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ABSTRACT

The 1994 discovery, excavation, and recovery of a
nearly complete (+90%) skeleton of the pygmy mammoth
(Mammuthus exilis) on Santa Rosa Island initiated a new
phase of research on these unique proboscideans. In Janu-
ary, 1996 an intensive, Global Positioning System (GPS)
controlled, pedestrian survey of the mammoth remains on
San Miguel, Santa Rosa and Santa Cruz islands was initi-
ated. In addition to recording more than 140 new localities,
specimens in imminent danger of loss by erosion were col-
lected, prepared and curated. These new specimens are
housed in the National Park Service repository at the Santa
Barbara Museum of Natural History, joining the collections
made by Phil Orr in the 1940s and 1950s and those of Boris
Woolley, collected in the 1970s. Metric analyses of teeth
and selected post cranial elements are compared with a large,
local, primary deposit of mainland mammoths (Mammuthus
columbi) from the Mammoth Site of Hot Springs, South
Dakota. Preliminary comparisons are also made with the
Holocene mammoths (Mammuthus primigenius) from
Wrangel Island in the Siberian Arctic Ocean. New radiocar-
bon dates include an accelerator-mass spectrometer (AMS)
bone date from the 1994 skeleton.

Keywords: California Channel Islands, pygmy mammoth,
dental metrics, long bone metrics, Mammuthus columbi,
Mammuthus exilis.

INTRODUCTION

Dwarf, or pygmy, proboscideans are known from four
island locations in the Northern Hemisphere. These include
pygmy elephants from several islands in the Mediterranean
Sea; pygmy stegodons from several islands in the Indone-
sian archipelago; the three northern islands of the California
Channel Islands; in 1993 it was announced that there were
dwarf woolly mammoths (M. primigenius) on Wrangel Is-
land in the Siberian Arctic Ocean. In November 1997, it
was published that the Wrangel Island mammoths were no
longer considered to be dwarf (Thikonov 1997). That an-
nouncement provides a new status to the Channel Island

mammoths (Mammuthus exilis) as the only pygmy mam-
moths in the world!

Channel Islands Mammoths

Mammoth remains have been known to exist on the
northern Channel Islands of California since 1856 when
noted by a Coast and Geodetic Survey party. The first pub-
lished account was not until 1873 in the Proceedings of the
California Academy of Sciences (Stearns 1873). Oliver Hay
(1927) mentioned the Channel Island proboscideans, Chester
Stock and E.L. Furlong (1928), published a short article in
which they proposed the name Elephas exilis (exiled el-
ephants) for the Santa Rosa Island mammoths. They were
mentioned again in two shorter articles by Stock (1935,
1943). The generic designation “Elephas” was replaced by
Mammuthus.

In the late 1940s Phil Orr of the Santa Barbara Mu-
seum of Natural History (SBMNH) initiated archaeological
research on Santa Rosa Island. He collected mammoth re-
mains to support his theory that early human settlers (an-
cient Chumash) on the islands had hunted the pygmy mam-
moths to extinction (Orr 1956a, b, c, 1959, 1960, 1967,
1968). He also established the osteological collection and
mounted a composite skeleton of Mammuthus exilis at
SBMNH. An avocational collection was amassed by Boris
Woolley, from Santa Rosa Island in the 1970s. That collec-
tion is now curated at SBMNH. A doctoral dissertation in
zoology was completed on studies of museum collections
by Louise Roth (Roth 1982).

Interest in the Channel Island mammoths was rekindled
in 1994 when a nearly complete skeleton of one individual
was discovered by Tom Rockwell and Kevin Colson while
doing geophysical investigations on Santa Rosa Island. Ex-
cavation and recovery of the specimen produced more than
90% of the articulated skeleton of a mature male Mammuthus
exilis (Figure 1). The depositional environment was a sand
dune on an elevated marine terrace. The sand dune must
have covered the mammoth almost immediately post mortem
as it preserved even small foot bones in correct articular
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position. Post depositional erosion had removed, or dam-
aged minor portions of the skeleton. After cleaning, preser-
vation, and casting, the remains were deposited in the Chan-
nel Islands National Park (CHIS) paleontological reposi-
tory at SBMNH. The majority of curated remains of M. exilis
now reside in two institutions, the SBMNH and Los Ange-
les County Museum (LACM).

MATERIALS AND METHODS

In January 1996 we initiated an intensive pedestrian
survey of San Miguel, Santa Rosa, and Santa Cruz islands.
These are the only known locations of M. exilis remains.
The majority of the survey effort was conducted on Santa
Rosa Island due to National Park Service (NPS) logistical
support. The survey is on-going but has produced more than
140 new mammoth localities on the three islands (a locality
is designated as one, or more, M. exilis bones considered to
be new occurrences). Each locality is precisely located by a
hand held global positioning system (GPS) instrument.

Using the osteological collections of Phil Orr, Boris
Woolley, and the National Park Service, all housed at
SBMNH, I undertook metric analyses of the dentition and
limb bones. These data were compared to similar informa-
tion derived from a large, local population of M. columbi, in
primary deposition, from Hot Springs, South Dakota
(Agenbroad and Mead 1994). The Hot Springs population
is dominated by adolescent and immature male mammoths
(Lister and Agenbroad 1994). These animals were preserved
in a hydrogeologic natural trap which was selective for young
male mammoths (Agenbroad and Mead 1994).

RESULTS

Dentition

Metric analyses of the dental remains of M. exilis have
yielded a preliminary tooth-in-sequence plot for

Figure 1. A bone map of the articulated M. exilis skeleton of
1994 (artwork by Susan Morris).

Figure 2. A length-width plot for M. columbi (solid) and M.
exilis (open) mandibular dentition. It allows a tooth-in-sequence
designation for M. exilis teeth.

mandibular teeth as compared to M. columbi (Figure 2). Ad-
ditionally, comparison of the line of best fit for the 5th and
6th molars (M

2
 and M

3
 in alternative designations) signifies

a very close match (Figure 3), indicative of M. columbi as
the most appropriate ancestral mammoth from which M.
exilis evolved.

Using the M. exilis collections housed at LACM and
SBMNH an age-structure analysis of the island mammoths
was constructed (Figure 4). Three conclusions can be drawn
from these data: 1) the island death assemblage approxi-
mates an attritional death assemblage as contrasted to a
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“behavioral” death assemblage at the Hot Springs Mammoth
Site (Agenbroad 1994); 2) there are relatively few animals
surviving much past 50 years of age; 3) there is an inference
that island mammoth mortality rates are highest in the 0- to
30-year age range.

In addition to the age distribution plot, a plot of the
Index of Hypsodonty (100 ht/w) against the lamellar fre-
quency (lamella/100 mm), as produced by Cooke (1960)
and Whitmore et al. (1967) was produced. The M. exilis
plot places nearly twice as much overlap with the M.
primigenius envelope as the M. columbi envelope with sev-
eral on the borderline of the two envelopes. This should be
expected of a species that is reducing in overall body size.
There should be more overlap with the smaller M.
primigenius than with the large, ancestral M. columbi. A
diagram of the Index of Hypsodonty versus the length/lamel-
lar ratio (R = number of lamella/tooth length) produces a
slightly different plot (Figure 5). Again, the M. exilis plot
indicates strong overlap with the M. primigenius envelope.
The shrinkage of the maxilla and mandible accompanying
the dwarfing process accounts for this.

Using the method of Laws (1966), estimates of age at
death were determined, based on metric attributes of the
teeth. Few individuals exceed 50 African Elephant Years
(AEY) in age in the island population. Possible exceptions
were two mandibular specimens from which the teeth were
missing due to advanced age, yet the animal continued mas-
tication with the jaw bone.

Figure 3. Length width plots of M5 and M6 mandibular teeth of M. columbi (a) and M. exilis (b) with lines of best fit for the data
(computer graphs by D. Hallman).

Long Bone Analyses

Table 1 provides the metric attributes of length (width
for pelvis) of the limb bones of M. columbi and M. exilis.
Figure 6 graphs the percentage of the mean for each species
for each bone. Both the table and the figure illustrate longer
scapulae, humeri, and femora, and wider pelves, but corre-
spondingly shorter ulnae, radii, tibiae, and fibulae. The M.
exilis femur is markedly longer than expected, just as the
tibia and fibula are markedly shorter. Only mature M. exilis
specimens were included in the comparison, as evidenced
by epiphyseal fusion. Paul Sondaar (1977) states that short-
ening of lower limbs allows an advantage in negotiation of
steep terrain which may allow access to resources denied to
“mainland” skeletal proportions.

Using the method of Harington et al. (1974) a second
graph (Figure 7) provides the calculated shoulder height of
living and extinct proboscideans. The range of M. exilis
groups below the two meter height and represents mature
(epiphyseal fusion of proximal and distal humerus) speci-
mens representing both male and female individuals. It tends
to negate an often repeated statement that there are two sizes
of dwarfed mammoths on the islands (Hay 1927; Stock 1935;
Orr 1956a, 1968). The more probable explanation is sexual
dimorphism, with males averaging 15 to 30% larger than
females (Haynes 1991).

Center of Gravity and Slope Negotiation

The comparison of long bones in the previous sec-
tion, combined with the island topography, suggest a
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possible explanation for full size continental mammoths (M.
columbi) being selected against in favor of their smaller is-
land dwelling progeny. Nearly half of Santa Rosa Island is
dominated by steep slopes and deep canyons (Figure 8)
(Dibblee et al. 1998). Smaller animals with a lower center
of gravity, and more agility would have a selective advan-
tage if they could gain resources from the rugged island ar-
eas which denied access to larger forms. This advantage
would be further enhanced when periods of natural environ-
mental stress, such as drought, or even wild fires, occured
with reduction of island land area and overcrowding as the
late Pleistocene sea level rose.

DISCUSSION

Comparisons of selected M. exilis remains were made
with M. columbi remains from the Hot Springs Mammoth
Site, South Dakota (Table 1; Figure 6). Both populations
are samples of local populations and the mainland animal is
the most probable ancestor of M. exilis based on dental and
osteological comparisons. Limb bones indicate slightly larger
scapulae humeri, pelvi and femora. The femora are relatively
much longer than the other limb bones as compared to 50%
of the mean of the M. columbi measurements. Similarly the
lower limb bones are shorter than expected, especially the
tibia and fibula. The mid-length cross section of the femora
show a rounded elliptical, or round shape as contrasted to
the flat ellipse of M. columbi, reflecting smaller mass and
less robust muscle attachments. That, combined with
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Figure 4. The age-structure analysis of M. exilis (top) from the
Channel Islands compared to the M. columbi (bottom)
population of Hot Springs, South Dakota.

Figure 5.  Plots of (a) the Index of Hypsodonty (100 height/
width) versus lamellar frequency (lamella/100 mm) and (b)
Index of Hypsodonty versus the length/lamellar ratio R (number
of lamella/tooth length). (Lamella=enamel tooth plate) (After
Cooke 1960; Whitmore et al. 1967).

Figure 6. A graph of the mean measurements of limb bones of
M. exilis plotted versus the 50% mean of the M. columbi values.



522

Agenbroad, L.A.

humeri modification suggest a smaller, more gracile mam-
moth approximating the size of a large steer. This more grac-
ile animal, with a lower center of gravity was able to negoti-
ate slopes and steep canyons that were inaccessible to the
large mainland mammoths. In times of evironmental stress,
smaller size animals were at an advantage due to increased
mobility, less food intake, and the ability to exploit environ-
ments denied to large animals.

We are currently at a loss to quantify the rate at which
dwarfing took place. In fact, the chronology of the Channel
Island mammoths is the weakest aspect of the research. Prior

to 1998, there were only eleven published absolute dates
pertaining to mammoths. These had been branded as “equivo-
cal” (Wenner et al. 1991). Similarly, it has been stated that
all mammoth remains are secondary (i.e., redeposited) (Orr
1959, 1968; Cushing et al. 1986; Wenner et al. 1991; Roth
1982, 1996), therefore do not reflect age of the animal. The
discovery and dating of the 1994 specimen negated many of
these arguments. The specimen was in situ (primary deposi-
tion) and the accelerator-mass spectrometer (AMS) radio-
carbon date was from bone collagen derived from the inte-
rior of the right femur, yielding a date of 12840 ± 410 (CAMS
- 24429). Four additional mammoth-related, post-1994 ra-
diocarbon dates have been produced on associated charcoal
and one AMS date of a land snail shell within the skull of a
San Miguel Island specimen (Table 2). Erlandson et al.
(1996), have demonstrated an excellent charcoal versus
mollusc shell radiocarbon chronologic correlation from
Daisy Cave, San Miguel Island. That record of correlation

Figure 8. A sketch map of Santa Rosa illustrating the
approximate area of steep uplands versus the gentle topography
of elevated terraces.

Figure 7. A graphic representation of the shoulder height of
living and extinct proboscideans (after Haynes 1990; Agenbroad
1994).

Table 1. Metric attributes of limb bones of M. columbi and M. exilis. (OR=observed range; m=mean; n=number of samples).

Scapula Humerus Ulna Radius Pelvis Femur Tibia Fibula
M. columbi

OR 798-1047 1000-1288 948-1104 824-997 1460-1650 1147-1317 831 797
n 17 10 5 2 3 5 1 1
m 908.9 1165.9 1012.2 910 1566.7 126.2 831 797

M. exilis
OR 354-577 466-656 411-600 367-517 790-942 649-842 314-505 315-388

n 6 11 5 3 3 11 15 2
m 463.67 593 500.4 448.7 805 733.45 385.4 351.5

%m Me 51.01 50.86 49.44 49.31 51.38 58.15 46.38 44.1
       M c
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lends credibility to the shell date for the San Miguel M. exilis
skull. Currently the radiocarbon chronology (post-1994) for
mammoth remains and mammoth-associated material ex-
tends from 12,840 to greater than 41,000 yr B. P. (Agenbroad
1998). An increased chronologic data base is essential for a
better understanding of the California island mammoths.

An ongoing pedestrian, GPS controlled survey of the
islands has produced more than 140 localities for mammoth
remains and has weakened another myth about Santa Rosa
Island, that “skeletal remains are concentrated in a very lim-
ited area of the northwest coast” (Stock 1935; Orr 1959,
1968; Johnson 1972; Roth 1982, 1996). On the contrary,
there have been mammoth localities in all but one of the
regions of Santa Rosa that have been surveyed. The anoma-
lous region is the marine terrace from the Vail and Vickers
ranch headquarters, south to Skunk Point. It is of interest to
note that this is also the area relatively devoid of archaeo-
logical sites, and similarly, devoid of land snails.

Serge Vartanyan (pers. comm. 1997) informed me that
the femur of M. exilis is 3 cm shorter and the tibia is 4 cm
shorter than his smallest specimen from Wrangel Island. He
returned to Wrangel Island in August 1998, but I do not yet
have results of his search for a larger population of limb
bones. Jeffry Saunders of the Illinois State Museum just re-
turned from Wrangel Island (pers. comm. 1998) and stated
limb bones were scarce.
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