic position, following a Bayes-
ian mathematical approach (Bronk Ramsey,
2008). All dates are reported in calibrated cal-
endar years B.C. or A.D. (26 error ranges). Late
Holocene vegetation changes in the region were
inferred from shifts in fossil pollen assemblages
throughout the sediment record. Pollen data
were grouped by ecological preference: tropical
forest elements, pine and temperate elements,
disturbance elements, and spores and algae (see
the Data Repository).

RESULTS

The calibrated calendar age at the base of
core 7C (106 cm) is estimated to be between
A.D. 880 and 1140 (Fig. 2). This indicates that
the core represents deposition over a time span
of 810-1070 yr. The average sedimentation

rate in core 7C was ~1 mm/yr. Sedimentologi-
cal and geochemical characteristics were used
to divide core 7C into four lithologic units, I
to IV, from bottom to top (Fig. 3). Lithologic
units, variations in organic matter and carbon-
ate content, changes in magnetic susceptibility,
and shifts in calcium concentration are shown
in Figure 3. The date on basal sediments of unit
I (106-96 cm) has a range from A.D. 880 to
1140, and the date at the top of unit I is between
A.D. 1020 and 1180. Sediments at the base of
unit II (96-66 cm) were dated to between A.D.
1020 and 1180, while uppermost sediment in
unit II was dated to between A.D. 1280 and
1410. Assuming a constant sedimentation rate,
bottom sediments of unit III (66-28 cm) date
to between A.D. 1280 and 1410, and topmost
sediments date to between A.D. 1700 and 1760.
Lowermost sediments of unit IV (<28 cm) were
deposited between A.D. 1700 and 1760, whereas
the youngest sediments at the top of unit IV are
assumed to represent modern deposits.

Pollen results from core 7C are shown as a per-
centage diagram in Figure 2D (also see Fig. DR1
in the Data Repository). The pollen percentage
diagram was divided into four zones from bot-
tom (1) to top (4) on the basis of plant ecologi-
cal preferences. Sediments at the base of pollen
zone 1 (106-98 cm) date to between A.D. 880
and 1140, while those at 98 cm date to between
A.D. 980 and 1160. Pollen was rare in this zone
and relative abundances could not be calcu-
lated. Pollen zone 2 (98-79 c¢cm) ranges from its
lower boundary, dated to between A.D. 980 and
1160, to its upper boundary, dated to between
A.D. 1160 and 1270. This zone is dominated by
tropical, moist forest elements such as Brosimum
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(cal yr B.P.) of boundar- r 95 cm:A.D.1030 - 1180, AD. 1105 + 75 ~ |laD.0201180 = Eﬁynﬁysgclassic Zone 2 forepst
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scan of core 7C. C: Gen- sl o NEEe, : Clay Terminal Classic|| Zone 1 ceeendios
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are from Rice and Rice,

1990, 2004; Demarest et al., 2004; Adams and MacLeod, 2000; Sharer and Traxler, 2006). D: Pollen zones and pollen percentage diagram of
core 7C (detailed pollen diagram in Fig. DR1; see footnote 1).

!GSA Data Repository item 2010150, methods, Table DR 1(AMS 'C samples of core PI VIII-05 7C) and Figure DR1 (pollen percentage diagram for Lake Petén Itz4,
core PI VIII-05 7C), is available online at www.geosociety.org/pubs/ft2010.htm, or on request from editing @ geosociety.org or Documents Secretary, GSA, P.O. Box 9140,

Boulder, CO 80301, USA.
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Figure 3. Lithologic, geochemical, and mag-
netic susceptibility data for Lake Petén Itza
core Pl VIII-05 7C versus age in calibrated
years A.D. From left to right: stratigraphic col-
umn with lithologic units, weight percent or-
ganic matter (OM, %), magnetic susceptibility
(MS, cgs), weight percent calcium carbonate
(CaCO,, %), and calcium elemental (Ca) con-
centration (counts per second, cts x 10%).

alicastrum, Moraceae, Ficus, Fabaceae, Euphor-
biaceae, Guettarda combsii, Myrtaceae, Melia-
ceae, Myrica, and Sapotaceae. Local elements
like fungal spores and Cyperaceae also occur in
pollen zone 2. Pollen zone 3 (8043 cm) has a
lower boundary dated to between A.D. 1160 and
1270, and an upper boundary dated to between
A.D. 1540 and 1630. In this zone, a change from
dense forest vegetation to a more open, savanna-
like landscape is indicated by a decline in rela-
tive abundance of tropical forest elements Mora-
ceae and Brosimum, and a coincident increase in
Pinus (pine), Quercus (oak), Alnus, Asteraceae,
and Poaceae (grasses). Melastomataceae, typical
in disturbance vegetation, have values between
1% and 6%. Other disturbance elements with
low values in pollen zone 3 are Croton, Celtis,
Cecropia, Trema, and Solanaceae. Pollen grains
of Ulmus were detected in the sample at 56 cm
depth. Pollen zone 4 (43-0 cm) is character-
ized by tropical lowland dry forest taxa that are
typical of recent vegetation in Petén, with abun-
dant Brosimum alicastrum and other Moraceae.
Minor forest disturbance is indicated by Cecro-
pia, Celtis, and Ceiba.

DISCUSSION
Human Ecology in Petén at the Terminal
Classic to Early Postclassic Transition

Major economic, political, and demographic
changes are evident in the archaeological record
of the Petén Lakes region during the Terminal
Classic (A.D. 800-1000) and Early Postclas-
sic (A.D. 1000-1200) Periods (Rice and Rice,
1990, 2004; Demarest et al., 2004; Adams and
MacLeod, 2000; Sharer and Traxler, 2000).
These changes occurred at the end of a pro-
tracted, ~750-yr episode of population growth
and political integration in the southern Maya
Lowlands that was associated with the expan-
sion of both intensive agriculture in the form of
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terraces and raised fields (Turner, 1974; Turner
and Harrison, 1981) and extensive slash-and-
burn clearance of tropical forest (Lentz and
Hockaday, 2009). Such deforestation promoted
increased soil erosion, leading to a characteristic
inorganic detrital deposit in most lakes and wet-
lands in Petén termed Maya Clay (Deevey et al.,
1979; Brenner et al., 1990; Beach et al., 2006;
Anselmetti et al., 2007; Mueller et al., 2009).

Sediments of bottommost unit I, deposited
between about A.D. 880 and A.D. 1180, possess
characteristics of the Maya Clay. This clay unit
thus indicates high detrital input into the lake,
coinciding roughly with the Terminal Classic
Period (Fig. 2). Hence, continued rapid clay
deposition following the Classic Maya Period
(A.D. 250-1000) indicates sustained unstable
soil conditions, reflecting persistent open vege-
tation around Lake Petén Itz during this period.
This is in accord with the low pollen concen-
trations in unit I, as high detrital input further
diluted the low influx of pollen grains in pollen
zone 1, deposited between A.D. 880 and 1160.
Open vegetation suggests persistent human
disturbance around Lake Petén Itza during the
Terminal Classic Period. This finding is consis-
tent with archaeological data that indicate peo-
ple moved from the nearby Petexbattin and Rio
Pasion River areas into the Petén Lakes region
during the Terminal Classic Period (Rice and
Rice, 2004), and suggests that the Petén Lakes
area was more politically stable and environ-
mentally favorable than adjacent regions. Open
vegetation in the Terminal Classic Period may,
however, simply reflect delayed ecosystem
recovery after widespread anthropogenic defor-
estation during the Classic Maya Period.

The transition from pollen zone 1 to zone 2
is dated between A.D. 980 and 1160, and rep-
resents the reestablishment of closed tropical
vegetation, beginning in the Early Postclassic
Period. The shift is characterized by tropical
forest elements such as Moraceae, Brosimum
alicastrum, and Ficus. The lithologic transition
from unit I to unit II is dated between A.D. 1020
and 1180, representing the end of the phase of
high detrital input, i.e., the end of rapid soil ero-
sion in the Petén Itzd watershed, as indicated
by decreasing magnetic susceptibility values
(Fig. 3). Consequently, we suggest that since
ca. A.D. 900, in the absence of large human
populations and extensive agricultural activ-
ity, (1) Petén forests recovered within a span
of 80-260 yr, and (2) soil stabilization required
between 120 and 280 yr, stratigraphically post-
dating pollen evidence for forest recovery. This
small discrepancy between the apparent timing
of forest regrowth and soil stabilization may be
a consequence of pollen rain reflecting regional
vegetation shifts, while sedimentological and
geochemical data reflect local, watershed-
specific erosion intensity. Other studies that

focused on agricultural expansion and defor-
estation on the southern Yucatdn Peninsula
over the past 50 yr (e.g., the Southern Yucatdn
Peninsular Region, SYPR Project) indicate that
forest recovery to a pre-agricultural state might
be reached in 50-90 yr, following agricultural
abandonment (Turner et al., 2001; Lawrence et
al., 2004).

Pollen assemblages of zone 2, deposited
during the Early Postclassic Period, represent
the period of reestablishment of closed tropi-
cal vegetation containing high percentages
of Brosimum alicastrum, Moraceae, Ficus,
Guettarda combsii, and Sapotaceae, suggest-
ing moist climate conditions. Local elements
like fungal spores and Cyperaceae in zone 2
indicate marsh-like shore vegetation, supporting
the inference for wetter conditions at that time.
Thus, we suggest that reduced forest clearance,
combined with more humid climate conditions,
promoted rapid forest regeneration around Lake
Petén Itz4 at the beginning of the Early Postclas-
sic Period (ca. A.D. 1000). This differs from the
conclusions of several previous studies suggest-
ing that vegetation regrowth in Petén was attrib-
utable exclusively to reduced anthropogenic
stress (Deevey et al., 1979; Wiseman, 1985).
Our findings support the hypothesis proposed in
some earlier studies, i.e., that climate also con-
tributed to the reforestation process (Rue, 1987;
Brenner et al., 1990, 2002; Hodell et al., 1995,
2000; Curtis et al., 1996). Increased humidity
after A.D. 1000 has also been documented in
other paleoclimate records from the circum-
Caribbean region, and is associated with the
phase referred to as the Medieval Warm Period,
from ca. A.D. 950-1300 (Haug et al., 2001,
2003). Results of the SYPR Project suggest that
the critical ecosystem nutrient affecting forest
regrowth is phosphorus (Lawrence et al., 2007).

CONCLUSION

We used lithological, geochemical, mag-
netic, and palynological data from a sediment
core spanning an ~1000 yr period, taken in
Lake Petén Itzd, to reconstruct the dynamics
of environmental recovery in the Guatemalan
lowlands associated with demographic and
political changes at the end of the Maya Classic
Period. The pollen record indicates that tropi-
cal forest in Petén recovered within 80-260 yr
after major demographic decline and abandon-
ment of regional agricultural systems. Refores-
tation occurred during a relatively moist period,
implying a climate contribution to the recovery
process. Soil stabilization stratigraphically
postdates pollen-documented forest regrowth,
and required between 120 and 280 yr. We con-
clude that regional tropical vegetation had been
reestablished and that soils were stabilized in
the Petén Itza watershed by the Early Postclas-
sic Period (A.D. 1000-1200). The timing of
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post-Maya reforestation and soil stabilization
in the Maya Lowlands probably varied some-
what across the landscape, depending upon
the earlier intensity of human occupation and
environmental characteristics such as water
availability, topography, geology, and soil type.
Nonetheless, this study provides important
insights into tropical forest ecosystem recovery
following a prolonged period of human vegeta-
tion disturbance.
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