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“Islands are an enormously important source of information and an 
unparalleled testing ground for various scientific theories.”

Ernst Mayr (1967)

Introduction

This volume is devoted to recent advances in understanding 
megafaunal extinctions in the New World during the LQ (for 
this and all other abbreviations used in this paper, see Table 
9.1). A chapter on endemic land-mammal extinctions on the 
islands comprising the West Indies may therefore seem out 
of place, because (1) few of the species that once lived on 
the islands would have qualified as megafaunal, even under 
a generous definition of that term; and (2) while the WI non-
volant mammal fauna eventually suffered near-total collapse, 
this happened quite recently, long after losses subsided on 
the mainlands. Yet to ignore the vicissitudes of the WI biota 
would be to overlook the only non-mainland context in the 
Western Hemisphere to suffer major LQ extinctions – one 
that might in principle help us to critically evaluate what we 
know, or think we know, about cause-effect relationships 
which forced dramatic losses elsewhere in the New World. 
For example, because of the proximity of these islands to 
the adjacent continents, any large-scale climatic changes 

sufficient to drive extinctions on the mainlands should also 
have had a determinable and coeval effect in the West Indies. 
If no appreciable effect can be detected given the data at 
hand – and, as we shall see, none has been – we need to ask 
why end-Pleistocene climate change should continue to be 
considered as the competent mechanism behind New World 
extinctions. As to the view that human impacts have been 
the prime movers in causing near-time extinctions, because 
Homo sapiens has occupied both islands and continents 
comparatively recently, losses due to direct anthropogenic 
effects should exhibit comparable features in both theaters. 
If features are not comparable, or seem to have worked on 
vastly different time scales, we need to ask why in this case as 
well. Finally, it is of great biological interest to assess, to the 
degree possible, how factors of physiology (e.g., body size) or 
macroecology (e.g., range collapse) that are putatively corre-
lated with mainland extinctions might have affected the island 
fauna. Although cataloguing losses among Antillean birds 
and herps (including the often-overlooked chelonians) would 
also be pertinent to the development of these themes, in my 
view the story of faunal collapse in the West Indies is best told 
from the perspective of the group most affected, the mammals 
(for information on other vertebrate losses, see Pregill, 1981; 
Pregill and Olson, 1981; http://www.iucnredlist.org).

Dating, Scheduling, and Fuses

One of the few examples of consensus in modern studies of 
“near time” vertebrate extinctions (i.e., losses occurring in 
the past ∼40,000 years) concerns how islands lose species. 
When people arrive, so it is widely agreed, the animals go 
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– apparently very quickly (e.g., MacPhee and Flemming, 
1999; Martin and Steadman, 1999). This inference is said to 
derive from basic considerations of island ecology: on most 
islands, resident species must bear a heavy burden in the form 
of intrinsic limiting factors such as small potential ranges, 
population size, and variable food supply (e.g. Dunn, 1994; 
Rosenzweig, 1995; Caughley and Gunn, 1996; Whittaker, 
1998). Under such circumstances, so it is said, even rather 
mild perturbations of the local environment – let alone major 
events like the introduction of novel predators – may force 
drastic and immediate crashes.

Yet “immediate” turns out to be a rather elastic concept 
when it comes to actual cases, even in island contexts where 
the train of causation seems unambiguous. Consistent with the 
idea of speedy loss, on some Pacific islands extinctions of large 
endemic birds appear to have occurred within a few decades of 
human colonization (Holdaway, 1999; Worthy and Holdaway, 
2002). However, on some other islands, the evidence is 

mounting for the contrary observation that extinction did not 
resemble “lightning war” so much as a sort of rolling thunder. 
In Madagascar, for example, according to new radiometric 
evidence, some of the giant lemurs and other “subfossil” spe-
cies were still in existence in isolated places > 1,500 years after 
the projected arrival of humans (MacPhee and Burney, 1991; 
Alcover et al., 1998; Perez et al., 2005). Do these results imply 
that some groups are simply prone to more rapid disappearance 
than others, or does species’ resilience to forms of endanger-
ment vary with particular ecological roles? Is island size or 
habitat heterogeneity a decisive factor? Is there any obvious 
way to test these or any similar explanations in a fossil record? 
The picture is likely to remain puzzlingly complex.

Extinction theories tend to be severely underdetermined 
by reliable facts, a situation that is unlikely to change in 
the near term (cf. MacLeod, 2003). In this regard no aspect 
of data-gathering is more crucial than facts about time, as 
cause-effect interpretations depend on establishing the timing 

Table 9.1. Abbreviations used in text and Table 9.2.

1. Time conventions

BCE Before common era
CE Common era (equivalent to AD dates)
Ma Millions of years ago
ka Thousands of years ago
BP Radiocarbon years Before Present (1950 CE)
cal bp Calibrated radiocarbon years Before Present (1950 CE)

2. Named intervals
NU Neogene unspecified (within last 23 Ma)
LQ or LQU Late Quaternary unspecified (within last 250,000 years)
HU Holocene unspecified (within last 10,000 years)
PI Post-LGM interval (18,000–6,000 BP)
AI Amerindian interval (~6,000–500 BP)
ME Modern era (<500 BP)

3. Methods of age determination
a 14C age estimate, based directly on elements belonging to the target taxon (bones or teeth)
b 14C age estimate, based on associated material (e.g., charcoal, unidentified bone scrap)
c Uranium-series disequilibrium age estimate, based on associated CaCO3 speleothem
d Amino acid racemization age estimate, based on associated land-snail shell
e 40K/40A (potassium/argon) dating method
f General faunal attribution (i.e., target has been found in undated circumstances in association 

with LQ faunal elements)
g Stratigraphic/geomorphological data
h Observational evidence (i.e., LAD based on last recorded direct observation), date in yr CE
j Association with Rattus/Mus in owl pellets (entry of OW murines into the West Indies 

assumed to be 1500 CE, regardless of island)
k Amerindian archeological association (e.g., kitchen midden)

4. Other abbreviations
AP Antero-posterior
LAD Last appearance date or datum
LGM Last glacial maximum, ca. 20 ka (18,000 BP)
OW Old World (in reference to alien murines)
WI West Indian
* Species of doubtful validity
und. Undescribed (species)
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or “scheduling” of specific losses. (I prefer the latter term 
because it conveys the sense that the process may take a certain 
amount of time to reach completion.) Determination of such 
schedules is the main emphasis of this chapter, and basic to 
this undertaking is the critical assessment of so-called “last” 
appearance dates (LADs), or the point at which evidence of 
the continuing presence of a given species terminates (see 
also Fiedel, Chapter 2). For obvious reasons, a question of 
general importance is how to judge the likelihood that a given 
LAD is reasonably close to the actual disappearance date of 
the species in question. Generally speaking, LADs should be 
based on solid empirical evidence, such as radiometric age 
determinations or last recorded observations of a species in 
the wild. However, even for modern-era (ME) extinctions 
(i.e., losses within the last 500 years), the evidential basis 
for LAD determination is often quite meager (MacPhee and 
Flemming, 1999).

With still-living species one can sidestep the problem of 
being able to accurately predict when something will finally 
disappear by relying instead on census (or similar) evi-
dence as a proxy for “ecological extinction” (i.e., the point 
at which a species is so reduced in numbers that the few 
individuals remaining have no more ecological relevance 
or hope of recovery; Purvis et al., 2000). How ecological 
extinction would look in an empirical fossil record remains 
uncertain, if only because of obdurate difficulties in infer-
ring population sizes in such cases (e.g., Signor-Lipps 
effect), but in theory at least, the concept is of fundamental 
importance to understanding how extinctions took place in 
the West Indies. The basic issue is how to measure “fuse” 
length, or the amount of time between the theoretical onset 
of a factor having a magnitude sufficient to cause extinction, 
and the actual disappearance of the last members of the spe-
cies thus impacted. As the following example from a differ-
ent context shows, defining a “true” extinction date may be 
difficult even for the best-substantiated cases, where records 
are comparatively robust.

Current latest dates for the presence of woolly mammoth 
(Mammuthus primigenius) in various parts of continental 
Eurasia fall within a fairly narrow interval, 9,000–10,000 BP 
(MacPhee et al., 2002; Stuart et al., 2002, 2004; Kuzmin and 
Orlova, 2004). Since there are many hundreds of radiocarbon 
estimates for this species, it is not unreasonable to infer that 
woolly mammoths must have disappeared from what are now 
the continental parts of Eurasia no later than the beginning 
of the 10th millennium BP. Accepted latest dates for woolly 
mammoths in North America are earlier, by 500–750 radio-
carbon years (cf. Meltzer and Mead, 1985); identical logic 
would suggest that North American populations disappeared 
no later than, and possibly somewhat before, Eurasian popu-
lations of the same species. The fact that no younger dates 
(or, at least, no dates considered to be reliable) have been 
reported for mainland Eurasian mammoths, despite much 

activity in this arena during recent years (e.g., Sulerzhitsky 
and Romanenko, 1999; Stuart et al., 2002; MacPhee et al., 
2002), suggests that we should have considerable, if not 
absolute, confidence in the view that the last continental pop-
ulations of M. primigenius collapsed just after the close of the 
Pleistocene. Furthermore, lack of numerous early Holocene 
dates might logically imply that by 10,000 BP woolly mammoths 
were ecologically extinct, if not completely extirpated, on the 
mainlands where they previously occurred.

Nevertheless, as we now know, woolly mammoths survived 
much longer than this on certain arctic and subarctic shelf islands 
(Wrangel Island and islands in the Bering Sea; Vartanyan et al., 
1993; Guthrie, 2004; Yesner et al., 2005). Wrangel mammoths 
in particular lasted well into the late Holocene (current LAD, 
∼3,700 BP), a point that could never have been derived from 
first principles given the continental record for this species. 
Although it remains obscure how these elephants managed to 
persist on these relatively tiny landmasses, which only became 
isolated from adjacent mainlands after postglacial drowning of 
the Beringian shelf, the empirical pattern of late insular survival 
has held up to close scrutiny (cf. Vartanyan et al., 1995), and 
is, of course, tested in some sense each time a new mammoth 
specimen is dated. Yet we must never lose sight of the fact that 
all such “tests” are merely inductions, subject to rejection by 
even a single verifiable counter-example, no matter how many 
dates one can point to that are consistent with some previously-
defined extinction schedule. Although all LADs are thus 
provisional, one is certainly justified in believing that LADs 
based on multiple, self-consistent criteria are more likely to be 
confirmed than denied by the next datum.

These considerations throw the deficiencies as well as the 
realities of the WI dating record into sharp relief. Recently, 
McFarlane and Lundberg (2004) estimated that approximately 
60 radiometric age determinations with any bearing on the 
extinction of the WI fauna had appeared in the published lit-
erature. This amounts to an average of ∼1 date per species of 
extinct WI land mammal; although a few more age estimates 
have been collected in recent years, the total is still < 100. This 
is an extremely thin foundation on which to base an extinction 
chronology, especially when many of the disappeared have 
little or nothing in the way of a dating framework to evaluate 
(see next section). For this reason, associational dating, which 
provides a “date” relative to something else of assumed or 
known age, continues to play a significant role in treatments of 
extinction scheduling of the WI fauna. Associations involving 
Old World (OW) murines (Rattus and Mus) are a good exam-
ple: since these rodents did not live on these islands prior to 
early European times, one can reasonably assume that any valid 
association of extinct endemics with rats and mice must date 
to 1500 CE or later. (Obviously, to be meaningful this method 
requires a specific context, such as well-stratified sediments 
or owl pellets.) Another example of associational dating is to 
indirectly date a target taxon using 14C-dated objects from the 
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same layer or context, such as charcoal. However, charcoal is 
not inherently “better” than bone when it comes to interpreting 
what an age estimate means. For example, charcoal produced 
by wildfires obviously has an interpretative significance differ-
ent from that found in a definite hearth. Further, the result of 
the radiocarbon analysis will be an estimate of the actual age 
of the wood from which the charcoal was derived, not the date 
at which it was burnt, which might be much later.

Quality of preservation is, of course, an unreliable guide to 
age, but it has played a conspicuous role historically, if only 
because of the paucity of firm LADs for the majority of extinct 
WI species. Thus Miller (1930) believed that the fresh appear-
ance of owl-pellet material containing Nesophontes, unidenti-
fied mammal hair, and Rattus bones from the rock shelter 
of Monte Culo de Maco in southern Hispaniola indicated 
that Nesophontes might have survived into the 20th century. 
However, the most recent age determination on Nesophontes 
from this site is 680 ± 50 BP, not greatly different from the 
youngest nesophont material so far identified (skulls from 
Cueva Martin, Cuba, dated to 590 ± 50 BP). There is thus 
(still) no decisive evidence that Nesophontes persisted for 
centuries after the introduction of exotic vertebrates associ-
ated with European colonization (MacPhee et al., 1999).

Lack of radiometric dates for extinct WI mammals may be 
partly due to the historically small number of investigators 
who are interested in this fauna (and who have the money to 
pay for 14C dating), but it also stems from the nature of fossil 
collecting on these islands. Cave deposits are practically the 
only places in which bones of extinct vertebrates are encoun-
tered; here they are continually exposed to hot, humid condi-
tions, with the result that bone proteins are rapidly degraded 
and leached. Indeed, it is not uncommon to recover apparently 
well-preserved elements that, on testing, prove to retain so lit-
tle native organic material that reliable dating is not possible 
(MacPhee and Flemming, 1999; Turvey et al., 2007).

As already noted, various additional factors may affect the 
trustworthiness of LAD determinations. Rarity of collection 
is certainly one: a significant number of WI taxa have been 
found in only one or a few localities (e.g., Rhizoplagiodontia 
lemkei, Xenothrix mcgregori), but this need not imply that 
these species were also rare in nature. Given the taphonomic 
conditions that prevail in the West Indies, species that were 
too large to be taken by the local predator guild, or never 
frequented caves, or lived in nonlimestone regions are simply 
less likely to be recovered paleontologically.

Roll Call of Extinction

The body of this chapter is devoted to distilling and interpret-
ing chronometric data on WI extinctions and related subjects. 
To avoid breaking up the text by recurrently introducing 
issues affecting individual groups (including humans), I have 
relegated much of this material to the Appendix where it may 
be consulted as needed.

Scientific interest in the collapse of the land mammal 
fauna of the West Indies is long-standing (e.g., Miller, 1916, 
1929a, b; Allen, 1942; Varona, 1974), but Morgan and Woods 
(1986) were the first authors to treat species losses in the 
West Indies in a comprehensive and integrated fashion, giving 
due attention to the quality of the evidence, systematics, and 
possible modes of causation. Since the appearance of their 
paper, taxonomic changes have taken some species off the 
extinction list, while others have been added as the result of 
new discoveries. Although the dating picture for WI extinc-
tions remains woefully inadequate, it has been substantially, 
if unequally, improved for major taxa in the past 20 years. 
As discussed in detail in the following sections, Fig. 9.1 and 
Table 9.2 are intended to present these changes as efficiently 
as possible within the limits of this short paper. Together with 
the information presented in the Appendix, these treatments 
should provide up-to-date documentation on the extinction 
schedules and status of all valid, endemic, non-volant taxa 
of land mammals from the West Indies thought to be of late 
Quaternary age.

Although it has long been accepted that most LQ extinc-
tions occurred after human arrival in the West Indies, thinking 
is changing as to how recent these losses might be (e.g., 
Steadman et al., 2005; MacPhee et al., 2007; Turvey et al., 2007). 
Figure 9.1 illustrates how, for a reasonably representative 
selection of taxa (27 species), new dates and interpreta-
tions are altering previously accepted models. In the case 
of Amblyrhiza, for example, earlier concepts of its extinc-
tion schedule allowed for its survival until ca.1600 CE (e.g., 
Anderson, 1984; Cole et al., 1994); more recently, U-series 
disequilibrium dates and other considerations (McFarlane et 
al., 1998a) have shown that it is considerably more likely that 
Amblyrhiza disappeared much earlier, in the later phases of 
Marine Isotope Stage (MIS) 5, ca. 125–75 ka. By contrast, it 
has also been demonstrated that some taxa (e.g., Nesophontes 
edithae) lasted longer than previously believed. In still other 
cases, debate continues. For example, radiometric, associa-
tional, and vague observational evidence all support the con-
clusion that Isolobodon portoricensis was still extant ca. 1500 
CE. This species may well have survived until much later, 
although there is as yet no empirical evidence for Woods and 
Kilpatrick’s (2005:1598) contention that it “survived…until 
the last few decades, and may still survive in certain remote 
areas” (see Fig. 9.1). As to Neocnus (=“Acratocnus”) comes, 
the alleged association that implies that this sloth survived 
into the ME is exclusively based on Miller’s (1929a) statement 
that he found its remains in a cave deposit that also yielded 
domestic pig. The likelihood that this association was real has 
always seemed doubtful, and still does. However, in a sur-
prising development, new chronometric studies have shown 
that some megalonychids persisted long after the estimated 
time of initial human arrival in the Greater Antilles (Steadman 
et al., 2005; MacPhee et al., 2007; see Appendix). It may be 
anticipated that such reinterpretations will continue to be 
made as the dating record continues to improve.
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Turning now to Table 9.2, in establishing the list of valid 
species (“Taxa”) I have mostly followed the opinions of mod-
ern authorities concerning systematic issues except where 
they substantially diverge from my own. Synonymizations 
not mentioned here can be found in relevant recent compen-

dia (e.g., White and MacPhee, 2001; Woods and Kilpatrick, 
2005). I have excluded all species incontrovertibly introduced 
by humans, such as the so-called “mute dogs” of Hispaniola 
and the highly questionable Cubacyon transversidens of 
Arredondo and Varona (1974). I have also excluded those 

Figure 9.1. Representative taxa of West Indian rodents, primates, sloths, and insectivorans: changing views of extinction schedules. 
Taxa and data were selected to represent different levels of evidence typically used to frame explanations for these extinctions. Note 
that the vertical axis is logarithmic; ages based on radiocarbon dating have not been calibrated, which makes little or no difference 
on this scale. Symbols (circles, stars, and squares) in black indicate current LADs (“last” appearance dates) for identified taxa, while 
gray symbols indicate extinction dates that are either outmoded or based on ambiguous or dubious evidence. Specifically, solid black 
circles (●) indicate that a given LAD is based on direct radiometric and/or good stratigraphic evidence; if the LAD estimate is a lengthy 
interval, end member values are represented by linked circles. Gray circles (●) represent earlier views on LAD positions that are no 
longer supportable; and the dashed lines (---) joining older and newer concepts of disappearance times give some sense of the scale of 
reassessment in different cases. (Arrow indicates direction of reassessment.) Black stars (✫) indicate that a given current LAD is based 
on plausible, dated observational evidence for last sighting or collection of the target taxon; gray stars (✫) implies that such evidence 
is suspect or vague. Finally, squares (�) in black or gray represent varying qualities of associational or indirect evidence (typically, 
co-occurrence of remains of target and Rattus). Thus an earlier view of the extinction of Amblyrhiza (e.g., Anderson, 1984; Cole et 
al., 1994) held that this taxon was still extant in 1600 CE; U-series dates and other considerations (McFarlane et al., 1998a), however, 
indicate that Amblyrhiza probably died out in the later phases of Marine Isotope Stage 5. The transition from the last (Sangamonian) 
interglaciation to the Eo-Wisconsinan glaciation in North America may have been time-transgressive in different areas, the changeover 
as a whole lasting between 125 and 75 ka (Lourens et al., 2004). Here the arrows define the warmest episode, MIS 5e, 130–115 ka. The 
Last Glacial Maximum occurred ca. 20,000 cal bp in North America. Evidence for relative sea level rise (and, doubtfully, a minor 
amount of associated climate change) in the northern Caribbean between 6,200 and 4,000 BP comes from investigations by Peros 
et al. (2007) at Laguna de la Leche in western Cuba. The period of major forest clearance, for sugar cane, valuable woods, and related 
purposes, would have varied from island to island, but the period of greatest activity occurred between the late 17th and early 19th 
centuries (Wilson, 2001). “Oryzomys sp. 1” refers to an unnamed species from Barbados (cf. MacPhee and Flemming, 1999: their 
table 3), possibly seen by Richard Schomburgk in 1840s (Ray, 1964).
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Table 9.2. Species list, geographic distribution, and last appearance date (if applicable) of endemic non-volant West Indian mammals.
(See Table 9.1 and Fig. 9.2 for abbreviations)

Taxa Range Body Time Age Notes
Chronometric Dates & Material 
Dated (If Applicable)2

Size1 Interval2 Determ.2

PRIMATES:
Pitheciidae
Paralouatta varonai Cuba III NU g 3a, 4
Xenothrix mcgregori Jamaica III ?ME b, j 3b, 5 2,145 ± 200 BP (unid. bone)
Antillothrix bernensis Hispaniola III AI b, k 3q, 6 3,850 ± 135 BP (charcoal)

SORICOMORPHA:
Nesophontidae
Nesophontes major Cuba I ME j 3c
Nesophontes micrus Cuba I ME j 3w ‡590 ± 50 BP (skulls)
Nesophontes hypomicrus Hispaniola I ME j 3w ‡790 ± 50 BP (hemimandibles)
Nesophontes paramicrus Hispaniola I ME j, ?k 3w ‡680 ± 50 BP (limb bones)
Nesophontes zamicrus* Hispaniola I ME j 3 k
Nesophontes edithae Puerto Rico II ME a 3d ‡990 ± 20 BP (hemimandible)
Nesophontes und. sp. 1 Grand Cayman I ME j 3e
Nesophontes und. sp. 2 Cayman Brac I ME j 3e

SORICOMORPHA:
Solenodontidae
Solenodon cubanus Cuba II extant – –
Solenodon paradoxus Hispaniola II extant – –
Solenodon marcanoi Hispaniola II ME j 3f
Solenodon arredondoi Cuba III LQU f 3g, 9

PILOSA:
Megalonychidae
Acratocnus odontrigonus Puerto Rico IV LQU f 8
Acratocnus antillensis Cuba IV LQU f 9
Acratocnus ye Hispaniola IV HU b 10 10,320 ± 170 to 3,715 ± 175 BP (range, 

unid. bone)
Acratocnus simorhynchus* Hispaniola IV PI b 11 21,500 to 18,500 BP (inorganic carbon)
Neocnus gliriformis Cuba III LQU f 9
Neocnus major Cuba III LQU f 9
Neocnus comes Hispaniola III AI a 3 h ‡4,390 ± 40 BP (humerus, ulna)
Neocnus dousman Hispaniola III HU b 10 10,320 ± 170 to 3,715 ± 175 BP (range, 

unid. bone)
Neocnus toupiti Hispaniola III HU b 10 10,320 ± 170 to 3,715 ± 175 BP (range, 

unid. bone)
Megalocnus rodens Cuba V AI a 3i, 12 ‡4,190 ± 40 BP (molariform)
Megalocnus zile Hispaniola V PI b 3j, 12 21,170 ± 525 to 17,405 ± 900 BP (range, 

unid. bone)
Parocnus serus Hispaniola IV HU b 10 10,320 ± 170 to 3,715 ± 175 BP (range, 

unid. bone)
Parocnus browni Cuba IV AI a 3 h ‡4,960 ± 280 BP (humerus)
Paulocnus petrifactus Curacao IV LQU g 13 400–130 ka
Megalonychid und. sp. 1 Grenada ? NU e 14 3.6 ± 0.4 to 2.7 ± 0.3 Ma (hornblende)

RODENTIA:
Heptaxodontidae
Quemisia gravis Hispaniola III ME ?h, k 3 k
Elasmodontomys obliquus Puerto Rico IV AI b 3d, 15 ‡3,510 ± 30 to 2,410 ± 30 BP (range, 

charcoal)
Xaymaca fulvopulvis Jamaica II HU b 3 l ‡11,260 ± 80 to 10,250 ± 80 BP (range, 

chitin)
Clidomys osborni Jamaica IV LQU c 3 m 130–70 ka
Amblyrhiza inundata Anguilla/St. Martin V LQU c 3 m 130–70 ka

RODENTIA: Cricetidae,
Sigmodontinae
Oryzomys curasoae* Curaçao I ME j 3o, 16
Oryzomys antillarum Jamaica I ME h 3c 1877
Oryzomys hypenemus* Barbuda, Antigua I ME j 17
Oryzomys und. sp. 1 Barbados I ME h 3c pre-1890

(continued)
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Taxa Range Body Time Age Notes
Chronometric Dates & Material 
Dated (If Applicable)2

Size1 Interval2 Determ.2

Oryzomys und. sp. 2 Grenada I ME k 3n, 18
Oryzomys und. sp. 3* Grenada I ME k 3n, 18
Oligoryzomys victus St. Vincent I ME h 3c 1892
Megalomys desmarestii Martinique II ME h 3c 1902
Megalomys luciae St. Lucia II ME h 3c pre-1881
Megalomys audreyae Barbuda II LQU ? 9
Megalomys curazensis Curaçao II LQU g 3o 400–130 ka
Megalomys und. sp. 1 Antigua etc. I ME k 3 n, 19
Megalomys und. sp. 2 Anguilla etc. I ME k 3 n, 20

RODENTIA:
Echimyidae
Brotomys voratus Hispaniola I ME a, j, k 3 k, 3p 340 ± 60 BP, mandible
Brotomys contractus* Hispaniola I ?ME ? 9
Boromys offella Cuba I ME k 3q
Boromys torrei Cuba I ?ME ?j 21
Heteropsomys antillensis Puerto Rico II ?ME ? 9
Heteropsomys insulans Puerto Rico II AI a 3d ‡1,220 ± 30 BP; mandible
Puertoricomys corozalus Puerto Rico II NU g 3r, 4

RODENTIA:
Capromyidae
Capromys gundlachianus Cuba III extant – –
Capromys pilorides Cuba III extant – 22
Capromys und. sp. 1 Caymans (all) III ME b, j 3e 375 ± 50 BP; mangrove peat containing 

bone
Capromys latus Cuba III LQU ? 9, 23
Geocapromys brownii Jamaica III extant – –
Geocapromys ingrahami Bahamas II extant – –
Geocapromys thoracatus Little Swan I II ME h 3c 1950s
Geocapromys und. sp 1 Grand Cayman III ME j 3e
Geocapromys und. sp 2 Cayman Brac III ME ?j 3e
Geocapromys columbianus* Cuba II ME j 24
Geocapromys pleistocenicus* Cuba II ME ?j 25
Mesocapromys angelcabrerai Cuba II extant – –
Mesocapromys auritus Cuba II extant – –
Mesocapromys melanurus Cuba II extant – –
Mesocapromys nanus Cuba II extant – 26
Mesocapromys sanfelipensis Cuba II extant – –
Mesocapromys barbouri* Cuba II LQU ? 27
Mesocapromys beatrizae* Cuba II LQU ? 27
Mesocapromys gracilis* Cuba II LQU ? 27
Mesocapromys kraglievichi* Cuba II LQU ? 27
Mesocapromys minimus* Cuba II LQU ? 27
Mysateles garridoi Cuba III extant – –
Mysateles meridionalis Cuba III extant – –
Mysateles prehensilis Cuba III extant – 28
Hexolobodon phenax Hispaniola III ME j 29
Hexalobodon sp. 1 Hispaniola III ?ME ? 30
Isolobodon montanus Hispaniola III ME j 29
Isolobodon portoricensis Hispaniola etc. III ME a, j, k 3s, 31 ‡620 ± 60 BP; hemimandible
Plagiodontia aedium Hispaniola III extant – –
Plagiodontia ipnaeum Hispaniola III ME j 3 k
Plagiodontia araeum Hispaniola III HU ? 9
Rhizoplagiodontia lemkei Hispaniola III ME j 32

RODENTIA:
Hydrochoeridae
Hydrochoerus gaylordi Grenada IV NU e 14 3.6 ± 0.4 to 2.7 ± 0.3 Ma (hornblende)

UNASSIGNED:
Enigmatic Taxa/Morphs
“Sheep Pen ?primate femur” Jamaica ? LQU d 3t >100 ka (snail shell)

Table 9.2. (continued)

(continued)
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Taxa Range Body Time Age Notes
Chronometric Dates & Material 
Dated (If Applicable)2

Size1 Interval2 Determ.2

“Trou Wòch Sa Wo ?primate femur” Hispaniola ? HU b 10 10,320 ± 170 to 3,715 ± 175 BP (range, 
unid. bone)

“Coco Ree ?primate femur” Jamaica ? LQU d 3u 50–30 ka (snail shell)
“Sheep Pen ?caviomorph femur” Jamaica V NU g 4, 12
Tainotherium valei (Caviomorpha, 

inc. sed.)
Puerto Rico III LQU f 8

Notes 
1 Body size estimates based where applicable on data collected by Silva and Downing (1995).
2 Abbreviations defined in Table 9.1. Symbol ‡ before a radiocarbon age estimate signifies that it has been isotopically corrected for 13C/12C. All estimates 
and 1-sigma errors rounded to nearest decade.
3 a, MacPhee and Meldrum (2006); b, MacPhee (1996); c, MacPhee and Flemming (1999); d, Turvey et al. (2007); e, Morgan (1994b); f, Ottenwalder (2001); 
g, Morgan and Ottenwalder (1993); h, Steadman et al. (2005); Jull et al. (2004); i, MacPhee et al. (2007); j, MacPhee et al. (2000a); k, Miller (1930); l, 
MacPhee and Flemming (2003); m, McFarlane et al. (1998a); n, Pregill et al. (1994); o, McFarlane and Debrot (2001); p, McFarlane et al. (2000); q, Miller 
(1929a, b); r, MacPhee and Wyss (1990); s, Flemming and MacPhee (1999); t, Ford (1990); u, Goodfriend and Mitterer (1987); v, Turvey et al. (2006); w, 
MacPhee et al. (1999c).
4 Although assumed to be a Quaternary taxon, chronological position is uncertain.
5 Circumstantial evidence of survival into colonial times.
6 Age estimate on charcoal published by Rímoli (1977).
7 Includes N. longirostris, submicrus, and superstes (Condis Fernandez et al., 2005).
8 Estimate “late Pleistocene or early Holocene” based on faunal association at loc. Cueva de Vaca (Turvey et al., 2006).
9 No radiometric estimates or cultural or OW murine associations known for this taxon.
10 Range of 14C age estimates (which are not in stratigraphic order) reported by Woods (1989a) on unid. bones for loc. Trou Wòch Sa Wo, where this species 
was present.
11 Range based on dating of associated inorganic radiocarbon as discussed by Rega et al. (2002)
12 Body size after Burness et al. (2001).
13 Assumed to be within same age range as Megalomys curazensis as dated by McFarlane and Debrot (2001).
14 40K/40A dating, accuracy questionable (see MacPhee et al., 2000b); best estimate is L. Pliocene-E. Pleistocene.
15 Associated date based on charcoal collected at 2–4 cm below surface at loc. Cueva del Perro, where an in situ Elasmodontomys cheektooth plate was recov-
ered 2 cm below surface.
16 Junior synonym of extant O. gorgasi (Weksler et al., 2006)?
17 Rattus association according to Ray (1962); species not listed by Musser and Carleton (2005).
18 Not included in list of Borroto-Páez et al. (in press).
19 Also Barbuda, Montserrat, Guadaloupe, Marie Galante (Pregill et al., 1994).
20 Also Montserrat, St. Eustatius, St. Kitts (Pregill et al., 1994).
21 OW murid association possible but not confirmed (Koopman and Ruibal, 1955).
22 Includes alleged extinct “species” Geocapromys megas (Diáz-Franco, 2001); also Capromys acevedo, fourniere, intermedius, pappus (Borroto-Páez et al., 
in press).
23 Includes alleged extinct “species” Capromys antiquus, robustus, arredondoi (Borroto-Páez et al., in press)
24Rattus association (Fischer, 1977).
25 Extinction was before human contact according to Morgan and Woods (1986), but Borroto-Páez et al. (in press) state that some remains are post-Columbian.
26 Includes alleged extinct “species” Mesocapromys silvai, delicatus (Borroto-Páez et al., in press); accepted as extant even though last specimen collected in 
1937 according to Woods and Kilpatrick (2005).
27 Validity uncertain and review needed (Borroto-Páez et al., in press).
28 Includes Mysateles jaumei (Borroto-Páez et al., in press).
29 Rattus association (Woods, 1989a).
30 Listed as “unnamed Hexalobodon of southern Hispaniola” by Woods et al. (2001).
31 Also Puerto Rico, Virgin islands, Mona, Ile de Tortue, La Gonave; still possibly extant on Tortue according to Woods et al. (2001).
32 Woods (1989a:72) stated that R. lemkei survived “until the time Rattus remains are present in the deposits.”

Table 9.2. (continued)

whose endemicity is dubious, such as the Grenadian popu-
lation of Dasyprocta leporina or the several “species” of 
Procyon lotor formerly regarded as endemic WI raccoons 
(Helgen and Wilson, 2003), although I have retained a few 
others whose status is ambiguous or unsettled (e.g., Oryzomys 
curasoae of McFarlane and Debrot, 2001).

Morgan and Woods (1986; see also Morgan, 2001) estimated 
that 76 terrestrial species of mammals became extinct during 

the LQ of the West Indies, while only nine survived (extinction 
rate, 88%). In this paper, the number of such species, living 
and extinct, is considered to be somewhere between 73 and 
93, depending on how doubtful cases are treated. (Doubts 
apply to at least 15 taxa or provisionally recognized entities 
that may turn out to be synonyms of something else, and an 
additional five whose LADs cannot be more narrowly con-
strained than “unspecified Neogene”.) Fifteen members of 
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this fauna are extant according to the count used here, yielding 
a recalculated extinction rate of 79% to 84% – for terrestrial 
mammals, one of the highest in the world (cf. MacPhee and 
Flemming, 1999). Incidentally, even introduced species have 
suffered extinctions in the West Indies (cf. Allen, 1942) – a 
point which indicates just how pervasive, if not omniselective, 
the process of faunal collapse has been on these islands (see 
Discussion below).

For fossil taxa, entries under “Body Size” are usually based 
on considerations of narrow allometry, i.e., the empirical or 
estimated body-size range of acknowledged members of the 
same phylogenetic group. For certain fossil taxa statistical 
approaches have been worked out that are of some help in 
confining probable ranges (e.g., Biknevicius et al., 1993); 
these are noted in the appropriate places in the Appendix.

Body size is relevant to any consideration of exploitation 
and extinction, although it has only been casually examined in 
most previous treatments of WI extinctions (see Discussion). 
Figure 9.2 is intended to depict the distribution of body size 
“classes” for all WI land mammals listed in Table 9.2 that are 
known to be of late Quaternary age (including living species), for 

a total of 89 species. Omitted are three enigmatic ?primate-
like finds (Table 9.2, Unassigned) and five other taxa whose 
loss date(s) may be earlier than the LQ (Paralouatta varonai, 
Puertoricomys corozalus, Hydrochoeris gaylordi, unnamed 
Grenadian megalonychid, and Sheep Pen ?caviomorph). 
Although other taxa of dubious status and all unnamed enti-
ties could have been omitted as well, I have not done so 
because differences in interpretation would be slight under 
all plausible scenarios.

Had no extinctions occurred in the West Indies during the 
LQ, the distribution of species numbers by body size would 
have generally corresponded to the histogram on the left-hand 
side of Fig. 9.2. The right-hand side of the figure shows the 
present-day distribution after all extinct entities have been 
removed. It is apparent that large-bodied taxa (classes IV 
and V) comprise only a small fraction (∼16%) of the LQ 
fauna. Class III (1–10 kg) is the biggest single grouping (33% 
of total), but half of all LQ taxa fall within the two small-
est categories (body sizes ≤ 1 kg). The 15 surviving species 
are about equally distributed in classes II and III (figures in 
parentheses, right side of Fig. 9.2). Looked at as a whole, then, 

Figure 9.2. Body size classes of late Quaternary West Indian land mammals (excluding bats). The histogram on the left-hand side of the figure 
distributes all species listed in Table 9.2 according to the classes defined in the box (upper right), except for those whose affiliation and age are 
in substantial doubt (see text), for a total of 89 taxa. The histogram on the right depicts the size distribution of the 15 extant species of WI land 
mammals. Numbers in white, actual number of species per class; percentages in black, contribution each class makes to its respective total. 
Large species (classes IV and V) formed a small fraction of the total diversity (∼16%); indeed, half of all species were less than 1 kg (classes 
I and II). As the result of extinction, all members of the largest and smallest classes have disappeared (right-hand side). Even in middle ranks 
(classes II and III) devastation has been severe: only two insectivores and 13 capromyine rodents have survived to the present.
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the LQ land mammals of the West Indies were predominantly 
meso-to-microfaunal in body size, with but few taxa that 
could be considered even moderately large. This has implica-
tions regarding plausible causes of their disappearance (see 
Discussion).

Abbreviations and codes under “Time Interval” and “Age 
Determination” are defined in Table 9.1. Taxa are relegated 
to one of the “unspecified” periods only if there is no accept-
able information that ties them to a particular, more narrowly 
constrained interval. For example, while it is possible to say 
on the basis of several radiocarbon dates from the Haitian 
site of Trou Wòch Sa Wo that the megalonychid Acratocnus 
ye persisted into the Holocene, the spread of the dates with a 
bearing on this point is very large and does not permit a nar-
rower LAD than HU (i.e., survival within last 10,000 years). 
By contrast, the direct date of 4,390 ± 40 BP on a specimen of 
Neocnus comes permits us to place this taxon in a more con-
strained time frame, namely the AI (i.e., Amerindian interval, 
∼6,000 to 500 BP). Generally speaking, only the particular 
age determination that provides the currently accepted LAD 
for a species is indicated, even when there are multiple dates 
or methods of age determination available. Finally, under the 
heading “Notes”, various sorts of additional information on 
individual taxa are provided. Some important localities are 
mentioned, but it is beyond the scope of this chapter to pro-
vide detailed information about distributions of species within 
islands. Although locality records can give the impression 
that many now-extinct species enjoyed islandwide distribu-
tions, because most paleontological sites in most parts of 
the Caribbean have never been radiometrically dated, it is 
difficult to determine whether ranges of extinct species were 
regularly coextensive with island area, or waxed/waned over 
long periods of time in response to changing environmental 
conditions (cf. Pregill and Olson, 1981) – another question 
that awaits future, sophisticated treatment.

Discussion

Contrasts Between Mainland and Insular 
Extinctions During the New World Holocene

1. There is no evidence for an end-Pleistocene extinction event in 
the West Indies ca.10,000 BP, or for a blitzkrieg at any time. 

Progressive improvement in LAD determinations during 
the past 20 years makes it less and less likely that anything 
of major biotic import happened in the West Indies during 
the Pleistocene/Holocene transition. Nor is there any evi-
dence for significant mammal losses during or immediately 
after pleniglacial time. Indeed, the overall biotic picture for 
the West Indies, from MIS 5a time ca. 75 ka to the earliest 
evidence for Amerindian presence at ca. 6,000 BP, is one of 
retention rather than collapse. In view of the fact that this 
range covers most of Wisconsinan time, even in the subjunc-
tive it hardly need  be said that climate change may not be 
quite the extinction agent some commentators think it was.

Things changed for the WI fauna after 6,000 BP, but not in 
the way classically conceived by the blitzkrieg model of late 
Quaternary vertebrate extinction. However much Amerindian 
practices may have affected local environments in the West 
Indies, with regard to extinction scheduling their effect was 
either much delayed or even nugatory – an unexpected find-
ing for an island context in which biological first contact 
has long been assumed to have had a drastic, immediate 
impact. Paradoxically, on the New World mainlands, the 
radiocarbon evidence for a very narrow extinction window 
– one lasting perhaps not more than 400 years and affecting 
dozens of species simultaneously – continues to build (Fiedel, 
Chapter 2).

2. Holocene lineage pruning by complete extinction has been 
negligible on the mainlands, but severe on the islands. 
MacPhee and Marx (1997) noted that it is implicit in the 

treatment of generally accepted LADs for LQ mammals in 
the New World (e.g., Martin, 1984; Faunmap Working Group, 
1994) that the extinction rate for continental North American 
mammals dropped to zero ca. 10 ka, because typically no 
species-level losses are registered for the pre-ME Holocene. 
(This statement disregards very recent losses on shelf islands 
associated with North America, such as those in the Gulf 
of California). Of course it is unlikely that the rate on the 
mainland actually dropped that low after 10 ka, and as noted 
earlier at least one North American taxon previously regarded 
as a terminal Pleistocene casualty (Mammuthus primigenius) 
managed to survive until the mid-Holocene on islands in the 
Bering Sea (Guthrie, 2004; Yesner et al., 2005). In fact many 
losses doubtless occurred within the Holocene, but at the 
subspecies or population level (cf. the “extinct” sea mink, 
Mustela “macrodon” – probably a subspecies of extant M. 
vison, but see Mead et al. [2000] ). Such losses do not qualify 
as species losses because the lineages still persist. The WI 
case is essentially the polar opposite: all major clades suf-
fered lineage pruning, frequently to the point of complete 
disappearance, and – with the exception of the sloths and 
perhaps some of the larger rodents – all suffered the majority 
of their losses in the post-1500 CE period.

Exploitation and Extinction

1. Does competition/predation ever cause extinction? 
Historically, the literature on the theoretical ecology of 

extinction is divided on the question of “over-competent pred-
ators” (i.e., predators that hunt on a scale that forces extirpa-
tion/extinction of their prey): do they exist in nature, and 
are they responsible for some proportion of all extinctions, 
especially those that occur on islands? These questions are 
pertinent because recent models (e.g., Schoener et al., 2003) 
suggest that competition, including competition produced by 
predation, can result in the permanent or intermittent rarity of 
affected species but rarely causes outright loss. Instead, it is 
extrinsic, stochastic factors – accidents of all types – that act 
to push a rare taxon over the edge. And both theoretical and 
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empirical considerations indicate that such accidents can be 
a long time in coming or producing their deleterious effect 
(Rosenzweig, 1995).

Of course, extinctions occurring at more or less the same 
time may be linked ecologically, in the sense that loss of 
central players in the local ecological web of relationships 
may produce a cascade of knock-on effects that result 
ultimately in many more disappearances or range reduc-
tions (cf. “keystone herbivore hypothesis” of Owen-Smith, 
1999). This has become a central theme in metanalyses of 
species richness and ecosystem function. As Cardinale et 
al. (2006) have pointed out, it has long been recognized 
that some species are more effective than others in control-
ling ecological processes within a specific environment, but 
which species can be lost without causing more widespread 
collapse turns out to be a significantly difficult problem. 
Whether such studies are possible and productive in the 
context of prehistoric island extinctions in the West Indies 
remains to be seen, but there is active interest in this area 
(e.g., Turvey et al., 2007).

2. What is the evidence for human exploitation of endemic WI 
species during pre-Columbian times?
Apart from certain rodent taxa, discussed below, the vast 

majority of extinct WI mammals do not seem to have been 
subject to predation by humans in any substantial way. 
Whether this assessment will change with greater attention 
to the problem remains to be seen. As a kind of parallel to 
the weak evidentiary record for megafaunal hunting on the 
mainlands (cf. Fiedel, Chapter 2; Surovell and Waguespack, 
Chapter 5; Borrero, Chapter 8), the archeological record for 
the islands may never be good enough to reveal very much 
about the nature and intensity of exploitation of now-extinct 
species.

The outstanding WI example of probable human exploita-
tion of a now-extinct species is the capromyid Isolobodon 
portoricensis. (Here and elsewhere in this paper, traditional 
concepts of Capromyidae and Echimyidae are retained, 
despite the fact that under strict monophyly their contents 
would probably be apportioned differently; see Appendix.) 
Despite the range implication given by its trivial name, this 
rodent has not been reported from any context in Puerto Rico 
that demonstrably antedates the Holocene, which suggests 
its tenure on that island was extremely short (Flemming 
and MacPhee, 1999). Indeed, as Miller (1918) originally 
noted, virtually all reported occurrences of Isolobodon in 
Puerto Rico relate to kitchen middens or human occupa-
tion horizons; equally late examples of Isolobodon have 
also been found in midden settings in Mona, Vieques, and 
some of the Virgin Islands. By contrast, in Hispaniola this 
rodent frequently occurs in cave localities lacking any sign 
of human occupation. This implies that the latter island was 
its original home, whence it was purposely introduced by 
Amerindians into Puerto Rico and nearby islands and perhaps 
even domesticated by them to some degree (cf. Flemming and 
MacPhee, 1999).

Even so, domestication was evidently no hedge against 
extinction in the West Indies, because Isolobodon eventually 
disappeared (or has become so rare that it has avoided detec-
tion for several centuries; see Table 9.2). Guinea pigs (Cavia 
sp.), presumably obtained from domesticated South American 
stocks and introduced during aboriginal times into Hispaniola, 
Puerto Rico, Antigua, and elsewhere (Allen, 1942; Newsom and 
Wing, 2004), are not remarked upon by early chroniclers and 
may have died out before European times. Amerindian intro-
ductions of agoutis (Dasyprocta) were even more widespread 
(Miller, 1930), especially in the Lesser Antilles. Although some 
of these agouti introductions survived into the modern era, 
most are now thought to be extinct, having perhaps succumbed 
not only to competition with OW rats but also to predation by 
mongooses and endemic snakes (cf. pitvipers of Martinique 
and St. Lucia, which prey specifically on rodents; [Schwartz 
and Henderson, 1991; Wing, 1989]) – a perfect storm of “acci-
dents”. Interestingly, introductions have continued: Honduran 
D. punctata, brought into Grand Cayman about 1900 CE, not 
only survives there but is regarded as being sufficiently numer-
ous to qualify as an agricultural pest (Morgan, 1994a)!

In the Lesser Antilles, native oryzomyines occasionally 
formed a substantial portion of the human diet (Wing, 
1989), as did capromyids in Cuba (Crespo Díaz and Jiménez 
Vázquez, 2004). Wing (1989) noted that there is some 
tendency for sites falling within the early part of late 
prehistoric time (900–1500 CE) to exhibit a greater relative 
abundance of terrestrial species, including rodents, than do 
later sites. In light of this, as already noted it is significant 
that the largest rodents – Clidomys and Amblyrhiza – have 
yet to be found in any context in which coeval human 
presence has been conclusively demonstrated (Watters, 
1989; McFarlane et al., 1998a). The same point applies a 
fortiori to the endemic sloths: some species are known on 
the basis of excellent radiocarbon evidence to have survived 
well into Amerindian times (Steadman et al., 2005; MacPhee 
et al., 2007). Although Antillean sloth species would not 
be considered particularly “megafaunal” if arrayed against 
their truly gigantic mainland relatives, apart from species of 
Geochelone and Crocodylus they were either the largest or 
next to largest species on the islands on which they occurred. 
In the typical island-loss scenario, they should have been 
among the first mammals to disappear. That they did not 
disappear quickly, at least in some cases, seems paradoxical 
when viewed through traditional expectations and the lens of 
blitzkrieg. Either the humans that came to these islands during 
the mid-Holocene were uninterested in hunting mammals, or 
sloths were so rarely seen that they never became a part of 
the search image of the local human predators.

Body Size and Extinction

1. In the WI extinctions, all body size classes were seriously 
affected, not just the largest. 

Although it is often noted (e.g., Morgan and Woods, 1986) 
that a major consequence of the LQ extinctions in the West 
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Indies was collapse of the body size spectrum, unlike the 
mainlands the loss of larger species was not responsible for 
most of the drop. Indeed, in the case of the LQ fauna of the 
West Indies, a better description of what happened would be 
that both ends collapsed toward the middle: no species are left 
in the two largest or the smallest classes (I, IV, and V), and 
only 25–30% of class II (7/29) and III (8/26) species are still 
living. If the extinctions were simply random with respect to 
size, “survival in the middle” might be expected because there 
were more species in the mid-range to begin with. However, 
stochastic effects aside, losses in the WI were evidently 
not driven in the same manner as those on the mainlands, 
where three-quarters of LQ extinctions were in size class IV 
or above and smaller species were virtually unaffected (cf. 
Martin and Steadman, 1999).

2. Why have some capromyids persisted while all oryzo-
myines have disappeared in the West Indies? 

In general, larger capromyids have survived while all 
rodent members of class I and most of class II have not. 
This could reflect the interaction of body size with com-
petition/predation, with the result that endemics similar in 
size to or smaller than invading murines and mongooses 
were virtually eliminated. Judging from extant capromy-
ids (average body size, 3.78 kg according to Borroto-Páez 
et al. [in press]), most extinct hutias would have been larger 
than even very large (∼ 400 g) black and brown rats; Herpestes 
auropunctatus, at 600–700 g, is only a quarter the size of 
Capromys pilorides and other large hutias. By contrast, all 
oryzomyines, with the doubtful exception of some members 
of the extinct Megalomys group, are or were much smaller, 
with recorded weights for most living species falling in the 
range ∼100–250 g (Silva and Downing, 1995).

The case for a strong positive correlation between rice 
rat extinctions and OW rat introductions is compelling – all 
the more so because oryzomyin collapse in island contexts 
is not restricted to the Caribbean. During the modern era 
(ME), island rice rats have suffered catastrophic reduction 
wherever they have co-occurred with introduced Rattus, 
having disappeared not only from the Caribbean but also 
Fernando de Noronha in the western Atlantic, islands in the 
Gulf of California, and most of the Galápagos (MacPhee 
and Flemming, 1999). In the Galápagos, three of the four 
surviving endemic oryzomyins are found on islands on which 
no introduced rodents (or cats) occur (Clark, 1980; Dowler 
et al., 2000). Interestingly, Nesoryzomys swarthi coexists 
with Rattus and Mus on Santiago I., although at such a low 
population size that, following initial description in 1906, 
its presence was not detected again until 1997 (Dowler et 
al., 2000). The only other acknowledged exception (which 
in effect proves the rule) is survival of Oryzomys palustris 
on some of the Florida Keys (G. S. Morgan, 2006, personal 
communication). Incidentally, if OW rats are mostly to blame 
for losses of small mammals on islands, then it seems reason-
able to believe that other small vertebrates living on the same 

islands ought to have been affected as well. However, while 
there is good evidence for reduction in average body size in 
several WI lizard species, little outright extinction can be 
documented (Pregill, 1986). Whether this apparent lack of 
LQ losses among squamates is real or due to our persistent 
ignorance remains to be established.

Ecology and Extinction

1. To narrow extinction dates yet further, where should “last 
survivors” be sought?

The evidence is increasing that a number of smaller species, 
previously undated or poorly dated, persisted much closer to 
the present than previously suspected. Nevertheless, 1500 CE 
remains a dating Rubicon that few of them can be shown to 
have actually crossed. A possible explanation is that OW rats 
underwent ecological release in the early 16th century as they 
began to spread out within the islands, resulting in enormous 
increases in their populations in a short time and placing 
endemic rodents and insectivores under great pressure. In 
this scenario, many extinctions should have occurred soon 
after 1500 CE (cf. MacPhee et al., 1999), although endemic 
populations living in remote areas might have persisted for a 
longer period.

Environmental degradation rather than competition or 
predation could be the additional “accident” that tipped the 
scales for some taxa. Because significant forest clearance 
for the exploitation of tropical hardwoods, sugar cane agri-
culture, and other purposes did not occur until the early 18th 
century (or later) on most islands, it is not out of the ques-
tion that secure evidence will be found for the survival of 
some species into truly recent times (cf. Turvey et al., 2007). 
One possibility would be to look for localities in potential 
refugial areas, the preservational role of which is mostly 
unexamined. For example, little paleontological work has 
been conducted in areas such as the Sierra de Cristal, home 
of the last of the Cuban solenodons, or Cienaga de Zapata, 
where the ivory-billed woodpecker may still exist. To be 
sure, the few expeditions that have tried to search for repre-
sentatives of “lost” taxa (e.g., Woods et al., 1985; MacPhee 
et al., 1999) have returned with essentially negative results, 
but these were brief, intensive studies that did not cover a 
wide range of biotopes.

2. When did Antillean sloths become ecologically extinct, 
and when did they completely disappear?

Given continuing interest in the fate of large mammals in 
the LQ, it is appropriate to close with some final remarks 
on the loss of the Antillean sloths. Whether or not extreme 
rarity is always coincidental with ecological extinction, the 
latter is not normally thought of as a long-continued process: 
species reduced to this condition are usually considered to 
be only a few years to a few decades away from complete 
disappearance (cf. Pimm et al., 2006). Although risk factors 
may vary from species to species, variables such as narrow 
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niche breadth, restricted resource distribution, and poor dispersal 
ability are frequently cited as important predisposing factors 
(e.g., Kotiaho et al., 2005). Whether any or all of these risk 
factors affected Antillean sloths can only be estimated on 
theoretical grounds in the absence of even the barest empirical 
evidence that, for example, the species in question suffered 
range collapse after the arrival of people and for that reason 
were rarely seen or interacted with thereafter. (There are even 
fewer grounds – indeed, I can think of none – for the logical 
but unsupportable alternative that severe attenuation occurred 
before Amerindian arrival; but if so, how, and on what 
evidence?) Solving this conundrum should be an attractive 
undertaking for those interested in improving understanding of 
the paleoecology of mammalian extinctions on these islands. 
It would also help to test the “long fuse” model currently 
emerging in the study of late Quaternary extinctions in the 
West Indies – that, for whatever reason, the extinction of the 
endemic fauna occurred on a longer time scale than previ-
ously believed (Steadman et al. 2005; MacPhee et al., 2007; 
Turvey et al., 2007).

Conclusion: Not “Blitzkrieg,” Not Climate 
Change, Just Collateral Damage

This update and reanalysis of data relating to WI mammal 
extinctions has shown that, despite progressive improvement 
in LAD determinations during the past 20 years, there is still 
no evidence for an end-Pleistocene extinction event in the 
West Indies. Nor is there any evidence for significant mammal 
losses during or immediately subsequent to pleniglacial time. 
Indeed, the overall picture for the entire latest Pleistocene/
early Holocene in the West Indies is one of retention rather 
than collapse of biodiversity. Any influence of climate change 
was, if anything, positive, as neither the LGM nor events dur-
ing the Pleistocene/Holocene transition seem to have forced 
known losses.

Things changed for the mammal fauna after 6 ka, but 
not in the way classically conceived by the strict blitz-
krieg model of LQ vertebrate extinction. However much 
Amerindian practices may have affected local environments 
in the West Indies, with regard to extinction their effect may 
have been largely a non-event – an unexpected finding for 
any island context, and especially astonishing for this one, 
where biological first contact was long assumed to have 
had a severe, immediate impact. Many now-extinct species 
may have survived long after the beginning of European 
inroads, their ultimate demise being a sort of by-play within 
the context of larger environmental impacts. When the end 
came in such cases will probably remain hard to document 
empirically, although processually there can be little doubt, 
as Turvey et al. (2007) have emphasized, that the ultimate 
driver was the culminating effects of centuries of human-
induced distress.
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Appendix: Notes on Extinct Taxa and 
Human Arrival in the West Indies

Introduction

In this appendix, the major clades of endemic WI land mam-
mals are considered sequentially with reference to taxonomic 
matters, estimated body size, LAD, and the likelihood and 
timing of human interference/predation. The names of major 
taxa (orders) are those utilized in the most recent edition of 
Wilson and Reeder’s (2005) checklist. LADs based on radio-
metric dates are listed where available, but for most species 
an empirically based disappearance time can be stated only in 
vague terms. “Pleistocene” and “Holocene” have their usual 
temporal extents. Although there is a movement to remove 
“Quaternary” as an interval name even in informal usage 
(Lourens et al., 2004), I retain it here as the most recent part 
of the chronostratigraphically defined Neogene Period.

Body size estimates are precisely that: good conjectures 
exist for only a handful of extant taxa, and to date very 
little effort has been expended on inferring the sizes of extinct 
species (but see Biknevicius et al., 1993; Turvey et al., 2007). 
To avoid false precision, size classes (see Fig. 2) rather than 
“real” figures for body sizes are provided.

There are several definitions of the “West Indies” (e.g., 
Morgan, 2001). In this paper I define it as the geographi-
cal grouping that consists of all of the landmasses in the 
Caribbean Sea that would have remained as islands (i.e., 
unconnected to any mainland) at the height of the last glacia-
tion ca. 18,000 BP. This definition includes all of the Greater 
and Lesser Antilles and their satellites as conventionally 
defined, plus Bahamas and all of the small islands in the 
western Caribbean that supported endemic land mammals 
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(e.g., Swan I.). Although Barbados, Tobago, and Trinidad 
are geographically in the western Atlantic, biogeographically 
they are mostly related to the (other) WI islands, and it would 
be pedantic not to include them here. It would be equally 
pedantic to exclude the shelf islands that dot the Caribbean-
facing coasts of Central and South America, including among 
others Isla Margarita and Curaçao.

West Indian representatives of Pitheciidae, Nesophontidae, 
Solenodontidae, Megalonychidae, Heptaxodontidae, 
Echimyidae, and Hydrochoeridae presently have reasonably 
stable taxonomies, thanks to revisionary work by various 
authors in recent decades, but Oryzomyini and Capromyidae 
remain greatly in need of attention. Oryzomyin cricetids 
comprised the only widely distributed LQ land mammal 
group in the Lesser Antilles, but fossil oryzomyin collec-
tions from most of these islands, where they exist at all, were 
either worked on decades ago or have never been investi-
gated. As to capromyids, so many dubiously distinct extinct 
species have been named from Cuban localities that it is 
difficult to say at this moment whether hutias on this island 
suffered a major extinction by losing as much as half of their 
LQ diversity, or actually passed through this interval nearly 
unscathed.

In view of the fact that a high proportion of the WI fauna 
is already extinct, it is unsurprising that the rate of loss has 
diminished considerably in the past century. The only terres-
trial extinction at the species level in the West Indies during 
the last ~50 years for which there is secure evidence is that 
of Geocapromys thoracatus, which disappeared from Swan I. 
in the 1950s. However, several Cuban capromyids (including 
nominal subspecies) have not been collected or seen for many 
years, and they too may be extinct (e.g., Mesocapromys nanus 
on Isle of Pines; Woods et al., 2001).

Soricomorpha

The WI fauna includes two soricomorph families: the 
Solenodontidae, housing the extant but endangered genus 
Solenodon (almiquí), and the Nesophontidae (nesophonts, 
island-shrews), also restricted to a single genus (Nesophontes) 
which is generally thought to be completely extinct. Solenodon 
was limited to the main island and satellites of Cuba and 
Hispaniola, but Nesophontes had a wider and apparently natu-
ral distribution that included both of the foregoing islands as 
well as Puerto Rico, Vieques, St. Thomas, St. John, and the 
Cayman Islands.

While there has been no recent change in the number 
of species of Solenodon considered valid (cf. Ottenwalder, 
2001), it is probable that the content of genus Nesophontes 
will be reduced in the near future. Condis Fernandez et al. 
(2005) have already submerged several nominal Cuban spe-
cies within N. micrus, and it is likely that the Hispaniolan 
diversity is also oversplit (H. Whidden, 2000, personal com-
munication). The Cayman Islands nesophonts, from Grand 

Cayman and Cayman Brac, appear to be good species as 
described (but not yet named) by Morgan (1994b).

Most of the shrewlike nesophonts were probably less than 
25 g in body size; even the largest, N. edithae, was probably 
less than 200 g (cf. McFarlane, 1999a). Species of Solenodon 
were considerably larger: the largest, the “giant” solenodon 
S. arredondoi, is approximately one-third larger for linear 
measurements than S. cubanus (Ottenwalder, 2001).

Ottenwalder (2001) noted that S. cubanus and S. paradoxus 
remains have been recovered from numerous Amerindian 
sites in Cuba and Hispaniola, including localities specifically 
interpreted as middens. However, no such associations have 
yet been reported for the extinct species S. arredondoi and 
S. marcanoi. Whether nesophonts were hunted is moot (but 
see claim by Miller, 1930); their small size, coupled with 
the presence of much larger mammals at least theoretically 
available for hunting, could not have made them especially 
attractive targets. The mandible of N. edithae dated to ca. 
1,000 BP by Turvey et al. (2007) was found in fill associ-
ated with a funerary site, but this was not considered by the 
authors to be evidence of predation. The fact that most or all 
of the WI insectivores were still extant at least as recently as 
the beginning of European occupation (cf. MacPhee et al., 
1999) suggests that predation by Amerindians (or their dogs) 
was in fact negligible.

Dates not listed in Table 9.2 for Nesophontes species are 
all earlier than 1500 CE (MacPhee et al., 1999), and LADs 
are generally based on the fact that most (?all) species except 
N. edithae have been found in association with Rattus/Mus 
in owl pellets. Although there are reasons for believing that 
some species persisted into very recent times (e.g., Woods 
et al., 1985), very lengthy survival has yet to be demonstrated 
by specimen evidence. Given the very few dates available for 
nesophonts it is not possible to assess whether they suffered a 
lengthy period of range collapse prior to extinction. By con-
trast, in the case of Solenodon in both Cuba and Hispaniola, 
subfossil evidence provides clear indications that surviving 
species have been relegated to a small fraction of their previ-
ous ranges (Ottenwalder, 2001).

Pilosa

All LQ sloths recovered from Caribbean landmasses belong to 
a single family, Megalonychidae (Phyllophaga: Pilosa), also 
widely represented in North, Central, and South America dur-
ing the Neogene. The internal phylogenetic relationships of 
the Antillean sloths have long been controversial (see review 
in White and MacPhee, 2001), but authorities are unanimous 
that the Antillean taxa are closely related to the sole surviving 
megalonychid, the two-toed sloth Choloepus.

Although recent synonymizations have reduced the pleth-
ora of named Antillean sloth taxa to more manageable (and 
believable) proportions, discovery continues apace. Four new 
species from the LQ of Haiti have recently been described 
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in detail on the basis of both cranial and postcranial char-
acters (see MacPhee et al., 2000a; White and MacPhee, 
2001). Acratocnus simorhynchus (Rega et al., 2002) from the 
Dominican Republic has been provisionally included in the 
list of extinct LQ megalonychids, although it may eventually 
prove to be a synonym of Acratocnus ye. By contrast, the 
nominal species Galerocnus jaimezi (Arredondo and Rivero, 
1997) and Paramiocnus riveroi (Arredondo and Arredondo, 
2000), denoted as Species B and C by White and MacPhee 
(2001:225), have been omitted because they are based on 
extremely scanty remains of uncertain age.

Three of the 15 sloth species listed in Table 9.2 have been 
directly dated to the Amerindian period; four others, recovered 
from association-dated horizons at Trou Wòch Sa Wo, Haiti 
(Woods, 1989a) can be broadly dated to the Holocene. LADs 
for the eight remaining species are earlier (PI) or unresolved 
(LQU, NU). This includes Acratocnus odontrigonus, the only 
LQ mammal from Puerto Rico for which positive evidence of 
survival into the AI is still lacking (cf. Turvey et al., 2007). 
In my opinion, unequivocal associations of OW murines and 
sloths have never been identified. However, Woods (1989a) 
mentioned that rats and megalonychids co-occur at some natural 
trap sites on the Plain Formon, Département du Sud, Haiti 
(e.g., Trouing Jérémie #5). Fossiliferous sediments at this site 
are very shallow and interspersed with large amounts of break-
down, making it difficult to assess what any putative “associa-
tions” might mean. Also, owl pellets are very rare or absent, 
indicating that any OW murines represented at these sites had 
to have fallen in, something which could have occurred at any 
time in the past 500 yr. Even at Trou Wòch Sa Wo there is an 
appreciable gap (>20 cm) between layers containing rats and 
mice and those containing the majority of megalonychid fossils 
(cf. MacPhee et al., 2000a: their table 5).

Date of loss of the Curaçao sloth, Paulocnus petrifactus, 
will remain uncertain until more conclusive information is 
available for this species. Extensive remains of this sloth 
have come from now-destroyed cave fills on Tafelberg 
Santa Barbara, a feature located on an erosional terrace 
that roughly dates on geomorphological grounds to the late 
Middle Pleistocene or Late Pleistocene (400,000–130,000 BP) 
according to McFarlane and Debrot (2001). Claimed recovery 
of a single immature sloth vertebra from Sint Jan I, an archeo-
logical site dated to 500–1,000 BP, has not been confirmed 
(Steadman et al., 2005). If Paulocnus broadly corresponded 
in age to Megalomys curazensis from similar contexts on the 
same island, then it might not have persisted later than the last 
interglaciation, in which case PI would be the most appropri-
ate LAD for this species. The unnamed megalonychid from a 
lahar deposit on Grenada described by MacPhee et al. (2000b) 
is significantly older (Late Pliocene or Early Pleistocene).

It is misleading to refer corporately to the Antillean 
megalonychids as “ground” sloths, as was often done in the 
past (e.g., Matthew and de Paula Couto, 1959). None of the 
WI species was even remotely as large as the largest mainland 
members of this family (e.g., Megalonyx), and White (1993) 

has determined that most were arboreal to a greater or lesser 
degree. Only species of Megalocnus and Parocnus are likely 
to have spent a considerable amount of time on the ground, 
and even these taxa display morphological indicators consistent 
with some amount of climbing or other arboreal activity. 
Interestingly, Neocnus, the most arboreal genus, included at 
least one species (N. toupiti) that was probably even smaller 
in body size (< 5 kg) than living tree sloths (White, 1993).

Harrington (1921) believed that he had recovered sloth 
bones in association with human remains or artifacts at 
various localities in Cuba, and concluded that Amerindians 
hunted (and may therefore have contributed to the extinction 
of) Megalocnus shortly before European discovery of the 
island. Although other investigators have made similar claims 
(e.g., Miller, 1929b, Suárez et al., 1984; Pino and Castellanos, 
1985), none has yet stood up to critical evaluation (MacPhee 
et al., 2007). The rarity or, indeed, the apparent absence of 
modified sloth bone in Amerindian occupation sites strongly 
indicates that megalonychids could not have been hunted very 
frequently, possibly because they were becoming extremely 
rare after the beginning of AI time as I argue in the text. 
Also, in contrast to the Hispaniolan situation (which is best 
described as ambiguous), there are no reports of sloth bones 
being commingled with those of OW murines at any Cuban 
or Puerto Rican sites.

Primates

Three markedly different but related platyrrhines lived in the 
Greater Antilles during the LQ. Among platyrrhines generally, 
Antillothrix bernensis (Hispaniola) and Xenothrix mcgregori 
(Jamaica) would be considered middle-sized species, but 
Paralouatta varonai (Cuba) was the size of a large howler 
monkey and thus would have been one of the largest species 
in the entire New World platyrrhine radiation (MacPhee and 
Meldrum, 2006). Xenothrix has been reconstructed as a slow-
moving arborealist (MacPhee and Fleagle, 1991; MacPhee 
and Meldrum, 2006). Limb bones of Antillothrix are much 
rarer, although an undescribed distal humerus from Trou 
Wòch Sa Wo, found with some teeth referable to A. bernensis, 
resembles that of typical platyrrhine arboreal quadrupeds 
for such features as the low degree of medial epicondylar 
retroflexion (unpub. obser., R. MacPhee, 2007). Surprisingly, 
several morphological features of Paralouatta indicate that it 
may have been semiterrestrial, a locomotor pattern otherwise 
unprecedented among New World monkeys (MacPhee and 
Meldrum, 2006).

Whereas Rattus associations and radiometric determina-
tions establish that the Hispaniolan and Jamaican monkeys 
survived into the late Holocene (perhaps into the late 1600s 
or early 1700s in the case of Xenothrix; MacPhee, 1996), the 
situation with regard to Paralouatta varonai is unclear. All of 
the material referred to this species comes from fissure fillings 
exposed in two caves in prov. Pinar del Río. The fills are of 
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uncertain age (or ages), although they include a variety of 
species that have been found at other late Quaternary contexts 
(Jaimez Salgado et al., 1992). Nevertheless, analysis is com-
plicated by the fact that the type of P. marianae, an astragalus 
from the Early Miocene locality of Domo de Zaza, is almost 
identical to that of P. varonai (MacPhee et al., 2003). Until 
dateable material comes to hand it cannot be ruled out that 
Paralouatta lived in an epoch earlier than the LQ, and for that 
reason its extinction date is relegated to NU in Table 9.2.

There is some evidence that monkeys are depicted in vari-
ous petroglyphs, pot lugs, and other artifacts that have been 
occasionally found in Cuba and Hispaniola (MacPhee and 
Woods, 1982). So are frogs, bats, and lizards, which suggests 
that Amerindians often took their inspiration from the local 
vertebrate fauna. This is another line of evidence that at least 
some monkey species persisted well into the AI period.

Several femora regarded by Ford (1990 and earlier papers) 
as possibly primate are too enigmatic for clear assignment to 
this group (see below, Unassigned).

Rodentia

In the West Indies, losses among LQ rodents occurred across 
the entire spectrum of body sizes, from truly megafaunal 
Amblyrhiza inundata (a species as large as some of the 
 largest Antillean sloths) to mouse-sized Boromys offella and 
Oryzomys antillarum. Unfortunately, in-depth study of the 
adaptations or paleoecology of extinct WI rodents is a woe-
fully underdeveloped area, although beginnings have been 
made (e.g., Biknevicius et al. [1993] on body size and popula-
tion structure in Amblyrhiza; Turvey et al. [2006] on possible 
locomotor adaptations of Tainotherium).

With the exception of the muroid Oryzomyini, all 
endemic Antillean rodents were members of Caviomorpha. 
Capromyidae is the only family that retains living species 
in the West Indies; extant members include semifossorial, 
terrestrial, and arboreal forms (Woods et al., 2001; Borroto-Páez 
et al., in press).

Oryzomyini

This relatively speciose tribe of cricetids, well represented 
in the extant faunas of North, Central, and South America 
(for recent literature, see Weksler et al. [2006] ), also inhab-
ited a surprisingly large number of islands in the temperate 
and tropical parts of the New World (Steadman and Ray, 
1982; Woods, 1989b; Carleton and Olson, 1999). Nearly all 
insular rice rats have become extinct, including the entire WI 
diversity.

The rice rats of the West Indies were overwhelmingly Lesser 
Antillean in distribution: they lived on many, if not most, of 
the islands in the chain (Pregill et al. 1994). However, the only 
wild-caught specimens, mostly collected around the turn of 

the previous century, are from Jamaica, St. Vincent, St. Lucia, 
and Martinique. All other occurrences (minimally includ-
ing Montserrat, Anguilla, St. Eustatius, St. Kitts, Antigua, 
Barbuda, Guadeloupe, Marie Galante, Grenada, Curaçao, and 
Barbados) are based on skeletal remains. The only confirmed 
Greater Antillean species is the Jamaican rice rat Oryzomys 
antillarum (sometimes listed as a subspecies of O. couesi), 
which became extinct in the last quarter of the 19th century 
(MacPhee and Flemming, 1999).

Musser and Carleton (2005:1144) have aptly character-
ized the genus Oryzomys in its present form as a mere 
“polyphyletic shell”. Progress in understanding Oryzomys 
phylogeny fundamentally depends on sorting out how the 
various lineages currently housed in this wastebasket taxon 
are actually related to one another (Weksler et al., 2006). A 
comprehensive study of WI rice rats has never been com-
pleted. In addition to the unsettled taxonomy of taxa recov-
ered on different islands, the degree to which some species 
distributions may have been influenced by human transport 
is thoroughly unclear. For example, Montserrat may have 
(improbably) supported as many as four oryzomyin species 
according to preliminary observations by Pregill et al. (1994), 
but how these taxa relate to each other or to oryzomyin 
populations on other islands is uninvestigated. Finally, most 
Lesser Antillean oryzomyin populations were probably post-
1500 CE casualties, but adequate dating treatments are sorely 
needed; only the best-documented cases are listed in the table, 
which surely underrepresents the group’s diversity.

Most WI oryzomyins were comparatively small, prob-
ably <100 g. Although there appear to be no published body 
weights for the “giant” rice rats (e.g., Megalomys), they are 
assumed to have been ca. 1 kg in body size, similar to small 
capromyids (e.g., Mesocapromys).

Echimyidae

The WI spiny rats comprise a comparatively small radiation 
(Heteropsomyinae) distinct from South/Central American 
echimyids; their sister-group within the latter assemblage is 
obscure (for recent molecular work on extant diversity, see 
Leite and Patton [2002]; Galewski et al. [2005]; Emmons 
[2005]; and comments under Capromyidae below). Ignoring 
undated Puertoricomys corozalus (see below), it is of inter-
est that a species “pair” occurs on each of the three Greater 
Antillean islands that possessed echimyids, and that both spe-
cies often occur in the same sites. Are these species pairs or 
are they simply morphs (sexes) of one species?

Systematic treatment of the extinct Antillean species has 
been somewhat variable in the literature (cf. Varona, 1974; 
Woods, 1989b; Woods and Kilpatrick, 2005). Table 9.2 lists 
seven species, which is the conventional number, although 
Brotomys contractus is represented only by its holotype, an 
edentulous palate, and may be conspecific with Brotomys 
voratus. Species of Cuban Boromys differ mostly in size 
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rather than morphology, although I retain their separate status 
here. Varona (1974) submerged Brotomys and Boromys in 
Heteropsomys, but retained all four species. (Heteropsomys 
antillensis and H. insulans are also retained as separate species 
here, following Woods and Kilpatrick [2005], but they too 
may be sex morphs of one species.)

Earlier workers such as Miller (1930) and Allen (1942) 
concluded that WI echimyids must have become extinct 
“within the last century,” a statement that has often been 
repeated (e.g., Day, 1989:239; Woods, 1993) as though 
there were conclusive evidence for it. The latest radiometric 
date for a member of this group (in this case, Hispaniolan 
Brotomys voratus) is ca. 350 BP (McFarlane et al., 2000). 
Brotomys may have been the “mohuy” (Woods, 1989b), one 
of several endemic rodents of uncertain affiliation hunted by 
Hispaniolan Amerindians according to de Oviedo y Valdes 
(1535; see Miller, 1929b).

Puerto Rican Heteropsomys is much larger than Cuban 
and Hispaniolan Boromys and Brotomys, possibly because in 
Puerto Rico heteropsomyines were able to fill niches occupied 
by capromyids elsewhere (Woods, 1989b). Although Turvey 
et al. (2007) recovered a date of ca. 1200 BP on a specimen 
of Heteropsomys insulans, it is surprising that (in contrast to 
Brotomys) neither of the nominal species in the former genus 
has been found in association with exotic murine markers.

The remaining taxon, Puertoricomys corozalus, from a site 
no longer identifiable and represented only by its holotype, 
may in fact be Pleistocene or even Tertiary in age (MacPhee 
and Wyss, 1990).

Heptaxodontidae

The WI heptaxodontids are usually treated as though they 
formed a monophyletic group, either alone or in combination 
with certain of the large to truly gigantic caviomorphs 
recovered at Mio-Pliocene fossil localities in South America 
(cf. Kraglievich, 1926; McKenna and Bell, 1997; Sánchez-
Villagra et al., 2003). Woods (1982, 1989b) developed 
the alternative argument that the group (or at least some 
taxa assigned to it, such as Quemisia) may have been 
derived from within Capromyidae, which would render 
the latter paraphyletic. This point underlines the problem 
that Heptaxodontidae sensu lato has never been revised 
adequately and its contents and sister-group relationships 
are, unsurprisingly, poorly explored (Patterson and Wood, 
1982; MacPhee and Flemming, 2003). For the purposes of 
this paper I will treat the Antillean group as organized in 
Table 9.2, although it should be noted that some authorities 
believe that the various WI taxa originated from different 
mainland clades (e.g., Pascual et al., 1990).

The Jamaican LQ paleontological record recently lost one 
heptaxodontid (Clidomys parvus) to synonymy (Morgan and 
Wilkins, 2003) but gained another in the form of Xaymaca 
fulvopulvis, based on a single specimen radiometrically dated 

to the terminal Pleistocene (MacPhee and Flemming, 2003). 
If Xaymaca was truly a heptaxodontid, it was a tiny one, not 
appreciably larger than the echimyids Brotomys and Boromys 
which it morphologically resembles in a few (presumably 
convergent) respects.

Rattus associations and documentary evidence, if correctly 
attributed, indicate that Quemisia was extant at the start of the 
modern era (Miller, 1929a,b). Associational dates on wood char-
coal in a thin stratigraphic layer at the site of Cueva del Perro in 
central Puerto Rico imply that Elasmodontomys remains recov-
ered there are between 2,500–3,500 BP, according to Turvey et 
al. (2007). There are no examples of Elasmodontomys remains 
from middens.

There are no radiometric records younger than late 
Sangamonian/early Eo-Wisconsinan time for either Clidomys 
or Amblyrhiza, a fact of some interest in light of the unsup-
ported statement (e.g., Anderson, 1984; Cole et al., 1994) that 
these large-bodied rodents persisted into the late Holocene. 
Recent efforts to date Clidomys and Amblyrhiza by U-series 
disequilibrium dating of associated speleothem (MacPhee 
et al., 1989; McFarlane et al., 1998a, b) produced a variety of 
estimates, partly because of pervasive problems with leach-
ing. Nevertheless, the majority of non-infinite dates lie within 
the range 70-130 ka, which may stand as a reasonable interim 
LAD in view of the lack of evidence for later occurrence of 
these rodents. Although sealevel rise during the Sangamonian 
may help to explain the disappearance of Amblyrhiza on 
St. Martin/Anguilla (Biknevicius et al., 1993; McFarlane 
and Lundberg, 2004), how a few meters’ rise would have 
contributed to the loss of Clidomys living on a much larger, 
higher island like Jamaica is difficult to imagine. In any case, 
for once climate change may have the edge as the default 
explanation for the cause of these extinctions, in part because 
nothing of any consequence is known about them.

Most heptaxodontids were large by the standard of recent 
caviomorphs; some were huge by any standard. Using predic-
tive equations based on humeral and femoral anteroposterior 
dimensions and cross-sectional areas, Biknevicus et al. (1993) 
calculated body mass estimates ranging between 50–200 kg for 
individuals of Amblyrhiza inundata. So wide a range implies 
the presence of a complicating factor, such as multiple coeval 
species, temporal variation in mixed-age samples, or marked 
sexual size dimorphism (see below). Although given sample 
limitations none of these possibilities can be conclusively ruled 
out, the fact remains that Amblyrhiza, from the tiny islands of 
Anguilla and St. Martin, is the largest island rodent ever found, 
and thus represents a problem in macroecological interpreta-
tion of a very interesting kind. How did it maintain its numbers, 
and over what span of time following initial arrival?

Using the ordinary least square equation (OLS) of 
Biknevicius et al. (1993) based on proximal femoral AP 
diameter data, McFarlane (1999b) estimated a body mass for 
Elasmodontomys of 13.7 kg. In Table 9.2, it may be seen that 
the same equation yields an estimate of 3.8 kg for the only 
known distal femur of Quemisia (USNM 253176, 7.9 mm 
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AP diameter), while another OLS equation (based on  distal 
humerus AP diameter) provides a body mass of 28.5 kg 
for a specimen of Clidomys (AMNH 108581, minimum 
AP  diameter 15.0 mm). At least for the first two taxa, the 
estimates seem low: they suggest that Elasmodontomys cor-
responded in body size to a large pacarana (Dinomys), while 
Quemisia was only the size of a large agouti (Dasyprocta). 
The result for Quemisia may be influenced by the extreme 
AP flattening of the femur, a peculiarity of this taxon (Miller, 
1929a). The skull and long bones of Elasmodontomys are 
much more robust than those of Dinomys, suggesting that the 
equations of Biknevicus et al. (1993) may not perform well 
when predicting the size of unknown species at the lower end 
of the “large” caviomorph body mass range (cf. similar find-
ing by Turvey et al. [2006] for Tainotherium valei). Skeletal 
elements of Clidomys are notably variable in size, with a 
suggestion of bimodality in some instances (MacPhee, 1984). 
Although sexual dimorphism is not a prominent feature of 
living species of caviomorphs (an exception is the capromyid 
Mesocapromys angelcabrerai), this may be the most parsimo-
nious explanation for the scale of variation seen in Clidomys 
(see also Morgan and Wilkins, 2003).

Capromyidae

Sequence information (e.g., Leite and Patton, 2002; Galewski 
et al., 2005) has confirmed that hutias, spiny rats, and nutrias 
form a distinct clade within Caviomorpha, but lack of agree-
ment in fine analyses of the molecular data makes it difficult 
to determine how these three groups are related inter se or 
how they should be organized systematically (although the 
view that Capromys/Geocapromys and Myocastor are sister 
taxa, as suggested by Leite and Patton (2002), is unlikely to 
be correct according to Galewski et al. [2005]). In light of the 
prevailing uncertainty, I retain Capromyidae and its constitu-
ent subfamilies as higher-taxon nomina for the purposes of 
this paper, but recognize at the same time that their probable 
fate is to be absorbed into a vastly expanded Echimyidae.

With the exception of ubiquitous Capromys pilorides 
in Cuba, most of the other extant capromyids are classed 
as vulnerable, endangered, or critically endangered by the 
IUCN. Hutias are (or were recently) found on Jamaica, Cuba, 
Hispaniola, and several smaller islands in Caribbean Sea. A 
fairly diverse group of WI endemics, capromyids are cur-
rently divided into four subfamilies:

Capromyinae: Of the (unrevised) Quaternary diversity 
of capromyids listed by Woods et al. (2001), amounting 
to 43 species, only 13 survive, all of which are members 
of Capromyinae. Accepted at face value, these numbers 
imply that, with an apparent extinction factor of 70%, hutias 
must have suffered a catastrophic collapse during the LQU. 
However, this analysis is misleading, as it is driven by the 
fact that subfamily Capromyinae in particular is replete with 
poorly diagnosed, undated nominal species that have never 

been formally re-evaluated as a group (cf. Camacho et al., 
1995). Fortunately, revisionary work is being undertaken 
presently by Borroto-Páez and colleagues, whose current 
synonymy concepts for Cuban capromyids are reflected in 
Table 9.2.

The unnamed taxon from Grand Cayman, Cayman Brac, 
and Little Cayman (Morgan, 1994b), referenced here as 
Capromys sp. 1, is thought to have become extinct from 
“predation, habitat alteration and introduction of exotic 
mammals by humans during the last 500 years” (Morgan, 
1994b:503). Its extinction is believed to have occurred prior 
to the 1800s because the existence of an animal as large as 
the Cayman hutia would have been noted, and there are no 
reports of such according to Morgan (1994b). There is a date 
of 375 ± 50 BP on mangrove peat associated with a Capromys 
femur from Crocodile Canal, Grand Cayman. At Furtherland 
Farms and other sites, Capromys remains are reported from the 
same (undated) levels as Rattus. If humans did not settle the 
Caymans prior to European discovery (see Morgan, 1994b), 
then all of the land mammal extinctions on these islands may 
have occurred in the ME. Said to be most similar to Cuban 
C. pilorides and possibly derived from it, the Cayman hutia 
has been recovered from levels dated to end-Pleistocene, 
suggesting that its presence is natural and antedates human 
arrival (Morgan, 1994b).

Geocapromys sp. 1 and sp. 2 are from Grand Cayman and 
Cayman Brac respectively. There is an apparent Rattus asso-
ciation for Geocapromys sp. 1; Morgan (1994b) makes no 
explicit reference to such an association for sp. 2, although 
both species are thought by him to have survived until a few 
hundred years ago.

Geocapromys thoracatus from Little Swan Island, 
Honduras, was last collected in 1937, although individu-
als were seen alive in the 1950s. Surveys in 1960 and 1974 
failed to reveal either living animals or scat (Morgan, 1985). 
Regarded as a subspecies of Jamaican Geocapromys brownii 
by some authors, G. thoracatus is considered a valid species 
by most commentators (e.g., Woods and Kilpatrick, 2005).

Hexolobodontinae: The only named species in this sub-
family, Hexolobodon phenax, is associated with Rattus at 
Trouing Jérémie #5 according to Woods (1989a: table 3). 
Another, as yet unnamed, species from southern Hispaniola 
was noted by Woods et al. (2001) and is listed here as 
Hexalobodon sp. 1. Also according to Woods (1993:803), 
H. phenax includes H. poolei.

Isolobodontinae: Both Isolobon portoricensis and I. mon-
tanus are known from Hispaniola and its offshore islands 
(including La Gonave), which constitute their original 
range. Varona (1974) regarded Isolobodon as a subgenus of 
Plagiodontia, but he has not been followed in this by other 
commentators. Isolobodon is possibly the “hutia” or “cori” 
which de Oviedo y Valdes (1535) described as having been 
hunted by Hispaniolan Indians (see Miller, 1929b). There is 
no evidence that either species survived much beyond 1,500 
CE. The possibility that I. portoricensis still survives in 



9. Establishing a Chronology for Late Quaternary Mammal Extinctions in the West Indies 191

Puerto Rico or Ile de Tortue is speculative; searches in 1980s 
failed to produce any sign of it (Woods et al., 1985).

Plagiodontinae: Numerous species of Plagiodontia have 
been named in the past, but only three are currently recog-
nized (including extant P. aedium). Plagiodontia ipnaeum, 
closely related to P. aedium, has been found in associa-
tion with Rattus and Mus at Trouing Jérémie #5 according 
to Woods (1989a: table 3, under the synonym P. velozi). 
Rhizoplagiodontia lemkei, known from only one locality, is 
also said by Woods (1989a) to have been found in association 
with Rattus. No similar association occurs with P. araeum 
at its type locality. Woods (1989a) argued that at least some 
smaller Hispaniolan endemics survived as late as the last few 
centuries on the Massif de la Selle in Haiti, where P. araeum 
has been recovered in an undated context.

Hydrochoeridae

The named species Hydrochoeris gaylordi (MacPhee et al., 
2000b), from the same Grenadian lahar deposit as the 
unnamed megalonychid discussed earlier, is represented only 
by a partial maxillary dentition which slightly differs from that 
of the living species, H. hydrochaeris. Hooijer (1959) briefly 
noted the existence of some juvenile capybara teeth recovered 
from a phosphate deposit of unknown age in  eastern Curaçao. 
He thought the teeth could be attributed to the living species, 
and wondered whether they represented an animal introduced 
by humans. Hooijer’s find is omitted from the table because 
it apparently concerns a non-endemic.

Unassigned: Enigmatic Taxa and Morphs

This section might have been entitled with equal merit 
“Enigmatic Femora”, as all of the provisional taxa discussed 
under this heading are represented exclusively by thigh bones. 
This situation is presumably not reflective of a taphonomic 
peculiarity of certain WI islands, but instead implies that other 
elements pertaining to these taxa have probably been recov-
ered but go unrecognized in collections (cf. discovery of jaw 
of Xaymaca fulvopulvis; MacPhee and Flemming, 2003).

Incomplete but distinctive femora from the localities of 
Trou Wòch Sa Wo in Hispaniola and Sheep Pen and Coco Ree 
in Jamaica have been favorably compared to those of various 
platyrrhines by Ford (1990; see also Ford and Morgan, 1986, 
1988). The Trou Wòch Sa Wo femur is from an immature 
animal and lacks the distal epiphysis, although it is otherwise 
intact and quite fresh-looking. By contrast, the Sheep Pen and 
Coco Ree elements are heavily mineralized, and there is some 
evidence that they are of significant age (Ford, 1990; Ford and 
Morgan, 1986, 1988). Whereas Coco Ree is a typical cave 
site, the Sheep Pen locality is a hillside consisting of exposed, 
indurated fissure fillings (MacPhee, 1984).

How many taxa these three elements actually represent is 
unclear. Ford (1990:247) stated that the Coco Ree and Trou Wòch 

Sa Wo specimens are so similar that they might “represent the same 
species”. This would be unusual inasmuch as the only examples 
of the same endemics occurring on two or more widely separated 
islands in the Greater Antilles seem to be the result of human 
transport (e.g., Isolobodon portoricensis). As to relationships, 
MacPhee and Fleagle (1991) and MacPhee and Flemming (2003) 
wondered whether the femora might represent some taxon other 
than Primates (?perhaps Caviomorpha). Whatever the real facts 
may eventually prove to be, the mere existence of these unallocated 
elements is a further indication that basic systematic discoveries in 
the LQ fauna of these islands still remain to be made.

The other (?caviomorph) Sheep Pen specimen was found in 
a museum collection dating from the 1960s and can only be 
tied to this locality circumstantially (MacPhee and Flemming, 
2003). No systematic allocation for this specimen can be sug-
gested at this time. In size and to a certain degree in shape 
this heavily mineralized fossil resembles femora of the giant 
caviomorph Amblyrhiza, but this comparison is of limited 
significance given that Amblyrhiza lived on islands situated 
at the opposite end of the Caribbean Sea. It is far too large 
to belong to Clidomys osborni, although it may represent a 
related species. An age assignment of “unspecified Neogene” 
is simply a default; the femur may well be late Pleistocene, 
but this would need to be established on grounds that are more 
meaningful than its alleged Fundort.

Tainotherium valei is included in this section because 
Turvey et al. (2006) were unable to assign the holotype and 
only known specimen to a secure familial position, although 
there is every reason to believe that a caviomorph is repre-
sented. Heptaxodontid affinity is certainly possible, but more 
material will be needed to establish this allocation. There are 
no relevant dates from Cueva de la Vaca, the type locality in 
north-central Puerto Rico, and it is therefore unknown whether 
Tainotherium disappeared early or late (Turvey et al., 2006).

Other Taxa

Bat extinctions will not be reviewed in detail in this paper; 
a magisterial review of chiropteran losses in the West Indies 
was recently published by Morgan (2001), to which a few 
additions may now be made as the result of the recent work 
of Suárez and Diáz-Franco (2003), Suárez (2005), and 
Mancina and Garcia-Rivera (2005). Bats present special 
problems in biogeographical and extinction studies, since 
they tend to be more widely distributed than non-volant 
taxa, and may disappear in one part of their range but persist 
elsewhere in places where the extinction driver is ineffec-
tive. Also, in an ecological sense bats are sharply set apart 
from terrestrial mammals, suggesting that anything hap-
pening to the latter fauna would not necessarily affect the 
former, and conversely.

At present, there is evidence for nine complete extinctions 
of bats in the West Indies during the LQ; to this number 
may be added the local extirpation of 20 other species, the 
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majority of which are or were obligate cave dwellers. It has 
often been suggested that the comparatively low extinction 
rate of WI bats compared to terrestrial taxa is due to their 
high vagility, fecundity, and re-colonization abilities. Still, it 
is rather more likely that the resilience of the bat fauna as a 
whole to extinction is a function of their ecological isolation 
from the impacts supplied by introduced rats, mongooses, 
cats, and goats. In the case of specialized cave-dwelling taxa, 
Morgan (2001) related losses to changes in the size, distribution, 
and local ecology of caves in the West Indies, perhaps as 
a consequence of post-Pleistocene climate change. For the 
rest the reason for loss or extirpation is unclear, although it 
has been suggested that, for example, the Cuban vampire bat 
Desmodus puntajudensis (formerly considered a subspecies 
of mainland D. rotundus) may have died out in conjunction 
with the collapse of the megalonychids. Most other bat losses 
may be AI (or later) as well, but in the absence of extensive 
dating this is impossible to confirm. The Puerto Rican flower 
bat, Phyllonycteris major, certainly survived into the late 
Holocene: its current LAD is 3,330 ± 50 BP, based on material 
from Burma Quarry, Antigua (Pregill et al., 1988). However, 
whether this date is representative of a time of heightened loss 
of chiropterans is simply unknown.

For completeness it may be briefly noted that LQ losses within 
the Caribbean basin include one sea mammal, the Caribbean 
monk seal (Monachus tropicalis), last seen in the 1950s (Adam, 
2004). This seal had the dubious distinction of being the first WI 
endemic to directly experience the impact of European arrival: 
sailors on Columbus’ second voyage in 1494 killed several 
basking on rocks near Hispaniola. Seals of the genus Monachus 
seem particularly vulnerable to habitat disturbance; both surviv-
ing species (M. shauinslandi and M. monachus) are considered 
endangered by the IUCN (http://www.iucnredlist.org).

Human Arrival

Of all the exotic species that entered the islands during the 
recent past, none was more portentous for the ultimate fate of 
the endemic fauna than Homo sapiens – with, of course, the 
possible exception of its facilitated co-invaders, Rattus, Mus, 
and, later on, Herpestes.

In view of the limited scale of prehistoric archeological 
investigations in the West Indies (Watters, 1989), it is an 
open question whether we should consider first indications 
of humans on a specific island to be evidence of mere pass-
ing landfall or actual colonization. The implications of these 
terms are notably different: occasional visitation of islands by 
sea-faring Amerindians would presumably have had a lesser 
impact on terrestrial faunas than true colonization, with its 
implication of continuing settlement and the inevitable human 
penchant for consuming available resources. In addition there 
is the problem of the “repeopling,” in Rouse’s (1989) sense, 
of parts of the West Indies by different cultural groups. The 
archeological evidence shows quite clearly that several distinct 

Amerindian migrations occurred prior to European times, 
involving different regional/cultural origins on the continents 
and associated levels of technological complexity. Some 
archeologically defined groups seem to have made greater use 
of terrestrial resources and the interiors of islands than did 
 others, although the examples cited by Rouse (1989) are all 
rather late (BCE/CE transition or later). Whether this point has 
any significance for the extinction story cannot be determined 
at this stage of our knowledge, although it is certainly compel-
ling to think that we might one day be able to associate spe-
cific declines/extinctions of taxa with specific cultural groups 
(cf. Turvey et al., 2007). In this paper I sidestep this problem 
as beyond current resolution and regard any pre-European 
archeological evidence of human presence as “Amerindian”.

This is not the place to review in detail the evidence for and 
timing of human migrations into the West Indies (see Rouse 
and Allaire, 1978; Rouse, 1989, 1992; Wilson, 1997, 2001). 
According to scanty empirical evidence, briefly detailed 
below, humans first reached the larger islands in the West 
Indies ca. 6,000 BP, perhaps from Yucatán (Rouse, 1992; 
Wilson, 2001). Much earlier entry has also been claimed, 
especially in the case of Cuba (see discussion by Rouse, 
1992), but in the absence of unimpeachable radiometric evi-
dence for earlier incursions this claim is hard to support.

Cuba: The oldest dated archeological site yet discovered on 
this island is a rock shelter in the Levisa River basin (prov. 
Holguín), with a basal radiocarbon age of 5,140 ± 170 BP 
(5,590–6,280 cal bp)(Kozlowski, 1974). Earlier dates for the 
settlement of Cuba exist, but these are nonradiometric and 
have not been confirmed by rigorous testing.

Hispaniola: The oldest radiocarbon estimate for this island, 
5,580 ± 80 BP (6,210–6,550 cal bp), comes from the Haitian 
coastal site of Vignier III (Moore, 1991). As Allaire (1997:21) 
points out, however, this date is derived from surface-collected 
seashells, “perhaps not the most reliable context.” Corrected 
for marine reservoir effects using the global ocean correction 
factor of Hughen et al. (2004), the date can be calibrated to 
5,780–6,180 cal bp – still old, but younger than the uncor-
rected version by nearly half a millennium.

Puerto Rico: Burney et al. (1994) claimed a date of ca. 
5,300 cal bp for human arrival in Puerto Rico on the basis of 
the timing of a marked change in the charcoal-influx signal 
in a core recovered from Laguna Tortuguero on the island’s 
northern coast. On the other hand, a similar spike in charcoal 
abundance ca. 6,000 BP in a core from Lac Miragôane (Haiti) 
has been ascribed instead to climate change (Higuera-Gundy 
et al., 1999). Also, Horn et al. (2000), having found abundant 
macroscopic charcoal in samples of late Pleistocene through 
late Holocene age collected in the highlands of the Dominican 
Republic, observed that fire must be considered a natural 
disturbance factor. In any case, the earliest accepted archeo-
logical site on the island, Maruca, is considerably younger 
than the date published by Burney et al. (1994): Rodríguez 
(1999) cited an interval of 3,895–4,840 BP for occupation of 
this site based on ranges of eight radiocarbon dates (data not 
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presented). An even earlier date, 5,960 BP (> 6,700 cal bp), 
exists for the site of Angostura (Ayes Suares, 1989); but as 
this is even earlier than the estimate of Burney et al. (1994), 
it requires additional corroboration.

Jamaica: The oldest age estimate for humans in Jamaica is 
very young, ca. 1,500 BP (Rouse, 1992), which may signify 
no more than that the search for early evidence of human set-
tlement has been less productive on this island than elsewhere 
in the Greater Antilles.

Lesser Antilles: Although it is logical to imagine that 
humans dispersing from northern South America would have 

traveled up the Lesser Antillean chain, the earliest dates hover 
around 4,000 BP, for sites in Antigua (Allaire, 1997).

While remains of terrestrial endemics are not rare in 
Amerindian sites, the best-documented ones are mostly rather 
late and virtually always small-bodied (e.g., Wing, 2001). In a 
strong parallel to the continuing paradox that is the absence of 
evidence for extensive megafaunal hunting on the American 
mainlands, in the West Indies clear evidence of human manip-
ulation of large species (with the interesting and pertinent 
exception of the manatee, Trichechus manatus) is exception-
ally rare and perhaps even non-existent (see main text).





This Collection

This book has collected the thoughts of expert archeologists, 
paleontologists, and paleoecologists, in addition to a specialist 
in ancient DNA studies, but in the end it is not possible for 
me as editor to identify a clear majority opinion (and hence 
solve the puzzle of extinction). Borrero (Chapter 8) sees little 
useful evidence in South America that human foragers had an 
impact on megafaunal populations; yet, referring to much of 
the same and other sets of fossil evidence in South America, 
Cione and associates (Chapter 7) lay the ultimate blame on 
the human factor, which was added to the ecological stresses 
imposed on megafauna by climate changes. Fisher (Chapter 
4) proposes that central USA mastodont populations were in 
an apparently healthy phase just before they became extinct, 
which supports the idea that human hunting could have been 
the abrupt and fatal factor that caused extinctions. Surovell 
and Waguespack (Chapter 5) argue that human preference 
for killing the largest animals in North America is rational 
and supported by ethnographic, theoretical, and archeologi-
cal data. My own paper (Chapter 3) suggests that megafaunal 
populations in North America were fragmented and much 
more vulnerable to human hunting during the Late Glacial. 
Fiedel (Chapter 2) presents a case based on the chronologies 
of extinction that the first indications of human hunting more 
closely track the disappearance dates of many species than do 
climate-changes, in both North and South America. MacPhee, 
on the other hand, while agreeing with other authors (who 
examined data from the late Pleistocene) that climate changes 

alone cannot cleanly account for extinctions in the West 
Indies, presents arguments that first human contacts in the 
Holocene did not wipe out species – instead the process was 
extended over many centuries, implying that they resulted from 
the synergy of habitat alterations, the introduction of exotic or 
competing species, and sustained human hunting pressures.

Readers may scratch their heads in wonder that so much scientific 
evidence can lead to so many variations and disagreements. 
Perhaps future directions in research and the uncovering of 
new data will remove some of the nagging ambiguity.

The Future Literature

The future literature will be similar in many ways but of 
course it will also be different, because literature tends to be 
cumulative. It will provide more details about megafaunal 
diets, reveal more reliable dating of particular species, present 
more archeological discoveries of megafaunal bones, and so 
forth. But if it is to increase in promise and power it must 
also be different in even more important ways. Each species 
that became extinct or changed its range dramatically when it 
disappeared from the Americas must be studied intensively and 
equally, from the rarest to the most abundant. A set of standards 
will be established (I hope) for evaluating extinction risks of 
the different taxa at different times in their late Pleistocene 
existence. The key question that will be addressed will be this: 
“What is the benchmark of healthy megafaunal populations 
in their regional ecosystems, against which declines can 
be measured?” Of course, identifying the possible answers 
to such a simple question is complicated by the cycles of 
change affecting climates and paleoenvironments in the Late 
Glacial. Each different phase of the cycles would be different 
but “healthy” in its own way, if we assume that stability was 
regularly reached from phase to phase. The health of different 
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sets of communities would have to be relatively measured 
somehow. One possibility is to approach the question from the 
modern situation, in which ecosystems are healthiest when most 
heterogenous, that is when characterized by mosaics of patches 
in different states of stability and succession. Heterogeneity 
is required for biotic diversity of large ecosystems, and 
certainly improves species’ chances for long-term survival. 
Each successional phase during the late Pleistocene should 
have had its own kind of heterogeneity.

I think the most important focus in the future studies of 
extinct ecosystems should be on defining the nature of habitat 
fragmentation in quantified ways. For example, I think we can 
begin discovering very specific details about large- and small-
scale refugia defined first on the basis of fossil occurrences, 
taphonomic histories, and studies of hydrology, depositional 
macro-environments, genetic exchanges, and isotope geo-
chemistry. These sorts of collaborative studies can identify 
individual fragmented subpopulations, as Hoppe (2004) and 
others have demonstrated, and locate them within the ecologi-
cal constraints of regional conditions, namely precipitation, 
seasonality, plant communities, nutrient availability, mega-
faunal demography, and so forth.

North America was an enormously spotty expanse of mega-
fauna sources and sinks, in which animal densities and distribu-
tions were extremely variable. A few studies support the idea of 
small and large refugia existing in the continent during the Late 
Glacial; for example, in Agenbroad (2005) North American 
mammoth distribution maps of occurrences at 5,000-year inter-
vals indicate that fairly gross-scale refugia must have existed, 
and that there was a wider distribution during the Late Glacial 
than before. A wider distribution does not necessarily indicate 
greater abundance overall; there may have been relatively low 
densities of dispersed subpopulations. In Europe, mtDNA stud-
ies of cave bears, brown bears, cave hyenas, and Neandertals 
before the last glaciation (for example, Hofreiter et al., 2004) 
also suggest cycles of species retreat into refugia during gla-
cials followed by incomplete re-dispersal during interglacials.

Another direction for research would be to learn how to 
evaluate ‘extinction risk’ for an entire ecosystem, as a whole, 
as well as for each individual species (as per Grayson and 
Wroe recommendations, discussed in Chapter 1). This cannot 
be done until all the extinct species have been adequately 
dated, taphonomically and demographically studied site by 

site and region by region, and isotopically sampled for evidence 
about diet.

Of course, risk must be evaluated at three levels: the refu-
gial, the regional, and the continental. Current efforts towards 
biotic conservation in modern ecosystems can inform future 
studies of extinct American megafauna. For example, Kruger 
National Park has recently examined the possible indicators 
of ecosystems in trouble (Kruger National Park Scientific 
Services, n.d.) and developed a set of methods for rating risks 
to wildlife in that South African park. Similar rating systems 
can be applied to extinct American megafauna. The factors 
that could be ‘graded’ are summarized in Table 10.1 (note that 
low numbers = less likely to survive [high extinction risk], and 
high numbers = more likely to survive).

Concluding Thoughts

Rating schemes are ideas that may or may not be put into 
practice; but before they are dismissed as impractical or 
quixotic, we should keep looking for the necessary data, 
which very well might be preserved in some places, and might 
be discovered from time to time. Of course, we also need to 
reach agreement about the meaning of the data before we can 
adequately understand late Pleistocene paleoecology and gain 
the ability to unambiguously reconstruct the dramatic changes 
that removed so many genera of large terrestrial mammals. 
Only step by step and lucid reconstructive snapshots of the 
great dying-out will lead us to a reliable allocation of blame.
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Table 10.1. Factors affecting extinction risks for individual taxa.

Relative endemicity Extent of occurrence Taxonomic distinctiveness Hunted by humans

1. Very localized 1. Marginal range everywhere (widespread 
in hemisphere but not abundant locally)

1. One species in an entire 
order or family

1. Frequently throughout 
continent

2. Found in one or more regions but in 
less than ½ of continent

2. Limited good range regionally, hence 
abundant locally, but only in up to ½ of 
continent

2. One species in one genus 2. Sometimes throughout 
continent

3. Found in ½ of continent or more 3. Good range and abundance in up to ½ 
continent

3. Multiple species in one 
genus

3. Sometimes, but regionally 
only (in less than ½ continent)

4. Found hemisphere-wide 4. Good range and abundance everywhere 4. Multiple species in multiple 
genera

4. Never
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