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autochthonous assemblage of individuals that died on the 

braidbars and were buried there after minor biasing by 

chemical, physical, and biologic decomposition processes and 

minor sorting by fluvial currents (Badgley, 1986a). 

Taphonomy of the Floodplain Depositional Enyironment 

In addition to the taphonomic patterns held in common 

with the "channel" and "channel-fill" depositional 

environments, the floodplain depositional environment has 

its own unique patterns. Pelves (Group II) and maxillae 

(Group III) are slightly impoverished relative to an 

"average" large mammal (Table 14). This may be due to these 

elements not being transported out of the channels onto the 

floodplains during flood stages. It is more probable that 

these elements are autochthonous to the floodplain and their 

low proportions are the result of pre-burial destruction by 

physical and chemical processes (Badgley, 1986a). The 

blade-like shape of these elements gives them a high surface 

area-to-volume ratio so that chemical decomposition would be 

enhanced. The shape of these elements also imparts a 

structural weakness to them so that they would be less 

resistant to physical destruction, such as by trampling. 

Elements that are enriched belong to all the Voorhies' 

Groups (Tables 13, 14). This might suggest that the 

floodplain assemblage is unsorted (Behrensmeyer, 1975). 

However, the poor representation of most Group I elements 

suggests that the floodplain assemblage may have been sorted 
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by fluvial currents and that the floodplain assemblage is a 

winnowed/lag assemblage of the untransported elements 

(Voorhies, 1969; Behrensmeyer, 1975; Behrensmeyer and 

Dechant Boaz, 1980; Badgley, 1986a). Compared to other 

skeletal elements, those in Group I are the least dense, 

lightest in weight, and, with the exception of the podia1s 

and sesamoids, have the highest surface area-to-volume 

ratios. These properties increase the probability that 

Group I elements will be destroyed by physical, chemical, 

and biologic processes (Behrensmeyer, 1975, 1978). The 

occurrence of some Group I elements, especially podials, 

with those of Groups II and III suggests that these pre­

transport/pre-burial processes were more important in 

biasing the floodplain assemblage than currents. 

Elements that show little or no change from the 

"average" large mammal proportions also belong to all three 

Voorhies' Groups (Tables 13, 14). Again, this suggests an 

essentially unsorted assemblage, further suggesting that the 

floodplain assemblage is mainly an autochthonous assemblage. 

The highest proportions of partial skeletons and 

articulated specimens occur in the floodplain depositional 

environment (Table 15). This;s expected because the low 

current velocities depositing the clays and silts of the 

floodplain would not be competent enough to move such large 

objects. The partial skeletons and articulated specimens 

represent individuals that died and were incomplete1y 



scavanged/weathered/trampled prior to burial. Thus, the 

partial skeletons and articulated specimens represent an 

autochthonous contribution to the floodplain assemblage 

(Voorhies, 1969; Behrensmeyer, 1975; Badgley, 1986a). 

The floodplain assemblage has a ratio of teeth to 

vertebrae of 3.3:1.0 (Table 14). This suggests that the 

assemblage has been sorted to some degree (Behrensmeyer, 

1975; Behrensmeyer and Dechant Boaz, 1980). The poor 

representation of most Group I elements supports this 

observation. 
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The skeletal elements in the floodplain assemblage are 

not in hydraulic eQuivalence with their surrounding 

sediments. This indicates that the sediments and most of 

the elements were not transported and deposited together 

(Behrensmeyer, 1975; Badgley, 1986a). The inference from 

this is that the elements in the floodplain assemblage have 

not been transported any great distance from their place of 

origin, that is the floodplain assemblage is primarily 

autochthonous. 

The overall taphonomic pattern for the floodplain 

assemblage suggests it was formed mostly in place by 

attritional processes (carnivory, disease, old age, drought, 

starvation). This accumulation was later biased by 

chemical, physical, and biologic agents of decomposition 

that destroyed the most fragile elements. These non-fluvial 

biasing agents were the main factors that mOdified the death 
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assemblage. The preserved elements and skeletons were also 

subjected to a minor amount of sorting, probably by 

sheetflood currents, that removed some of the remaining 

elements in Voorhies' Group I. 

Physica7 Characteristics of the Large Mamma7 Ske7eta7 

E7ements in the Fluvial Depositional EnYironments 

In addition to conSidering the proportions, absolute 

numbers, hydraulic equivalencies, shapes, sizes, and 

sedimentologic setting of skeletal elements in a taphonomic 

analysis, the pre-burial history of the elements must also 

be considered (Behrensmeyer, 1978; Behrensmeyer and Dechant 

Boaz, 1980). Pre-burial history includes study of the 

degree of weathering and abrasion on elements, evidence for 

carnivory and trampling, and what part or parts of an 

element survive decomposition by physical, chemical, and 

biologic processes. The following comments about the 

physical characteristics of the skeletal elements in the 

Palm Spring Formation apply to all three fluvial 

depositional environments. 

Very few of the elements show any evidence of abrasion, 

even those from the channel assemblage. Rounded bone 

pebbles are common in the channel lag deposits of the Diablo 

"member" according to Winker (1987). These are 

unidentifiable and serve only to indicate that some skeletal 

elements underwent one or more cycles of abrasion. Elements 

collected from the other "members" of the Palm Spring 
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Formation almost always possess sharp edges, even on broken 

portions. What abrasion is present is very minor, occurs on 

the projecting edges of a bone such as keels and crests, and 

usually takes the form of erosion of the outermost compact 

bone layer to round the edges and expose the underlying 

trabecular bone. The near absence of abrasion indicates 

that the elements were not transported for any great 

distance from their place of origin end probably were not 

reworked from older deposits (Behrensmeyer, 1975). 

Systems to describe the weathering states of bones on 

land surfaces have been proposed by Behrensmyer (1978) and 

Koster (1987). Under either one of these systems, the 

skeletal elements from each fluvial assemblage exhibit a 

wide variation in weathering states. The degree of 

weathering ranges from very fresh to "rotten" to portions of 

cancellous bone preserved because calcium carbonate crystals 

fill the interstices. Within anyone local assemblage in a 

fluvial deposit several weathering states can be observed. 

Some elements, especially the more complete ones, often show 

multiple weathering states. Weathering of elements is a 

complex process and reflects time of exposure on a land 

surface and the influence of micro-environmental factors 

(Behrensmeyer, 1975, 1978). According to Behrensmeyer 

(1975, 1978) a homogeneous mixture of elements in varying 

weathering states is most indicative of an attritional 

assemblage. If elements belonging to one weathering state 
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are clustered, this most probably indicates the effect of 

micro-environmental factors, irregardless as to whether the 

accumulation is attritional. The fluvial deposits from the 

Palm Spring Formation correspond to the first of the two 

possibilities, indicating that they are attritiona1 

assemblages. 

There are very few complete skeletal elements in any of 

the fluvial assemblages. Bone fragments are very common and 

consist of various sized, angular pieces. The complete 

skeletal elements are often the smaller, more compact 

elements such as podia1s (420), sesamoids (44), phalanges 

(298), patellae (24), and dermal ossic1es (3). Articular 

ends are the most commonly preserved parts of limb bones 

(257/317), metapodials (213/266), and ribs (26/26). Pelves 

and scapulae are usually represented by the acetabula 

(17/42) and heads (53/81), respectively. Vertebrae are 

rarely found as complete elements, centra (61/153) and 

vertebral arches (92/153) are most often found. Crania are 

commonly represented by partial specimens (42/48). 

Dentaries are usually represented by the tooth-bearing rami 

(136/136), the symphyses and coronoid processes most often 

broken away. Antlers and horn cores are almost always 

represented by fragments of larger structures (196/206). 

Most teeth, isolated or in maxillae (.14) and dentaries, are 

fragmentary (283/358). It is obvious that in the Palm 

Spring Formation the skeletal elements are best represented 
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by their most compact, densest, structurally strongest, 

and/or most hydraulically stable portions (Behrensmeyer, 

1975; Behrensmeyer and Dechant Boaz, 1980; Voorhies, 1969). 

Complete specimens of larger skeletal elements, such as 

limb bones, skulls, scapulae, and pelves, are uncommon, 

being represented by 107 out of 2436 specimens. According 

to Behrensmeyer (1975) and Behrensmeyer and Dechant Boaz 

(1980) the characteristics of the skeletal elements suggest 

that they are "leftovers" from carnivore and scavanger 

activity that were further modified by weathering and 

trampling before minor fluvial sorting prior to burial. The 

preserved portions of the elements are mainly joints, which 

are the less meaty parts of an individual. These stronger 

parts are less likely to be eaten by carnivores while the 

weaker shafts would be destroyed to obtain meat and marrow. 

Thin and weak areas of scapulae, pelves, and vertebral 

spines and neural arches have high surface area-to-vo1ume 

ratios and are surrounded by large amounts of muscle; these 

areas would be destroyed easily by carnivory. If these 

skeletal elements survived carnivory, these characteristics 

would increase their probability of destruction by 

weathering and trampling. Crania would probably not be 

eaten, but the large number of sutures would impart 

structural weakness which would make them more susceptible 

to breakage by trampling; the resulting fragments would also 

be more susceptible to weathering. Dentaries are probably 
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preserved because they are not surrounded by much muscle. 

The coronoid processes and symphyses of a dentary are likely 

to be destroyed if a carnivore removes the lower jaw to eat 

the tongue. 

The large number of antler and horn core fragments 

suggests that these structures were initially broken by 

transport or trampling and that organic decomposers that 

favored these elements were not well represented in the Palm 

Spring Formation paleoenvironments. Carnivore modification 

of these elements is unlikely since they consist only of 

bone. The fragmentary nature of most of the teeth may be 

due to desiccation (Toots, 1965), but as Behrensmeyer (1978) 

pointed out, individual characteristics of the teeth (such 

as wear, ratio of enamel to dentine, stage of eruption, and 

morphology) may be more important in affecting the 

weathering of teeth. Destruction of teeth by carnivore 

modification is also highly unlikely. 

Direct evidence of carnivory is, however, scarce. 

Tooth marks are the most convincing evidence that a 

carnivore has modified a skeletal element. These can be 

observed on only a few specimens from all three fluvial 

depositional environments. Another suggestion of carnivory 

is the observation that when the shaft of a limb bone or 

metapodial of a large herbivore is preserved it is almost 

always hollow o~ filled with calcite crystals. Absence of 

preservation of the spongiosa suggests that a carnivore 
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broke the bone to remove the marrow and the empty cavity was 

later filled with calcite. One specimen, IVCM 2198, IVCM 

10c. 338, a partial third metatarsal of Equus sp. shows 

direct evidence of marrow-eating by a carnivore. The shaft 

is hollow and the mark of a canine tooth is readily visible 

on the broken end. 

The effect of weathering on the skeletal elements in 

the assemblages has already been discussed. Organic 

decomposition is difficult to study in a fossil assemblage. 

The small number of elements preserved from an "average" 

mammal skeleton attests to the effectiveness of organic 

decomposers (Toots, 1965; Behrensmeyer, 1978; Behrensmeyer 

and Dechant Boaz, 1980; Coe, 1980). Root marks on a number 

of skeletal elements indicates that plant acids which 

destroy bone chemically were available in the Palm Spring 

paleoenvironments. Gnaw marks by rodent incisors can also 

be observed on some skeletal elements. Gnawing by rodents 

to maintain their incisors at a functional length or to 

obtain calcium was suggested by Brain (1980) as an important 

taphonomic process. The fragmentary condition of many 

bones, particularly the larger ones, may be due, in part, to 

trampling as well as to weathering and organic 

decomposition. Equid hoofprints can be observed on a 

partial, third metatarsal of Equus sp. (IVCM 3382, loco 840) 

and on a partial pelvis of Equus sp. (IVCM 1545, loco 435). 
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Post-burial destructive agents may also have acted on 

the skeletal elements. Streams may rework sediments and in 

doing so re-entrain previously buried skeletal elements 

(Behrensmeyer, 1982a). Re-worked skeletal elements should 

show signs of abrasion and re-buria1 according to Voorhies' 

Group. This is not observed in the Palm Spring fluvial 

assemblages, suggesting that re-working was not a major 

factor. Chemical dissolution of skeletal elements by ground 

water is another post-burial biasing agent. The effect of 

chemical dissolution would be to either completely destroy 

the skeletal element or to leave some type of chemical 

diagenetic signature. If complete dissolution occurred it 

would leave no record so that its biasing effect cannot be 

determined. A small number of skeletal elements consists 

only of the calcite-filled spongiosa of long bones, 

suggesting that these skeletal elements were partially 

destroyed by chemical reactions. It appears, however, from 

the physical condition and sedimentologic setting of the 

skeletal elements that post-burial taphonomic processes were 

a very unimportant factor. 

Significance of the Large Mammal TaPhonqmy 

The overall pattern exhibited by the taphonomic history 

of the large mammal assemblages is that the assemblages have 

experienced only a minimal amount of fluvial sorting and 

transport since the death of the organisms contained in the 

assemblages. The occurrence of skeletal elements belonging 



252 

to all three Voorhies' Groups in each generalized 

paleoenvironmental assemblage, the near absence of abrasion 

on most of the skeletal elements, and the general lack of 

hydraulic equivalence between skeletal elements and 

sediments supports the above statement (Voorhies, 1969; 

Behrensmeyer, 1975; Badgley, 1986a). The change in 

frequency of some skeletal elements from that in an 

"average" large mammal skeleton indicates some slight degree 

of sorting (Voorhies, 1969; Behrensmeyer, 1975). Sorting 

was the product of several factors; e.g., fluvial processes, 

carnivore activity, weathering, trampling, and organic 

decomposition. Fluvial processes appear to be a relatively 

unimportant important sorting factor for the Palm Spring 

assemblages suggesting that the other processes are more 

significant in preserving the observed frequencies of 

skeletal elements (Badgley, 1986a). Shape and surface 

area-to-volume ratios appear to have been more important 

factors in determining preservation of Group I and 1/11 

elements than bone density. 

The presence of skeletal elements in all stages of 

weathering suggests that most of the fossils accumulated as 

attritional assemblages on land surfaces prior to burial. 

Elements in the "channel" assemblage were carried into the 

"channels" by floodwaters that scoured skeletal elements 

from the floodplain and braidbars. The floodplain 

assemblage accumulated in place, more or less, and 
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represents primarily a lag assemblage. The assemblage from 

the "channel-fill" environment appears to have accumulated 

by deposition of skeletal elements from streams and by lag 

accumulation of skeletal elements on the braidbars. 

Skeletal elements in the lacustrine depositional environment 

most probably accumulated on distant land surfaces and were 

carried into the lake by streams and sheetwash where they 

were buried close to shore. 

The study by Badgley (1986a) showed that the channel 

depositional environment preserved a "truer" picture of 

taxonomic diversity than the other depositional environments 

in the Siwalik Group. In the Palm Spring Formation, 

however, it appears that taxonomic diversity is preserved 

nearly equally among the different depositional environments 

(Table 16), suggesting that there is little difference in 

preservation from one depositional environment to another. 

The explanation for this is that most of the specimens 

accumulated in floodplain or "channel-fill" environments as 

surface lags and those that were transported experienced 

only minimal transport from their place of origin. 

The most important inference from the taphonomic 

analysis is that most of the Palm Spring FCVC assemblages 

experienced only minimal fluvial transport and sorting of 

skeletal elements, i.e. they are relatively unbiased in this 

respect. Taxonomic diversity and relative taxonomic 

abundances of large mammals can, therefore, be 
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reasonably estimated from the assemblages (Badgley, 1982a, 

1986a). Thus, the Palm Spring FCVC assemblages can reliably 

be used as a basis for analyses of paleoecology and 

community structure. 
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Table 16. Distribution of Mammalian Genera and Species in 
the Palm Spring and Imperial Formations by Lithology and 
Depositional Environment. Numbers Indicate the Number of 
Times a Taxon Occurs in a Particular Lithology/Environment. 

Taxon Lithology EnYironment 

CS SS ST CL CA LS OT CH FL FP LA TF 

Sorex 2 1 1 
Notiosorex 2 2 3 1 
Scapanus 2 1 3 4 8 
Anzanycteris 12 1 12 1 
Nothrotheriops 1 2 5 1 1 1 5 3 
Mega 7 onyx 2 3 6 9 3 6 11 
G7ossotherium 1 1 2 1 2 1 
Lepus 3 3 
Sy7vi 7agus 2 11 31 11 3 31 24 
Pewe7agus 8 12 1 16 5 
Nekro7agus 2 1 1 
Hypo7agus 11 20 3 22 11 1 
Sigmodon 10 25 7 1 23 11 1 1 
minor 

S. 7 indsayi 1 11 5 9 8 
Neotoma 1 73 49 11 1 3 101 29 2 
Baiomys 1 1 
Onychomys 2 2 
Peromyscus 1 10 1 4 8 
Reithrodontomys 1 7 3 5 
Ca 7 70mys 2 1 1 
Mimomys 8 8 
Geomys sp. 2 23 58 21 1 4 65 33 3 
G. anzensis 2 24 3 20 9 
G. garbani i 5 16 46 11 7 46 24 1 
Thomomys 3 6 1 3 7 
D i podomys sp. 5 6 1 5 5 
D. compactus 3 5 3 5 5 
D. hibbardi 6 2 1 7 2 
D. sp. A 4 8 7 5 
D. sp. a 1 1 
Perognathus 1 17 18 7 1 25 16 1 
Microdipodops 2 2 
Eutamias 2 1 1 
Spermophi 7us 3 2 2 
Coendou 3 5 1 3 4 
Castor 1 1 
Hydrochoerus 1 
Cuvieronius 1 1 
Mammut 1 1 1 1 1 
Mammuthus 1 1 1 2 
Stegomastodon 1 
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Table 16. Contjnued. 

Taxon Lithology Enyjronment 

C5 55 5T CL CA L5 aT CH FL FP LA TF 

Canis 11 15 2 5 15 10 
Urocyon 1 1 
Vu7pes 1 
Borophagus 1 1 1 
Arctodus 3 2 1 1 
Tremarctos 1 1 1 1 
Ursus 1 2 1 1 1 
Procycon 1 2 1 2 
Nasua 1 1 
Tax idea 1 1 1 
Muste7a 1 1 
Gu70 1 1 
Spi 7oga7e 1 1 
Trigonictis 2 1 1 
Fe 7 is SPa 1 2 4 2 2 2 4 1 
F. rexroadensis 1 1 1 1 2 
F. conco70r 1 8 1 1 4 5 
Panthera sp. 1 1 
P. atrox 1 
P. onca 1 1 
Lynx 2 3 3 2 1 4 1 
Smi 7odon 1 6 3 1 5 3 1 
Equus SPa 33 136 291 116 13 5 7 96 285 199 21 
Equus 8 22 23 8 3 1 14 21 26 4 
(007 ichohippus) 
Equus (Asinus) 1 1 
Equus (Equus) 2 7 13 7 2 7 7 17 
Equus 2 1 1 
( Hemionus) 
Oinohippus 2 1 
Hippidion 1 1 2 
Tapirus 3 1 3 1 
Hemiauehenia 3 20 27 16 4 2 2 8 29 33 4 
Came70ps 4 4 45 12 3 1 2 18 38 33 1 
Titanoty70pus 1 8 2 1 1 3 8 
Cervus 1 1 1 1 
Odoeoi 7eus 1 7 29 10 2 4 24 21 
Navahoeeros 6 9 5 2 4 8 10 
Anti 70eapra 2 1 1 
Cap rome ryx 6 7 4 1 1 2 7 10 1 
Tetrameryx 13 2 1 9 7 
Euceratherium 1 3 1 3 2 
Ovis 2 2 
P7atygonus 3 4 8 4 2 4 8 8 
My70hyus 1 1 
IQIAL.S 76 479 915 302 39 14 14 207 934 674 78 3 
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Table 16. Contjnyed. 

CS = Very coarse sandstone, SS = Sandstone, ST = Siltstone, 
CL = Claystone, CA = Caliche, LS = Limestone, OT = "Other", 
lithology not specified in LACM fieldnotes, CH = "Channel", 
FL = "Channel-fill", FP = Floodplain, LA = Lacustrine, TF = 
Tidal flat. 

Based on specimens that can be sourced to lithology and 
depositional environment. 
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The area in which the FCVC vertebrates lived during the 

Blancan and Irvingtonian was bordered to the west and north 

by highlands formed of igneous and metamorphic rocks of the 

Peninsular Ranges. Clasts in conglomerates and the 

composition of "L"-suite sediments provide evidence that 

these mountains were already prominent and actively 

providing sediments to the Salton Trough (Winker, 1987). 

The coarsest sediments derived from the Peninsular 

Ranges formed alluvial fans and bajadas at the bases of the 

mountains. The Canebrake Cong10mer'ate is the stratigraphic 

expression of the proximal sediments formed at the base of 

these mountains. The proximal sediments may have extended 

into the basin for a distance of two to three kilometers. 

The geomorphic gradient was probably fairly steep with an 

abrupt change where the proximal sediments met the 

floodp1a;n ;n the basin. This can be inferred from the 

basinward fining of sediments in the Canebrake Conglomerate 

and the near absence of clasts larger than pebbles in the 

011a, Huesos and Tapiado "members" of the Palm Spring 

Formation. 

My interpretation of my field observations and the data 

of Woodard (1963) and Winker (1987) is that most of the FCVC 
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area was occupied by floodplains. During the early Blancan 

the Colorado River and its delta plain were the dominant 

features of the FCVC landscape. Sediments left by this 

system are now recognized in the Diablo "member" of the Palm 

Spring Formation. Well-defined, shifting, meandering 

channels carried water across an essentially featureless 

floodplain that was probably only a few meters, at most, 

above sea level (Johnson et a1., 1983). Near the margin of 

the FCVC basin the Colorado River interacted with a 

reletively narrow band of floodplain and channel sediments 

deposited from the Peninuslar Ranges by braided steams (011a 

"member"). For reasons currently unknown, at about 3.0 Ma 

the Colorado River changed course and left the FCVC area 

(Winker, 1987). This allowed the progradation of locally­

derived sediments across the FCVC area during the late 

Blancan and early Irvingtonian. The floodplain formed by 

these sediments was similar to that of the Colorado River 

delta in that it was near sea level and essentially 

featureless. The major difference was that the 

sedimentation patterns of the "L"-suite facies were 

dominated by braided streams that probably originated in the 

surrounding mountains (Huesos "member" and parts of the 

Tapiado "member"). 

The change in course of the Colorado River probably had 

several effects on the FCVC paleoenvironment. One effect 

may have been a major change in water source for plants and 
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animals. A large, permanent source of water (the Colorado 

River) may have been replaced by what were, possibly, 

seasonal or localized water sources (seasonally flooded 

rivers, water holes). Permanent water sources probably 

remained to support the more diverse and abundant fauna that 

occupied the FCVC area after the Colorado River left the 

area (compare taxonomic diversity of Diablo and 011a 

"members" with that of the Tapiado and Huesos "members", 

Table 4). The presence of the aQuatic turtles C7emmys and 

Pseudemys, the semi-aquatic mammals Castor, Hydrochoerus, 

and Tapirus, and eight species of aQuatic birds (Howard, 

1963) in the Huesos "member" also indicate that permanent 

water sources were available after the Colorado River left 

the FCVC area and the infilling of the Tapiado lake. The 

change in river systems must have had profound effects on 

the local ground water table, probably lowering it 

considerably. The change in river systems and ground water 

table would probably have had major effects on the 

vegetation, soil types, and microclimate. However, there is 

very little evidence for this in the Huesos and Tapiado 

"members". No plant fossils have been found in those 

"members". The only recognized paleosols are ca1iches. It 

would be logical to speculate that, unless precipitation was 

abundant and eQuably distributed, the lowering of the ground 

water table would have resulted in drier soils and the 

establishment of more xeric vegetation. Regardless of the 
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exact prevailing paleoclimatic regime, there was possibly a 

change to plants and soils characteristic of sandier 

sediments because most of the sediments in the Huesos and 

Tapiado "members" are sand (Woodard, 1963; Winker, 1987). 

The change in river systems, water sources, ground water, 

soils, and plants may have then caused changes in the types 

and areas of pa1eohabitats for vertebrates and changes in 

their paleocommunity structure. This will be explored in a 

later section of this chapter. 

For a short period after the Colorado River changed 

course out of the FCVC area, a relatively large, permanent 

body of water continued to exist. The Tapiado "member" 

preserves the sediments deposited in this lake (Chapter 3). 

During the earliest Blancan the highlands and foothills 

surrounded a suite of tidal flats and marshes now recognized 

as the Camel's Head "member" of the Imperial Formation 

(Winker, 1987). Minor local tectonic movements and possibly 

global sea level changes allowed very shallow marine 

transgressions while the Diablo and Huesos "members" were 

being deposited because their floodplains lay close to sea 

level (Chapter 3). At these times, based on marine 

invertebrate fossils, tidal flats and marshes may have 

occupied the area usually dominated by fluvial sedimentation 

(Chapter 3). 
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paleobotany of the Fjsh Creek-Vallecito Creek Area 

Very few plant fossils are known from the Palm Spring 

and uppermost Imperial Formations in the FCVC area. 

Petrified wood has been reported by Remeika et a1. (1988) in 

the Diablo "member" and by Winker (1987) in the Olla and 

Camel's Head "members". Winker (1987) also reported the 

occurrence of carbonized palm fronds in "CD-suite sediments 

of the 011a "member". Remeika (1994) reported on additional 

dicotyledon and monocotyledon petrified wood as well as 

herbaceous monocotyledon leaf impressions from the Diablo 

"member". Palynomorphs and fossil seeds are currently 

unknown from the area, although Dr. R. F. Fleming (1993, 

pers. comm to Dr. E.H. Lindsay) wrote of the presence of 

reworked Cretaceous and Eocene palynomorphs in "CD-suite 

sediments of the Diablo "member". 

The paleobotanical evidence from the Palm Spring and 

uppermost Imperial Formations is completely biased in favor 

of trees and that evidence consists almost entirely of 

petrified wood. Significantly, all the known plant fossils 

were collected from "CD-suite sediments. This may be 

indicative of high sedimentation rates in the lower part of 

the FCVC section, which is composed primarily of "en-suite 

sediments, as reported by Johnson et a1. (1983), more 

favorable conditions for the preservation of woody tissue, 

more abundant trees in the paleoenvironments represented in 

the Diablo and "CD-suite Olla "members" compared to the 
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Tapiado and Huesos "members", or a combination of these 

factors. The red, orange, tan, and buff colors of the Palm 

Spring Formation sU9gest that its sediments were deposited 

under oxidizing conditions that are not favorable to the 

preservation of organic materials. 

Except for the tree fossils from the early Blancan 

Diablo "member", any statements about the vegetation in the 

FCVC area during the Blancan and Irvingtonian can only be 

made as inferences. Winker (1987) did not present 

identifications of the tree species he found preserved as 

petrified wood. Remeika et a1. (1988) found that their 

samples contained representatives of four genera of trees. 

Remeika (1994) presented an updated and expanded list of the 

FCVC pa1eof1ora. The pa1eof1ora, the Carrizo local flora, 

contains the following taxa: Umbe77u7aria sa7icifo7ia 

(Lauraceae, laurel), Popu7us sp. indet., Popu7us sp. cf. P. 

alexanderi (Salicaceae, cottonwood), Sa7ix sp. indet., Sa7ix 

gooddingii (Sa1icaceae, willow), Jug7ans pseudomorpha 

(Juglandaceae, walnut), Fraxinium caudata (Oleaceae, ash), 

Aescu7us sp. (Hippocastanaceae, buckeye), Saba7 sp. cf. S. 

miocenica (Arecaceae, palm), and Juniperus sp. indet. 

(Cupressaceae, juniper). The most abundant species is 

Umbe77u7aria sa7icifo7ia. Distinct seasonal growth rings 

are apparent in the hardwood samples (Reme;ka et a1., 1988; 

Remeika, 1994). 
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According to Remeika et al. (1988) and Remeika (1994), 

these genera are essentially riparian and their association 

with sediments deposited by the Colorado River suggests that 

their Blancan species had the same soil and moisture 

requirements as the extant species. Similar associations of 

these genera occur today in California in coastal areas of 

the state dominated by mesic, temperate climatic conditions 

with predominantly winter rainfall (Axelrod, 1937, 1966; 

Remeika, 1994). With the exception of laurels and junipers, 

this association of trees also occurred on the banks of the 

modern Colorado River delta prior to upstream damming 

(Sykes, 1937; Dr. Owen Davis, pers. comm.). 

During the early Blancan, the evidence indicates a 

primarily riparian association of trees (Remeika et al., 

1989; Remeika, 1994). It can only be speculated about the 

types of plants covering the landscape between the forested 

margins of the Colorado River, those which existed in areas 

away from the delta plain, and those in existence during the 

late Blancan and early Irvingtonian. The mammalian genera 

that existed in the FCVC area during the Blancan and 

Irvingtonian provide some very general insights to this 

problem. 

On the basis of the dentition and dietary preferences 

of living relatives of most of the mammalian genera it is 

suggested that grasses were the dominant plant type in the 

FCVC area during the Blancan and Irvingtonian. The 



265 

preponderance of large and small mammals classified as 

strict grazers or mixed feeders (equids, anti1ocaprids, 

lagomorphs, mammoth, bovids, camel ids, some rodents such as 

those of "microtine" grade) (Janis, 1990) suggests that 

grasses were very abundant (Table 25). 

Some combination of trees and/or shrubs may have also 

existed on the braidp1ains of the Huesos and "L"-suite Olla 

"members" as indicated by the mixed feeders listed above and 

browsers such as the cervids, mastodonts, gomphotheres, and 

sloths (Kurten and Anderson, 1980; Janis, 1990). The 

presence of quail (Lophortyx) and turkey (Agriocharis, 

Me7eagris) also suggests that some parts of the FCVC area 

were covered by brush (Howard, 1963). Trees and shrubs may 

have existed along stream banks and in areas where the water 

table was relatively close to the surface. 

A lack of plant and animal fossils precludes any 

speculation about the type of vegetation that occurred in 

the foothills and highlands. 

The meager evidence from the Blancan and Irvingtonian 

sediments in the FCVC area suggests that during the early 

Blancan dense woodlands occurred along the banks of the 

Colorado River and along tributary watercourses flowing into 

the Colorado River. Grassland, either open or parkland, is 

speculated to have occurred in the areas between rivers. 

This situation may have resembled the plant communities 

existing today on the west slopes of the Coast Ranges of 
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California (Axelrod, 1937). Less dense woodland, possibly 

comprised of different tree genera, may have existed along 

the streamsides/high water table areas of the braidplain 

along the basin margin. Some type of grassland most 

probably existed on the basin margin braidplain. With the 

change in course of the Colorado River and the concomitant 

effects this had on the FCVC area, the progradation of the 

braidplain probably caused its plant communities to dominate 

the lowland areas of the FCVC area during the late Blancan 

and early Irvi~~tonian. Interestingly, although a major 

water source remained in the area in the form of the Tapiado 

lake, the tree genera associated with the Colorado River 

delta plain do not seem to have survived in the area as a 

lakeshore community. 

paleoclimate of the Fish Creek-vallecito Creek Area 

The paleoclimate of the FCVC area during the Blancan 

and Irvingtonian was the result of the interplay of global 

and regional conditions. Available data from the area which 

bear directly on its paleoclimate are, at present, very 

sparse. Paleoclimates in the FCVC area can, however, be 

inferred from several lines of evidence. 

The limited paleobotanical data of Remeika et a1. 

(1988) and Remeika (1994) does not permit Quantitative 

paleoclimatic interpretation as has been done with leaf 

margin and leaf physiognomy by Wolfe and Hopkins (1967) and 

Wolfe (1978). Paleoclimatic inferences based on Remieka et 
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a1. (1988) and Remeika (1994) are valid only for the 

approximate age limits of the Diablo and 011a "members", 

4.0-3.0 Ma (early Blancan), as these are the stratigraphic 

units in the FCVC area in which petrified wood is found. 

Based on analogy with living species of the genera found in 

the early Blancan Diablo "member" of the Palm Spring 

Formation, Remeika et a1. (1988) and Remeika (1994) inferred 

that the early Blancan paleoclimate in the FCVC area was 

mesic and temperate. Their research showed that living 

representatives of the genera they collected inhabit areas 

of western North America that are cooler and wetter than the 

present-day Anza-Borrego Desert. Growth ring patterns in 

the petrified wood of all the hardwood genera and species 

recovered led them to conclude that most rainfall occurred 

during the winter months, a situation that still prevails 

over southern California. The closer proximity of the Gulf 

of California may have imparted more of an oceanic influence 

in the form of frequent fog and overcast, apparently 

necessary conditions for the survival of the walnut, Jug7ans 

pseudomorpha, according to Axelrod (1937). The oceanic 

influence may have caused an overall humid or subhumid 

paleoclimate even though most precipitation apparently fell 

during the winter. 

The paleoclimatic interpretation of Remeika et a1. 

(1988) and Remeika (1994) must be considered in light of the 

fact that their data consists of tree genera that 
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constitute, at present, riparian plant communities. 

The preferred habitat of these genera may provide a 

misleading interpretation of paleoclimates. The occurrence 

of all the recovered tree genera, except for laurel and 

juniper, on the modern, pre-dammed Colorado River delta 

indicates that these genera can survive in an area 

characterized by year-round warm to hot temperatures and 

little rainfall because of their close proximity to a river. 

The deciduous nature of the genera, with the exception of 

the palm and juniper, rather than seasonal rainfall, may be 

responsible for the growth ring patterns (Dr. Owen Davis, 

pers. comm.). Based on the above discussion, it is possible 

that the paleobotanic data from the FCVC area is of limited 

use in paleoclimatic interpretation and, if used, must be 

used with caution. 

The presence of laurel and juniper in the FCVC area, 

however, suggests cooler than present-day temperatures 

because these trees occur today in cooler, montane areas of 

California (Axelrod, 1937, 1966). 

Paleoclimates during the late Blancan and early 

Irvingtonian in the FCVC area cannot be surmised from 

paleobotanical data as none exists in sediments deposited 

during that time span. 

Geologic data to infer paleoclimates in the FCVC area 

during the Blancan and early Irvingtonian are also sparse. 

The presence of the Tapiado lake, by itself, is insufficent 
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to infer paleoclimates. The occurrence of the Salton Sea 

and lakes and marshes on the pre-dammed modern Colorado 

River delta indicate that standing bodies of water and 

wetlands can occur in hot, dry area if a major river system 

is also present (Sykes, 1937). Once the Tapiado lake 

formed, its continued presence for over 500 Ka suggests that 

therp. was sUfficient year round rainfall over the FCVC area 

or the surrounding mountains to provide a continuous supply 

of water to maintain a fresh water lake during the late 

early Blancan (Chapter 3). Forester (1991) noted the 

occurrence of long-lived lakes in the western United States 

between ~3.5 and 2.5 Ma and used this occurrence to suggest 

that the climate during this time was wetter than the 

present-day climate. Irrespective of the cause for the 

formation of the Tapiado lake, its continued existence fits 

with Forester's (1991) model and its paleoclimatic 

inference. Tapiado lake shows signs of drying up (greater 

number of fluvial sediments and limestones in the Tapiado 

"member") after 2.5 Ma and is non-existent after about 2.0 

Ma. This observation suggests a change to a relatively 

drier paleoclimate. This observation is in agreement with 

data from Searles Lake, California, and pedogenic carbonate 

data from the St. David Formation, San Pedro Valley, Arizona 

that also suggest a general trend toward drier conditions in 

the southwestern United States after 2.5 Ma (Smith et a1., 

1993). 
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Another potential proxy for paleoclimates is paleosol 

type (Bown and Kraus, 1981; Retallack, 1983). Caliche is 

the only recognizable paleosol in the Palm Spring Formation, 

and then only in the Huesos "member" (late Blancan-early 

Irvingtonian) (Chapter 3). The presence of occasional 

caliche horizons during this time suggests that, at least 

some of the time, the local paleoclimate was more arid than 

during the early Blancan. 

One important factor in the paleoclimate of the FCVC 

area is the rainshadow effect produced by the Peninsular 

Ranges to the west. These mountains block cooler, moisture­

laden air masses from the Pacific Ocean from reaching the 

FCVC area at the present, creating a local variation in the 

overall climatic regime of southern California and producing 

warmer, more arid local climates on their east side. The 

geologic evidence ("L"-suite sediments) indicates that these 

mountains were in existence during the Blancan and early 

Irvingtonian. Their height at that time cannot be presently 

estimated. The paleoflora studied by Remeika et ala (1988) 

and the temperate paleoclimate they inferred from that 

paleoflora, if correct, led them to suggest that, during the 

early Blancan, the Peninsular Ranges were not high enough to 

exert a rainshadow effect. In concert with a closer 

shoreline and the inference for lack of a rainshadow at this 

time we can surmise these conditions contributed to 

relatively humid or subhumid year-round conditions. During 
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the late Blancan and early Irvingtonian it is more likely 

that the Peninsular Ranges were of sufficient height to 

exert a rainshadow effect in the FCVC area. The evidence 

for this inference is weak; it consists of the drying-up of 

the Tapiado lake along with the occasional presence of 

caliche horizons in the Huesos "member". This change from a 

subhumid to subarid climate regime apparently coincides with 

the drainage change of the Colorado River, and all of these 

events might have been triggered by a local tectonic event. 

The upward-fining sequences in the Huesos and upper 

Tapiado "members" and the View of Badlands conglomerate in 

the Huesos may be a type of paleoclimate proxy. Regardless 

of whether they are the products of flash floods or debris 

flows, the episodic character of the upward-fining sequences 

and the View of Badlands conglomerate may indicate times of 

significantly increased precipitation, perhaps from seasonal 

storms. This interpretation would agree with the 

paleobotanic data and climate models that suggest the 

establishment of seasonal precipitation patterns in southern 

California beginning in the early Blancan. The absence of 

any change in dip or strike of the upward-fining sequences 

and the View of Badlands conglomerate infers that these beds 

are the products of climatic rather than tectonic factors. 

Additional paleoclimatic inferences are suggested by 

the Blancan-early Ivingtonian vertebrate fauna from the FCVC 

area. The occurrence of a diverse and abundant fauna of 
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terrestrial vertebrates in the FCVC area during the Blancan 

and Irvingtonian suggests that the paleoclimate was more 

temperate than at present. The present climate in the FCVC 

area consists of extremely hot summers and warm winters with 

very little rainfall. The present climate does not provide 

the temperature and rainfall conditions needed for the 

vegetation required to support a large, diverse biomass of 

animals, particularly large mammals. Nor does the 

present climate provide an adequate water supply for large 

numbers of animals. 

Several taxa of vertebrates in the FCVC section can be 

used as paleoclimate proxies. The giant land tortoise, 

Geoche7one, occurs in the section from CU 35.2 into the 

Hollywood and Vine sediments. The presence of Geoche7one 

indicates that temperatures in the area did not fall below 

O·C and probably did not fall far below the 15·C winter 

isotherm during the Blancan and early Irvingtonian (Estes 

and Hutchinson, 1980). The aquatic turtles C7emmys and 

Pseudemys are known from the early Blancan to the early 

Irvingtonian, and Kinosternon from the late Blancan. Their 

presence only indicates permanent bodies of water in the 

FCVC area (Mr. Kevin B. Moodie, pers. comm.), and does not 

provide insight into the conditions, paleoclimatic or 

otherwise, responsible for those bodies of water. 

Norell (1989) reported that the disappearance of the 

iguanine genera Pumi7ia novaceki and Dipsosaurus dorsa7is 
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and their replacement by gerrhonotines and skinks near 3.16 

Ma suggests that a climatic change occurred at that 

time (early Blancan). The former genera of lizards are 

indicative of xeric climates and the latter types are 

characteristic of more mesic conditions. Norell's (i989) 

xeric paleoclimatic interpretation for the 4.0-3.16 Ma 

period appears to contradict that of Remeika et a1. (1988) 

and Remeika (1994) which sugggests a cool and wet, 

oceanically-moderated, local p'a1eoc1imate during that time 

span. However, Norell's (1989) conclusion must be tempered 

by the realization, as he noted, that there is a probable 

collecting bias against lizard fossils in the FCVC section. 

The current stratigraphic ranges of the lizards (and the 

inferences from those ranges) reflect the collecting bias 

(e.g., screen washing site distribution) rather than real 

chronologic ranges of the lizards. 

"Microtine" grade rodents occur in the FCVC section in 

floodplain sediments of the Huesos "member". Their lowest 

documented stratigraphic occurrence is in CU 52.2 (~1.9 Ma) 

(Mictomys anzaensis) which is latest Blancan. They remain 

as rare members of the rodent component from that level to 

the top of the section. Living "microtine" grade rodents 

are usually restricted to riparian habitats in mesic 

climates (Walker et a1., 1968; Hall, 1981). Their prese~ce 

in the section may suggest that the latest Blancan and early 

Irvingtonian in the FCVC area was cooler and more humid than 



at present or during pre-Blancan times (Zakrzewski, 1972). 

This would seem to contradict the sedimentologic and 

paleopedologic evidence presented above that suggests 

relatively drier conditions beginning in the late Blancan. 
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The use of other rodents as paleoclimate proxies must 

be treated with caution because the fossil record reflects 

the feeding habits of the predator as much as the 

environmental requirements of the prey. Therefore, the use 

of rodent genera as paleoclimate proxies must be done 

critically. Some rodent genera do appear to be climatically 

restricted, at present. Dipodomys (kangaroo rat) and 

Perognathus (pocket mouse) currently are restricted to arid 

and semiarid areas of western North America (Walker et al., 

1968; Hall, 1981). Their occurrence throughout the FCVC 

section suggests that the area could be classified as a 

semiarid region during the Blancan and Irvingtonian. 

The presence of abundant Dipodomys and Perognathus in 

the same floodplain sediments as the very rare, more mesic 

Nmicrotines N suggests that the Nmicrotine N grade rodents 

lived in different paleohabitats, such as foothills or 

mountains surrounding the FCVC area, that were cooler and/or 

wetter than the lowlands. The occurrence of "microtines" 

with rodents preferring, at present, more arid climates may 

be due, of course, to predatory mammals and birds having 

introduced the "microtine" remains in the lowland area via 

feces and regurgitated pellets. However, presence of 



"microtines" does suggest a cooler and/or wetter 

paleoclimate, compared to the Recent, in the FCVC area 

during the late Blancan and early Irvingtonian. 
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The absence in Irvingtonian sediments of the semi­

aquatic mammal genera Castor, Tapirus, and Hydrochoerus that 

were present in Blancan sediments suggests that there were 

few permanent bodies of standing water during the 

Irvingtonian. The inference is that the Irvingtonian 

paleoclimate was more arid than during the Blancan in the 

FCVC area. 

Fossils of the cotton rat, Sigmodon, occur throughout 

the FCVC section. The presence of Sigmodon suggests that 

the Blancan to early Irvingtonian paleotemperatures were 

consistently warm year-round (Walker et a1., 1968; Hall, 

1981; Martin, 1986). 

The paleoclimatic interpretation for the FCVC area 

based on evidence from within the area can be summarized as 

follows. Based on the paleobotanic data of Remeika et a1. 

(1988) and Remeika (1994), the early Blancan is inferred to 

have had a temperate paleoclimate due to the lack of a 

rainshadow effect caused by the Peninsular Ranges and 

proximity to the Gulf of California. The wet winter - dry 

summer precipitation pattern of southern California was 

apparently established by this time, but proximity to the 

ocean may have lessened the effects of the summer dry 

season. This interpretation is contradicted by the presence 



276 

of the lizards Pumi7ia novaceki and Dipsosaurus dorsa7is 

that suggests a xeric paleoclimate (Norell, 1989). Another 

contradictory paleoclimate proxy during the early Blancan is 

the presence of the rodent genera Dipodomys and Perognathus. 

These genera are suggestive of very warm and dry climates 

(Walker et al., 1968; Hall, 1981). The presence of the 

giant land tortoise Geoche7one suggests that 

paleotemperatures were warm year-round with very few days of 

freezing winter temperatures (Estes and Hutchinson, 1980). 

The presence of Sigmodon also suggests warm 

paleotemperatures (Martin, 1986). 

The late early and late Blancan paleoclimate is 

inferred to have been warm and wet. Warm paleotemperatures 

are suggested by the presence of Geoche7one and Sigmodon. A 

wet paleoclimate is suggested by the presence of a permanent 

body of water, Tapiado lake (Chapter 3), the semi-aquatic 

mammal genera Tapirus, Castor, and Hydrochoerus (Walker et 

a1, 1968; Hall, 1981), and the gerrhonotines and skinks 

(Norell, 1989). The presence of Dipodomys and Perognathus 

which suggest very warm and dry conditions in both the early 

and late Blancan contradict the other paleoclimate proxies 

for the late Blancan. 

The paleoclimate during the latest Blancan and early 

Irvingtonian is inferred to have changed to drier, but not 

arid, conditions. This is suggested by the drying-up of 

Tapiado lake and the occasional occurrence of caliche 



277 

horizons in the uppermost Tapiado and Huesos "members" 

(Chapter 3; Forester, 1991; Smith et a1., 1993). The 

inferred change to drier conditions is a relative one and 

may be, in part, due to a rainshadow by the Peninsular 

Ranges. The continued presence of Geoche7one and Sigmodon 

suggest that paleotemperatures during the latest Blancan and 

early Irvingtonian remained warm, with very rare winter 

freezes. The presence of "microtine"-grade rodents, 

indicative of cool and wet climates (Walker et al., 1968; 

Hall, 1981), apparently contradicts the interpretation of a 

warm, dry paleoclimate during this time. The presence of 

Dipodomys and Perognathus is more in accord with the 

interpretation from other evidence that the paleoclimate 

during this time was warm and dry. 

It must be strongly emphasized that the paleoclimatic 

interpretation for the Blancan and early Irvingtonian of the 

FCVC area is very general and Qualitative, based on limited 

evidence. The change to dry conditions in the latest 

Blancan is a relative one and does not imply the 

establishment of desert conditions. It must also be 

emphasized that the paleoclimatic interpretation is limited 

to the FCVC area. The change in proximity to the Gulf of 

California and the postulated height of the Peninsular 

Ranges implies that local factors had a strong influence on 

the paleoclimate and moderated global paleoclimate effects. 
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paleoecologic Methodology 

Methods to reconstruct paleocommunities of terrestrial 

vertebrates have not been ex~ensively developed. Shotwell 

(1955, 1958) made one of the first attempts to 

quantitatively reconstruct mammalian paleocommunities. 

Shotwell's reconstructions were designed to determine which 

taxa in an assemblage were members of a community proximal 

to the site of deposition and which were from communities 

distal to that site. Shotwell's (1955) quantitative 

methodology was developed to determine the number of 

individuals, relative abundance of taxa, number of 

specimens, and specimens per individual in an assemblage; 

his original methodology was modified three years later 

(Shotwell, 1958). Since then, critical discussion has been 

directed toward Shotwell's methodology (Voorhies, 1969; 

Dodson, 1973; Wolff, 1973; Grayson, 1978). Most of the 

criticism has arisen because Shotwell's approach accounted 

too little for the effects of taphonomic biasing of an 

assemblage (Grayson, 1978). In defense of Shotwell, it is 

essential to point out that he was the first to quantify and 

compare specimen numbers. His results, in light of 

subsequent studies, were meaningless, but, most importantly, 

his studies forced other researchers to consider 

preservation bias in their paleoecological interpretations. 

Taphonomic processes (biological, chemical, and 

physical destruction) are, by and large, the single"most 
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important reason for the scarcity of fossils in the 

terrestrial geologic record (Hanson, 1980). Because of 

these processes, determining actual population numbers in a 

paleocommnuity ;s impossible (Grayson, 1978; Voorhies, 1969; 

Badgley, 1986a,b), although crude estimates may be obtained 

with certain statistical treatments (Badgley, 1982a). Thus, 

most paleoecological studies rely on estimates of relative 

taxonomic abundance (Badgley, 1986b), as does this study. 

Estimates of relative taxonomic abundance depend on either 

some measure of the number of individuals in the assemblage 

or the number of specimens per taxon. In this study, 

relative taxonomic abundance is estimated by the methods 

proposed by Badgley (1986a,b). 

Badgley (198Ga,b) recognized that different taphonomic 

processes require different quantification methods to 

determine relative taxonomic abundance. For assemblages 

accumulated in fluvial environments the number of 

individuals may be accurately correlated with the number of 

specimens. In these types of assemblages the once 

articulated skeletal elements have been disarticulated and 

dispersed so that the probability of association for any two 

elements of the same taxon belonging to the same individual 

;s low (Wolff, 1973; Hill, 1979; Behensmeyer, 1975, 1978, 

1982a, 1988a; Badgley, 1986a). By contrast, assemblages 

that resulted from predator and scavenger activities usually 

contain a high proportion of multiple skeletal elements that 
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originally accumulated as articulated units. For these 

assemblages determining the minimum number of individuals 

provides a better estimation of relative taxonomic 

abundance. In this study these two procedures were followed 

in order to determine the numbers of individuals in 

vertebrate assemblages in the FCVC section. 

The effects of sample size on raw data and Quantitative 

treatment of that data for paleoecological research must be 

considered. In considering the effects of sample size on 

the relative abundances of taxa Wolff (1973) suggested that 

large collections (800+) of specimens are necessary to 

provide accurate estimates of diversity and relative 

abundances of taxa. 

No individual assemblage from the Fish Creek-Vallecito 

Creek area contains as many specimens as either of Wolff's 

(1973) most productive localities (521 and 574 specimens, 

respectively). Specimen counts per vertebrate locality in 

the Palm Spring Formation range from one to 476. However, 

there are five factors that make it possible to make 

paleoecologic interpretations from these assemblages. 

First, the Quantitative method chosen (Valverde, 1964, 1967; 

Legendre, 1986, 1988) can be applied to suites of 

assemblages from any stratigraphic range as well as single 

assemblages so that large samples can be generated. Second, 

stratigraphic placement of most localities allows one to 

consider all specimens from anyone collecting unit (chapter 
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6) as an assemblage, even though there may be many 

individual localities from that particular collecting level. 

Third, collecting methods for the assemblages were extremely 

thorough, often involving surface collecting, Quarrying, and 

screenwashing at the same site. All material identifiable 

to taxon or element was collected. Fourth, taphonomic 

factors have been considered to evaluate potential bias. 

Fifth, the large number of localities from the area has 

ensured that all depositional environments were adequately 

sampled and that there is sufficient vertical and lateral 

control on the distribution of localities. 

These five factors permit the grouping of many 

individual fossil localities together into larger 

assemblages in an organized way. As a result, the 

vertebrate fossils from the Palm Spring Formation are more 

than adequate to provide robust data for paleoecological 

analysis. 

Two methods were used in the paleoecological analysis 

of the Fish Creek-Vallecito Creek assemblages. The first 

method is to use actualistic data in a critical way. The 

second is the cenogram method (Valverde, 1964, 1967; 

Legendre, 1986, 1988). The actualistic approach and its 

results will be discussed first. 



Actualjstic Analysis of the Fish Creek-Vallecito Creek 

Vertebrate Fayna 
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The first approach to a study of the paleoecology of 

the Palm Spring Formation fossils is an appeal to 

actualistic data in a critical way. Since the majority of 

mammalian and non-mammalian genera from the Palm Spring 

Formation are extant, reference to the habitats and niches 

of those extant genera is justified (Table 17). Many of the 

extinct genera have close living relatives from whom diet, 

habitat, and e~ologic relationships (life strategy) can be 

reasonably inferrred. Life strategies of extinct genera can 

also be inferred by reference to their dentition, method of 

locomotion, and body size (Eisenberg, 1981, 1990; Maiorana, 

1990; McNab, 1990). Also, most of the extinct genera 

survived into the latest Pleistocene from which there is 

abundant evidence of their diets and ecological preferences. 

There are valid objections to an uncritical reliance on 

actualistic approaches to the interpretation of 

paleontologic data (Kauffman, 1987; Behrensmeyer, 1988b). 

However, selection of appropriate actualistic criteria can 

enhance the information content of a paleoecological 

analysis. For example, the cenogram method uses a measure 

of body size as its actualistic criterion. Consideration 

has also been paid to the taphonomic aspects of the 

assemblages, their collecting history, and their 

stratigraphic and sedimentologic contexts. 



In light of the argument just made, the use of 

actualistic criteria to study the ecology and community 

structure of the Palm Spring Formation vertebrate 

assemblages is logical and reasonable. 

paleohabitats and paleocommunities in the Fish Creek­

vallecito Creek Area during the Blancan and Iryjngtonjan 

Paleobabjtats 
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A combination of lithologic, faunal, and ecologic data 

and logical inference allows the recognition of seven major 

pa1eohabitats in the FCVC area during the Blancan and 

Irvingtonian. Within each major paleohabitat it is also 

possible to recognize and/or infer minor pa1eohabitats. 

The stream channel pa1eohabitat is readily recognized 

from the sediments and sedimentary structures in the channel 

deposits of the Palm Spring Formation (Woodard, 1963; 

Winker, 1987; chapter 3). This pa1eohabitat consisted of 

water, the channel bottom, and the sides of the banks 

covered with water. Channel bottoms were sandy to gravelly 

with admixtures of silt. Banks were predominantly sandy 

(Huesos, Tapiado, and 011a "members") or muddy (Diablo and 

011a "members"). Vertebrate fossils indicate that the 

stream channels were inhabited by fish, amphibians, and 

turtles (Clemmys sp., C. marmorata, Kinosternon sp., 

Pseudemys scripta). Fossils of the semi-aquatic mammals, 

Castor sp., Tapirus sp., T. meriiami, and Hydrochoerus sp. 

also occur in the Palm Spring Formation. Reference to 
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extant species of these genera suggest that they spent part 

of their lives in stream channels for protection and 

foraging, especially Castor sp. (Walker et a1., 1968; Kurten 

and Anderson, 1980; Hall, 1981). Fossils of fresh water 

invertebrates are not presently known from the stream 

channel deposits of the Palm Spring Formation. Their 

presence as feeders upon aquatic vegetation and as food for 

vertebrates and other invertebrates can only be inferred 

from their presence in modern stream systems. No fossils of 

aquatic plants are known from the Palm Spring Formation. 

Their presence can only be inferred. Aquatic plants of some 

type were almost certainly present in the stream channels in 

order to form the basal food source for the aquatic 

vertebrates and invertebrates. 

A lacustrine pa1eohabitat is indicated by the sediments 

of the Tapiado "member" (claystones, limestones) (Woodard, 

1963; Winker, 1987; Chapter 3). As discussed in Chapter 3, 

the Tapiado lake was probably a freshwater lake fed by 

streams, ground water, and precipitation. Its outlet may 

have been to the Colorado River. A more detailed 

paleolimnologic analysis of the Tapiado sediments is needed 

to provide details of water depths, water chemistry, and 

subsidiary paleohabitats. One minor paleohabitat that can 

be recognized is the shoreline zone (chapter 3). The 

Tapiado lake fluctuated in size during its later existence 

as shown by the alternation of fluvial and lacustrine 
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sediments (chapter 3). 

Tapiado lake, as evidenced by fossils, was inhabited by 

ostracodes, gastropods, fish, amphibians (Bufo sp.), turtles 

(C7emmys marmorata, Pseudemys scripta, Kinosternon sp.), 

aquatic and shoreline birds (Anas c7ypeata, Bucepha7a 

fossi7is, Oxyura bessomi, Fulica americana?, F. hesterna, 

Ra77us sp., Podiceps caspicus), and semi-aquatic mammals 

(Hydrochoerus sp., Tapirus merriami). Clemmys marmorata and 

Pseudemys scripta are the most common lacustrine vertebrates 

identified from the FCVC section. The habitat preferences of 

these species and genera is known because they are either 

extant or have close living relatives (Howard, 1963; Walker 

et a1., 1968; Kurt~n and Anderson, 1980; Mr. Kevin B. 

Moodie, pers. comm.). Other fossil vertebrates in the 

Tapiado "member" occur either in the fluvial sediments or 

were washed in by streams (Chapter 6). Other aquatic 

invertebrates, especially the soft-bodied taxa, are 

completely unknown from the lacustrine sediments. Their 

presence can only be inferred by reference to existing 

lacustrine habitats. The same can be said for the plants 

that lived in the lacustrine paleohabitat. Their presence 

can also be inferred from the food and nesting requirements 

of some of the aquatic birds and the food requirements of 

Hydrochoerus sp. and Tapirus merriami. The lacustrine 

paleohabitat probably provided an important water source for 

terrestrial vertebrates. The limestones indicate that near 
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the end of its existence the Tapiado lake was becoming more 

alkaline. 

The evidence for the stream margin pa1eohabitat is best 

seen in the Diablo "member" and the "CD-suite sediments of 

the 011a "member". These deposits of the Colorado River 

include levees, point bars, and swales (Winker,1987). The 

fossil evidence for a stream margin pa1eohabitat is the 

occurrence of petrified wood representing tree species that 

formed a gallery forest along the banks of the Colorado 

River (Remieka et a1., 1988). The braided stream deposits 

of the Huesos, Tapiado, and "L"-suite 011a "members" do not 

contain recognizable stream margin deposits. In these 

"members" sediments of channels and braid bars transition 

into floodplain deposits without noticeable difference other 

than changes in grain size (chapter 3). Plant fossils are 

totally lacking in the braided stream deposits so that the 

presence of a gallery forest can only be inferred. Its 

presence seems reasonable as gallery forests are common 

along nearly all stream banks due to the occurrence of a 

reliable water supply. It is probable that nearly all the 

species in the FCVC area utilized the stream margins and 

gallery forests at least part of the time. The stream 

margin and its gallery forest provided food and shelter as 

well as access to water. Some species, however, may have 

depended on the stream margin and its gallery forest to a 

greater extent than others. Based on living relatives, 
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these species would probably have included Castor sp., 

Hydrochoerus sp., Tapirus merriami, Odocoi7eus sp., Coendou 

stirtoni, C. bathygnathum, £utamias sp., and Procyon sp. 

(Walker et al., 1968; Hall, 1981). The stream margin 

paleohabitat was almost certainly inhabited by and 

frequented by a variety of birds, reptiles, amphibians, and 

invertebrates. Fossil evidence in the FCVC stream margin 

sediments for the first three groups is very sparse and 

totally lacking for the invertebrates. Their presence can 

only be inferred. 

The most extensive deposits in the FCVC area are those 

representing the floodplain paleohabitat (Woodard, 1963; 

Winker, 1987; chapter 3). Nearly all the vertebrate fossils 

in the FCVC section are from floodplain deposits (chapter 

6, Table 16). The great diversity of vertebrate species 

(Table 1) indicates that the floodplain was the most 

extensively developed paleohabitat and was the preferred 

paleohabitat of most vertebrate species. The lack of 

paleovalleys in the FCVC section indicates that the 

floodplain was a relatively flat area. 

The floodplain was traversed by the Colorado River 

between about 4.0 to 3.0 Ma. Floodplain sediments during 

this phase were predominantly silts and clays, except for 

those deposited near the foothills which were mainly sandy. 

This difference in putative paleosols is significant in that 

fossils of Geomys anzensis and G. garbanii are found only in 
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the sandy sediments indicating that these extinct species 

preferred the sandy soil microhabitat of the floodplain 

paleohabitat, just as extant Geomys spp. does (Kennerly, 

1958, 1959). The same is also true of Dipodomys (Hall, 

1981). This is also one example of the mosaic pattern of a 

habitat that consists of several microhabitats. After 3.0 

Ma the floodplain paleohabitat was supported by sandy soils 

formed on an extensively developed braidplain. The bedload­

dominated streams that traversed the braidplain were 

probably small and shallow compared to the Colorado River. 

At times these bedload-dominated streams may have been dry 

and the vegetation supported by ground water. 

The proximity of the floodplain in the FCVC area to the 

foothills and highlands was probably responsible for the 

permanent water sources, either on the surface or 

underground. This would have been critical in maintaining 

sufficient vegetation to support the animal component of the 

paleocommunities during the summer dry season. Permanent 

surface water sources must have been available because most 

of the large mammals in the FCVC paleocommunities were 

dependent on a permanent water supply. The equids, in 

particular, require permanent water sources (Walker et al., 

1968; Hall, 1981). 

No palynomorphs or plant fossils are known from the 

floodplain paleohabitat during either the Colorado River or 

bedload-dominated stream phases. The cenogram analyses 
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(Figures 19-28) consistently indicate that the FCVC area 

supported a vegetation structure analogous to a savannah or 

wooded savannah (Legendre, 1986). The exact species 

included in this broad vegetation structure are not known. 

Based on the analogy, it can be reasonably inferred that the 

vegetation consisted of various grass and shrub species 

among which grew a considerable number of trees. The tree 

density in the FCVC area was probably greater than that of 

the typical open savannah of East Africa, resembling, 

instead, the parklands of the moister areas of the African 

grasslands (Owen, 1976; Leuthold, 1977). 

The inference that the floodplain paleohabitat 

contained extensive grassy and shruby areas is supported by 

analogy to the habitat preferences of the extant mammalian 

genera and species in the FCVC section (Table 17). The 

references used to construct Table 17 (Walker et al., 1968; 

Kurten and Anderson, 1980; Hall, 1981) indicate that 

mammalian habitat preferences are more accurately determined 

at the species level than that of the genus, especially for 

small mammals. Because most of the mammalian fossils have 

been identified to the genus level rather than the species 

level, use of the mammalian fossils to determine 

paleohabitat can only be done as a broad generalization, 

particularly if the genus is extinct (e.g. Came7ops, 

Hypo7agus, Mega7onyx). Habitat preferences for the extinct 

genera, except the Lagomorpha, are based on Kurten and 
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Anderson (1980). Habitat preferences of the extinct 

lagomorphs are taken from White (1984) and White and Keller 

(1984). It is significant that at the genus level, many of 

the mammals have rather wide habitat preferences. This 

suggests that the inferred, relatively dense growth of trees 

was not important in the habitat preferences of mammalian 

species generally considered to prefer grasslands such as 

Equus. The presence of grasslands and shrub on the 

floodplain pa1eohabitat is also suggested by the presence of 

quail (Lophortyx sp.) and turkey (Agriocharis anza, 

Me7eagris sp.) (Howard, 1963). 

Table 17 also shows that several of the mammalian 

genera tend to prefer more wooded areas (e.g. Odocoi7eus, 

Ursus, Castor, Procyon), but none are obligate forest 

inhabitants. The wooded savannah or parkland with gallery 

forests along the stream banks must have provided a large 

mosaic of microhabitats that allowed the great diversity of 

mammals to inhabit the FCVC area. The probable mosaic 

character of the floodplain pa1eohabitat suggests that some 

of the small animals had a patchy distribution in the FCVC 

area, being confined to those microhabitats that they 

preferred ( e.g. Baiomys, Dipodomys, Sigmodon, Geomys). The 

greater mobility and wider habitat preferences of the large 

mammals and some of the small mammals such as Lepus and 

Sy7vi7agus suggests that they viewed the FCVC area as one 

habitat rather than as a composite of several microhabitats. 
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This would explain, for example, the presence of numerous 

specimens of the mountain deer, Navahoceros, in floodplain 

sediments. 

The references used to construct Table 17 also indicate 

that a number of the mammalian genera are, today, restricted 

to arid and semi-arid habitats (e.g. Notiosorex, Onychomys, 

Dipodomys, Perognathus). However, the paleobotanic data and 

the paleoclimatic analysis suggest that the FCVC area was 

considerably wetter than at present and could not be 

considered as arid or semi-arid during the Blancan and early 

Irvingtonian even though it appears that the latest Blancan 

and early Irvingtonian were relatively drier than the early 

and early late Blancan. In the FCVC area it is possible 

that stream flow feeding the ground water table was more 

important than precipitation in maintaining the vegetation 

supporting the animal species, especially during the latest 

Blancan and early Irvingtonian when oceanic influence was 

minimal and rainshadow effects increasing. A wetter climate 

than at present is suggested by the large diversity of 

vertebrates in the FCVC section. This diversity required a 

large plant biomass to support it, a biomass that could only 

be produced under wetter conditions than exist in the area 

today. This suggests that the Blancan and early 

Irvingtonian species of these extant arid/semi-arid genera 

may have had different climatic tolerances or that the 

extant genera have potentially greater climatic tolerances 



than are presently demonstrated. 

Amphibian species are not known from the floodplain 

sediments of the FCVC area. Reptile species are diverse, 

and are useful as paleoclimatic indicators (Norell, 1989). 

Invertebrates are unknown as fossils from the floodplain 

sediments, but their presence in this paleohabitat is 

reasonably inferred. 
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The most significant paleoecologic conclusion is that 

the FCVC floodplain was more extensively vegetated during 

the Blancan and early Irvingtonian than previously believed 

(Becker and White, 1981). Tree cover probably ameliorated 

temperature and humidity promoting more luxuriant grass 

growth. This would have allowed the maintenance of a more 

diverse animal component of the paleocommunities and 

permitted some species, particularly the equids, to maintain 

large populations. 

The margins of the FCVC area were bordered by a series 

of foothills that probably formed another paleohabitat. 

Sediments deposited in the foothills are recognized as the 

Canebrake Conglomerate. The foothills were formed by the 

coalescence of alluvial fans prograding from the highlands 

into the Salton Trough (Woodard, 1963; Winker, 1987). On 

the basis of outcrops of the Canebrake Conglomerate and 

their relation to the Peninsular Ranges, the foothills 

paleohabitat probably formed a relatively steep and rocky 

narrow band. No fossils are known from the Canebrake 
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Conglomerate so that the biota of the foothills pa1eohabitat 

is purely speculative. The rocky soils probably impeded the 

growth of most plant species. Plant growth was most likely 

confined to sandy and silty areas and showed a clumped 

distribution pattern. Grasses and shrubs were probably 

dominant with trees sporadically interspersed in very 

favorable sites. The foothills paleohabitat was probably 

utilized by most large mammalian species either on a daily 

or seasonal basis, such as occurs today with Odocoi7eus 

hemionus (mule deer) in Coronado National Forest near 

Tucson. The foothills were probably the preferred habitat 

of the mountain deer, Navahoceros. The foothills may also 

have presented a hospitable pa1eohabitat to most small 

animals. This pa1eohabitat was probably preferred by 

Spermophi7us (rock sQuirrel) and Bassariscus (ringtai1) 

(Hall, 1981). The preference or these two genera for this 

pa1eohabitat probably accounts for their low relative 

abundances in the entire FCVC vertebrate assemblage. The 

foothills pa1eohabitat may have served as a refuge for many 

vertebrate species in the FCVC area during those times when 

the area was transgressed by waters from the Gulf of 

California. 

The Peninsular Ranges formed a highlands pa1eohabitat. 

Sediment provenance indicates that these ranges were in 

existence during the Blancan and early Irvingtonian (Winker, 

1987). It is not known how high or steep these mountains 
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were during that time so that their suitability as a 

~a1eohabitat for the FCVC vertebrates is difficult to 

assess. The area of outcrop of the Canebrake Conglomerate 

suggests that the foothills paleohabitat was relatively 

narrow so that the highlands would have been in close 

proximity to the lowland areas of the FCVC area. If there 

was a significant temperature difference between the 

highlands and the floodplains then it is most probable that 

cold-intolerant species, especially those of small animals, 

did not inhabit the highlands. Temperature and moisture 

differences most certainly caused a different flora with its 

own structure to occur in the highlands. This probably 

excluded many of the grassland species of mammals from 

inhabiting the highlands (Table 17). The different species 

of vole and bog lemming (Mimomys, Lasiopodomys, Microtus 

ca7irornicus, Mictomys) found in the FCVC assemblage were 

probably confined to this paleohabitat (Walker et a1., 1968; 

Zakrzewski, 1972; Kurt~n and Anderson, 1980; Hall, 1981). 

The very low relative abundances of these mammals in the 

entire FCVC vertebrate assemblage suggests this. The 

presence of voles and bog lemmings in the assemblage may be 

due to raptorial birds (Asio sp., Aqui7a chrysaetos?, 

Neophrontops va77ecitoensis (Howard, 1963)) having caught 

them in the highlands and regurgitating their remains in the 

floodplain. 
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Chapter three of this report presented evidence and 

arguments that during the Blancan and Irvingtonian the FCVC 

area was occasionally transgressed by the Gulf of 

California. These transgressions caused the development of 

what were probably very shallow, brackish tidal flats and 

marshes. This situation was not unlike that which existed 

in the area during the latest period of deposition of the 

Imperial Formation (Bell-Countryman, 1984; Quinn and Cronin, 

1984; Winker, 1987). Differentiation of these deposits from 

those of the floodplain is difficult. These shallow marine 

sediments are only recognizable by the presence of marine 

invertebrates in them. Other than the aQuatic and shoreline 

birds in the FCVC assemblage, none of the other terrestrial 

vertebrate species from the FCVC assemblage are known to 

inhabit tidal flats (Walker et a1., 1968; Kurt~n and 

Anderson, 1980; Hall, 1981). The establishment of the tidal 

flat paleohabitat in the FCVC area probably caused the 

emigration of many terrestrial species or confined them to 

the foothills paleohabitat. The few terrestrial vertebrate 

fossils from the tidal flat paleohabitat probably represent 

individuals whose remains were washed into the tidal flat or 

were drowned while traversing the tidal flat. Salt-tolerant 

grasses were probably the dominant plant species in this 

paleohabitat. The tidal flat paleohabitat may have been 

depauperate in terrestrial mammals and reptiles, but, by 

analogy with modern tidal flats, was probably favored by 



many birds, invertebrates, and, during high tides, some 

species of fish. 
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With the exception of the lacustrine and tidal flat 

paleohabitats, these pa1eohabitats persisted in the FCVC 

area from approximately 4.0 to 0.9 or 0.7 Ma. The 

persistence of the pa1eohabitats is recognized on the basis 

of the depositional environments and the vegetation 

structure suggested by the cenogram analysis. The 

lacustrine and tidal flat paleohabitats were geologically 

short-interval phenomena relative to the floodplain 

pa1eohabitat, although the tidal flat paleohabitat occurred 

several times during this period. The pa1eohabitats 

associated with the fluvial systems were maintained even 

though the characteristics of the fluvial systems changed 

from the delta plain of a meandering river to the braidplain 

of a bedload-dominated river. Correlation of the Canebrake 

Conglomerate with all "members" of the Palm Spring Formation 

indicates that the foothills paleohabitat was continuously 

present. The presence of foothills formed by coalescing 

alluvial fans suggests that the highlands paleohabitat was 

also continuously present during this time. 

The change from the Colorado River delta to an 

extensive braidplain formed by local river systems was the 

major physical environmental change that occurred in the 

FCVC area. The sedimentologic evidence suggests that, other 

than a change in sediment sources, and dynamics and size of 
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the fluvial system, there was no change in the fluvially 

influenced paleohabitats (channel, margin, floodplain). 

Based on the magnetostratigraphy, it seems likely that there 

was little or no hiatus in the FCVC sediments surrounding 

the change in fluvial systems, but there was a distinct and 

relatively sharp boundary marking the change. 

The most distinctive aspect of the change in fluvial 

systems in the FCVC area is the increase in vertebrate 

diversity across the change (Table 4). In the sediments 

associated with the Colorado River delta plain (Diablo and 

Olla "members"), 48 genera and species are known, of which 

29 are mammalian. In the sediments deposited after the 

course of the Colorado River changed (Tapiado and Huesos 

"members"), 145 genera and species are known, of which 101 

are mammalian. Of the 29 mammalian genera and species from 

the Diablo and Olla "memoers" , only four are not found in 

younger sediments (Anzanycteris anzensis, Nekr07agus sp., 

Eutamias sp., Hemiauchenia sp. cf. H. macrocepha7a). This 

suggests significant taxonomic continuity across the change 

from the delta plain to a braidplain. 

The great increase in diversity across the change, 

especially that of the mammals, may be due to three factors. 

One, diversity in the Diablo and Olla "members" may have 

been greater than observed, but bias on the part of 

collectors and/or in the taphonomic processes dominant in 

the delta plain vs. the braidplain, as discussed in chapter 
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6, may be partly responsible for the relatively depauperate 

fauna in the Diablo and Olla "members". These same factors 

may be responsible for the greater diversity in the Tapiado 

and Huesos "members". Two. even though the same fluvially 

influenced paleohabitats existed on the delta plain and 

braidplain, one or more aspects of the delta plain 

paleohabitats may have made the delta plain inhospitable to 

some animals. Contemporaneous early Blancan species may not 

have been able to enter the FCVC area until the 

establishment of the braidplain. Three, immigrants from 

South America (e.g., Nothrotheriops, Coendou, G7ossotherium, 

Hydrochoerus) and Eurasia (e.g., Mammuthus, Euceratherium, 

Odocoi7eus, Ursus) , and taxa that evolved later in the 

Blancan in North America (e.g., Tetrameryx, Navahoceros) 

contributed to the increase in diversity. 

It must be emphasized that the paleohabitats recognized 

here apply only to the FCVC area of the Salton Trough. The 

FCVC area is a relatively small portion of the Salton 

Trough. It is quite possible that some of the paleohabitats 

recognized in the FCVC area did not occur in other parts of 

the Salton Trough or had different characteristics that 

would have caused them to support different species 

compositions and relative abundances. The latter is most 

likely. The paleohabitats recognized on the basis of 

depositional environment probably occurred in all areas of 

the Salton Trough. However, it is quite possible that the 
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vegetation in other areas of the Salton Trough, particularly 

its center, differed from that in the FCVC area. 

The conclusions concerning the paleohabitats in the 

FCVC area during the Blancan and early Irvingtonian are only 

broad generalizations and must be considered as tentative. 

These conclusions are significant because they are the first 

attempt at reconstructing the paleoecology of the Palm 

Spring Formation in the FCVC area and should serve as the 

basis for further paleoecologic studies of this important 

section and its fossils. 

Additional study of the sediments and fossils from the 

FCVC area are needed to support or refute the conclusions 

presented here. Study of Blancan and early Irvingtonian 

sediments of the Palm Spring Formation in other areas of the 

Salton Trough may indicate how widespread were the 

paleohabitats recognized here and the particular 

characteristics of those paleohabitats. Collection of 

additional animal fossils and plant fossils will greatly 

refine and revise the interpretations made in this study. 

Also, plotting of the lateral distribution of fossils and 

the correlation of that distribution with depositional 

environment may provide a clearer picture of variation 

within paleohabitats and the demarction of paleohabitats. 

Paleocommunjtjes 

Recognition of communities and paleocommunities 

requires definition and identification of their boundaries 
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(Kaufmann and Scott, 1976). This is a difficult task for 

modern communities and more so for paleocommunities. One 

possible boundary is the types and areal extent of 

habitats/paleohabitats. Based on depositional environments, 

paleobotanical data, and animal fossils paleohabitats can be 

inferred in the geologic record. The discussion on 

paleohabitats given above suggests that paleohabitats 

remained stable in the FCVC area during the Blancan and 

early Irvingtonian. This suggests, in turn, that 

paleocommunity boundary conditions remained stable during 

this time. The implication is that only one paleocommunity, 

occupying several paleohabitats and having three temporal 

phases, existed in the FCVC area during the Blancan and 

early Irvingtonian. This paleocommunity was relatively 

stable with some change due to immigrant species. 

Ecologic data on living relatives of the FCVC 

vertebrate species (Kennerly, 1958, 1959; Howard, 1963; 

Walker et a1., 1968; White, 1968, 1984; Martin, 1979, 1986; 

Hall, 1981; White and Keller, 1984; Martin and Prince, 1989; 

Norell, 1989) and that inferred for the species with no 

living relatives (Kurten and Anderson, 1980) suggest that 

there were no obligate species relationships among the 

vertebrate species or among the vertebrates and plants. 

Within the FCVC paleocommunity it is possible to recognize 

species from each pa1eohabitat and common and rare species. 

Species occurring in specific paleohabitats are determined 
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Table 17. Ecologic Characteristics of the Fish Creek­
Vallecito Creek Mammalian Genera. Data from Walker et a1., 
1968; Kurten and Anderson, 1980; Hall, 1981. 

Genys 

Notiosorex 
Sorex 

Scapanus 

Anzanycteris 

Baiomys 

Reithrodontomys 

Microdipodops 
Perognathus 

Eutamias 

Mimomys 
Ca70mys 
(Bensonomys) 
Peromyscus 

Onychomys 
Mictomys 

Microtus 

Lasiopodomys 

Terrico7a 

Dipodomys 

Thomomys 

Spermoph i 7 us 

Food Habjtat preference 

I Arid to semi-arid habitats 
I Wide range of habitats and climatic 

preferences, depending on species 
I Fossorial; wide range of habitats and 

climatic regimes along West Coast of 
North America and inland to the Sierra 
Nevadas 

I 

G 

G 

G 
G 

H 

H 
H 

H 

I 
H 

H 

H 

H 

G 

Extinct genus, based on family, may 
occur in a wide variety of habitats 
Dense grass, warm temperatures, arid to 
wet climates 
Areas of short grass, wide climatic 
tolerances 
Arid shrubland 
Arid to semi-arid plains and deserts, 
prefer areas of dense grass 
Wide range of habitats and climatic 
preferences, depending on species 
Probably similar to Microtus 
Habitat preference depends on species; 
grasslands, forests, brush 
Wide range of habitats and climatic 
preferences, depending on species 
Arid to semi-arid shrublands 
Semi-fossorial; vegetated, moist areas; 
occupies small, local areas 
Most species prefer moist meadows, some 
species can be found in deserts and 
forests 
Cool to cold, moist climates; habitat 
preferences similar to Microtus 
Semi-fossorial; broad climatic 
tolerance; found in a wide variety of 
habitats 
Semi-fossorial; prefers well-drained, 
easily worked soil; arid to semi-arid; 
brush and grasslands, prefers open 
ground 

H Wide range of habitats and climatic 
preferences, depending on species; 
fossorial, found in a wide range of 
types; root-eater 

G Wide range of habitats and climatic 
preferences, depending on species; 
prefers open, rocky or wooded hillsides 
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Table 17. Continued. 

Genys 

Geomys 

Sigmodon 

Neotoma 

Coendou 

Castor 

Hydrochoerus 

Pewe7agus 

Hyp 70 7agus 

Sy7vi 7agus 

Nekro7agus 

Lepus 

Gu70 

Muste7a 

Sp i 70ga 7e 

Tax idea 

Trigonictis 

Food 

H 

H 

H 

H 

H 

H 

Z 

Z 

Z 

Z 

Z 

C 

C 

C 

c 

C 

Habitat preference 

Wide climatic tolerances; fossoria1; 
prefers loose, sandy soils in open and 
sparsely wooded areas 
Grassy and shruby areas; arid to moist 
habitats; warm temperatures 
Wide range of habitats and climatic 
preferences, depending on species 
Living species arboreal inhabiting 
rain forests from Mexico to South 
America. C. stirtoni probably less 
arboreal, without prehensile tail, more 
like £rethizon in habits (White, 1968) 
Waterways with extensive tree growth on 
the banks; found in riparian areas in 
SW U.S. 
Tropical to semi-tropical; dense 
forests near permanent water 
Fossil distribution suggests preference 
for open or brushy habitats in semi­
arid regions 
Cottontail ecomorph; habitat and 
climatic preferences probably similar 
to those of Sy7vi7sgus 
Wide range of habitats and climatic 
preferences, depending on species; 
prefers open or brushy habitats 
Cottontail ecomorph; habitat and 
climatic preferences probably similar 
to those of Sy7vi7sgus 
Wide range of habitats and climatic 
preferences, depending on species; 
L. cs770tis prefers open, semi-arid 
habitats 
Currently occurs in forest-tundra, 
taiga, and forests in cool to cold 
cl imates 
Wide range of habitats and climatic 
preferences, depending on species 
Inhabits a variety of habitats and 
climatic regions; most common in the 
Sonoran and Transition Zones (i.e arid 
to semi-arid areas preferred) 
Wide temperature tolerances; semi-arid, 
open areas preferred 
Extinct genus; wide range of habitats 
and climatic preferences possible based 
fossil distribution 



Table 17. Continued. 

Genys Food 

Canis C 

Vu7pes C 

Urocyon C 

Borophagus S 

Bassariscus C 

Procyon 0 

Nasua 0 
Lynx C 

Felis con co lor C 

F. rexroadensis C 

Panthera atrox C 

Panthera onca C 

Smi lodon C 

Ursus o 

Arctodus C 

Tremarctos H 

Mylohyus H 

P7atygonus H 

Capromeryx z 

Habjtat Preference 

Wide range of habitats and climatic 
preferences 
Wide range of habitats and climatic 
preferences, depending on species 
Wide climatic tolerances; prefers 
wooded or brushy habitats 
Hyena-proxy; fossil distribution 
suggests open habitats with wide 
climatic tolerances 
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Found in a variety of habitats, prefers 
rocky, broken areas near water; wide 
temperature tolerances 
Wide temperature tolerances; wooded 
brushy areas near water 
Woodland habitats; warm temperatures 
Wide range of habitats and climatic 
preferences 
Wide distribution among habitats and 
climatic regimes 
Fossil distribution suggests warm, 
temperate, probably semi-arid climatic 
preference; open to forested habitats 
Fossil distribution indicates wide 
climatic tolerances; open habitats 
Moist to arid, warm climates; forests 
to shrublands 
Fossil distribution indicates broad 
climatic tolerances and habitat 
preferences 
Prefers forested habitats in moist, 
temperate climates 
Fossil distribution indicatess broad 
climatic tolerances and habitat 
preferences 
Now restricted to forested mountains in 
South America, but may range into 
savannahs and shrublands 
Fossil distribution suggests wide 
climatic tolerances; open environments 
Fossil distribution suggests wide 
climatic tolerances and preference for 
plains and open woodlands 
Probable wide climatic tolerances based 
on fossil distribution; grasslands and 
brushy areas inferred based on size, 
limb morphology, and paleoenvironmental 
reconstructions 
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Table 17. Continued. 

Genys 

Tetrameryx 

Ant i 70capra 

Navahoceros 

Odocoi 7eus 

Cervus 

Hemiauchenia 

Came70ps 

Titanoty7opus 

£uceratherium 

Ovis 

Tapirus 

£quus (Asinus) 

£quus (Hemionus) 
£quus ( £quus) 

£quus 
(Do 7 ichoh ippus) 
Hippidion 
Dinohippus 
Nothrotheriops 

Mega 7 onyx 

Food Habjtat preference 

Z Probably tolerant of wide range of 
climates, but not extremes; plains and 
semi-desert habitats 

Z Wide temperature tolreances; arid to 
semi-arid grasslands 

H Limb morphology indicates adaptation to 
climbing in rocky terrain; fossil 
distribution suggests wide climatic 
tolerances in forests and grasslands 

H wide climatic tolerances; found in a 
wide range of habitats, prefers forests 

H Moister, cooler areas of North America; 
broad latitudinal distribution with 
increasing elevation; forested and open 
habitats 

Z Highly cursorial; fossil distribution 
suggests wide climatic tolerances and 
preference for grasslands 

H Fossil distribution indicates wide 
climatic tolerances; open habitats 

B Fossil distribution indicates wide 
temperature tolerances; arid and semi­
arid areas; open environments 

Z Fossil distribution indicates wide 
climatic tolerances; open habitats 

H Limb adaptations for climbing rocky 
terrain: prefers cooler temperatures in 
uplands and mountains; humid to arid 
climates 

B 

Z 

Z 
z 

Z 

Z 
Z 
H 

H 

Requires permanent water source: forest 
and grassland habitats; humid, 
mesothermal climates 
Temperate and tropical: grasslands and 
shrublands; more tolerant of arid 
habitats than £quus (£quus) 
As for £quus (Asinus) 
Temperate and tropical climates: 
plains, savannahs, shrublands: humid to 
semi-arid regions 
Same as £quus (£quus) 

By inference, same as £quus (£quus) 
By inference, same as Equus (Equus) 
Fossil distribution indicates broad 
climatic and habitat tolerances 
Fossils have wide distribution in North 
America; climatic and habitat 
preference appears to depend on species 
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Table 17. Continued. 

Genus 

Glossotherium 

Mammuthus 

Mammut 

stegomastodon 

Cuvieronius 

Food Habitat Preference 

H Fossil distribution indicates wide 
climatic tolerances; open habitats 

Z Fossil distribution indicates wide 
climatic tolerances; open habitats 

B Fossil distribution suggests wide 
temperature tolerances, but preference 
for moister climates; open forests and 
grasslands 

B Fossil distribition suggests warm, 
semi-arid climates; grasslands 

B Fossil distribution suggests preference 
for warm, humid to semi-arid climates; 
forests and shrublands 

I = insectivorous; C = carnivorous; S = scavanger; Z = 
grazer; B = browser; H = generalized herbivore, mixed-feeder 
o = omnivore; G = granivore 
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Table 18. Relative Abundances of Mammalian Genera and 
Species in the Temporal Phases of the FCVC Paleocommunity 
based on the Number of Individuals. Number of Individuals 
determined according to Badgley (1986b). Equid Subgenera 
also indicated. Genera arranged according to Body Weight. 
EB = Early Blancan, LB = Late Blancan, IR =early 
Irvingtonian. * = Core genus or Species. 

Taxon 

Notiosorex sp. 
Sorex sp. 
Baiomys sp. 
Reithrodontomys sp.* 
Hicrodipodops sp. 
Perognathus sP.* 
Anzanycteris anzensis 
Eutamias sp. 
Ca70mys (Bensonomys) sp. 
Peromyscus sp. * 
Hictomys anzaensis 
Onychomys sp. 
Lasiopodomys sp. cf. L. deceitensis 
Hicrotus ca7ifornicus 
Dipodomys compactus* 
D. hibbardi* 
Dipodomys n. sp. A* 
Dipodomys n. sp. B 
Dipodomys sp. cf. D. minor 
Dipodomys sp.* 
Scapanus ma7atinus 
scapanus sp. 
Thomomys sp. 
Spermoph i 7 us sp. 
Geomys anzensis* 
G. garban i i* 
Geomys sp.* 
Sigmodon minor* 
s. 7 indsayi 
Sigmodon sp.* 
Neotoma sp.* 
Huste7a sp. cf. H. frenata 
Sp i 70ga 7 e sp. 
Pewe7agus dawsonae 
Hyp07agus vetus 
H. edensis 
Sy7vi7agus hibbardi 
Sy7vi7agus sp. cf. S. f70ridanus 
Sy 7 v i 7 agus sp. * 
Nekr07agus sp. 
Bassariscus sp. 
Trigonictis sp. 

EB 

1 
o 
o 
4 

12 
156 

12 
2 
o 
9 
o 
1 
o 
o 

14 
16 
11 

4 
1 

51 
o 
o 
o 
o 

17 
2 

23 
84 
o 
1 

176 
o 
o 

19 
31 
20 
o 
o 
3 
3 
1 
o 

LB 

o 
8 
o 
2 
1 

26 
o 
o 
1 
8 
4 
o 
o 
o 

15 
1 
2 
o 
o 

10 
8 
o 

11 
2 

19 
67 

127 
102 

17 
84 

106 
o 
o 
4 
o 
o 

46 
o 

33 
o 
o 
2 

IR 

2 
o 
5 

16 
o 

26 
o 
o 
1 

35 
5 
5 
1 
2 
4 
o 

37 
o 
o 

55 
72 

2 
8 
2 
8 

69 
65 
27 
60 

8 
109 

1 
1 
o 
o 
o 

45 
1 

31 
o 
o 
o 



Table 18. Continued. 

Taxon 

Vu7pes sp. 
Lepus ea 710t is 
Lepus sp. cf. L. ca770tis 
Lepus sp. 
Coendou stirtoni 
C. bathygnathum 
Coendou sp. 
Uroeyon sp. 
Procyon sp. 
Fe7is rexroadensis 
Lynx sp.* 
Nasua sp. 
Taxidea sp. 
Canis 7atrans* 
Canis sp.* 
C. priseo7atrans 
Castor sp. 
Capromeryx sp.* 
Borophagus sp. 
P7atygonus sp.* 
Tetrameryx sp. * 
Canis sp. near C. 7upus 
Hydroehoerus sp. 
Navahoeeros n. sp. 
Fe7is sp.* 
F. conco7or 
Gu70 sp .. 
Hemiauehenia sp.* 
Panthera sp. cf. P. onea 
Canis sp. cf. C. dirus 
Tremaretos sp. cf. T. f7oridanus* 
Tremarctos sp.* 
Odoeoi 7eus sp. 
Smi7odon graci7is 
Ursus sp. 
Aretodus sp. 
Nothrotheriops sp. 
Equus (Asinus) sp. 
Equus (Hemionus) sp. 
Hippidion sp. 
Tapirus merriami 
Tapirus sp. 
Cervus sp. 
Equus sp.* 
Equus (Equus) sp. 
Equus (Do7ichohippus) enormis 
E. (D.) sp. cf. E. (D.) simp7ieidens 
Equus (Do7ichohippus) sp.* 

EB 

1 
o 
o 
o 
o 
o 
o 
1 
o 
o 
1 
o 
o 
1 
3 
o 
o 
4 
o 
3 
3 
o 
o 
o 
1 
o 
o 
5 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 

47 
o 
o 
o 

20 

LB 

o 
1 
1 
1 
4 
o 
2 
1 
1 
1 
6 
1 
o 
6 

19 
3 
1 

11 
1 
8 
3 
o 
1 
4 
5 
6 
1 

48 
o 
1 
1 
o 

10 
o 
1 
2 
5 
3 
o 
1 
2 
3 
1 

249 
4 
1 
o 

69 

307 

IR 

o 
o 
o 
o 
o 
5 
o 
o 
1 
o 
1 
o 
1 
5 
2 
o 
o 
7 
o 
3 
4 
1 
o 
8 
1 
1 
o 

14 
1 
o 
o 
1 

26 
6 
o 
1 
3 
1 
1 
o 
o 
o 
o 

418 
14 

1 
1 

69 
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Table 18. Continued. 

Taxon EB LB IR 

£quus francescana 0 1 7 
cf. Dinohippus sp. 3 0 0 
£uceratherium sp. 0 1 2 
Came70ps sp.* 4 48 27 
Mega70nyx wheat7eyi 0 0 1 
Mega70nyx sp.* 1 6 5 
G7ossotherium sp. 0 3 1 
Titanotylopus sp.* 2 5 3 
Mammuthus sp. 0 0 2 
Hammut sp. 0 0 3 
Stegomastodon sp. 0 0 1 
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by analogy with living relatives and/or by fossil 

distribution correlated with paleoenvironmental 

reconstruction (Table 17). Common and rare species are 

determined by reference to the number of individuals for 

each genus and species (Table 18). Relative abundances are 

calculated only for mammalian genera and species from 

localities that can be assigned to a NALMA. 

By reference to analogy and functional morphology it 

can be seen that in the FCVC paleocommunity the majority of 

species are adapted to or prefer to inhabit open 

environments (Table 17) (Walker et al., 1968; Kurten and 

Anderson, 1980; Hall, 1981). Open environment can be 

interpreted to mean meadows, grasslands, shrublands, desert, 

or some type of savannah. Among the large-bodied mammalian 

species it is evident that nearly all are adapted to some 

degree of cursoriality. The ecologic inference from analogy 

and morphology that the FCVC paleocommunity was dominated by 

open environment species is in agreement with the cenogram 

analysis that indicates that the paleocommunity inhabited a 

type of savannah (Figures 22-24, 25, 29). Agreement oetween 

the two methods is significant because it shows that similar 

paleoecologic interpretations can be derived from different 

procedures. This result is also significant 

because it shows that valid paleoecologic interpretations 

can be made on the basis of body size without reference to 

taxon, the taxon-free approach of Damuth et al. (1992). The 



agreement between these two contrasting approaches 

strengthens the paleoecologic interpretation. 
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It is the species that occur in the paleocommunity in 

small relative abundances that suggest that they were either 

rare members of the paleocommunities or lived in a 

paleohabitat other than the dominant floodplain paleohabitat 

(Table 18). It;s also possible that those species that 

occur in small relative abundances do so because they lived 

in a micropa1eohabitat that was rarely preserved in the FCVC 

stratigraphic record. For instance, Microtus ca7ifornicus, 

Lasiopodomys, Mictomys, Ursus, Navahoceros, Spermophi7us, 

Eutamias, Procyon, and Bassariscus most probably inhabited 

the foothills and/or highlands paleohabitats. The presence 

of the small-bodied foothills/highland species in the 

lowland pa1eohabitats may indicate that wide-ranging 

carnivorous birds or mammals consumed carcasses in the 

foothills/highlands and eliminated the remains of these 

species in the lowland areas. The large-bodied species 

presence probably indicates that these species occasionally 

wandered into the lowland areas. The relative abundance of 

the mountain deer, Navahoceros, is high compared to some 

other species that are more typical of lowland paleohabitats 

such as Tetrameryx. This may indicate that Navahoceros 

utilized the lowland pa1eohabitats of the FCVC area more 

often than the other upland large-bodied species. 
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Other species that occur in small relative abundances, 

such as Cervus, Euceratherium, Onchyomys, Ca7omys, 

Nekro7agus, and Lepus probably were present 1n small numbers 

in the paleocommunity. The results of the taphonomic 

analysis indicate this may be the case (Chapter 6). 

Fragility of skeletal remains accounts for the low numbers 

of avian and chiropteran species. Collecting bias is most 

probably responsible for the low abundances and diversity of 

small reptile species (Norell, 1989). 

Table 17 also shows that many of the mammalian species 

have broad habitat preferences. This flexibility in habitat 

requirements is probably responsible for allowing the large 

diversity of mammalian species to inhabit the wooded 

savannah of the FCVC area. 

Most of the large-bodied mammalian primary consumers 

in the paleocommunity are known or believed to be social, 

that is their populations consist of small to large herds 

rather than as solitary individuals (Walker et al., 1968; 

Kurten and Anderson, 1980; Hall, 1981). This behavior is 

most common for defense and mate aquisition among species 

that inhabit open environments (Jarman, 1974; Owen, 1976; 

Leuthold, 1977). This further supports the interpretation 

that the FCVC area supported a savannah or wooded savannah. 

Community structure can occur in the form of relative 

taxonomic abundance. Simply put, some species occur in 

greater numbers than others within the guilds of a 
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community. Relative taxonomic abundance is caused by a 

combination of interacting factors: reproductive strategy, 

availability of resources, competitive ability, predator 

avoidance, interspecific non-interference strategies, and, 

perhaps, stochastic processes. The first three factors are 

most likely the most important. Relative taxonomic 

abundance can be viewed, to some degree, as a measure of a 

species' success in exploiting its habitat. 

Relative abundances between small and medium/large 

mammals in the FCVC paleocommunity are not comparable (Table 

18). This is expected considering that each size class is 

affected differently by different taphonomic processes 

(Chapter 6). Compared to the medium/large mammals, the 

relative abundances of the small mammals are much less than 

expected. In Recent environments, small mammals, as a 

group, are expected to have the largest relative abundances 

due to their small habitat requirements and high replacement 

rates relative to medium/large mammals (Krebs, 1972; Peters, 

1983). The taphonomic analysis (Chapter 6) suggests that 

within each size class, the relative abundances are probably 

accurate. For example, among the small mammals, Geamys, 

Sigmodon, Neotoma, Dipodomys, and Peragnathus occurred in 

consistently high relative abundances suggesting that they 

were the most common rodents in the paleocommunity. 

Hypo7agus is the most common lagomorph in the paleocommunity 

during the early Blancan, but after its extinction 



Sy7vilagus occurs in the paleocommunity in about equal 

numbers during the late Blancan and early Irvingtonian. 
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This observation may support the hypothesis of White (1984) 

that Sy7vilagus is the ecomorphic replacement of Hypolagus. 

Among the large mammals, £quus is the most abundant genus in 

the paleocommunity. Came lops, Hemiauchenia, and Odocoileus 

become common or abundant in the late Blancan and early 

Irvingtonian. Very large mammals, such as Titanoty7opus and 

Proboscideans, occur in very small numbers, consistent with 

the limits on their populations caused by the very great 

resource requirements necessitated by their very large size 

(Owen-Smith, 1988). The relative abundance of each primary 

consumer probably reflects the availability of their habitat 

and resource requirements in the FCVC area. Table 19 shows 

that the medium-sized body weights in the FCVC 

paleocommunity were occupied by carnivores and lagomorph 

herbivores. Table 19 also shows that the carnivores spanned 

the range from large to small body sizes, consistent with 

their position at a higher trophic level within the food 

chain/web. Also expected from standard ecologic theory and 

observation is that carnivorous (not including 

insectivorous) mammalian species occur in small relative 

abundances (Krebs, 1972; Peters, 1983). Data in Howard 

(1963) indicate that among the avian ~omponent of the 

paleocommunities, raptors are the least common birds. 
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One interesting observation is that there is a high 

diversity of carnivorous mammalian species in the 

paleocommunity. The early Blancan phase of the 

paleocommunity contains 33 identified mammalian genera. Of 

these five are carnivorous, approximately 15% of the total 

number of mammalian genera in this phase of the 

paleocommunity. The late Blancan phase of the 

paleocommunity contains 47 identified mammalian genera of 

which ten are carnivorous (~21%). The early Irvingtonian 

phase of the paleocommunity contains 45 identified mammalian 

genera of which ten are carnivorous (~22%). The large 

percentage of carnivorous genera in each phase of the 

paleocommunity is unexpected according to standard ecologic 

theory in which carnivorous taxa constitute about 2-3% of an 

endotherm dominated community. It is interesting to note 

that the percentage of carnivorous mammalian genera remains 

essentially the same in each phase of the paleocommunity. 

This may indicate that as the diversity of prey genera in 

each phase of the paleocommunity increased there was 

opportunity for a correlative increase in the diversity of 

predator genera. These observations may also indicate that 

the FCVC paleocommunities were "mature", that is stable and 

established for considerable lengths of time. "Maturity" is 

probably due, in part, to environmental stablity, as 

suggested by the analyses of depositional environment and 

paleoclimate. The observations and conclusions on carnivore 
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diversity are extremely tentative. Most carnivore genera in 

the FCVC paleocommunity are known from single specimens and 

the time spans encompassed by the paleocommunity are 

geologic, not ecologic. Therefore, carnivore diversity and 

its percentage of the mammalian component of a 

paleocommunity are probably somewhat illusory in terms of 

ecologic time, but useful heuristically and as a starting 

point for future research. 

Table 18 shows that a small subset of both large and 

small mammalian primary consumers consistently occurred in 

relatively large numbers in each temporal phase of the 

paleocommunity. Because o~ their greater numbers, these 

genera dominated the use of resources in the FCVC 

paleohabitats. Other genera would have been forced to 

accomodate these "dominants" in order to survive in the same 

area. It would thus appear that these "dominants" formed 

the basic structure of the FCVC paleocommunity. 

There is a suite of "core" genera and species that 

consistently maintain the highest relative abundances and 

are consistently present in each temporal phase of the 

paleocommunity, the "dominants" just discussed. They are 

indicated on Table 18 by asterisks. These "core" genera and 

species are essentially inhabitants of grasslands and 

savannahs, but are apparently Quite flexible in their 

environmental reQuirements and tolerances (Table 17) (Walker 

et al., 1968; Kurten and Anderson, 1980; Hall, 1981). The 
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latter property may be what allowed these genera to persist 

in each paleocommunity despite the occurrence of two major 

immigration events. 

In addition to environmental flexibility, morphology 

and/or behavior were probably partly responsible for the 

mutual occurr€nce of several closely related species in the 

FCVC paleocommunity. Among the Antilocapridae, Capromeryx 

(26,000g) and Tetrameryx (48,OOOg), ecologic segregation 

along size differences probably allowed these two genera to 

co-exist in the paleocommunity. 

The three genera of Camelidae, Hemiauchenia, Came70ps, 

and Titanoty7opus are separated according to size and degree 

of cursoriality. Hemiauchenia is the smallest camel 

(72,000g) and also the most gracile and cursorial, being 

characterized by its long slender limbs. Came70ps is 

considerably larger (500,000g) and more like living Came7us 

in its proportions and adaptations. The megaherbivore, 

Titanoty7opus (1,150,0009) was more of a browser than the 

other camelid genera (Kurten and Anderson, 1980) and 

probably filled the same ecologic niche that the giraffe 

does in Africa. 

The four species of Canis: C. SPa near C. 7upus, C. 

7atrans, C. prisco7atrans, and C.sp. cf. C. dirus are also 

separated on size (Table 19). This suggests that each 

species was taking different sized prey. Canis 7atrans is, 

and C. prisco7atrans may have been (Kurt~n and Anderson, 
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1980), a solitary hunter taking prey much smaller than 

themselves while C. sp. near C. 7upus relied on its greater 

size and pack behavior to take larger prey species. Canis 

dirus was most likely a scavenger rather than an active 

hunter (Kurt~n and Anderson, 1980). Canis dirus may have 

been an ecologic replacement of Borophagus. 

Dietary adaptations may be the reason for the co­

existence of the ursid genera Tremarctos, Ursus, and 

Arctodus. Tremarctos is an essentially herbivorous genus 

and Ursus omnivorous (Walker et al., 1968; Hall, 1981). On 

the basis of its dentition and limb proportions, Arctodus 

was probably more carnivorous than Ursus and an active 

predator (Kurt~n and Anderson, 1980). 

Size differences and therefore differences in 

preferred prey as well as differences in hunting strategies 

may also be the reasons for the mutual occurrence of several 

species of felid in anyone temporal phase of the 

paleocommunity: Fe7is conco7or, F. rexroadensis, Lynx sp., 

Panthera sp. cf. P. onca, and Smi7odon graci7is (Tables 17, 

19). Differences in hunting strategy or preferred prey 

species may account for the reason why the similarly-sized 

Fe7is rexroaaensis and Lynx sp. co-existed in the late 

Blancan phase of the paleocommunity. 

Size differences may account for the ecologic 

separation of the ground sloth Nothrotheriops from the 

larger Mega 7 onyx and G7ossotherium (Table 19). Differences 



in size and, more probably, feeding preference may have 

separated Mega 7 onyx and G70ssotherium. 
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Differences in feeding preference may be the reason why 

several genera of Proboscidea, Mammuthus, Mammut, and 

Stegomastodon were able to co-exist in the early 

Irvingtonian phase of the paleocommunity (Kurt~n and 

Anderson, 1980). Mammut was primarily a browser while 

Mammuthus was a grazer. Stegomastodon may have been a 

mixed-feeder. It is only speculation that competition 

caused by the immigration of Mammut and Mammuthus into the 

FCVC area resulted in the extinction of Stegomastodon. 

Prior to the Irvingtonian, the Lagomorpha in the FCVC 

paleocommunity, Nekro7agus sp., Hypo7agus vetus, H. edensis, 

and Sy7vi7agus hibbardi, all filled the cottontail niche 

(White, 1984; White and Keller, 1984). White and Keller 

(1984) refer to this suite of taxa as ecomorphs, " ... 

organisms whose morphological resemblances resulted from 

convergence owing to ecological preference (p. 63). These 

authors recognized, on the basis of morphology, behavior, 

reproductive strategies, and habitat preference that the 

North American Lagomorpha fall into three ecomorphs: rock 

rabbit, cottontail, and jack rabbit. The ecomorph 

categories do not coincide with taxonomic subdivisions of 

the Lagomorpha. Differences in size, food preference, 

microhabitat preference or behavior patterns may be the 

reasons for the co-existence four cottontail ecomorphs in 
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the early Blancan phase of the paleocommunity and one in the 

late Blancan phase paleocommunity (Table 18). The 

appearance of Lepus during the latest Blancan resulted in 

the appearance of a jack rabbit ecomorph in the FCVC area. 

The FCVC specimens are identified as Lepus sp., Lepus 

ca71otis, and Lepus sp. cf. L. ca77otis. According to White 

and Keller (1984), L. ca770tis is a jack rabbit ecomorph. 

By the Irvingtonian there were two cottontail ecomorphs, 

Sy7vi7agus hibbardi and Sy7vi7agus sp. cf. S. f70ridanus 

and, presumably, one jack rabbit ecomorph, Lepus, if some of 

the Leporidae, gen. and sp. indet specimens belong to that 

genus. The reason for the extinction of three of the 

Blancan cottontail ecomorphs is unknown. Two of them, 

Hypo7agus vetus and H. edensis belong to the Archaeolaginae 

which became extinct near the Blancan-Irvingtonian boundary. 

The third, Nekro7agus, belongs to the Leporinae. The 

climatic change at the Blancan-Irvingtonian boundary or 

another cause, possibly better competitive abilities by 

Sy7vi7agus and Lepus, may be responsible for their 

extinction (White, 1984, 1987). It is noteworthy that 

despite the changes at the species and genus level in the 

FCVC Lagomorpha, the cottontail ecomorph niche remained 

present and, based on the number of specimens of Sy7vi7agus, 

allowed for large populations to occur. Persistence of the 

cottontail ecomorph niche suggests that this aspect of the 

paleocommunity structure remained stable. The appearance of 
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the jack rabbit ecomorph seems to have had little effect on 

the paleocommunity structure other than to partially fill 

the range of medium-sized body weights. The introduction of 

this new niche into the paleocommunity without causing any 

reorganization of its structure or integration suggests that 

a community ;s a very flexible phenomenon able to accept 

species so long as the environmental requirements for that 

species exist in the community, that is the community acts 

as an "individual" rather than as a "superorganism". 

Pewe7agus dawsonae, an archaeolagine, because of its 

morphologic specializations does not fit into any of the 

ecomorph categories (White, 1984). The uniqueness of this 

species may be the cause for its survival to the very end of 

the Blancan, unlike the other archaeolagines in the FCVC 

section. The reason for its extinction, despite its 

specializations that may have kept it out of competition 

with the other lagomorph species, is unknown. 

Although 22 rodent genera occur in the FCVC section, 

only five seem to have been present in large numbers based 

on actual specimen counts or relative abundances (Table 18). 

These five are: Perognathus, Dipodomys, Geomys, Sigmodon, 

and Neotoma. All of these genera persist in each temporal 

phase of the FCVC paleocommunity (Table 18). All these 

genera have broad habitat and climatic tolerances which may 

explain their persistence in the FCVC area for 3.1my 

(Table 17) and their ability to survive in the presence of 



immigrant species. The persistence of these genera and 

their large relative abundances suggests stability of the 

FCVC paleohabitats and paleoclimate. 
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There are two species of Sigmodon recognized in the 

FCVC paleocommunity, S. minor and S. 7indsayi (Martin and 

Prince, 1989). Sigmodon minor is the most common species 

and can be found in all three temporal phases of the 

paleocommunity (Table 18). Sigmodon 7indsayi occurs within 

two restricted stratigraphic intervals that correspond to 

the late Blancan and early Irvingtonian phases of the 

paleocommunity. The two species are not currently known to 

be sympatric in the FCVC paleocommunity (Martin and Prince, 

1989). Martin and Prince (1989) interpret the replacement 

pattern (see chapter 5) as caused by incorrect stratigraphic 

assignment of specimens, competition, or climatic change. 

Sympatry of species of Sigmodon is rarely observed because 

the different species rarely tolerate one another, 

especially if one species is smaller than the other (Martin, 

1986; Martin and Prince, 1989). This may be a factor in the 

total extinction of all small species of Sigmodon such as S. 

minor (Martin, 1979, 1986). Sigmodon 7indsayi is the larger 

of the two FCVC species and would be expected to be dominant 

throughout the FCVC section. That this is not observed is 

due to S. 7indsayi having probably evolved later than S. 

minor and thus having to establish itself in the FCVC area 

by immigration and, possibly, competition. 
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The geomyid rodents in the FCVC paleocommunities are 

represented by two genera and two named species: Geomys 

anzensis, G. garbanii, and Thomomys sp. Both of the species 

and genera are fossorial. Kennerly (1954, 1958, 1959) noted 

that Geomys burrows in sandy soils with the smaller species 

preferring less friable soils and the larger species 

preferring loose, friable soils. Kennerly (1959) also noted 

that it is rare for two species of Geomys to be found at the 

same locality in the same habitat. Becker and White (1981) 

observed that the Geomys species in the FCVC paleocommunity 

are differently sized, G. anzensis being smaller than G. 

garbanii. They attributed the uncommon sympatry of these 

two species to their different soil preferences. Sympatry 

of these two species is demonstrated at six LACM and three 

IVCM localities where their remains are found together. 

This situation suggests that the FCVC paleocommunity 

produced sufficient forage for these two species of Geomys 

even though they probably had similar food preferences. 

This demonstrates the role of microhabitats in allowing 

closely related species with similar environmental 

requirements to occur in the same habitats and suggests one 

way for sympatry to occur. Specialization by microhabitat 

is probably the reason why Geomys garbanii was able to 

successfully establish itself in the late Blancan and early 

Irvingtonian phases of the paleocommunity despite the 

presence of G. anzensis in the area since the early Blancan. 
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The third gopher in the FCVC section is Thomomys. This 

genus does not appear until the latest Blancan. After its 

appearance Thomomys is sympatric with both species of 

Geomys. Specimens of Thomomys, Geomys garabanii, and G. 

anzensis occur together at one locality (LACM 1114) (Becker 

and White, 1981). The survival of Thomomys in the late 

Blancan and early Irvingtonian phases of the paleocommunity 

is probably due to its not having a preference for the soil 

type in which it burrows (Becker and White, 1981). This 

would preclude competition from similarly sized gophers of 

other genera, usually Geomys (Becker and White, 1981). The 

geomyid rodents in the FCVC paleocommunity demonstrate the 

ecologic importance of body size and microhabitat preference 

rather than species interactions in structuring communities. 

One of the most interesting ecologic aspects of the 

FCVC paleocommunity is the sympatry of several equid genera 

and subgenera (Table 18). This is a somewhat unusual 

situation for closely related taxa of large mammals. 

Forsten (1988) noted that the species and subgenera (species 

according to her) of Equus can be divided into two groups 

based on the shape of the linguaflexid. The first group, 

characterized mainly by V-shaped linguaflexids is the 

stenonid group. The stenonid condition is the more 

primitive one. The second, characterized mainly by U-shaped 

linguaflexids is the caballo;d group. Most fossil and 

extant species of Equus belong to the stenonid group as does 
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the most likely ancestor of Equus, Dinohippus. In the FCVC 

paleocommunities all the equids belong to the stenonid group 

except for Equus (Equus) which is a caballoid, and 

Hippidion, which belongs to neither group. 

Forst~n (1988) observed that the stenonid horses were 

nearly completely and abruptly replaced by caba1loid horses 

in Eurasia during the Galerian (early middle Pleistocene, 

1.0-0.4 Ma). The FCVC data show that in North America this 

is not the case. Caballoid horses (Equus (Equus» first 

appear in the late Blancan phase of the paleocommunity at 

about 1.97 Ma. Stenonid horses survive along with the 

caballoids to the top of the section, about 0.9 or 0.7 Ma. 

The evolution, in North America, of the caballoid horses 

alongside the stenonids may have provided the stenonids the 

opportunity to evolve behavioral or ecologic characters that 

allowed them to co-exist with the new species. Stenonid 

horses immigrated to Eurasia about 2.6 my ago (Lindsay et 

a1., 1980; Forst~n, 1988) and may have, therefore, "missed 

the opportunity" to adapt to the caballoids. When the 

caballoids immigrated to Eurasia at about 1.0 Ma, they were 

able to replace the "unprepared" stenonids. 

An interesting ecologic problem is posed by the co­

occurrence of congeneric and, probably ecologically similar, 

equid species in the FCVC paleocommunity. The ecologic 

similarity of the FCVC equid species is inferred from their 

dental, cranial, and limb morphology compared to extant 
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eQuids. This problem is discussed by Hutchinson (1959), 

Brown and Lieberman (1973), Andrewartha and Birch (1984), 

and Forsten (1988). Forsten (1988) noted, based on fossil 

and extant distributions, that stenonid horse species are 

commonly found in sympatry with one another. Caba110id 

horse species, by contrast, are seldom sympatric with one 

another, but do occur with stenonid horse species. Stenonid 

horses are characterized by a high degree of morphologic 

differentiation suggesting repeated and opportunistic 

speciation and adaptation to relatively narrow niches. The 

stenonid horse species' high degree of morphologic 

differentiation, sympatry, and geographic distribution 

through time are characteristic of tropical, narrow-niche 

species. 

The FCVC stenonid horses are differentiated from each 

other by size and limb morphology. For example, Equus 

(Do7ichohippus) enormis is considerably larger than the 

sympatric Equus sp. cf. E. (Do7ichohippus) simp7icidens 

(Downs and Miller, 1994). Equus (Hemionus) is a "sti1t­

legged" form with limbs long relative to the size of the 

animal. Equus (Do7ichohippus) is the most abundant stenonid 

horse in the FCVC paleocommunity and may be the most 

abundant equid if many of the specimens identified as Equus 

sp. belong to this subgenus. Forsten (1988) presented 

additional data and statistics demonstrating the differences 

between stenonid and caba110id horses and those among the 
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stenonid horses. 

Caballoid horse species have been morphologically 

conservative through time and space, with the exception of 

size differences (Forsten, 1988). Caballoid horses are 

characterized by a high degree of ecologic and behavioral 

flexibility (Walker et a1., 1968; Forsten, 1988). The 

ecologic and behavioral flexibility of the caballoid horses 

is also responsible for their being able to occur 

sympatrically with stenonid horses, if the habitat was 

sufficiently productive (Forsten, 1988). 

The data and inferences support the interpretation of 

the FCVC habitats as being of high productivity and so able 

to support several sympatric species of stenonid horses as 

well as sympatric caba110id horses. The stenonid species 

survived by niche specialization and the cabal10id horses by 

ecologic and behavioral flexibility. 

The Blancan and early Irvingtonian paleohabitats must 

have been particularly favorable for equid species as these 

constitute the most abundant large mammal species in the 

entire FCVC assemblage (Table 18). A combination of factors 

such as climate, vegetation, competitive ability relative to 

other large mammal species, being ecologic generalists with 

respect to food source, ability to process low-quality 

forage, and the potential for year-round reproduction may be 

responsible for the large abundance of equid species. The 

equid diversity and probable ecologic differentiation of 
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most equid species is analogous to that seen today by bovids 

in East Africa. 

Downs and Miller (1994) stated that their study of 

Equus from the FCVC area did not support sympatry of 

caballoids and stenonids. Their conclusion was reached on 

the basis of a very limited sample of Equus from the FCVC 

area; two specimens of Equus (D07ichohippus) sp. cf. E. (D.) 

simp7icidens, three of E. (D.) enormis, and one referred to 

as E. (Equus) sp. A. All of the specimens, except for two 

of E. (D.) enormis, are from the fault blocks so that their 

biostratigraphic utility is weakened (Chapter 5). Because 

of the very limited sample size and poor biostratigraphic 

control, their conclusion is not accepted in this study. 

The most notable aspect of the FCVC paleocommunity is 

its ability to accept immigrant species without any 

noticable change in community structure or significant 

extinction of pre-existing species (Figures 22-24, 25). The 

ability of the FCVC paleocommunity to accept immigrant 

species is most likely due to three factors. The first is 

the continued presence of all terrestrial paleohabitat types 

during the Blancan and early Irvingtonian. The second is the 

stability of the paleoclimate leading to stability in the 

paleohabitats. This second factor allowed for sufficient 

resources and microhabitat development that in turn allowed 

a large number of niches to be available, possibly with 

overlap (MacArthur, 1965; Wilson, 1969; Brown and Lieberman, 
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1973). The third factor is the inferred ecologic 

flexibility of many of the FCVC mammalian species (Walker et 

al., 1968; Kurten and Anderson, 1980; Hall, 1981). This 

contributed to high diversity levels by allowing the co­

occurrence of species with similar ecologic requirements in 

the same paleocommunity. 

The observation that the FCVC paleocommunity changed 

mainly by the addition of immigrant species suggests that 

the paleocommunity had unoccupied niche space available that 

could be exploited by the immigrants. It may also suggest 

that resources were plentiful in the paleocommunity so that 

when immigrants arrived the pre-existing species could 

undergo niche contraction without adverse effect. Ecologic 

flexibi1ty of some of the species would contribute to the 

latter inference. 

It is also noteworthy that few extinctions occurred in 

the FCVC paleocommunity. That of the archaeolagine 

1agomorphs at the Blancan-Irvingtonian boundary was a 

continent-wide event, possibly brought about by competition 

from Sy7vi7agus and Lepus (White, 1984). That this 

extinction did not result in any noticable change in the 

early Irvingtonian phase of the paleocommunity is probably 

due to the fact that the replacement species were ecomorphs 

of the extinct ones. Another extinction is that of cf. 

Dinohippus sp. in the late Blancan phase of the 

paleocommunity. This is probably a pseudoextinction because 
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Dinohippus is hypothesized to be the ancestor of Equus. 

Competition by the radiation of £quus may have contributed 

to the extinction of relict populations of Dinohippus. 

Again, no change in the paleocommunity structure occurred 

because the niche of cf. Dinohippus sp. was probably filled 

by one or more species of £quus. The extinction of 

?Borophagus sp. in the late Blancan phase of the 

paleocommunity may have been caused by competition from 

Canis sp. cf. C. dirus, as both are believed to be primarily 

scavangers (Kurten and Anderson, 1980). Norell (1989) noted 

that extinction of the herbivorous iguanine genera 

Dipsosaurus dorsalis and Pumilia novaceki occurred during 

the late Blancan. These genera were apparently replaced by 

more mesic taxa, such as gerrhonotines and skinks. Norell 

(1989) considered this a case of regional extinction 

followed by replacement and postulates environmental change 

causing a change in the plant species composition for the 

extinction and replacement. Other putative extinctions such 

as that of Anzanycteris anzensis, £utamias, or Vu7pes may be 

artifacts of collecting or taphonomic bias. 

Within the paleocommunity food webs/chains probably 

expanded and contracted with each immigration and extinction 

event, respectively, forming new connections. This is 

indicated by the stability and consistency of the 

paleocommunity structure as shown by the cenogramic 

analysis. This suggests that the paleocommunity possessed 
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much flexibility in its organization and integration rather 

than being a delicately balanced system of "hooks" which 

falls apart if a "hook" is broken. The inference from this 

is that the paleocommunity was a system that could quickly 

damp perturbations caused by changes in its species 

composition. As food web/chains changed their connections 

energy flow through the paleocommunity was simply 

rechanneled. 

Why should this be so? The answer probably lies in the 

inferred climatic stability of the FCVC area during the 

Blancan and early Irvingtonian. Climatic stability produced 

vegetational structural stability and environmental 

predictabilty. These factors combined with greater 

flexibility in food preference and other environmental 

requirements, at least among the mammalian species in the 

paleocommunity. The result was a dynamic paleocommunity 

that could readily accommodate change without losing its 

basic structure. One conclusion derived from this is that 

the FCVC paleocommunity contained many broad niches ;n order 

to accommodate immigrants. 

In the opinion of the author, the FCVC paleocommunity 

was a real, objective entity. It had the characteristics of 

structure, energy flow, distinct species composition, and 

recurrence in time and space. The most important result 

from the FCVC data ;s that it shows that terrestrial 

paleocommunites can be recognized in the fossil record, 
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histories followed for significant lengths of time. 

Cenogram Analysjs of the ECYC paleocommunjty 

Methodology 
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The cenogram approach is a graphical method in which 

the natural logarithm of the body size of each taxon is 

plotted on the ordinate against the rank order of the 

taxon's size on the abscissa, i.e. a semi-log plot. These 

points define the base cenogram. Any measure of body-size 

may be used. Valverde (1964, 1967) used head-body length. 

Legendre (1986) used estimated body weights based on the M1 

crown area. A regression line is then fitted to the plotted 

points and this line defines the cenogram. The number of 

taxa in a given size interval determines the slope of the 

regression line. Gentle slopes are due to a greater number 

of taxa and steep slopes are due to a smaller number of 

taxa. The base cenogram indicates whether or not taxa are 

grouped into distinct size classes by the presence or 

absence of gaps in the distribution of data points, and if 

anyone size class predominates; in other words, the base 

cenogram illustrates community structure based on the 

distribution of body sizes in an ecosystem defined by its 

vegetation structure. This is just one measure of community 

structure; diversity and its distribution across body sizes. 

Inferring paleocommunities from this method also reQuires 

consideration of functional morphology, dietary 
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specializations, and modern analogues. Examples in Legendre 

(1986) show that it is not necessary for the regression line 

to pass through the entire set of data points, but that it 

may plot as segments through discrete sets of points on the 

same cenogram if a gap occurs between the small and 

medium/large body weight classes. These clusters represent 

distinct breaks in the continuity of body-sizes and so 

reveal more information about community structure. 

Interpretation of the slopes and clusters (if any) of 

the data points depends on reference to cenograms 

constructed for Recent communities. Thus, the cenogram 

method explicitly relies on an actualistic foundation. 

Legendre (1986) developed his own Recent data base using six 

mammalian communities from Africa, Spain, and Iran. 

cenograms for this reference base were overlapped along a 

third axis of environmental gradient. The environmental 

setting for each Recent community was found to have its own 

characteristic cenogram plot. "Open" environments, such as 

savannahs, show a gap between small «500g body-weight) and 

large (>8000g body-weight) species. The gap does not 

necessarily indicate the complete absence of medium-body 

weights, only that there is a discontinuity between the 

small- and medium-body weights. Desert environments show a 

pronounced difference in the slope between the curves for 

the large and small mammals as well as the gap. Forest and 

savannah environments describe curves in which the slope for 
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the small and medium/large body weights are nearly 

identical; this suggests a homogenous distribution of body 

weights. The distribution is continuous in the forest 

environment, but interrupted by the gap in the medium-body 

weight in the savannah environments. Note that these are 

based on empirical observations and it is possible that the 

body-weight limits may be arbitrary. It must also be 

emphasized that the regressions of the cenogramic curves 

included only the data points for primary consumers even 

though the base cenograms in Legendre's (1986) examples 

plotted data points for carnivorous and insectivorous 

species as separate curves on the base cenograms. 

From his observations on Recent community structure 

Legendre (1986) suggested the following empirical "rules" to 

analyze cenograms: 1) open environments show a gap in the 

medium-sized species range while forested environnments 

exhibit a more continuous body-size distribution, 2) The 

steepness of the slope for the large-sized mammals is an 

indicator of aridity, steeper slopes being indicative of 

more arid environments as fewer large mammals are observed 

to inhabit these environments, and 3) the slope for small­

sized species may be indicative of temperature minima, fewer 

small-sized species being observed to occur in temperate and 

boreal regions compared to tropical areas. These empirical 

rules indicate that a cenogram may show more than the 

structure of a community based on diversity and the body 
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allow one to make inferences about vegetation structure, 

temperature, and humidity. 
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Legendre (1986) did not provide any explanations for 

his "rules". I would speculate that "rule" 2 may be due to 

the lack of moisture in arid environments causing a lack of 

the plant biomass needed to support a diverse assemblage of 

large-sized mammals. "Rule" 3 may possibly be the result of 

paleoclimatic influences on the distribution of small-sized 

mammals. "Rule" 1 is the most intriguing and the one for 

which I could find no explanation in the ecologic literature 

so that this "rule" is based purely on unexplained 

observations. 

Neither Valverde (1964, 1967) nor Legendre (1986) 

provided quantitative limits for the slope values and body­

size offsets used to discriminate among environments. 

Interpretation of the cenogram was apparently done by visual 

inspection of the regression line for slope and of the base 

cenogram for possible body-size offsets. Gunnell (1994, 

figure 17), using data from 42 extant mammalian communities 

in Legendre's (1988) unpublished state doctorate, quantified 

the slope limits and small/medium mammal offsets necessary 

to interpret cenograms (Tables 21, 22). Slope limits are 

only for the regression line for taxa with body weights 

greater than 500g, which is Legendre's (1986) arbitrarily 

chosen upper limit for small mammals. These slope 1imits 
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discriminate among environments based on the degree of 

aridity in the environment. The offset limits are given in 

terms of units of ln body weight (ordinate units) and are 

applicable to the offset between taxa <500g and >500g. 

Offset limits may be used to discriminate among environments 

based on the vegetation structure of those environments. 

The mammalian fossil collections from the Palm Spring 

Formation have been analyzed according to the cenogram 

method in order to understand the structure of the mammalian 

paleocommunity and the conditions under which it existed. 

Because the principal purpose of the analysis is to see 

what, if any, changes occurred in the terrestrial 

paleocommunity between 4.0 and 0.9 (or 0.7) Ma, it will be 

most informative to examine the data at those times when 

potential perturbations affecting the paleocommunity took 

place in the FCVC area. Based on the evidence from the FCVC 

section, three types of perturbations probably affected 

the FCVC paleocommunities: change in paleoenvironment, 

change in taxonomic composition of the paleocommunity, and 

change in paleoclimate. 

Chapter 3 showed that a change in the paleoenvironment 

occurred in the FCVC area by the shift in course of the 

Colorado River at approximately 3.0 Ma. The overall 

paleohabitat changed from the delta plain of the Colorado 

River to a braidplain. This is recorded by the change from 

the Diablo and 011a "members" (CU 7.0-42.4) to the Tapiado 
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and Huesos "members" (CU 42.5-66.9). 

Changes in taxonomic composition by appearance and 

disappearance of taxa occurred throughout the FCVC section 

during the Blancan and early Irvingtonian (Chapter 5, Plate 

2). Significant change in taxonomic composition appears to 

taken place around 2.5 Ma (CU 47.2) (appearance of South 

American immigrants via the Panamanian isthmus, the Great 

American Interchange) and 1.77 Ma (CU 56.0) (appearance of 

Eurasian immigrants and genera characteristic of the 

Irvingtonian NALMA). 

Change in paleoclimate apparently occurred around 2.0 

Ma. As discussed in the section on paleoclimate in this 

chapter, the change in the local FCVC paleoclimate was a 

shift from relatively wet (~4.0-2.0 Ma, CU 7.0-49.0) to 

relatively dry conditions (~2.0-0.9/0.7 Ma, CU 49.1-66.9) 

The possible effects of these perturbations were 

examined by constructing three sets of cenograms, following 

the procedure of Legendre (1986). One set was constructed 

for each of the environmental perturbations just discussed. 

Each set consists of two types of cenogram. The first type 

is a base cenogram on which all the primary consumer genera 

in an assemblage are plotted and identified. Only primary 

consumers are plotted on the base cenograms because only 

their data points are involved in the analysis. 

The second type is a regression line of the primary 

consumer curve. The regression line is what is analyzed in 
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order to interpret a cenogram. The primary consumer curve 

is regressed and analyzed because primary consumers occur 

near the base of food chains/webs and so are most likely to 

be affected by the perturbations effects on vegetation and 

competition. The spectacled bear, Tremarctos, is included 

as a primary consumer because data on the living species of 

this bear indicate that, under natural conditions, it is a 

herbivore (Walker et al., 1968). 

The data sets for each cenogram (referred to as 

assemblages) represent different phases of the FCVC 

community, phases that are delimited by environmental change 

in the FCVC area. 

The first set (paleohabitat change) has the data 

grouped into two assemblages. The first paleohabitat 

assemblage includes the genera from the Diablo 

and 011a "members" (CU 7.0-42.4), the second paleohabitat 

assemblage includes the genera from the Tapiado and Huesos 

"members" (CU 42.5-66.9). The second set (change in 

taxonomic composition) has the data grouped into three 

assemblages. The first assemblage corresponds to the early 

Blancan, prior to the Great American Interchange (4.0-2.5 

Ma, CU 7.0-47.2). The second assemblage corresponds to 

the late Blancan, after the start of the Great American 

Interchange (2.5-1.77 Ma, CU 47.3-55.9). The third 

assemblage corresponds to the Irvingtonian part of the FCVC 

section (1.77-0.9 or 0.7 Ma, CU 56.0-66.9), reflecting the 
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Table 19. Estimated Body Weights for Mammalian Genera in 
the Fish Creek-Vallecito Creek Section and Distribution of 
Genera by Assemblage for Cenogram Analysis. 

Taxon Weight (g) DO HT EB LB 18 PC1 PC2 

Notiosorex 4.0 X X X X X X 
Sorex 5.9 X X 
Baiomys 1 8.0 X X X 
Reithrodontomys 2 11.5 X X X X X X 
Microdipodops 3 13.5 X X X X X 
Perognathus 4 17.5 X X X X X X X 
Anzanycteris 23.0 X X X 
Eutamias 5 35.0 X X X 
Mimomys 6 35.0 X 
Ca70mys (Bensonomys) 7 40.0 X X X X 
Peromyscus 8 43.5 X X X X X X X 
Mictomys 9 50.0 X X X X 
Onychomys 50.0 X X X X X X 
Lasiopodomys 10 60.0 X X X 
Microtus 11 60.0 X X X 
Dipodomys 12 96.5 X X X X X X X 
Scapanus 110.0 X X X X 
Thomomys 13 154.0 X X X X 
Spermoph i 7 us 14 156.5 X X X X 
Geomys 15 209.5 X X X X X X X 
Sigmodon 16 214.0 X X X X X X X 
Neotoma 17 246.5 X X X X X X X 
Muste7a 300.0 X X X 
Spi 70ga 7e 600.0 X X X 
Pewe7agus 18 628.0 X X X X X X 
Hyp07agus 19 720.0 X X X 
Sy7vi7agus 20 774.5 X X X X X X 
Nekr07agus 21 871.0 X X X 
Bassariscus 985.0 X X X 
Trigonictis 2,100.0 X X 
vu7pes 3,400.0 X X X 
Lepus 22 3,447.0 X X X 
Coendou 23 4,300.0 X X X X X 
Urocyon 5,000.0 X X X X X 
Procyon 6,350.0 X X X X 
Fe7is rexroadensis 10,900.0 X X X 
Lynx 10,900.0 X X X X X X X 
Nasua 11 ,300.0 X X X 
Tax idea 12,000.0 X X X 
Canis sp. 13,500.0 X X X X X X X 
Canis 7atrans 13,500.0 X X X X X X 
C. prisc07atrans 15,000.0 X X X 
Castor 24 18,500.0 X X X 
Capromeryx 25 26,000.0 X X X X X X 
Borophagus 27,000.0 X X X 
P7atygonus 26 32,500.0 X X X X X X 
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Table 19. Continued. 

Taxon Wejght (g) PO HT EB LB IR PCl PC2 

Tetrameryx 27 
Canis lupus 
Hydroehoerus 
Ant i 70capra 
Navahoeeros 
Fe 7 is sp. 

28 
29 
30 

Fe 1 is conco 70r 
Gu70 
Hemiauehenia 31 
Panthera onea 
Canis dirus 
Tremaretos 32 
Odoeoi 7eus 33 
Smi 7odon 
Ursus 
Aretodus 
Nothrotheriops 34 
Equus (Asinus) 35 
E.(Hemionus) 36 
Hippidion 37 
Tapirus 38 
Cervus 39 
Equus sp. 40 
E.(Dolichohippus) 

48,000.0 
50,000.0 
50,000.0 
60,000.0 
65,000.0 
69,500.0 
69,500.0 
70,400.0 
72,000.0 
75,650.0 
80,000.0 

105,000.0 
110,000.0 
136,500.0 
150,000.0 
150,000.0 
180,000.0 
260,000.0 
260,000.0 
260,000.0 
262,500.0 
275,000.0 
350,000.0 
350,000.0 

350,000.0 
350,000.0 
410,000.0 
500,000.0 
500,000.0 
900,000.0 

41 
Equus (EQuus) 42 
Dinohippus 43 
Eueeratherium 44 
Came70ps 45 
Mega70nyx 46 
G7ossotherium 47 
Titanoty7opus 48 
Mammuthus 49 
Mammut 50 
Stegomastodon 51 
Cuvieronius 52 

1,150,000.0 
3,000,000.0 
3,000,000.0 
3,000,000.0 
3,000,000.0 

TOTALS 

x 

x 

x 

x 
X 

X 

X 

X 

25 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

76 

X X 

X 

X 
X X 

X 
X 

X X 

X 
X X 

X 

X 
X 
X 
X 

X X 
X 
X 

X X 
X X 

X 
X 

X 
X X 
X X 

X 
X X 

34 56 

X X 
X 

X 
X X 
X 

X X 
X 

X X 
X 
X 

X 
X 
X 
X 

X 

X 
X 

X X 
X X 

X 
X 

X 
X X 
X X 
X 
X X 
X 
X 
X 

63 40 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

64 

Numbers after taxon used on abscissa in Figures 18-24. DO = 
Diablo-Olla Assemblage. HT = Huesos-Tapiado Assemblage. EB 
= Early Blancan Assemblage. LB = Late Blancan Assemblage. 
1R = Irvingtonian Assemblage. PCl = Paleoclimatic 
Assemblage 1 - 4.0-2.0 Ma. PC2 = Paleoclimatic Assemblage 2 
- 2.0-0.9 or 0.7 Ma. 
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possible influence of Eurasian immigrants. The third set 

(paleoclimate change) includes an assemblage of genera from 

the 4.0 to 2.0 Ma interval (CU 7.0-49.0), wet climate, and 

an assemblage from the 2.0 to 0.9 (or 0.7) Ma interval (CU 

49.1-66.9), dry climate. 

The assemblages used for each set of cenograms, 

admittedly, span uneQual lengths of time. This;s because 

the events recorded in the FCVC section and used to denote 

each type of environmental perturbation do not correlate 

with each other. The cenogram method does not reQuire that 

assemblages correspond to eQual time spans. Data can 

consist of taxa from single localities or groups of 

localities. I believe that the way genera have been grouped 

into assemblages for each set of cenograms is not arbitrary 

because the limits to each assemblage correspond to recorded 

events in the FCVC section. 

Table 19 shows the estimated body weights, distribution 

of genera among the assemblages designated for the three 

applications, and the reference number for that taxon used 

on the abscissa in the base cenograms (Figures 18-24). 

Carnivorous, omnivorous, and insectivorous genera and 

species are listed on Table 19 for the sake of completeness 

and because they were referred to in the actualistic 

analysis. 

All specimens identified to genus, and that could be 

assigned to lithostratigraphic "member" were used for the 
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first application of the cenogram method (paleohabitat 

change). For the second (changes in taxonomic composition) 

and third applications (paleoclimatic change) of the 

cenogram method reference to collecting level, absolute age, 

NALMA, or paleomagnetic chron is necessary. Therefore, 

genera from the fault blocks are not used because they 

cannot be stratigraphically located by one of the above 

methods. Genera from the "Hollywood and Vine" section are 

included for the second and third applications because these 

sediments are, stratigraphically, the highest in the FCVC 

area and the specimens from this section indicate that this 

section is Irvingtonian (Table 1). Because most mammalian 

fossils in the FCVC section have been identified to the 

generic level, the genus, with one exception, is used in the 

construction of each set of cenograms. The exception is 

that equid subgenera are plotted separately on each set of 

base cenograms. 

Adult body weight was used as a measure of body size 

(Table 19) because this is the most important criterion used 

in the cenogram method. Only genera of mammalian primary 

consumers were used as reptile, bird, and amphibian remains 

are rare in the entire formation. 

In constructing Table 19, body weights for extant 

genera and species were taken directly from Walker et ale 

(1968) and Hall (1981). Body weights of extinct genera and 

species were estimated. In some cases, e.g. Nothrotheriops, 
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there are published estimates (Kurten and Anderson, 1980). 

Body-weight estimates for other extinct genera and species 

were based on body weights of extant relatives or comparison 

with similar-sized, but non-related genera. 

Genera/subgenera of equal body weight were treated as one 

data point because the cenogram method does not depend on 

taxonomic identification, but on the distribution of body 

weights. 

The presence or absence of a gap or offset between 

small- and medium- or large-sized mammals is important in 

the interpretation of a cenogram. The presence or absence 

of the offset, in turn, depends upon the definition of a 

small mammal. Both Legendre (1986) and Gunnell (1994) used 

500g as the upper limit for the body weight of a small 

mammal, but did not explain the significance of this value, 

and it is an arbitrary value. Other studies, such as 

Behrensmeyer (1978), Behrensmeyer et al., 1979, and Badgley 

(1986a), have used different limits to separate mammalian 

species by body size. In order to compare and contrast 

results of the cenogram and actualistic analyses of this 

study against the cenogram-based environmental 

interpretations of Legendre (1986) and Gunnell (1994), the 

body weight limits of those two authors are used. Based on 

their criteria, small mammals have body weights <500g, 

medium-sized mammals range from 500g to 8,OOOg, and large 

mammals weigh more than 8,OOOg. 
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Body size has been demonstrated to be strongly 

correlated with many aspects of a species life history (e.g. 

life spa~, gestation period, litter size, ontogeny, 

population density, territory size, predator-prey 

relationships) (Damuth, 1981, 1982; Eisenberg, 1981; Peters, 

1983). 

The use of body size has received much attention in 

recent paleoecologic studies. Because soft anatomy, 

behavior, and physiology are not preserved in the fossil 

record, the only possible source of ecological information 

available is from the preserved bones and teeth. One 

ecologic feature the preservable part of a vertebrate can 

provide is body size. Although there is debate over the 

most "realistic" way to estimate body size, its ecological 

importance is generally accepted (Damuth, 1990; Damuth and 

MacFadden, 1990; Eisenberg, 1990; Forte1ius, 1990; Janis, 

1990; Scott, 1990; Van Va1kenburgh, 1990). Most 

importantly, body size allows analyses of Recent and past 

communities and ecosystems to be carried out as a taxon-free 

exercise. A taxon-free ecologic analysis is only a partial 

description of the community or ecosystem, but it does allow 

specific comparisons among communities in time and space 

(Damuth et a1., 1992). A taxon-free analysis treats body 

size distribution as a character of the community and can 

use other characters at the community-level, such as species 

diversity, food preference, locomotor type, and habitat use 
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(Damuth et a 1 ., 1992). 

Body size has its influence on life history parameters 

through its relationship to the species' physiology (Peters, 

1983). Physiology is a rather conservative feature of a 

species, and may be applicable to higher ~axa, when its 

intimate connections to so many vital aspects of an organism 

can be demonstrated. Physiology imposes constraints on an 

organism's life history and evolutionary history. Thus 

physiology acts, to varying degrees, against drastic and 

rapid changes in an organism or an evolving lineage and 

promotes constancy in nature and evolution. For this reason 

physiologically-based, actualistic criteria, such as body 

size, are excellent "yardsticks" against which to measure 

paleontological data. 

Cenogram Analyses of the Fish Creek-vallecito Creek 

Mammalian primary Consumers 

Results 

Figures 19-20, 22-24, and 26-27 are the base cenograms 

for each assemblage. Figures 21, 25, and 28 are the 

cenograms showing the regression line for each base 

cenogram. The cenograms in Figures 21, 25, and 28 are 

arranged along a time axis. Figure 29 is a reproduction of 

figure 11 of Legendre (1986) and is used for visual 

comparison and interpretation of Figures 21, 25, and 28. 

Table 20 is the statistical summary for each set of 

cenograms, showing values for r, m, b, and offsets. 
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Table 20. Statistical Summary for the Cenogram Analyses of 
the FCVC Primary Consumer Data. 

r = Correlation Coefficient, m = Slope, b = V-intercept, 
o = Offset between Small and Medium/Large Herbivores in 1n 
Units, n = Number of Data Points 
* = number of data points may be less than the number of 
genera/subgenera because those with identical weights were 
treated as one data point 

Djablo-011a Assemblage (00) 

Large Mammals 

r = -0.95 
m = -1.06 
b = 1~.73 
n = 9 

o = 0.93 

Hyesos-Tapjado Assemblage 

Large Mammals 

r = -0.96 
m = -0.29 
b = 14",86 
n = 24 

o = 0.93 

(HT) 

Early Blancan Assemblage (EB) 

Sma]] Mammal s 

r = -0.97 
m = -0.47 
b = ~.31 
n = 7 

Small Mammals 

r = -0.99 
m = -0.25 
b = 6.~0 
n = 15 

Large Mammals Small Mammals 

r = 
m = 
b = 
n = 

-0.97 
-0.68 
14",95 
13 

o = 0.93 

Late Blancan Assemblage (LB) 

r = -0.98 
m = -0.44 
b = ~.22 
n = 9 

Large Mammals Small Mammals 

r = 
m = 
b = 
n = 

-0.95 
-0.31 
14",61 
22 

o = 0.93 

r = -0.99 
m = -0.31 
b = 6",90 
n = 12 



Table 20. Continued. 

IrYingtonian Assemblage 

Large Mammals 

r 
m 
b 
n 

= 
= 
= 
= 

-0.95 
-0.38 
15*10 
17 

o = 1.14 

CIR) 

paleocljmatjc Assemblage 1 (PCA1) 

Large Mammals 

r = -0.97 
m = -0.58 
b = 14*85 
n = 15 

o = 0.93 

paleocljmatjc Assemblage 2 (PCA2) 

Large Mammals 

r = -0.96 
m = -0.31 
b = 14*97 
n = 23 

0 = 0.93 

Small Mammals 

r = -0.98 
m = -0.29 
b = 6*15 
n = 13 

Small Mammals 

r = -0.98 
m = -0.44 
b = i· 22 
n = 9 

Small Mammals 

r = -0.99 
m = -0.28 
b = 6.10 
n = 14 
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Table 21. Range of Slope Values for Large-sized Herbivores 
used for Paleoclimatic Interpretation (Degree of Aridity) of 
Cenograms. Based on Gunnell (1994, figure 17). 

0.0 - 0.2 
0.21 - 0.3 
0.31 - 0.5 
0.51 - 0.82+ 

Humid 
Subhumid 
Seasonal Rainfall 
Dry 

Table 22. Range of Values for Small/Medium Body Weight 
Offset and Environmental Interpretation used by Gunnell 
(1994) to analyze Cenograms. Offset Values in ln units. 
Small/Medium Body Weight Offset at 500g. Offset Values 
extrapolated from Figure 17 of Gunnell (1994). 

Offset Val yes 

0.0 - 0.5 
0.5 - 1.1 
1.1 - 1.3 
1.3 - 1.7 

enyjronmental Interpretation 

Rainforest 
Woodland 
Scrub 
Open 



Djablo-Olla Assemblage 

The base cenogram for the Diab1o-011a assemblage 

(Tables 19, 20; Figure 19) shows two offsets in body 

weights. This first is between 871g (Nekrolagus) and 

48,000g (Tetrameryx), has a value of 4.01 1n units, and 

occurs between medium- and large-sized herbivores. The 

second offset occurs between Pewelagus (628g) and Neotoma 

(246.5g), has a value of 0.93 1n units, and separates 
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sma11- and medium-sized herbivores. It is the second offset 

that, according to Legendre (1986) and Gunnell (1994) is of 

significance in interpreting the Diab1o-01la cenogram. 

According to Gunnell (1994), the 0.93 value is suggestive of 

a woodland environment (Table 22). According to Legendre 

(1986), the presence of the gap only suggests an "open 

environment. 

Based on Legendre (1986, figure 11) (Figure 29), visual 

inspection of the regressed cenogram for this assemblage 

(Figure 21a) is closest to curve 11d (Figure 29d), which is 

for a predesert environment. This interpretation is 

consistent with that suggested by the visual offset that the 

Diablo-Olla assemblage inhabited an "open" environment. 

This interpretation appears to conflict with that suggested 

by the offset value which implies a woodland environment 

rather than a predesert. The inference that the Diablo-Olla 

assemblage inhabited an "open" environment is in agreement 

with the environmental interpretation based on actualistic 
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data. However, the specific type of environment from the 

actualistic analysis is inferred to be a savannah, not a 

predesert or a woodland. The differences in interpretation 

most probably are due to the effect the small sample size 

has on the shape of the cenogram. 

According to Legendre (1986), the offset between 

Pewe7agus and Neotoma indicates that the Diablo-Olla 

assemblage should plot as two distinct curves formed by the 

data points for the medium/large- and small-size taxa 

(Figure 19). Values for the slope of each curve and the 

corresponding r-values are shown in Table 20. The large 

difference in slope values indicate that body weights were 

not homogeneously distributed across the entire assemblage. 

This is evident in the medium/large body weight curve where 

a pronounced gap occurs between the medium and large body 

weights. The excellent r-values indicate that the data 

points in each curve closely approximate a straight line. 

The slope of the regressed curve for the Diablo-Olla 

medium/large mammalian primary consumers is -1.06 (Figure 

21a). According to Gunnell (1994), this slope value 

suggests that the Diablo-Olla assemblage inhabited an area 

under a dry paleoclimate (Table 21). The large difference 

in slope values (Table 20) between the medium/large and 

small body weight curves is also suggestive of arid 

environments (Legendre, 1986). 
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The interpretation of a dry paleoclimate suggested by 

the slope value and difference in slope values is rejected, 

as is the interpretation of a predesert environment. These 

interpretations are rejected because the paleobotanical data 

from the Diablo and Olla "members" suggest a mesic climate 

with seasonal rainfall (tree rings) in an oceanically 

moderated, humid or subhumid paleoclimate by the presence of 

Jug7ans (walnut) in the paleoflora (Remeika et al., 1988). 

The steep slope for the Diablo-Olla medium/large herbivore 

curve is more likely a reflection of the small number of 

data points forming the curve. The small number of large 

herbivores in this assemblage may be due to taphonomic 

processes (collector bias and sediment reworking by the 

Colorado River) or inhospitable environmental conditions on 

the delta plain for some large herbivores. 

The slope of the curve for the Diablo-Olla small 

mammalian primary consumers (-0.47) is suggestive of the 

minimum prevailing paleotemperatures. Neither Legendre 

(1986) nor Gunnell (1994) quantified the slope values to 

distinguish between temperature ranges. Qualitative 

paleotemperature estimates can only be made by inspection of 

reference cenograms (Figure 29). At best, the visual 

inspection suggests warm paleotemperatures, a suggestion 

that appears consistent with that obtained by paleoclimate 

proxies in the Palm Spring Formation. 
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Figure 21. Regressed cenograms of the (a) Diablo-Olla and (b) Huesos­
Tapiado assemblages. Curves are for the regressed data on primary 
consumers. Statistical data are summarized in Table 18. Other than a 
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The base cenogram for the Oiab10-011a assemblage 

(Figure 19) shows the community structure based on body 

weight distribution. This cenogram clearly shows that there 

are three body weight components present (i.e., small, 

medium, large) and that there is a much larger offset in 

body weights between the medium and large herbivores than 

between the medium and small herbivores. 

Huesos-Tapjado Assemblage 

The Huesos-Tapiado assemblage (Tables 19, 20; Figures 

20, 21b) exhibits a greater diversity of genera of mammalian 

primary consumers than the Oiablo-Olla assemblage, with the 

range of body weights increased in all size classes (Table 

19). The increase in diversity ;s due primarily 

to immigrants from South America, Eurasia, and other parts 

of North America (Chapter 5). 

It is possible that the analysis of the Huesos-Tapiado 

assemblage might be skewed by including the taxa from the 

Tapiado "member" as this "member" represents a restricted 

pa1eohabitat not present earlier or later. However, Table 4 

shows that, with the exception of Dinohippus and 

Hydrochoerus, all the Tapiado mammalian herbivores also 

occur in the Huesos member. Exclusion of Dinohippus has no 

effect on the results because its body weight is also 

represented by £quus. Hydrochoerus is retained in the 

analysis because the inclusion or omission of its data point 

does not change the values for r, m, and b. 
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An offset between small and medium/large primary 

consumers still exists and occurs, as in the Oiablo-Olla 

assemblage, between Pewelagus and Neotoma (Figure 20). The 

offset value is 0.93. As for the Oiablo-Olla assemblage, 

the environmental interpretation of the offset ;s the same, 

the presence of the offset suggests an "open" environment 

while the offset value infers a woodland (Table 22). 

The presence of the offset between the small- and 

medium/large-sized herbivores indicates that these two body 

weight components can be analyized separately (Legendre, 

(1986). The slopes for these two curves (respectively, 

-0.29 and -0.25), indicate that these are nearly parallel 

lines. Values for r indicate that both curves closely 

approximate straight lines (Table 20). The similarity in 

slopes suggests that the genera/subgenera are homogeneously 

distributed across the range of possible body weights in 

two, discrete size components (Legendre, 1986). The 

homogeneous distribution of body weights is suggestive of 

either a for~sted or savannah environment; the offset favors 

a savannah type of environment (Legendre, 1986). 

Visual inspection of the regressed Huesos-Tapiado 

cenogram;c curve (Figure 21b) shows that it is most similar 

to cenogramic curve 11b of Legendre (1986). This curve is 

that of a tropical, wooded savannah. This environment is 

transitional between the closed canopy of a true forest and 

the widely scattered or clumped distribution of trees in a 
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true savannah (i.e., a parkland) (Owen, 1976; Leuthold, 

1977; Webb, 1977; Walter, 1985). The interpretation of the 

environment as a wooded savannah is in good agreement with 

that obtained by the actualistic analysis. The 

environmental interpretation also appears to agree with that 

suggested by the offset values (Table 22), if the woodland 

category can be inferred to cover a parkland. 

The value of the slope of the regressed cenogramic 

curve for the Huesos-Tapiado medium/large mammalian primary 

consumers is -0.29. This value falls within the subhumid 

range (Table 21) (Gunnell, 1994). The similarity in slope 

values between the small- and medium/large-body weights also 

infers a mesic paleoclimate (Legendre, 1986). The 

paleoclimatic interpretation of this value must be treated 

with some caution. Mammals with a preference for 

perennially wet habitats, Castor, Hydrochoerus, and Tapirus, 

occur in this assemblage below CU 55.5. The early phase of 

this assemblage also includes the time when the Tapiado lake 

was in existence. However, the sedimentological evidence 

given in the paleoclimate section of this chapter suggests a 

drying trend during the latter part of the time span for 

which this assemblage existed. 

The slope of the regressed cenogramic curve for the 

Huesos-Tapiado small mammalian primary consumers (-0.25) 

suggests that paleotemperatures in the FCVC area were warm 

year-round. This result is an empirical determination based 
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on a comparison of this curve (Figure 21b) with that for the 

small mammals in figure 11b of Legendre (1986) (Figure 29b). 

This result is consistent with that obtained from 

paleoclimate proxies in the Palm Spring Formation. 

The distribution of body weights across all size 

classes is more homogeneous and nearly continuous in the 

Huesos-Tapiado assemblage. The continuity is broken by the 

offset between Pewe7agus and Neotoma (0.93 ln units), an 

offset between Lepus and Sy7vi7agus (1.50 ln units), and 

offset between Castor and Coendou (1.45 ln units). Within 

the large and small mammalian herbivore curves, the 

distribution of body weights is both homogenous and 

continuous. 

Based on the discussion of paleohabitats, there was 

little or no change in the paleohabitats between the Oiablo­

Olla and Huesos-Tapiado assemblages other than the shift in 

the course of the Colorado River and the formation of the 

Tapiado lake. The change in position of the delta of the 

Colorado River seems to have had little effect on the 

paleoenvironment, it remained an "open" environment. The 

preferred environmental interpretation for the Oiablo-Olla 

assemblage is provided by the actualistic analysis, i.e., 

the Colorado delta was a savannah with gallery forests. 

Correspondence between the actualistic and cenogram analyses 

favors a wooded savannah for the Huesos-Tap;ado assemblage. 

This further implies that there was little change in the 
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paleohabitats with a change in river systems. 

Other than an increase in the number of genera in the 

Huesos-Tapiado assemblage, the structure of the mammalian 

component of the paleocommunity remained unchanged. There 

is well-defined grouping of mammalian herbivores into small, 

medium, and large body weight components. Based on offsets, 

the large body weight genera appear to be more strongly 

separated from the medium body weight genera than the latter 

are from the small body weight genera. The appearance of 

immigrant taxa in the Huesos-Tapiado assemblage had the 

effect of homogenizing body weights within the large and 

small body weight components. The addition of medium-sized 

taxa (Coendou and Lepus) near the high end of the medium 

size range, gives a greater degree of continuity in body 

weight distribution not seen in the Oiablo-Olla assemblage. 

Early Blancan Assemblage 

The second approach to the cenogramic analysis of the 

mammalian component of the FCVC paleocommunity is to divide 

the paleocommunity into temporal assemblages corresponding 

to the early Blancan, late Blancan, and Irvingtonian. 

Viewing the collection this way divides it into different 

segments of time than are represented by the Oiablo-Olla and 

Huesos-Tapiado assemblages. These divisions also rearrange 

some of the genera into different assemblages so that it can 

be seen if the paleoenvironmental and paleoecologic 

interpretations given above remain consistent. 
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In particular, dividing the paleocommunity into these 

temporal assemblages has the potential to determine if the 

paleocommunity underwent significant restructuring caused by 

immigration events marking the late Blancan and early 

Irvingtonian. 

In the early Blancan assemblage (Tables 19, 20; Figures 

22, 25a) an offset occurs between small- and medium/1arge­

sized mammals. The gap here is between Pewe7agus and 

Neotoma. The offset is indicative of an "open" environment 

(Legendre, 1986). The offset has a value of 0.93 1n units, 

implying a woodland environment (Table 22). A more 

pronounced offset (3.4 1n units) occurs between Nekro7agus 

and Capromeryx. According to Legendre (1986) and Gunnell 

(1994), only the offset between the small and medium/large 

body weight taxa is used for paleoenvironmental 

interpretation. 

The regressed cenogram for the early Blancan (Figure 

25a), visually, most closely resembles figure 11c of 

Legendre (1986) (Figure 29c), which is the cenogram for a 

tropical savannah. Interpretation of the paleoenvironment 

as a savannah refines the "open" environment inference 

suggested by the small-medium/large body weight offset. The 

savannah interpretation is in agreement with that obtained 

from the actualistic analysis, but not with that provided by 

Gunnell's (1994) correlation of offset values with 

environment which is for a woodland. 
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The offset between the small and medium/large 

herbivores indicates that the data points for these two size 

components can be analyzed as two separate curves (Legendre, 

1986). Table 20 shows that the r-values for each curve are 

very good so that the data points in each curve closely 

approximate a straight line. Slope values for the small and 

medium/large herbivore curves (-0.44 and -0.68, 

repsective1y) are not similar, suggesting that body weights 

were not homogeneously distributed between these size 

components in this temporal phase of the paleocommunity 

(Legendre, 1986). 

The early Blancan medium/large herbivore curve has 

slope value of -0.68 which lies within those suggestive of a 

dry environment (Gunnell, 1994) (Table 21). The 

dissimilarity in slope values between the small and 

medium/large herbivore curves is also suggestive of 

relatively dry environment (Legendre, 1986). The 

interpretation of a dry environment during the early Blancan 

is rejected on the basis of the paleoclimate proxies 

presented in the paleoclimate section of this chapter. 

These proxies and climate models for the western United 

States infer a mesic climate during the early Blancan. The 

degree of aridity inferred from the early Blancan cenogram 

is the same as that from the Diablo-Olla cenogram. As for 

the paleoclimatic interpretation of the Diablo-Olla 

assemblage, that for the early Blancan ;s probably biased to 
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some degree by its small sample size. Because the early 

Blancan assemblage encompassed the Oiab1o-011a assemblage, 

the reasons for its probable bias are the same. 
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The slope of the curve for the small mammalian 

herbivores in the early Blancan assemblage (-0.44) (Figure 

25a) is most similar to for 29b in Figure 29, a tropical 

savannah. The inference from this result is that the early 

Blancan paleotemperatures were warm. This inference is in 

agreement with the year-round warm paleotemperature 

suggested paleoclimate proxies from the Palm Spring 

Formation. 

The community structure, as shown in the shape of the 

cenogram, clearly shows that the early Blancan assemblage 

consisted of discrete components of sma11- and medium/large­

sized genera. The large herbivores are clearly separated 

from the medium and small herbivores by an offset of 3.4 1n 

units, which is signifcantly greater than the 0.93 ln unit 

offset separating the small and medium herbivores. Within 

each size component it appears that body weights were 

homogeneously distributed. 

Late Blancan Assemblage 

The late Blancan assemblage (Tables 19, 20; Figures 23, 

25b) contains South American immigrants such as 

Nothrotheriops and Hydrochoerus as well as some Eurasian 

immigrants such as £uceratherium. This assemblage is more 

diverse than the early Blancan (38 vs. 25 genera/subgenera) 
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despite the extinction of some genera such as Hypo7agus. 

An offset between the small- and medium/large-sized 

herbivores occurs between Pewe7agus and Neotoma and has a 

value of 0.93 ln units (Figure 23, Table 20). The offset 

suggests that the late Blancan assemblage inhabited an 

"open" environment (Legendre, 1986), while the offset value 

suggests a woodland (Gunnell, 1994). 

The small-medium/large offset indicates that the late 

Blancan herbivores form two discrete size components and 

that the curve for each component can be analyzed separately 

(Legendre, 1986). The data points forming each curve very 

closely approximate a straight line as indicated by the 

excellent r-values (Table 20). The slope value for each 

size component curve is identical, -0.31. The identical 

slope values suggest a very homogeneous distribution of body 

weights between the two size components. 

Visual inspection of the late Blancan regressed 

cenogramic curve (Figure 25b) and comparison with the 

reference curves in Figure 29 indicates that this curve is 

most similar to that for a tropical, wooded savannah or 

parkland (Figure 29b) (Legendre, 1986). This interpretation 

is in agreement with that obtained from the actualistic 

analysis and also agrees with that suggested by the 

small/medium offset value, if woodland can be defined to 

include parkland. 
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The slope value for the late Blancan medium/large 

herbivore curve is -0.31. This value falls within Gunnell's 

(1994) range for seasonal rainfall (Table 21). The identity 

in slope values for the small and medium/large herbivore 

curves only suggests a relatively mesic climate, but not the 

precipitation pattern (Legendre, 1986). A seasonal rainfall 

pattern implies relatively drier conditions (Ruddiman and 

Kutzbach, 1989; Forester, 1991; Smith et a1., 1993), a trend 

that is suggested by the late Blancan paleoclimate proxies 

in the Palm Spring Formation. There is a change to smaller 

slope values between the early and late Blancan (-0.68 to 

-0.31), suggesting that there was a change to relatively 

mesic conditions in the FCVC area during the late Blancan. 

The dry-to wet interpretation is rejected because the 

paleoclimatic data (this chapter) suggest a mesic early 

Blancan and relatively drier late Blancan. Rather, the 

inference is a change from a mesic early to a relatively 

drier late Blancan. 

Interpretation of the slope of the regressed cenogramic 

curve for the late Blancan small mammalian herbivores 

(-0.31) can only be made by reference to Legendre's (1986) 

reference cenograms (Figure 29). Reference to Figure 29 

indicates that this curve is most similar to that for a 

tropical, wooded savannah (Figure 29b). Given this 

interpretation, it can be assumed that the late Blancan 

assemblage lived under year-round warm paleotemperatures. 
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This assumption is supported by the paleoclimate proxies in 

the Palm Spring Formation. The change in slope values 

between the early and late Blancan ;s not very great (Table 

20), implying that paleotemperatures did not change very 

much between the early and late Blancan. 

When the late Blancan cenogram is looked at as a whole 

(Figure 25b), it can be seen that the small and medium/large 

mammalian herbivores form two curves with identical slopes. 

within their respective parts of the curves, the genera 

exhibit a fairly homogeneous distribution among body 

weights. The distribution of body sizes along the curves, 

the slopes, and the gap ;n the medium-size body weights 

(i.e. the community structure) is indicative of a tropical, 

wooded savannah (Legendre, 1986). The late Blancan base 

cenogram (Figure 23) shows that the medium-sized genera form 

a discrete size component separated by a 1.45 ln unit offset 

(Castor-Coendou) from the large-sized genera as well as 

being separated from the small-sized genera by the 0.93 ln 

unit offset. The medium-sized genera act as a "stairstep" 

connecting the small and large body weight components, and 

provide a degree of continuity to the body weight 

distribution. 

There appears to have been little or no change in the 

community structure between the early and late Blancan 

assemblages in the FCVC area even though diversity increased 

in the late Blancan from 25 to 38 genera/subgenera of 



369 

mammalian herbivores (Table 20, Figures 22, 23). The early 

and late Blancan cenograms have the same basic shape, even 

though the slopes for each body weight curve differ. Three 

body weight components can be recognized in each assemblage, 

with an identical offset between the small and medium/large 

herbivores. The degree of homogeneity was somewhat less in 

the early Blancan assemblage compared to that for the late 

Blancan. Nearly all the diversity increase in the late 

Blancan occurred within the large herbivore component and 

the upper end of the medium weight component (Table 20, 

Figures 22, 23). 

Early Iryingtonian Assemblage 

Diversity of genera/subgenera of mammalian herbivores 

in the early Irvingtonian assemblage (Tables 19, 20; Figure 

24) is high (37) compared to the early Blancan (25) and 

similar to that for the late Blancan (38). Like the base 

cenogram for the early and late Blancan assemblages, that 

for the early Irvingtonian shows an offset between the small 

and medium/large herbivores (Sy7vilagus - Neotoma). The 

offset is probably indicative of an "open" environment in 

the FCVC area during the early Irvingtonian (Legendre, 

1986). The offset has a value of 1.14 ln units, suggesting 

that the environment was a scrubland (Table 22). 

The early Irvingtonian base cenogram (Figure 24) shows 

the division of the mammalian herbivores into two discrete 

groups; one consisting of genera/subgenera greater than 
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500g and one consisting of genera less than 500g. The 

small-medium/large offset indicates that the data points for 

each size group can be treated as separate curves. Slope 

values for each curve are rather similar and the r-va1ues 

indicate that the data points for each curve closely 

approximate a straight line (Table 20). The rather similar 

slope values suggest a homogeneous distribution of body 

weights between the two size groups, although inspection of 

Figure 24 suggests some discontinuity in the medium-sized 

body weights (i.e., the "stairstep" containing the medium­

sized genera). 

Visual comparison of the early Irvingtonian regressed 

cenogram (Figure 25c) with the reference cenograms indicates 

that this cenogram is most similar to that for a tropical, 

wooded savannah (Figure 29b). This interpretation is in 

agreement with that obtained from the actua1istic analysis, 

but differs from that suggested by the offset value 

(scrubland). 

The slope of the regressed cenogramic curve for the 

early Irvingtonian large mammalian primary consumers is 

-0.38. This value is suggestive of a paleoclimate dominated 

by a seasonal rainfall pattern (Gunnell, 1994) (Table 22). 

This interpretation suggests that the relatively drier late 

Blancan paleoclimate continued into the early Irvingtonian. 

This interpretation is consistent with that suggested by the 

paleoclimate proxies and models for a relatively dry early 
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Irvingtonian paleoclimate with a seasonal rainfall pattern. 

The upward-fining sequences and V'ew of Badlands 

conglomerate suggest occasional periods of extreme 

precipitation punctuated the overall trend of a relatively 

drier paleoclimate during this time. 

The slope of the regressed cenogramic curve for the 

early Irvingtonian small mammalian primary consumers 

(-0.29) suggests a paleotemperature regime of year-round 

warmth and is implied by reference to the most comparable 

modern analogue cenogram, a tropical, wooded savannah 

(Figure 29b). This curve is nearly identical to that for 

the late Blancan (-0.31), suggesting no change in 

paleotemperature between these two NALMAs. The 

paleotemperature interpretation from the cenogram is 

consistent with that suggested by paleoclimate proxies in 

the Palm Spring Formation. 

The early Irvingtonian base cenogram (Figure 24j shows 

the community structure for the early part of that NALMA. 

The mammalian primary consumers are homogeneously 

distributed among the range of large and small body weights. 

The homogeneity breaks down in the medium-sized range. The 

medium-sized genera, Coendou and Sy7vi7agus, act as a 

"stairstep" connecting the more internally uniform small and 

large herbivore size components. Additional offsets occur 

within the medium-sized genera (1.72 1n units) and between 

the large- and medium-sized genera (1.80 1n units). These 



offset values are larger than those between the small and 

medium body weights, 
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The early Irvingtonian cenograms (Figures 24, 25c) are 

very similar to those for the late Blancan (Figures 23, 25b) 

and somewhat similar to those for the early Blancan (Figures 

22, 25a); consisting of distinct and separate groupings of 

large, medium, and small mammals separated by offsets and a 

"stairstep", Within each of the two size groupings in each 

base cenogram, there is wide and homogenous distribution of 

body weights, The inference is that community structure 

remained constant from the early Blancan to early 

Irvingtonian. Diversity increases from the early to late 

Blancan and remains essentially constant from the late 

Blancan to early Irvingtonian. Visual inspection shows that 

the overall shape of each set of regressed cenograms ;s 

closest to the reference cenogram for some type of savannah. 

The paleotemprature interpretation is consistent among the 

three sets of temporal cenograms. The degree of aridity 

inferred from the cenograms is inconsistent with that 

suggested by the paleoclimate proxies for the early Blancan, 

but is consistent for the late Blancan and early 

Irvingtonian. 

Thus, it seems apparent that when the FCVC collection 

is divided into temporal assemblages based on NALMAs and 

subivisions of them that the same paleoenvironmental and 

paleocommunity signals persist and that these sign~ls are 
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the same as when the collection is divided into assemblages 

based on major lithofacies. 

Comparing the late Blancan and early Irvingtonian 

cenograms can indicate what change, if any, occurred in the 

FCVC paleocommunity across the Blancan-Irvingtonian 

boundary. The late Blancan assemblage can be used without 

the early Blancan assemblage because the late Blancan 

assemblage includes genera/subgenera that survived up to and 

beyond the Blancan-Irvingtonian boundary. That is, the late 

Blancan assemblage includes taxa that would have been caught 

up in any changes occurring at the Blancan-Irvingtonian 

boundary. Comparison of the late Blancan and early 

Irvingtonian cenograms (Figures 23, 24, 25b,c, Table 20) 

suggests that there was no change in the structure of the 

paleocommunity across the Blancan-Irvingtonian boundary. 

Pa7eocljmatjc Assemb7age 1 

Paleoclimatic assemblage (PCA1) (Tables 19, 20; Figures 

26, 28a) encompasses that part of the Blancan (~4.0-2.0 Ma) 

prior to the onset of an apparent trend toward a dryer 

paleoclimate in the FCVC area. 

An offset occurs in the PCA1 base cenogram (Figure 26) 

between Pewe7agus and Neotoma and has a value of 0.93 ln 

units. The presence of the offset, according to Legendre 

(1986), suggests that the paleoenvironment consisted of an 

"open" rather than a "closed" vegetation structure. The 

value of the offset suggests a woodland (Table 22). 
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The offset in the PCA1 base cenogram (Figure 26) shows 

that the data points for the medium/large and small 

herbivores each form a separate curve and indicates that 

these two curves can be analyzed separately (Legendre, 

1986). The slopes for these two curves (Figure 28a) are not 

identical (Table 22), but the difference in slopes (6') is 

not very large and suggests homogeneity in the body weight 

distribution between the two curves (Legendre, 1986). The 

r-values for each curve are very high and indicate that the 

data points in each curve closely approximate a straight 

line. 

Visual comparison of the regressed cenogram for peA1 

(Figure 28a) to reference cenograms of Recent ecosystems 

(Figure 29) suggests that the most suitable modern analogue 

is that for a tropical savannah (Figure 29c). This is in 

agreement with the paleoenvironmental interpretation 

obtained from the actualistic analysis, but suggests a much 

more "open" environment than that inferred from the offset 

value (woodland). 

When the data points for the medium/large mammalian 

herbivores in PCA1 are regressed, they define a line that 

has a slope of -0.58 (Figure 28a). This value falls within 

the range of values suggesting a dry paleoclimate (Gunnell, 

1994) (Table 22). This interpretation is rejected as it ;s 

inconsistent with the paleoclimate proxies in the Palm 

Spring Formation and the interpretations of Remeika et al. 
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(1988), Forester (1991), and Smith et al. (1993) that 

suggest a mesic climate in the western United States during 

this time. As discussed for the Diablo-Olla and early 

Blancan assemblages, the paleoclimatic interpretation for 

peA1 ;s possibly skewed because of the small number of data 

points in the medium/large herbivore curve (15). 

Interpretation of the slope for the small mammalian 

herbivores in peA1 (-0.44) (Figure 28a) requires reference 

to Figure 29. Visual inspection shows that this curve is 

most similar to curve 29c in that figure which is for a 

tropical savannah. A warm paleotemperature regime is 

inferred (Legendre, 1986) and is consistent with the 

paleotemperature regime inferred by the paleoclimate proxies 

in the Palm Spring Formation. 

The small, medium, and large herbivores in peA1 form 

discrete groups with the medium-sized genera separated from 

the large-sized genera by an offset of 1.8 ln units 

(Capromeryx - Coendou). Within the medium-sized genera 

there is an additional offset of 1.6 ln units (Coendou -

Nekro7agus). The overall shape of the base cenogram (Figure 

26) is of homogeneous body weight distributions within the 

small and large herbivore components and a non-homogeneous 

distribution within the medium-sized genera that are 

separated from the small and large herbivores by offsets. 

peA1 represents the community structure prior to the 

one paleoclimatic event for which some evidence exists in 
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Figure 29. Cenograms of faunas from modern ecosystems. Curves are 
regression lines of body weight versus species for the primary consumers in 
each fauna. (a) High Ivindo (Gabon): tropical rainforest; (b) Kagera Park 
(Rwanda): tropical, wooded savannah; (c) Rutshuru (Zaire): tropical 
savannah; (d) Northern Sahara (Algeria): predesert; (e) Aghbo1agh (Iran): 
deserti (f) Doftana (Spain): Mediterranean arid zone. From left to right 
the ecological gradient is one humid and wooded to arid and open 
environments. Reproduction of Figure 11 of Legendre (1986). 
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the FCVC section, a change to drier paleoclimates around 

2.0 Ma. 

Paleoclimatic Assemblage 2 
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Paleoclimatic assemblage 2 (PCA2) spans the time from 

about 2.0 to 0.9 or 0.7 Ma (Tables 19, 20; Figures 27, 28b). 

PCA2 shows an increase in diversity over PCAl because of the 

presence of immigrants from Eurasia and other areas of North 

America near the Blancan-Irvingtonian boundary. An offset 

occurs between the small and medium/large herbivores 

(Pewelagus - Neotoma) and has a value of 0.93 ln units. The 

gap indicates that the genera in this assemblage inhabited 

an "open" rather than a "closed" environment (Legendre, 

1986). The offset value suggests a woodland environment 

(Table 22). 

The presence of the offset between the small and 

medium/large herbivores indicates that the data points for 

these two size groups form two separate curves and can be 

treated as such. Both curves closely approximate a straight 

line as shown by the very high r-va1ues (Table 20). The 

slopes for the two curves are nearly identical (Table 20), 

suggesting a homogeneous distribution of body weights 

between the two size groups (Legendre, 1986). 

Visual inspection of the regressed cenogram (Figure 

28b) for PCA2 shows that this cenogram is most comparable to 

that for a tropical, wooded savannah (Figure 29b). The near 

identity of the slope values is also suggestive of a 
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savannah-type of environment (Legendre, 1986). The wooded 

savannah interpretation is consistent with that obtained 

from the actual;stic analysis and the small-medium/large 

offset value (if woodland can also infer a parkland). 

The slope for the curve for the large mammalian 

herbivores (Figure 28b) in PCA2 is -0.31. This value lies 

within the range of slope values suggestive of a seasonal 

rainfall pattern (Gunnell, 1994) (Table 21). The 

paleoclimatic interpretation of this value is consistent 

with evidence in the paleoclimate section of this chapter 

that suggests a drier paleoclimate in the FCVC area after 

2.0 Ma. 

Comparison with Figure 29 shows that the PCA2 small 

mammal curve (slope = -0.28) (Figure 28b) is most similar to 

curve 11b, which is for a tropical, wooded savannah. The 

interpretation is that PCA2 lived in a warm paleotemperature 

regime. This is consistent with the paleotemperatures 

inferred by proxies in the Palm Spring Formation. 

When the entire cenogram for PCA2 is viewed (Figure 27) 

it can be seen that the curves for the small and large 

mammalian herbivores are nearly identical, as suggested by 

their very similar slopes. Both curves have homogeneous 

distributions of body weights (Table 19). The distribution 

of body weights within each component suggests that PCA2 

consists of an array of widely adapted genera. The medium­

sized genera are separated from the small-sized genera by 
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the 0.93 1n unit offset. An offset of 1.45 1n units 

separates the medium-sized genera from the large-sized ones 

(Castor-Coendou). An offset of 1.5 1n units occurs within 

the medium-sized genera (Lepus-Sy7vi7agus). Like the 

cenogram for PCA1 (Figure 26), that for PCA2 (Figure 27) 

shows uniform body weight distributions within the small and 

large herbivores, but a non-uniform distribution within the 

medium-sized herbivores. 

The base cenograms for PCA1 and PCA2 (Figures 26, 27) 

have similar shapes; distinct curves with homogenous body 

weight distributions for large and small mammalian 

herbivores separated by a "stairstep" consisting of the 

medium-sized herbivores. Visual comparison with reference 

cenograms shows that the regressed cenograms for PCA 1 and 

PCA2 (Figure 28) are most similar to the reference cenograms 

for a type of savannah (Figure 29b,c). In terms of 

paleohabitat, it appears that there was no change in the 

FCVC area with the shift from a relatively wet to a 

relatively dry paleoclimate. Based on the reference 

cenogram it is also inferred that the paleotemperatures 

remained warm. Most significantly, it appears that there 

was no change in community structure with the shift toward a 

drier climate. 

Discussion 

It must be emphasized that the results of the cenogram 

analysis and the interpretation of those results produce 
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only broad generalizations based on theoretical assumptions 

and observations. The cenograms are most informative for 

their heuristic value. The slopes of the regressed 

cenogramic curves can have values calculated for them. 

Interpretation of cenograms is primarily accomplished by 

comparison of slope values from one cenogram to another and 

with those for modern analogues. At this stage in the 

development of the cenogram method, the range of values for 

the slope for the large mammal curve can be tentatively 

correlated with the degree of aridity in the environment 

(Gunnell, 1994). Correlation of the range of slope values 

for the small mammal curve with a specific temperature range 

is, presently, entirely based on comparing the regressed 

cenogram with Legendre's (1986) modern analogues (Figure 

29). The cenogramic curves are reliable indicators of 

community structure, if community structure is defined as 

the range of body weights in the community. 

The cenogram and actualistic analyses appear to 

converge on the same conclusion, namely, that the FCVC 

paleocommunity had a structure based on body size. The 

convergence of interpretation from two different methods of 

analysis lends confidence to the paleoecolosic study. The 

actualistic analysis complements the cenogram analysis by 

providing information (e.g., feeding preferences, locomotor 

style) that cannot be obtained from the cenograms. 
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As an example, the structure of the FCVC paleocommunity 

through time is illustrated by the cenograms for the early 

Blancan, late Blancan, and early Irvingtonian (Figures 22-

25). These cenograms show a community structure of primary 

consumer genera based on body size. The ecologic 

significance of body size was discussed earlier in this 

chapter and further discussion can be found in Peters (1983) 

and articles in Damuth and MacFadden (1990). Community 

structure based on body size simply shows the distribution 

of body sizes over the number of species present in a 

community. This is a measure of evenness within the 

community. That is, are there sufficient resources within 

the occupied habitats of the community to allow the 

establishment of the home ranges necessary for each 

population of species in the community? Most importantly, 

will this situation permit a breeding population and its 

offspring to exist in those habitats? Habitats with few 

resources, such as deserts and steppes, can only support a 

limited number of species compared to a tropical rainforest 

or a temperate forest. This limitation is reflected in the 

distribution of body sizes in that habitat (Peters, 1983). 

Fewer resources mean that species will be unable to overlap 

in their environmental requirements. This will tend to 

produce a more "compartmentalized" community structure with 

each "compartment" occupied by a species with a distinct 

body size rather than a partial or complete sharing of 
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"compartments" by species with overlapping body sizes. 

Fewer resources mean fewer "compartments" and hence a 

narrower range of body sizes. The narrower range of body 

sizes is shown on the cenograms by the steeper slopes of the 

curves (Figure 29d-f) (Legendre, 1986). The opposite 

situation prevails in those habitats that are resource-rich, 

such as tropical rainforests. These habitats can support 

many more species and this is reflected in the longer curves 

with gentle slopes and an essentially continuous 

distribution of body sizes (Figure 29 a,b) (Legendre, 1986). 

The temporal cenograms for the FCVC paleocommunity 

(Figures 22-25) show gentle slopes and an essentially 

homogeneous body size distribution, for mammalian 

herbivores. This indicates that, at any time, the 

paleocommunity contained a broad range of body sizes (i.e., 

high species diversity). The inference is that the FCVC 

paleocommunity inhabited a resource-rich environment that 

permitted a large degree of species diversity. 

Given the limited set of c~nograms for modern ecosytems 

supplied by Legendre (1986), the cenogram analysis appears 

to yield reasonable results about the vegetation structure 

when the interpretation is based on comparison with the 

reference cenograms. The offset values calculated by 

Gunnell (1994) to infer vegetation structure yield 

interpretations (i.e., woodland, scrubland) that do not 

agree with those inferred from the reference cenograms and 
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the actualistic analysis (i.e., a type of savannah). This 

disparity in interpreting the vegetation structure indicates 

that caution must be used in making paleoenvironmental 

inferences from cenograms. 

The most important observation from the analysis of the 

cenograms for the FCVC data is that, no matter what criteria 

are used to group the data, the FCVC cenograms (Figures 19-

28) consistently have the same shape. Data points for 

medium- and large-sized mammals (>5,000g) plot as a 

separate curve, as do those for the small-sized mammals 

«500g). An offset separates the two curves. This 

observation suggests that the FCVC area remained an "open" 

paleoenvrionment for nearly 3.1 or 3.3myr. 

Slope values for the small- and medium/large-sized 

mammalian herbivore curves differ among the FCVC cenograms, 

but comparison with the reference cenograms of Legendre 

(1986) consistently show that, with the exception of the 

Diablo-Olla assemblage, the FCVC cenograms are most 

comparable with those for a savannah or wooded savannah and 

that this paleohabitat remained stable throughout the 

Blancan and early Irvingtonian despite changes in 

paleoclimate and paleoenvironment (delta plain or 

braidplain). The consistency of these observations suggest 

confidence in the paleohabitat interpretation for the FCVC 

data. 
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The consistency to the shape of the FCVC c~rI0~r~ms also 

suggests a degree of stability in the community structure, 

even though there were changes in paleoclimate, 

paleoenvironment, and taxonomic composition. In each base 

cenogram (Figures 19-20, 22-24, 26-27) the large mammal data 

points form a straight line with a smooth transition from 

those with the lowest to the highest body weights in this 

size class component, i.e. a homogeneous distribution of 

body weights. This is borne out by the consistently high 

r-values (Table 20). This is so regardless of the number of 

data points forming the curve, e.g., the Oiablo-Olla large 

mammal curve with six data points and the Huesos-Tapiado 

with 20 data points. Body weights for the large mammalian 

primary consumers range from 18,500g (Castor) to 

3,OOO,000g (Proboscidea) (Table 19). These properties of 

the large mammal curve, especially its smoothness, suggest 

that sufficient niche-space, based on body weight, was 

available in the FCVC area to permit changes in the 

taxonomic composition of large mammalian herbivores without 

changing the structure of the large mammal component of the 

paleocommunity. 

In each base cenogram, the curve for the small 

mammalian herbivores also shows a homogeneous distribution 

of body weights (8g, Baiomys, to 246.5g, Neotoma) as borne 

out by the excellent r-values (Table 20). This also 

suggests that sufficient niche-space, based on body weight, 
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was available in the FCVC area to allow changes in the 

taxonomic composition of small mammalian herbivores without 

changing the structure of this component of the 

paleocommunity. 

The medium-sized mammalian herbivores are consistently 

separated from the small and large herbivores by offsets. 

The offset between the small- and medium-sized herbivores ;s 

always less than the offset between the med;um- and large­

sized herbivores. Within the medium-sized herbivores, the 

smaller genera, Pewelagus, Hypolagus, Sylvilagus, and 

Nekrolagus, consistently define a subgroup within the 

medium-size range. This subgroup is separated from the 

larger medium-sized genera, Coendou and Lepus, when present, 

by an offset whose value is consistently greater than that 

separating the small- and medium-sized herbivores. The 

structure of the medium-sized component of the 

paleocommunity suggests that body weights were not 

homogeneously distributed among this group. 

During the Blancan and Irvingtonian the FCVC ecosystem 

apparently had the ability to accept immigrants from South 

America, Eurasia, and other areas of North America without 

major attendant extinctions of pre-existing species. This 

suggests that the FCVC ecosystem was one that could provide 

sufficient niche-space for the immigrants without disrupting 

the current inhabitants. Examination of Tables 1 and 19, 

Figures 22-24, and Plate 2 shows that the FCVC ecosystem 
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consisted of a suite of "core species" that originally 

inhabited the area and persisted for geologically 

significant lengths of time (Table 18). These "core 

species" constitute the base-line paleoecologic signal. The 

"core species" were apparently tolerant of immigrants. The 

immigrants refine the paleoecologic signal. It also appears 

that the immigrant species were also tolerant of additional 

immigrants. South American immigrants entered the FCVC area 

about 800 Ka before the majority of the Eurasian immigrants, 

but were not displaced by the Eurasian species. Immigrant 

and pre-existing species may have been able to survive and 

co-exist because they occupied different niches and were 

able to avoid competition. 

The displacement of the Archaeolaginae by the 

ecomorphic Leporinae is the only example of the extinction 

of one group of species and their replacement by another 

group of related species (White, 1984; White and Keller, 

1984). Inspection of the base cenograms (Figures 19-20, 22-

24, 26-27) shows that the most "unstable" region of the FCVC 

paleocommunity was in the medium-sized herbivores (e.g. the 

Lagomorpha) where faunal replacement (by both anagenesis and 

cladogenesis) occurred. 

Cenogram analysis of the FCVC data suggests that 

ecologic or environmental changes in the FCVC area between 

4.0 and 0.9/0.7 Ma had little effect on the structure of the 

mammalian component of the paleocommunity. An additional 
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conclusion is that the transition from the Blancan to the 

Irvingtonian involved only changes in the taxonomic 

composition of the mammalian component of the 

paleocommunity, and did not equate to ecologic restructuring 

of the paleocommunity. 

Confidence in the results obtained from the cenogramic 

analyses is indicated by the consistent and similar shapes 

of the cenogramic curves regardless of sample size or 

criteria used to group genera into assemblages. The regular 

and similar shapes of the curves indicate that the 

assemblages are consistent with respect to their diversity 

and homogeneity of body weights and that the diversity in 

each assemblage is essentially complete (Legendre, 1986). 

This conclusion suggests that the diversity changes in the 

FCVC assemblages are probably real events and the lack of 

any drastic reorganization in the paleocommunity structure 

over time reflects a real flexibility of the assemblages to 

accommodate ecologic and environmental changes. 
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The FCVC area is a geographically limited portion of 

the western side of the Salton Trough in southern 

California's Anza-Borrego Desert. A combination of 

volcanic, marine and non-marine rocks began to fill the 

Salton Trough possibly as early as 14.5 Ma, and certainly by 

5.5 Ma. Uplift associated with wrench-fault tectonics in a 

pull-apart basin caused uplift of the rocks in the FCVC 

area. 

Rocks in the FCVC area are divided into several 

formally named formations and members as well as a large 

number of informally named members. The lithostratigraphic 

unit of interest in this study is the Palm Spring Formation. 

This formation ;s divided into four informally named 

"members": Diablo, 011a, Tapiado, and Huesos. Vertebrate 

fossils are known from all four "members". Depositional 

environments represented by these "members" are 

predominantly fluvial, although the Tapiado "member" is 

mainly fresh-water lacustrine. The Diablo "member" is 

highly argillaceous and represents deposits of the Colorado 

River delta plain. The 011a "member" sediments are a 

sequence of alternating strata representing deposits of the 

Colorado River delta plain and sandy bedload stream deposits 

forming a braidplain adjacent to a bajada developed from the 

nearby foothills. The Tapiado "member" is a fresh-water 
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lake deposit, although its upper portion contains fluvial 

sediments laid down by a series of bedload streams. The 

predominantly sandy Huesos "member" is the product of 

bedload streams that dominated the sedimentary systems after 

the Colorado River changed course out of the FCVC area about 

3.0 Ma. 

The bedload stream deposits are most similar to those 

formed by braided stream systems. A distinguishing feature 

of the bedload stream deposits is the presence of upward­

fining sequences. These are sequences that begin with very 

coarse, angUlar, "torrentially-bedded", arkosic sandstone 

and fine upward into siltstone or claystone. The upward­

fining sequences possess great lateral extent (>1km) 

compared to their thicknesses (~3m). The upward-fining 

sequences probably represent episodic, catastrophic flood 

deposits. The upward-fining sequences are separated from 

each other by silty overbank deposits and sandy channel and 

bar deposits formed during "normal" stream flow conditions. 

The vertebrate fossil assemblage collected from the 

Palm Spring Formation is highly diverse. Remains of all 

vertebrate classes have been collected, although those of 

mammals are the most abundant and diverse. 

The collecting level system of Downs (pers. comm., 

1990) permits accurate biostratigraphic placement of 

fossil specimens collected from the "type section" of the 

Palm Spring Formation. The biostratigraphic ranges of all 
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mammalian specimens identified to genus, eQuid subgenus, and 

species are plotted on Plate 2. 

The biostratigraphic plot demonstrates that the FCVC 

section contains superimposed taxa characteristic of the 

Blancan and Irvingtonian NALMAs. Therefore the plot can be 

used to locate the boundary between the Blancan and 

Irvingtonian NALMAs in the FCVC section and correlate that 

boundary with more accuracy than has been done previously in 

North America. The boundary is based on the earliest 

appearance of Mammuthus in the section at collecting level 

56.0. Correlation of this collecting level by the local 

paleomagnetic stratigraphy to the standard magnetic polarity 

time scale indicates that the Irvingtonian began about 1.77 

Ma. This is slightly earlier than the defined Pliocene­

Pleistocene boundary at 1.66 Ma. The extension of the 

biostratigraphic ranges of several characteristic 

Irvingtonian genera into the Blancan as well as the 

extension of characteristic Blancan genera into the 

Irvingtonian is demonstrated. This indicates that the 

change from the Blancan to the Irvingtonian was a transition 

rather than an abrupt faunal turnover. 

The taphonomic analysis presented is the first 

attempted for the FCVC vertebrate fossils; it shows that 

vertebrate fossils in the Palm Spring Formation accumulated 

in several ways. Predator accumulations appear to be 

confined to small animals and are based on remains obtained 
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from coprolites/pellets. Complete or partial skeletons are 

rare. Most specimens occur as isolated occurrences or 

scattered over a relatively large area catalogued as a 

single collecting locality. In those assemblages with ten 

or more specimens from a single locality there is minimal 

sorting into Voorhies' Groups. Most restricted assemblages 

contain skeletal elements belonging to all three Voorhies' 

Groups. Skeletal elements show varying degrees of 

weathering, but little evidence of fluvial transport. The 

great majority of specimens and localities occur in fine­

grained sediments representing floodplain or uppermost 

braidbar deposits. The majority of specimens accumulated as 

surface lags and the main taphonomic biasing factor was pre­

burial/pre-transport destruction rather than sorting by 

fluvial processes. This infers that the FCVC fossil 

assemblage preserves, to a large degree, the original 

taxonomic diversity and relative taxonomic abundances that 

existed in the FCVC area during the Blancan and early 

Irvingtonian. Distribution of specimens indicates that no 

taxon of mammal is restricted to a particular depositional 

environment or lithology. 

The paleoecologic analysis of the FCVC fossils is, at 

this point, a broad generalization with regard to the 

discrimination of a paleocommunity, its composition, and 

structure. Actualistic data are compiled to interpret 

paleohabitat preferences of mammals in the FCVC area. The 



cenogram method of Valverde (1964, 1967) and Legendre 

(1986), coupled with the taphonomic analysis, moves the 

study of paleocommunities beyond the mere compilation of 

taxonomic lists associated with depositional environments 

and functional morphology. 
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A single, stable, long-lived paleocommunity is inferred 

to have inhabited the FCVC area. This paleocommunity 

persisted from the early Blancan to the early Irvingtonian 

and can be recognized at any point during this time despite 

changes in its taxonomic composition. 

Several paleohabitats occurred in the FCVC area: 

highland, foothills, floodplain, stream margin, stream 

channel, lake, and tidal flat/tidal marsh. Paleohabitats 

are recognized mainly on the basis of depositional 

environment, but when other data, such as paleobotanical or 

paleopedolog;cal are available, they are included in the 

paleohab;tat definition. 

Paleobotanic data in the FCVC area are extremely 

limited. They consist of petrified wood and a limited 

number of leaf impressions. All the specimens were 

recovered from stream channels and stream margins in early 

Blancan sediments. The tree genera are suggestive of a 

gallery forest bordering the Colorado River. No 

paleobotanic data exist for the rest of the section. 

Paleoclimatic interpretations for the FCVC area during 

the Blancan and early Irvingtonian can be made from several 
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proxies. None of the proxies lend themselves to a 

quantitative estimate of paleoclimate, except for the 

probable minimum winter temperature (15·C) provided by the 

presence of Geoche7one. There is relatively good agreement 

among the proxies regarding the probable paleotemperatures 

that existed in the area. However, estimates of the 

prevailing paleoprecipitation regime are extremely difficult 

to obtain and there is considerable contradiction among the 

proxies in this regard. The best, and very general, 

interpretation of the FCVC paleoclimate is that it was warm 

year-round without winter or summer extremes, and that 

precipitation was distinctly seasonal with winter rains and 

summer drought moderated by oceanic influence. A shift to 

slightly more arid conditions, punctuated by very short 

periods of high precipitation, in the latest Blancan and 

early Irvingtonian is inferred. The coarse temporal scale 

at which paleoclimate in the FCVC area was analyzed does not 

permit recognition of glacial-interglacial cycles that began 

about 2.5 Ma in the Northern Hemisphere. The mesic 

paleoclimate of the early and early late Blancan and the 

overall trend toward a relatively more arid paleoclimate 

during the latest Blancan and early Irvingtonian is 

consistent with paleoclimate records from the San Pedro 

Valley, Arizona, and Searles Lake, California. 

Actualistic analysis of the FCVC paleocommunity 

suggests that it was predominantly a savannah-community 
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(large number of grazers/mixed-feeders, large number of 

cursorial genera, modern analogues) that partitioned its 

niches by size and feeding-preference. A signifcant part of 

the palecommunity consisted of genera that are inferred to 

be browsers and forest-dwellers, suggesting that the FCVC 

area was a mosaic of paleohabitats and that genera from 

"open" and "closed" paleohabitats constituted a single 

paleocommunity. 

The FCVC cenogram results are based only on the genera 

and subgenera of mammalian primary consumers. Regardless of 

how the data are grouped (by change in fluvial system, 

taxonomic composition, paleoclimate), the cenogram analysis 

produces consistent results with regard to the structure of 

the FCVC paleocommunity. The results indicate that the 

mammalian primary consumers in the paleocommunity segregated 

into discrete components of medium/large- and small-sized 

genera with an offset between the small- and medium-sized 

genera. The results also show that the large and small 

body-size groups were the most stable components of the 

paleocommunity, and that within these two components the 

genera are evenly distributed among the range of possible 

body sizes in each group and plot as straight lines. The 

results are indicative of a paleocommunity that inhabited 

some type of savannah. The medium-sized component, 

comprised mainly of lagomorphs, was the most unstable 

component of the FCVC paleocommunity. The cenogram analysis 
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complements the actualist~c analysis by showing in greater 

detail the size-based community structure. 

Cenograms can also be used as a first approximation of 

paleoclimate based on the slopes of the lines for the 

medium-/1arge-sized genera (degree of aridity) and sma11-

sized genera (paleotemperature). Paleoclimatic 

interpretations are based on reference to cenograms for 

modern ecosystems. The FCVC cenograms infer year-round, 

warm paleotemperatures, consistent with paleoclimate proxies 

preserved in the Palm Spring Formation. For the FCVC data, 

the cenogram method appears to be most unreliable for 

inferring the degree of aridity. The cenogram 

interpretation infers an initially dry paleoclimate that 

became relatively mesic during the late Blancan, opposite 

the interpretation of the paleoclimate proxies. The 

paleoclimatic conclusions derived from the cenogram analysis 

should be regarded as preliminary and heuristic, and should 

be subordinated to interpretations based on paleoclimate 

proxies preserved in the geologic record. 

The results of this study will be improved when more of 

the localities and their specimens are placed within the 

collecting level system. This will add more specimens and 

taxa to the data base used for the biostratigraphic, 

taphonomic, and paleoecologic analyses. Correlation of the 

fault blocks and Hollywood and vine section to the "type 

section" will add their localities and taxa to the data 

base. 
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OCCURRENCE OF GENUS 
OR SPECIES IN SECTION =-X 

LOWEST FAMILY OCCURRENCE = 0 

: 1= VESPERTILIONIDAE 

2=TALPIDAE 

3=SORICIDAE 
4=CRICETIDAE 
5=GEOMYIDAE 

6=HETEROMYIDAE . 
7=SCIUR IDAE 

8=CASTORIDAE 

9= ERETHIZONTIDAE 
. -10=HYDROCHOERIDAE 

11=LEPORIDAE 
J2=MU5TELIDAE 

13 =PROCYON I DAE 
14=CANIDAE 

15=URSIDAE 

16=FELIDAE 
17: MYLO DONTI DAE 
18=MEGALONYC HI DAE 

19=MEGATHERIIDAE 
20=MAM M UT I DAE 

21= ELEPHANTIDAE 
22=GOMPHOTHERIIDAE 

23=TAYASSUIDAE 

24=CAMEL1DAE 

25=CERVIDAE 
26=ANTI LOCAPR I DAE 

27=80VIDAE 
28=TAPIR1DAE 

. 29= EQU I DAE 


