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The terror bird, Titanis (Phorusrhacidae), 
from Pliocene Olla Formation, Anza-Borrego 
Desert State Park, southern California

Robert M. Chandler,1 George T. Jefferson,2 Lowell Lindsay,2 and Susan P. Vescera2

1 Biological and Environmental Science, Georgia College, Milledgeville, Georgia 31061
2 Department of Parks and Recreation, Colorado Desert District Stout Research Center, Borrego Springs, California 92004

Introduction
Titanis is a member of the family Phorusrhacidae, 
commonly called terror birds. The family includes 
numerous genera and species (de Alvarenga and Höfling 
2003) that range through a major part of the Cenozoic 
Era, 62 to about 2 Ma. All are South American in distribu-
tion except for a single taxon Titanis walleri (Brodkorb 
1963) from North America. T. walleri is considered a valid 
genus distinguished from other taxa on the slender char-
acter of the tarsometatarsus (de Alvarenga and Höfling 
2003).

The Phorusrhacidae entered North America via the 
Panamanian Land Bridge as part of the Great American 
Biotic Interchange (Webb 1985).

The first phorusrhacid fossils were found in Florida by 
scuba diver Ben Waller in 1962, hence the specific nomen 
Titanus walleri (Brodkorb 1963). While diving in the 
Santa Fe River, Gilchrist County, Florida, Waller recov-
ered a tarsometatarsus and Digit III, proximal phalanx. A 
comparable Digit III, proximal phalanx, was found later 
in a gravel pit along the Nueces River, San Patricio County 
near Corpus Christi, Texas (Baskin 1995). Fewer than 50 
specimens of T. walleri have been reported from the US, 
and all but the Texas specimen are from four localities in 
Florida. Most are post cranial elements, and no premax-
illae are known (Chandler 1994; de Alvarenga and Höfling 
2003; Gould and Quitmyer 2005). The age and identity of 
these materials have been the subject of discussion and 
controversy (Gould and Quitmyer 2005), and have an 
estimated age range from <5 to 2.2–1.8 Ma (McFadden et 
al. 2007).

The Titanis sp. from ABDSP represents a significant 
range extension from the previously known paleogeo-
graphic distribution on the Texas gulf coast and Florida. 
And, it better constrains the age range of Titanis in North 
America.

Abbreviations are: ABDSP = Anza-Borrego Desert 
State Park; LACM = Los Angeles County Museum of 
Natural History. We thank Lyn Murray for his critical 
review and helpful comments.

Material and occurrence
The Titanis sp. premaxilla, ABDSP(LACM) 6747/V26697 
(field locality TD 1073), was found by G. Davidson 
Woodard in 1961. Woodard worked as a geologist with 
Ted Downs of the Los Angeles County Museum. The 
specimen was recovered from the lower part of the Olla 
Formation (Cassiliano 2002) exposed in the Fish Creek/
Vallecito Creek Basin of the southern part of ABDSP. 
The Olla Formation is typified by packages of ancestral 
Colorado River, well sorted, medium-grained quartzose 
deltaic sandstone that are interbedded with apparently 
locally derived packages of poorly sorted, feldspathic 
fluvial sandstone (Winker 1987). The specimen was recov-
ered from the fluvial part of the formation. It was mapped 
within the stratigraphic section by Downs as within CZ 
23.7 (collecting zone, or CU collecting units of Cassiliano 
1999). This horizon falls within reversed subchron C2Ar 
(4.18-3.58 Ma), and based on the magnetostratigraphy of 
Dorsey et al. (2011) the interpolated age is 3.7 Ma.

The phorusrhacid identity of the ABDSP specimen 
was first recognized by Chandler (pers. comm. 2009, 

abstract—During the Great American Biotic Interchange that took place after the formation 
of the Panamanian Land Bridge, Titanis walleri (family Phorusrhacidae, known as terror birds) 
entered southern-most North America during the mid-Pliocene. Specimens of these 2 m-tall, 
150 kg flightless birds are known from Florida, and a single specimen from the gulf coast of 
Texas. Unfortunately, most are postcranial remains and no premaxillae are known. The anterior-
most part of a premaxilla (beak), ABDSP(LACM) 6747/V26697, from the Olla Formation, 3.7 
Ma, Anza-Borrego Desert State Park, was recently re-identified as Titanis and is comparable 
to the South American Patagornis marshi. The specimen was previously assigned to Aiolornis 
incredibilis. This new identification is important for several reasons: 1) it represents a significant 
geographic range extension for the genus; 2) it may represent the oldest know Titanis remains 
from the US; and 3) it reinforces the tropical aspect of the paleoenvironment of the Pliocene 
Epoch ancestral Colorado River deltaic deposits within the Salton Trough, California.
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Jefferson et al. 2012). The specimen (Fig. 1) represents 
only the anterior-most portion of the premaxilla, and 
was described in detail by Howard (1972) who placed it 
the genus Teratornis. The specimen largely consists of the 
permineralized internal portion of the premaxilla with 
culmen and exposed trabecullae, lacking much cortical 
bone which apparently has been weathered away. ABDSP 
(LACM) 6747/V26697 measures 90.8 mm in length, 55.4 
mm in height, and 27.5 mm in maximum width across 
the palate. The specimen is triangular in vertical cross 
section, with a relatively sharp dorsal crest and flat sides. 
It exhibits a chord (arc) of the partial culmen (exposed 
premaxilla) that is identical to that in Patagornis marshi 
(previously Phororhacos inflatus, Andrews 1899). ABDSP 
(LACM) 6747/V26697 has a complete bony palate, not an 
open, vaulted premaxilla like Aiolornis, to which it was 
referred by Campbell (1999). The specimen has an internal 
morphology, as revealed in coronal scan (L. Witmer pers. 
comm. 2009), that is identical in construction to a beak 
like Patagornis with an open space or chamber inside.

The premaxilla, ABDSP (LACM) 6747/V26697, and a 
wing bone, ABDSP (LACM) 1318/V3803 that was recov-
ered from the Pleistocene Hueso Formation, were both 
placed in the genus Teratornis by Howard (1963, 1972). 
An additional Teratornis specimen, ABDSP(IVCM) 519/
V5660, was reported by Jefferson (1995). In 1999 the genus 
Teratornis was divided into two genera and all specimens 
from ABDSP that were previously assigned to Teratornis 

(Howard 1963, 1972; Jefferson 1995, 2006) were placed 
in the new genus Aiolornis by Campbell et al. (1999). It 
should be noted that the premaxilla is about 2.5 Ma older 
than other materials assigned to Aiolornis from ABDSP. 
All of the above specimens except ABDSP (LACM) 6747/
V26697 remain assigned to Aiolornis incredibilis.

Discussion
The ABDSP specimen at 3.7 Ma falls within the estimated 
temporal range for Titanis, <5 to 2.2–1.8 Ma (McFadden 
et al. 2007). The estimate for a maximum age of <5 Ma is 
based on the Texas specimen, which was recovered from 
late Pleistocene sediments, ca. 13 ka BP. However, it has 
a rare-earth-element signature of early Pliocene mate-
rials and may have been re-worked from older deposits 
transported from upstream and mixed with the Pleisto-
cene deposit (McFadden et al. 2007). The materials from 
Florida sites are estimated to be between 2.2 and 1.8 Ma 
(McFadden et al 2007). Most of those specimens were 
recovered from a mid-channel accumulation, SF1A, but 
are traceable to inplace sediments of SF1B. The proximal 
humerus, UF 137839, was found at SFB1 and is Blancan 
NALMA in age. ABDSP (LACM) 6747/V26697 is the only 
specimen from North America that has a well supported 
date, and may be the oldest record.

The Arroyo Diablo and Olla formations, which are 
stratigraphically lateral equivalents (Winker 1987; 
Cassiliano 2002), yield a fossil wood assemblage that 
includes tropical taxa such as Persea podadenia (avocado) 
and Washingtonia sp. (fan palm) (Remeika 2006). 
Although vertebrate remains from these stratigraphic 
units are rare, they include tropical wetland forms such 
as Gomphotheriidae (elephant-like gomphothere) and 
subtropical taxa such as Hesperotestudo (giant tortoise) 
and Pumelia novaceki (iguana). These and Titanis rein-
force the idea that the Pliocene fossil record from ABDSP 
exhibits a tropical to subtropical paleoenviornment not 
unlike the southern-most US, proximal to the Gulf of 
Mexico and Mexico at that time.
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