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Tropical Islands as Paleoecological Laboratories:
Gauging the Consequences of Human Arrival

David A. Burney1

Inter-island paleoecological comparisons have provided useful information
concerning the role of humans vs. background-level disturbance in tropical
ecosystems. Major ecological changes have occurred since human arrival in
Madagascar, the West Indies, the Hawaiian Islands, and elsewhere. Prehuman
vegetation changes and disturbances have also been documented for many
islands. Instructive inter-island similarities and differences have been detected
in the chronology, distribution, and extent of human activities, vegetation
changes, and biotic extinctions. The earliest stratigraphic proxy evidence for
initial human impacts (including increased charcoal particle influx to
sediments, first appearance of exotic pollen, increase in ruderal pollen, and
paleolimnological evidence for cultural eutrophication of lake waters) generally
confirm but sometimes predate the earliest conventional archaeological
evidence for human activity. Carefully chosen sites permitting the close
integration of palynological, paleontological, and archaeological data from a
variety of island settings with differing geographic and historical contingencies
can enable investigators to more fully evaluate the importance of a range of
human and ecological variables in determining the overall character and
dynamics of ecosystems.
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INTRODUCTION

Those who study the past could play an important role in the current
debate regarding future global ecological changes. However, the informa-
tion generally offered by archaeologists, historians, paleontologists, and pa-
lynologists in this context has, understandably, often been anecdotal or
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eclectic in nature. Meanwhile, the public, the media, and politicians expect
"scientific proof relevant to such crisis-driven realms as human population
issues, the possible threat of global warming, and the present biodiversity
crisis.

The modern ecological dilemma involves many large-scale processes
not easily teased apart into separate problems that can be attacked with
relatively simple, replicable experimental procedures. The comparative mi-
crocosms of remote islands may provide the best substitute for fully con-
trolled experiments involving human-ecosystem interactions. The
well-rehearsed sequence of human discovery, landscape modification, and
biotic adjustment (or collapse) has been repeated hundreds of times on
the isolated landmasses of the world's oceans, each case providing instruc-
tive similarities and differences to comparable cases elsewhere. Island bio-
geographers have invested several decades in ecological research on the
effects of relative isolation and land area on migration and extinction rates
of island biotas (e.g., MacArthur and Wilson, 1967; Simberloff and Wilson,
1970; Diamond, 1972). Perhaps owing to the technical difficulty of meas-
uring past human impacts and biotic responses from the indirect clues in
the stratigraphic record, however, investigators have been much slower to
fully capitalize on the potentially rich opportunities to examine the paleoe-
cological aspects of human island biogeography.

Reconstructing what has happened in recent millennia on oceanic is-
lands requires one to recognize at least four types of important past events,
each of which may leave traces in the stratigraphic (and sometimes the
historical) record: (1) human discovery and settlement of the island; (2)
modification of the landscape with fire, forest clearance, pastoralism and
cultivation; (3) introduction of exotic organisms; and (4) decline and ex-
tinction of indigenous species.

Unless we can uncover, analyze, and integrate these four critical time
horizons, we cannot begin to assess the complex and useful paleoecological
question that is basic to all modern concerns about human environmental
impact throughout the biosphere: How much and what kinds of environ-
mental changes lie within the "natural" background-level (i.e., nonhuman)
range of variation, as opposed to purely anthropogenic effects of potentially
greater threat to the health of ecosystems? This is a practical but rather
unsatisfying question, too important to ignore, but technically and philo-
sophically perilous. It challenges students of the past to attempt to deduce
cause and effect from the stratigraphic record, and to seek levels of tem-
poral, spatial, and systemic resolution that stretch the capacity of proxy
data of the types generally available. Nevertheless, the relatively simple bi-
otic systems and shallow time-depth of human history characteristic of
many remote islands are attractive for attempting this daunting task.
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WHAT'S AN ISLAND PALEOECOLOGIST TO DO?

To make a good scientific beginning, it is important to ask what might
actually be measurable. In general, our interest is to gauge background
(i.e., prehuman) levels of ecological variation, and to compare this with the
type, rate, and extent of ecological change in the human milieu. This gen-
eral goal serves as a justification for most studies of island paleoecology,
but in practice has seldom been attained.

What has most often been measured in island paleoecological studies,
and indeed must be measured in order to make any progress toward the
general goal, are two related parameters, one temporal and the other pri-
marily spatial. The first task is to establish the actual date, within an ac-
ceptable margin of error (generally, in practice, ca. ±100 years), for the
arrival of humans on the island and the onset of various human impacts.
The second and related task is to characterize the specific types and the
geographic extent of any human modifications of the island ecosystem and
its biota.

What we need to measure seems fairly obvious, but, owing to the broad
array of techniques that might be brought to bear, how we might do this
is often far more problematic. In general, the ideal is to adopt a multidis-
ciplinary approach to the analysis of well-dated stratigraphy containing as
many types of palynological, paleontological, and archaeological evidence
as possible. In order to illustrate the possibilities of such integrated studies,
I will briefly review some of the methods and results from several published
studies from various islands in the three tropical oceans of the world.

Islands may be splendid laboratories in which to study some funda-
mental aspects of our species' relation to nature, but none of the expecta-
tions can be realized, in fact, unless we can establish one chronological
horizon with reasonable certainty: the point in time when a particular hu-
man impact begins. Although there are certainly archaeological and pa-
leontological techniques that are useful for this, several studies suggest that
palynology may offer the most generally applicable route for detecting the
onset of anthropogenic influences on island ecosystems (Table I).

Four classes of methods for palynologically detecting human arrival
on islands have been used with considerable success. These are: (1) first
appearance of pollen of introduced plants; (2) large increases in ruderal
pollen types; (3) paleolimnological evidence for cultural eutrophication;
and (4) large increases in stratigraphic charcoal. It has also been feasible
in some cases (e.g., James et al., 1987) to infer human arrival from the
first appearance of bones of an exotic animal in well-stratified bone de-
posits. In our tests of these methods, an important caveat has emerged:
none of these methods are likely to be definitive in isolation or to have
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universal applicability. Some combination of these methods, employed in
concert with more conventional archaeological and paleontological re-
search, has shown promise in a wide array of tropical oceanic island con-
texts, including Madagascar, the West Indies, and the Hawaiian Islands.

MADAGASCAR: WHO DID WHAT, WHEN, AND HOW?

Despite its proximity to Africa, the "island continent" of Madagascar
has a very different biotic and human history. More than 80% of the genera
of Africa's late Pleistocene fauna (Martin, 1984) and 60% of the genera
present in Acheulian times (Martin, 1966) have survived into the twentieth
century, and yet humans and their ancestors have been evolving there for
millions of years. Madagascar's entire endemic megafauna, including rat-
ites, tortoises, hippopotami, and giant lemurs—over two dozen species in
all, counting some smaller animals—became extinct, probably all or nearly
all within the two millennia or so that span the entire period of known
human existence on the island. This grand difference between two adjacent
land masses with so many other similarities has suggested to some inves-
tigators (e.g., Martin, 1984) that initial contact between technologically so-
phisticated humans and "naive" insular faunas is likely to have resulted in

Table I. Stratigraphic Indicators of Initial Human Activity on Tropical Islandsa

Method

First appearance of pollen
of introduced plants

Large increase in ruderal
pollen

Paleolimnological evidence
for cultural eutrophication

Large increase in strati-
graphic charcoal particles

First appearance of
bones of introduced
microvertebrates

Locations

Madagascar (central)
Maui, Hawaii
Oahu, Hawaii
Madagascar (NW)
Madagascar (central)
Mangaia, Cook Islands
Madagascar (NW)
Madagascar (central)
Oahu, Hawaii
Madagascar (central)
Madagascar (SW)
Madagascar (NW)
Puerto Rico
Easter Island
Mangaia, Cook Islands
Maui, Hawaii
Galapagos Islands

References

Burney (1987a,c)
Burney et al. (1995)
Athens and Ward (1993a)
Matsumoto and Burney (1994)
Burney (1987c)
Ellison (1994)
Matsumoto and Burney (1994)
Reyes (1993)
Athens and Ward (1993b)
Burney (1987a-c)
Burney (1993b)
Wright et al. (1996)
Burney et al. (1994a)
Flenley et al. (1991)
Ellison (1994)
James et al. (1987)
Steadman et al. (1990)

aThis is not an all-inclusive list. Other examples exist in each case, but studies cited here are
from papers that are discussed in the text.



ecological catastrophe, probably largely through over-hunting. Until re-
cently, however, most investigators have invoked the contemporary defor-
ested and eroding landscapes of Madagascar as evidence for a
human-caused environmental cataclysm, initiated over the vast area of the
island through the human "introduction" of fire (e.g., Humbert, 1927; Per-
rier de la Bathie, 1936). Although causal mechanisms are still debated (see
Burney, 1993a for a recent review), it is now abundantly clear that fire and
vegetation changes have occurred on the island for more than 40,000 years
(e.g., MacPhee et al., 1985; Burney, 1987a,b, 1993b; Matsumoto and Bur-
ney, 1994; Wright et al., 1996; Burney et al., 1997), but only the human
period is thought to have been characterized by a high extinction rate.

The earliest direct archaeological evidence for humans in Madagascar
comes from bones of Hippopotamus apparently modified in a fresh state
with a sharp implement, collected from three sites in southwestern Mada-
gascar (MacPhee and Burney, 1991). These date from the beginning of the
first millennium A.D., and pre-date by at least 300 years the earliest human
occupation sites (Dewar and Wright, 1993). Sediment cores also point to
a human presence beginning about 2000 years B.P. Pollen of the introduced
hemp plant, Cannabis saliva, first appears at Lake Tritrivakely in the central
highlands about this time (Burney, 1987a), and was present in a core from
Lake Kavitaha about 200 km to the north from the beginning of the record
at ca. 1500 years B.P. (Burney, 1987c).

Stratigraphic charcoal particles in cores, which are used by palynolo-
gists as an index of fire occurrence in the locality or region of a lake or
bog, have shown human arrival rather consistently in Madagascar (Fig. 1a-
d). In addition to the two sites previously mentioned, where background
levels show a sudden increase ca. 1300 years B.P. (Fig. 1a and b), one of
the southwestern sites yielding modified hippo bones shows a sudden in-
crease in charcoal (Fig. 1c) at ca. 1900 years B.P. (Burney, 1993b). The
discrepancy in these ages for the onset of local impacts may be a reflection
of the more remote character of the interior sites, since archaeological evi-
dence supports the reasonable notion that the interior may have been colo-
nized several centuries later than the coast (Wright et al., 1992; Dewar and
Wright, 1993). Marked increases in charcoal particles, especially in larger
size classes, are a reflection of local fires (Clark, 1988a); the appearance
of Cannabis pollen, on the other hand, is likely to be a regional-scale signal,
since hemp can spread rapidly on its own in mesic tropical environments,
produces great quantities of pollen (ca. 70,000 pollen grains per anther,
according to Faegri and Iversen, 1989), and disperses over long distances
by wind.

The pollen evidence from these and other sites in Madagascar shows
a vegetation shift at the time the local charcoal signal increases. The uni-
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Fig. 1. A comparison of Holocene charcoal particle stratigraphies from various tropical island
sites. Despite the different methods used to quantify charcoal in these studies, all show a
large increase above immediately preceding background levels at the presumed time of human
arrival in the locality, except 1f, which shows an increase after European contact. Sites, scales,
and sources are: (a) L. Tritrivakely, south central Madagascar, percent elemental carbon of
dry sediment weight (Burney, 1987a); (b) L. Kavitaha, north central Madagascar, n x 107

um2cm-2yr-1 (Burney, 1987c); (c) Andolonomby site, southwest Madagascar, n x 106 um2cm-3

(Burney, 1993b); (d) L. Mitsinjo, northwest Madagascar, same units (Wright et al., 1996); (e)
L. Tortuguero, Puerto Rico, n x 107 nm2cm-3 (Burney et al., 1994a); (f) Flat Top Bog, Maui,
n x 106 um2cm-3 (Burney et al., 1995).



versal trend is one of decreasing pollen of woody vegetation and an increase
in grasses, forbs, and other light-loving, fire-adapted plants. The longer re-
cords, such as the 11,000-year sequence from Tritrivakely in the central
highlands (Burney, 1987a), the 5000-year record from Andolonomby in the
SW (Burney, 1993b), and the 40,000-year record from Anjohibe (Burney,
et al., 1997) show similar vegetation changes occurred in earlier (prehuman)
times when climates were becoming drier. This desiccation may have been
pronounced at times: the 30,000-year record from Lake Alaotra in the east,
the largest natural lake in Madagascar, indicates that full glacial climates
in this area presently on the edge of the eastern forest zone were so dry
that the lake probably dried up completely for several thousand years dur-
ing the Last Glacial Maximum (Reyes, 1993). The 36,000-year record from
Matsabory Ampozolana in the far north, and the 32,000-year record from
Miangola in the central highlands (Burney, 1987b) also indicate major dry-
ing events about the same time, and show that fires and savanna vegetation
were common features of Madagascar's late Pleistocene.

Despite the marked changes of earlier times, however, the late Holo-
cene record suggests some changes not noted in earlier times. For instance,
microfossils from the human period indicate soil and watershed disturbance
in some cases. At Lake Mitsinjo in NW Madagascar (Matsumoto and Bur-
ney, 1994), it is possible to see what appear to be traces of three levels of
impact. Recently completed archaeological surveys in the region (Wright
et al., 1996) allow a more detailed comparison than usual between archae-
ological evidence for settlement and land use, on the one hand, and mi-
crofossil stratigraphy on the other. Between ca. 1000-500 years B.P., the
local, low-density pastoralism is reflected in charcoal levels, especially the
types derived from grass burning (see Burney, 1987b regarding methods
for distinguishing graminoid charcoal particles), that are considerably
higher than the already fairly high values detected in the previous two mil-
lennia (Fig. 1d). As population density increased and settled cultivation
spread over the landscape in the fifteenth and sixteenth centuries, charcoal
values decrease, and ruderal pollen types, especially Ambrosia and Urti-
caceae, show a marked increase. In the late nineteenth century, with the
construction of a large village on the shore of the lake and the advent of
large-scale sugarcane growing, charcoal increases dramatically and the lake
itself becomes eutrophic, presumably from cultural inputs. This condition
is clearly signaled in the microfossil stratigraphy by the appearance of abun-
dant fossils of such high-nutrient-adapted algae as Pediastrum, Coelastrum,
and Botryococcus.

Paleolimnological indicators of cultural eutrophication also manifest
themselves in the record of fossil diatom frustules from Lake Kavitaha
(Reyes, 1993). Species adapted to eutrophic conditions show two peaks,
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the first a rather brief interval corresponding to the increase in charcoal
at ca. 1300 years B.P., probably reflecting increased runoff from the dis-
turbed watershed at this time. The second and more sustained peak of
high-nutrient types (e.g., Eunotia pectinalis and Synedra ulna) begins at ca.
700 years B.P. and gradually tapers off up to the surface. Based on com-
parison with the archaeological record, which suggests an increase in hu-
man population and agricultural activity in the interior about this time
(Wright et al., 1992), this second peak (really more of a plateau) probably
indicates when the surrounding marshes and shores first came under cul-
tivation.

Thus we see that, for Madagascar, palynological results have helped
flesh out the archaeological record of human activity. Introduced pollen
has suggested when humans arrived. It is difficult and often impossible to
distinguish Cannabis pollen from its relative Humulus (hops, a genus ap-
parently restricted to the Northern Hemisphere until it was spread, much
later than hemp, to the rest of the world by beer-loving Europeans). In
contrast, ethnobotanical information suggests that early mariners spread
hemp throughout the Indian Ocean region in previous millennia, from its
original range in southern Asia, in connection with its many practical mari-
time uses—rope, sails, water-resistant clothing, and caulking for ship's hulls,
to name a few. Therefore hemp would, like goats, pigs, and rats, be among
the first species introduced to new lands by Indian Ocean sailors coming
ashore for provisioning and, eventually, longer stays (Vavilov, 1949).

Charcoal stratigraphy, it would appear, by providing a record of local,
extralocal, or regional burning activity (depending on the proportions of
larger to smaller particles), seems to be providing a good index of when
deforestation and/or grassland burning (depending on relative amounts of
charcoal derived from graminoid vs. other sources—primarily wood and
tree leaves) may have been initiated by humans. Here, as noted earlier,
one has to take care not to confuse a natural trend in burning with the
human record. Comparison with other types of data, and recognition of a
characteristic sharp peak above background levels, followed by a gradually
decreasing signal over subsequent centuries (Fig. 1) has enabled the inves-
tigators to infer human inputs to the burning detected.

Finally, increases in ruderal pollen and paleolimnological evidence for
cultural eutrophication appear to provide evidence for the onset and extent
of highly local impacts, the former of soil disturbance through dry-land cul-
tivation, the latter of increased nutrient flux to a body of water, either
through soil disturbance in the watershed or actual cultivation of shallow-
water habitats, as is practiced in Madagascar in connection with the culti-
vation of such crops as rice and taro.
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Similar correspondences between microfossil stratigraphy and evidence
from archaeology and paleontology have been observed on other islands,
including Easter Island (Flenley et al., 1991) and Mangaia in the Cook Is-
lands (Kkch et al., 1991; Ellison, 1994; Kirch and Ellison, 1994). In the
case of Mangaia, the occurrence of pollen and charcoal evidence for human
disturbance predating the earliest archaeological sites by several centuries
has provoked some controversy (Spriggs and Anderson, 1993; Kirch and
Ellison, 1994).

To further explore some of the notions generated by the work in
Madagascar and elsewhere, I would like to consider a case from each of
the other two tropical oceans, the West Indies and Hawaii.

GREAT OPPORTUNITIES IN THE CARIBBEAN ISLANDS

Although surprisingly little paleoecological research has been con-
ducted in the islands of the West Indies, the area holds great promise for
this type of work. When compared to Madagascar, various islands show
interesting similarities (high endemism, variety of climates and landscapes)
and differences (earlier human arrival, less biogeographic isolation).

The general outlines of Holocene climate change, inferred from oxy-
gen-isotope studies of ostracods in a core from Lake Miragoane, Haiti
(Hodell et al., 1991) are similar to those for Madagascar, suggesting climatic
desiccation beginning ca. 3200 years B.P., culminating in maximum dryness
ca. 2400-1500 years B.P. (compare to Burney, 1993b, for southwest Mada-
gascar). Palynological studies addressing the ecological changes before and
after human arrival are unfortunately not available, although a study of a
short core, spanning the last ca. one millennium, shows clear impacts (de-
forestation, increased sedimentation, increase in ruderal pollen) following
European contact (Brenner and Binford, 1988).

The archaeological record concerning initial settlement of various is-
lands in the region by native Americans shows surprising discrepancies,
even between adjacent islands. For instance, current earliest 14C ages for
confirmed archaeological sites in the Greater Antilles are: Jamaica, 1300
± 120 years B.P. (Rouse and Allaire, 1978); Puerto Rico, 3010 ± 70 years
B.P. (Rouse, 1992); Cuba, 5140 ± 170 years B.P. (Kozlowski, 1974); and
Hispaniola, 5580 ± 80 years B.P. (Moore, 1991). Such discrepancies be-
tween large adjacent islands seem improbable, and may simply reflect the
need for more emphasis to be placed on finding early sites. Possibly, too,
it could be a reflection of low human population densities, since cultural
evidence for widespread hunter-gatherers, for instance, would be much
more thinly distributed than that for sedentary agriculturalists.
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A study of stratigraphic charcoal in a sediment core from Laguna Tor-
tuguero, a freshwater lake on the north coast of Puerto Rico (Burney et
al., 1994a) may shed some light on the question of pre-Columbian human
impacts. Charcoal is scarce and composed only of very small particles
(probably dispersed from long distances) in the sediments between 7000
and 5300 cal years B.P., as would be expected in a high-rainfall, low-sea-
sonality lowland forest area prior to humans. Rather abruptly, at ca. 5300
cal years B.P. (Fig. 1e), charcoal values increase by several orders of mag-
nitude, including many large particles denoting local production. This
abrupt trend in burning is sustained for about two millennia, during a time
that sedimentological evidence from the site as well as the isotope studies
from Haiti (Hodell et al., 1991) indicate wet conditions. It seems likely that
the "earliest" archaeological date for the island underestimates the time
of probable first occupation by ca. two millennia. The charcoal-derived date
of occupation agrees very well with the initial date of occupation inferred
for the adjacent islands of Hispaniola and Cuba.

Clearly, a hypothesis worthy of testing in the West Indies is that initial
human impacts begin in this mid-Hoiocene time frame. Good potential ex-
ists for using pollen analysis, as has been done in Madagascar and else-
where, to detect human arrival and impacts, and to extend the charcoal
method to other sites. Likewise, it is known that a faunal collapse also
occurred on many West Indian islands (Morgan and Woods, 1986) but it
is not known whether this coincides with human arrival or in fact was pro-
tracted over many thousands of years (MacPhee et al., 1989). The loss of
21 or more genera of West Indian vertebrates, including ground sloths,
giant rodents, and large insectivores, has been recorded (Martin, 1984).

On Antigua in the Lesser Antilles, Pregill et al. (1988) excavated and
radiocarbon dated a site that contains remains of 12 animal species no
longer present on the island, in association with Amerindian artifacts. The
assemblage yielded 14C dates from 4300 to 2560 years B.P., suggesting, in
the case of this island at least, that humans may have played a role in the
demise of these species, which represented more than one-third of the taxa
represented as fossils.

HAWAII: DOCUMENTING TROUBLE IN PARADISE

The Hawaiian Islands were one of the very first tropical areas to attract
the attention of palynologists, including the exhaustive studies of high-ele-
vation bogs by Selling (1948). He identified in his longer cores, which he
believed to encompass the time since the last glaciation, a three-part divi-
sion of postglacial climate and vegetation. He postulated a wet interval be-
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tween two drier phases. Unfortunately, his prodigious efforts preceded the
advent of 14C dating, so no absolute ages were placed on these climatic
trends, and there has been some confusion as to how his pollen zones might
relate to better-known European chronologies. Gavenda (1992) attributes
Selling's earliest pollen zone to "the last glacial period," but Selling himself
(1948, p. 121) relates this zone to pollen zones of Europe that represent
the transition from glacial to interglacial conditions (i.e., latest Pleistocene
and earliest Holocene times). Recently, Burney et al. (1995) have published
a radiocarbon-dated record of pollen, charcoal, and trace metals from a
high-elevation bog on East Maui (2270 m), showing that the early Holocene
was dry, with a wet phase between 5800 and 2200 years B.P., followed by
a moderate and variable late Holocene.

Charcoal evidence from the site (Fig. 1f) shows the likely effect of the
nearby active vents of the Haleakala Volcano, with fairly high background
values and occasional very high pulses of charcoal particles in prehuman
times. Some of the lowest charcoal values occur in the late Holocene, and
the arrival of Polynesians to the islands perhaps 1600 years B.P. is not re-
flected by rising charcoal values as in the studies on other islands previously
cited. Unpublished archaeological surveys commissioned by the National
Park Service (A. C. Medeiros, personal communication) suggest that pre-
historic Polynesians never inhabited the upper reaches of Haleakala in the
immediate vicinity of the coring site. Lower down, particularly on the crater
floor (separated from the bog site by a steep ridge), there are a multitude
of terraces, platforms, cairns, and basalt quarries, as well as evidence of
temporary occupation of rock-shelters and small caves. In summarizing the
earlier works of Emory (1921) and others in the vicinity, Kirch (1985, p.
136) concludes that none of these sites were used for extended habitation,
but rather served religious functions or provided a temporary refuge for
adze-makers and perhaps bird-hunters.

The core contains clear evidence, however, for the nearby activities of
humans following European contact. In the upper 10 cm of the core, abun-
dant pollen of a naturalized plant introduced by Europeans, hairy cat's-ear
(Hypochoeris radicata) signals the contact phase, as does a great increase
in charcoal. Whereas earlier fires had produced primarily nongraminoid
charcoal, probably derived from lava-ignited fires in the forests of the
mountain's mid-elevations, the European-period charcoal signal consisted
primarily of graminoid charcoal, perhaps derived from sugarcane growing
and pasture clearance activities that have been going on along the adjacent
coast for a century or more. Haleakala has not erupted since the European
colonization of Maui.

Some late Holocene studies from lowland coastal sites on Oahu (e.g.,
Athens et al., 1992; Athens and Ward, 1993a,b) detect little charcoal in
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sediments until after European contact. A more recent study from Oahu
indicates that charcoal shows an increase at the inferred time of the onset
of Polynesian activity (Athens, 1997). Perhaps the Polynesians used fire for
vegetation clearance only on a very limited basis (but see Kirch, 1982).

Athens and Ward's pollen data suggest a major decline of the lowland
forest vegetation beginning ca. 1000 A.D., with some lowland forest types
virtually disappearing by 1400 A.D. They also noted the abundant presence
of the colonial green alga Pediastrum at one site in the Polynesian period,
and ascribed it to eutrophic conditions, possibly associated with prehistoric
aquaculture (Athens and Ward, 1993b, p. 38). Pollen from several plants
believed to have been introduced by Polynesians have also been identified
in these studies.

Paleontological investigations throughout the Hawaiian Islands have re-
sulted in the formal description of 35 species of extinct Holocene birds (more
are pending), and have shown that more indigenous bird species went extinct
in the Polynesian period than presently survive on the islands (Olson and
James, 1982, 1984, 1991; James et al., 1987; James and Olson, 1991). These
late prehistoric extinctions far exceed those recorded from the European con-
tact period. Work on a U-series dated Pleistocene site (James, 1987) also
suggests that prehuman extinction rates were quite low in the late Quaternary.

This extraordinary endemic fauna included several genera of large,
flightless waterfowl, a flightless ibis, and bird-catching owls. Careful exca-
vation and use of AMS 14C dating to age the collagen in even very small
individual bird bones has permitted these investigators to demonstrate the
rapidity of this extinction event after Polynesian arrival. Dating of bones
of the Pacific rat (Rattus exulans) from their sites demonstrates its intro-
duction by Polynesians, and its rapid proliferation in the islands (James et
al., 1987). In well-stratified bone beds, it is thus possible to use the ap-
pearance of rat bones and teeth as an anthropogenic marker horizon.

INTER-ISLAND COMPARISONS AND THE SEARCH FOR GLOBAL
TRENDS

Looking for global patterns by comparing remote oceanic islands is a
scientific tradition that goes back to Charles Darwin and Alfred Russel
Wallace (reviewed in Brown and Gibson, 1983). The term "human bio-
geography" has been used by anthropologists for over two decades in con-
nection with inter-island studies of human culture, archaeology, and history
(see Terrell, 1997). The study of the decline and extinction of human
groups on islands is a potentially rewarding area of investigation deserving
more attention (McGovern, 1980; Rouse, 1992; Diamond, 1993).
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Martin, in developing his ideas regarding possible Pleistocene overkill
models for faunal extinctions, utilized inter-island comparisons of the time
of human arrival vs. last occurrences of extinct species (Martin, 1984,1990;
see also articles in Martin and Klein, 1984). The general trend he perceived
was for a short temporal overlap between colonizing humans and an array
of extinct beasts on Madagascar, the Hawaiian Islands, and South Pacific
islands, among other areas, although the quantity and quality of data avail-
ability at that time was an admitted limitation. Relevant reliable data re-
mains to the present the greatest limitation to the use of islands for
examining late prehistoric extinction questions.

Some now-extinct island faunas appear to have overlapped temporally
with humans for quite a long time—perhaps more than 10,000 years in
Australia (Flannery, 1994), and almost two millennia in Madagascar
(MacPhee and Burney, 1991; Simons et al., 1995). Presently, it seems that
an extinction pattern "truly swift and devastating," as called for in Martin's
Blitzkrieg Hypothesis (Martin, 1984, p. 360) is most easily visualized in the
latest prehistoric island cases on the most remote islands, such as New Zea-
land and Hawaii, and in some protohistoric European discoveries of unin-
habited islands such as the Galapagos and Mascarenes (see Olson, 1989).
In the case of the latter, Diamond (1984) observes that historic extinctions
on islands can be useful for inferring causality and mechanisms in prehis-
toric extinctions, based on uniformitarian use of the written record of hu-
man depredations on islands as a kind of "Rosetta Stone" for interpreting
the fossil record. Steadman et al. (1990) have made interesting linkages
between the stratigraphic record of Holocene extinctions and the history
of extinction and human impact on the Galapagos Islands, showing that
few if any extinctions are revealed in the subfossil record of the previous
several millennia before Europeans discovered these uninhabited islands.
The stratigraphic and historical record since human arrival in 1535 is one
of island-wide extinctions and proliferation of exotic species. This agree-
ment is of course reassuring, and demonstrates well the use of the Gala-
pagos as a natural laboratory for paleoecology as it has been for more than
a century for evolutionary studies.

In another interesting "experiment" with the subfossil record, Stead-
man and Olson (1985) demonstrated that Henderson Island in the Pitcairn
Group, which has been uninhabited in historic times, lost several bird spe-
cies ca. 500 years ago, when Polynesians temporarily occupied the island.
The authors suggest that the abandonment of small unarable islands by
prehistoric Polynesians may have been due to the depletion of bird re-
sources, presumably the only readily available food source. In follow-up
studies on Henderson (e.g., Weisler, 1995), it has been demonstrated that
the bird extinctions and heavy exploitation of sea turtles occurred during
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the time that the colonists on Henderson and Pitcairn were still in contact
with the population of Mangareva. After about 1450 A.D., imported items
decline precipitously, implying that contact and trade with the outside had
ceased, and the local human population apparently abandoned Henderson
or went extinct somewhat later.

James (1995) made a useful two-way comparison between the recent
and more distant past in the Hawaiian Islands, and between the recent
past there and in Madagascar. She compared two sites with excellent faunal
recovery on Oahu, one with good recovery of the Holocene fauna (Barber's
Point) and the other from the Illinoisan Glacial (Ulupau Head). This com-
parison demonstrates that, of the 17 land bird species present at Ulupau
Head > 120,000 years B.P., all but one or possibly two survived into the
prehuman part of the Holocene. Following human arrival, the late Holo-
cene Hawaiian record shows that extinction rates are several orders of mag-
nitude above background, culminating in the loss of many bird species by
ca. 900 years B.P. Pacific rats, which appear about the same time, are a
primary component of the remaining depauperate assemblage. These ob-
servations accord well with the palynological record from lowland sites on
Oahu (Athens and Ward, 1993a), showing a presumably human-caused de-
cline in lowland forest vegetation at ca. 1000 A.D. Steadman (1993) has
shown a similar pattern of higher extinction rates in the human era, com-
pared to a fauna dated to ca. 60-80,000 years B.P., on 'Eua, Tonga.

James (1995) also compares the rich record from Puu Naio Cave on
Maui (James et al., 1987) to a similarly rich site in Madagascar, the cave
of Anjohibe (Burney et al., 1997) that is roughly equivalent in terms of
local climate, chronological range of the fossil assemblage, and time of hu-
man arrival. This matching shows that, among higher vertebrates, extinction
rates seem to have been much higher for the Maui site—about 3/4 of the
species sampled by the site (n = 35) vs. ca. 1/8 (n = ca. 65) for the Mada-
gascar site (James, 1995). The extinctions in Madagascar also appear to be
skewed more toward the larger species. Future expansion of this technique
with more sampling sites and perhaps more islands could provide useful
information regarding differential extinction rates on various islands, and
allow expansion of the initial exploration in James (1995) of such ecologi-
cally important details as differential extinction rates of certain body-size
classes, guilds, trophic levels, or communities on or among islands.

It is also possible that comparisons of the fire histories of various is-
lands, as inferred from stratigraphic charcoal particle studies, may yield use-
ful global generalities. The potential for detecting human arrival from the
charcoal record has been noted above. Figure 1 may suggest another pos-
sible trend with considerable generality. As has been noted in Burney et
al. (1994a), in comparing the Laguna Tortuguero, Puerto Rico, record with
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that of several published charcoal studies from Madagascar cited in earlier
sections of this paper, these studies seem to exhibit a comparable trend
during and after human arrival. At the inferred time of initial human pres-
ence, there is a surge in charcoal values above the immediately prehuman
background levels. For the next several centuries, charcoal values in each
case remain at high levels and may even increase, followed by a gradual
attenuation, often approaching the prehuman background values, in recent
centuries, and sometimes showing a secondary peak in the present century.
The pattern is less clear for Hawaii, where some studies have shown rela-
tively low charcoal values in the Polynesian period and the biggest observ-
able increase after European contact (e.g., Athens and Ward, 1993a;
Burney et al., 1995).

More charcoal studies, coupled with archeological research, will be
needed in order to help clarify whether the observed trends, if they show
some universality, are explainable in terms of changes in human population
density and land use. An alternative hypothesis would be that the charac-
teristic curves observed are a reflection of a more fundamental ecological
response. For instance, repeated burning could result in biomass reduction,
micro-habitat changes, plant physiological responses, or species composi-
tion shifts that might reduce the amount of burning (i.e., the amount of
charcoal deposited to sediments) over time (see Burney et al., 1994a for
discussion).

Thus, it appears that characterizing prehuman vs. postsettlement ex-
tinction rates and fire histories are two fertile areas for continued use of
inter-island paleoecological comparisons. For these and other questions
that might be imagined, such as the role of climate change in island dy-
namics and the patterns of human population increase following long-dis-
tance human dispersal, achieving a higher standard of spatiotemporal
resolution is clearly an all-important methodological goal. For instance,
greater use should be made on tropical oceanic islands, as elsewhere, of
the potential annual resolution of the laminated sediments from deep crater
lakes, tree-ring records from highly seasonal environments, and finely-lami-
nated speleothems (Brook et al., 1990; Burney et al., 1993). These kinds of
records may permit detection and exploration of the effects of abrupt cli-
mate changes, extreme weather events, ocean dynamics, volcanic eruptions,
shoreline changes and fire periodicity on these islands.

Regarding fire periodicity, for instance, it has been suggested (Burney
and MacPhee, 1988) that prehuman fires on Madagascar and perhaps else-
where may have been relatively infrequent but highly intense (owing to
litter accumulation over time), whereas fire in the human period may be
characterized by relatively constant but generally less intense burning (both
because of lower litter accumulation and also because of the possibility
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that many human-ignited fires were set during times of less dry—and there-
fore more controllable—conditions). Fire periodicity may be evaluated with
charcoal studies of laminated sediments and identification of fire scars in
dendrochronological records, as demonstrated in Minnesota by Clark
(1988b).

Very long records with improved time resolution are also important,
especially for comparing the paleoecology of the human-impacted Holo-
cene with that of previous interglacials, when climate and other ecological
parameters were presumably similar but humans were not present. This is
a valuable step in separating human and climate-induced effects under pre-
sent climate regimes. A basic technical problem has been that even when
these rare island sites thought to date to a previous interglacial have been
found, they are much too old for 14C dating. As in the study of Ulupau
Head, Oahu, which contained a Hawaiian fauna from > 120,000 years B.P.
(probably the Illinoisan Glacial; James, 1987), U-series dating is most often
the method that can work, but only if coral reefs, speleothems, or some
other relatively closed carbonate system is available. Records of past vege-
tation may be constructed from pollen and other microfossils trapped in
U-series dated speleothems (e.g., Brook et al., 1990; Burney et al., 1994b),
making it possible to extend such records back 400,000 years or more with
radiometric control. Work of this type in Madagascar has extended the
record of vegetation change there back to ca. 40,000 years B.P. (Burney et
al., 1997), and is likely to extend it considerably farther in the near future.

While the pursuit of higher resolution, longer records and more island
sites holds great promise for future island paleoecology, it is also important
to refine and apply more conventional archaeological techniques (and per-
haps add some new ones) to island questions related to environmental
change. By combining careful radiometric dating of settlements, extensive
and intensive surface survey and excavation, and reconstructions of pa-
leodemography and landscape paleoecology, archaeologists and paleoecolo-
gists may round out the picture of insular humans in the prehistoric scene
(e.g., Kirch et al., 1992; Wright et al., 1992, 1996).

We are still probably a long way from the point at which the empirical
data concerning human impacts on islands can be used to definitively test
existing or future models, or to extrapolate our findings confidently to the
past and future of larger continental landmasses or the globe. Enough pro-
gress has been made, however, to see what types of information are needed
and to generate more explicit models and hypotheses. Despite the gaps in
the data, it is already clear that our species' impacts on islands have been
devastating in many cases. As a powerful analogy to the present global
human condition, the emerging models for past human impacts on islands
are of more than academic interest.
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