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Abstract

Sixteen taxa comprising extinct megafauna and éxdaecies from a single asphalt deposit (Project 23
Deposit 1) at Rancho La Brea were isotopically yred 6°C, 3°N, 5**S) and*“C dated to investigate
paleoecology and feeding behavior of terrestriattel®ates in southern California during the late
Pleistocene. The large majority of th€ dates cluster between ~35-36 kyr BP, but a rarigeges
indicate this seep was active from ~30 to >43 kit Blany of theSmilodon fatalisand Canis dirusas
well as theCanis latranshave similard™*C (~ —19%o to —18%0) and™N (~ 11%o to 12%o) results,
indicating that these predators may have consunmeilas prey species and possibly competed with
each other through hunting and/or scavenging. €hsins of contemporary potential prey species for
these three predators include juverBeson antiquusand Camelops hesternugnd possibly adult
Paramylodon harlanandCapromeryx minarHowever, the>**N results of a singl€. dirus(8.9%.) and
thePanthera atroX8.3%o) were significantly lower than the othergampredators. Potential prey for this
dire wolf and lion includeNothrotheriops shastensig€quus occidentalisand possiblyMammut
americanum Many of the herbivores appear to have utilizedadly similar G ecological
environments. However, the ad#t occidentalishad isotopic results similar to tt8ylvilagussp. and
Spermophilus beechetfiat have restricted home ranges, suggestinditrse was similarly local in its
distribution or consumed a similar plant food setet The isotopic values for extant tax&ctinemys
marmorata, Crotalusp.,Mustela frenatasuggest similar dietary patterns to their modmuanterparts,
indicating their ecological niches have remainddtieely constant. The results presented here ksiab

a foundation for future diachronic studies to hettederstand how the climate of the last ~50 kyr BP
impacted biodiversity and ecological communitiesauthern California.

1. Introduction

Located in Los Angeles, California, the Rancho lradB(RLB) tar pits (Figure 1), comprise numerous
deposits formed by surficial asphalt seeps thaehentrapped and preserved entire ecosystems (e.qg.
plants, insects, mollusks, reptiles, birds, mamjrfaten >50 kyr BP to the present (Marcus and Berger
1984; Quinn, 1992; Stock and Harris, 1992; WardleR005; Holden et al., 2017). This vast collettio
of floral and faunal remains provides an unprectstemesource from which to investigate various
research questions related to climate change dedipalogy during the late Pleistocene and Holocene
Unfortunately, past research efforts have been bagdp by the fact that these specimens are
impregnated with petroleum derivatives such as agptes —contaminants that skew results for stable
isotope ratio measurements and radiocarbon dakolie( et al. 2014). However, recent advances in
collagen extraction methodology have overcome thpseblems and now permit the more rapid and
cost-effective extraction of uncontaminated bon#agen from RLB specimens (Fuller et al. 2014,
2015; 2016).

To date, only a limited number of studies have jstield carbon&°C) and nitrogen °N) stable
isotope ratios of collagen combined with radiocarlbges from RLB (Fox-Dobbs et al., 2006; Fuller et
al 2014; 2016). While past work examined Pleistecbitrds and large mammals from different time
intervals as well as Holocene specimens, no studthes yet focused on investigating dietary patterns
from within a single deposit — i.e., among anintalst likely shared, and interacted on, the landscap
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Here we present™C and3"°N measurements directly paired with radiocarborsdge 16 extant and
extinct taxa (n = 28 individuals) from a single laalic deposit: Project 23 Deposit 1 (Figure 2)e3é
results are combined witht>C measurements and radiocarbon dates from woodnsges (n = 2) as
well as previously published results (n = 7; Fubemal., 2014) for a total of 37 analyzed speciméms
addition, sulfur §**S) stable isotope ratios were measured for licaichhd solid asphalt, as well as for a
subset of these bone collagen samples (n = 22ichdils; where enough collagen was available). Our
aim is to reconstruct the trophic ecology and gail@ogy of organisms that represent a specificrugke

of entrapment during the late Pleistocene.

2. Materialsand methods

During construction at the Los Angeles County Mumseaf Art in 2006, 16 new asphaltic deposits were
discovered adjacent to RLB (Fuller et al., 2014]dea et al., 2017). Due to time constraints, these
deposits were not excavated in situ but were reshavact in 23 large wooden boxes (“Project 23”) so
that they could be conserved and relocated foilddtanalysis.

Here we focus only on Box 1 or Deposit 1 from Pebj23. The main asphaltic vent of Deposit 1 is
relatively small in size — approximately 2 m wide2xm long x 2 m deep (Figure 2). However, the
section of sediment that was boxed measures 4 m xvBlm long x 2 m deep. Thus far, Deposit 1 has
been found to contain over 25,000 specimens, alffin@ataloging has not been completed. Previously,
three extinct carnivorang€anis dirus(n = 4); Panthera atroxn = 1); Smilodon fatalign = 2) dated to
~35 kyr BP were studied (Fuller et al., 2014). Phesent study sampled additioi@nis dirus(n = 3)
and Smilodon fatalign = 6) and 13 additional taxa for stable isota@lysis and radiocarbon dating:
Bison antiquugn = 2);Camelops hesterny® = 1); Canis latrans(n = 1); Capromeryx minokn = 1);
Actinemys marmoratén = 1); Crotalus sp. (n = 1);Equus occidentalign = 2); Lepussp. (n = 1);
Mustela frenatgn = 1);Nothrotheriops shastensfa = 1);Paramylodon harlan(n = 1); Spermophilus
beechey(n = 2);Sylvilagussp (n = 4).

Wood samples were treated to remove asphalt bycatom in solvents of increasing polarity: 2:1
toluene/methanol (repeat until colorless), methamal ultra-pure Milli-Q water. Specimens were then
prepared using an ABA protocol: 1N HCI, 1N NaOHeapuntil colorless, 1N HCI at 75 °C; bleached
to holocellulose in 1:1 mixture of 1IN HCI and 1M Gl&®;, at 75 °C; rinse with Milli-Q water and air
dried (UCI AMS Facility, 2011). Bone specimens (81%6g) were sectioned at RLB using a handheld
Dremel rotary tool and collagen was isolated atWi Irvine, Keck Carbon Cycle AMS Laboratory
using the procedure developed by Fuller et al. 42fat asphalt impregnated bones from RLB.

Stable isotope ratios of carbon and nitrogen wegasured on aliquots of 0.7 mg of collagen placed in
tin capsules and combusted to £&hd N, using a Fisons NA 1500NC elemental analyzer/gami
Delta Plus isotope ratio mass spectrometer conmbmaftor carbon and nitrogen, five working isotopic
standards that are ultimately traceable to VienB& Rnd AIR are run with every batch of collagen.
These are i) a mixture of USGS24 and IAEA N1 whitie USGS24 (ammonium sulphate) and N1
(graphite) provided°N and3"C values of +0.4%o and —16.1%o, respectively; andhi& NRC DORM2
standard &°N +14.2%o, 5°C —17.2%0); plus in-house standards of L-Cysteid&8N —6.2%o, 5°C —
28.8%o), Tryptophand>N —3.4%o,5"°C —12.4%0), and Adenosine Triphosphate (ATP2057N 0.0%o,
3"C —21.2%0). These give multi-point calibrations fmth 3°N and3*°C, and while the Cysteine and
Tryptophan standards return nega/&\ values that are not directly relevant to collagesults, they
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strengthen the calibration by extending the lingarheck over a larger range. In addition, sevAf&P
aliquots of different sizes are run with each setheck for and if necessary correct any deperaelehc
the isotopic ratios on sample size. The measurkbraon results are typically within +0.2%. of the
literature values (or long-term averages for indestandards) fd@"°N, and + 0.1%. fo"°C, and those
values are conservatively quoted as the 1 sigmertaicties for the reported collagen results.

Sulfur isotope ratios were analysed using ~3 mgadfagen plus 1 mg of ¥Ds, using an Elementar
vario MICRO cube coupled to an Isoprime 100 isotogt@ mass spectrometer in the Department of
Anthropology at the University of British Columbi&ulfur isotopic compositions were calibrated
relative to VCDT using a two point calibration ancéd with IAEA-S-1 (silver sulfide3®'S = —0.30%o)
and NBS-127 (barium sulfatd>*S = 20.3%0). The following standards were used tmitoo analytical
accuracy and precision: methioniri@’s = 9.1 + 0.6%o), NIST 1577c (bovine liv&*S = 1.7 + 0.5%o),
IAEA-S-3 (silver sulfide,8**S = —31.9 # 0.6%0), and casein protedi’d = 6.3 + 0.6%0). The mean
difference between duplica®*'S measurements on collagen samples2Q) was 1.2%o fors>*S.
Following Szpak et al. (2017), the standard unaestefor 5°*S measurements was calculated to be +
1.3%o. All isotopic results are presented as thie i@ftthe heavier isotope to the lighter isotop€{*C,
5N/N, 3SP?S) and reported a5 values in in parts per 1,000 or “per mil” relatit@ internationally
defined standards f&°C (VPDB),5"N (AIR) and&*'S (VCDT).

Radiocarbon dates were measured using a Natioregtrgstatics Corporation 0.5 MV 1.5SDH-1
Pelletron with a 60 sample modified MC-SNICS iomee(Southon and Santos, 2004), on graphitized
CO, derived from 2 mg of collagen. The unknowns wemnalyed with oxalic acid standards (OX1),
plus known age bone standards, moderf gehtury cow) and blanks that have no detectableuahof
radiocarbon (Beaufort Sea whale, 60-70 kyr) thatewsepared in the same manner as the unknowns.
Unless otherwise noted, all radiocarbon dates tegdan the text are uncalibrated.

3. Results

All sample information, isotopic results and radidmn dates for the specimens are listed in
Supplementary Table 1. As expected, the extractddgen was well preserved (with the ultrafiltered
gelatin presenting a white color and fluffy texfuaad all samples had collagen yields of >1% witN C
values between 3.2-3.5 (DeNiro, 1985). TH&C collagen values ranged from —23.3%o to —18.0%o,
indicating that these species consumed predomyn&@gebased diets or prey that had such diets. The
5N values ranged from 5.7%o to 12.1%. and documeriémifit trophic levels or similar trophic levels
in food webs starting with different nitrogen ispito baselines. A single wood sample was measured fo
3C; its value of —20.2%. indicates a; @rrestrial tree (Cerling et al., 1997; Ward et &005).
Additional studies linking plant species with ispito results for ecological reconstructions are pkxh
The radiocarbon results ranged between ~30 to yABR, evidence that the Deposit 1 asphalt seep
actively entrapped a variety of species in sewdiffdrent episodes (see Discussion).

In terms of the®**S measurements, the first such analysis on spesifiem RLB, 15 of the 22 samples
(68%), had collagen that was acceptable for isotapalysis using the criteria set forth in Nehlaid
Richards (2009). However, seven specimens weredfeaircontain %S in excess of 0.35% and to have
C:S (600 = 300) and N:S (200 £ 100) values outtii@enormal range for modern mammalian collagen,
suggesting sulfur contamination from the asphatisTis not entirely surprising, as compared to the
carbon and nitrogen content of bone collagen, theust of organic sulfur is small (~5-7 residues00
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and only found in the amino acid methionine (NdhiBnd Richards, 2009). As crude oil contains a high
percentage of sulfur (~1-2% in the Los Angeles Basn compounds bonded to the hydrocarbon
molecules (Sheridan, 2006; Mullins et al., 200¥grea trace amount of hydrocarbon contamination in
the bone collagen may be enough to skew the skgfwits while not significantly altering>C, 5N or

1C ages. Thud**S measurements, while providing a valuable comphered™*C andd™N results,
may be problematic for RLB specimens and furtherkw® needed to investigate this potential resaurce
There was a large difference between i measurements of the viscous tar (8.5 + 0.7%o)thed
hardened asphalt (—2.3 = 0.9%0) (Supplementary TAbl€his may have been due to the loss of volatile
organic compounds in the transition from a liquadsblid state, or could be related to a greaterustno
of organic and/or humic compounds in the asphalliéFet al., 2014).

4. Discussion
4.1. Deposit 1 Periods of Entrapment

The 3™C andd™N results are graphed in relation to their radiboarages in Figure 3 (a,b). In addition,
a reconstruction of Deposit 1 depicting the thrieemhsional position of the specimens that wée
dated is shown in Figure 4. As was predicted basegast work (Fuller et al., 2014), the majoritytiodé
samples date between ~34 to 36 kyr BP. Furtheriipteuf'C dates on the same specimens reveal that
the main period of accumulation for this depositweed between ~35 and 36 kyr BP (Supplementary
Table 1). However, the range of dates points totipialadditional entrapment events. For example, a
horse E. occidentaliy and the two pieces of wood dated much older th@majority of the other
specimens, between ~40 to 42 kyr BP. To rule caifptbssibility that this older date could be relatzd
asphalt contamination (although there were no sigms the collagen), we did a complete re-extractio
of the collagen from the sante occidentalisbone and“C-dated it again. The results confirmed that
this horse was significantly older by approximatefy kyr than the rest of the dated specimens in the
main deposit. Moreover, this. occidentalisvas found in the center of the Deposit 1 (Grid,R-dvel 3)

and surrounded by younger specimens (Figure 4)s,Tthis specimen acutely highlights the dangers of
pit averaging and demonstrates why stratigraphyatabe used to infer age at RLB (Fuller et al.,201
2016; Holden et al., 2017).

There also appear to be at least two smaller emgapevents represented in our sample—a California
ground squirrel $. beecheywas dated to ~31 kyr BP and a cottontail rab®yth\{ilagussp) was dated

at the limit of radiocarbon dating at >43 kyr BP.wkestern pond turtleActinemys marmorajawas
determined to be much younger than all of the ospecimens (~30 kyr BP). This turtle, located away
from the main Deposit 1 asphaltic vent (Grid E-8yé&l 2; Figure 4) in an ancient stream channel that
ran along the northeast side of the main depos#tdates all of the other results.

The major cluster of'C dates in Deposit 1 corresponds to calibrated afjes40-41 kyr cal BP using
the IntCall3 dataset (Reimer et al., 2013), bracgethe brief warm Interstadial 10 event on the
GICCO05 Greenland ice core timescale (Svensson,&(f)8) but extending into cold periods before and
after. It is important to note that calibration f8€ dates in this time range is a work in progress:
calibrated ages have shifted by as much as 1 kyeem successive versions of the IntCal calibration
and further significant shifts are anticipated.

4.2 Dietary Reconstruction
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4.2.1. Herbivores and reptiles

In Deposit 1, the juvenil8. antiquus C. hesternusandE. occidentalisand the adulP. harlaniandC.
minor, generally cluster together in terms of tREfiC andd™N results (Figure 5a). This is also the case
for theB. antiquusC. hesternusndP. harlani that were measured f&r*S results (Figures 5b,c). The
isotopic results suggest these animals were ligimg) feeding in ecologically similar landscapes miyri
the latest Pleistocene. In contrast the adult hoasesignificantly loweb™C, 5'°N and&>*S values and
plots with the rabbits and squirrels. This differercould have a temporal component due to changing
soil and vegetation conditions related to climatethis adulE. occidentaligs significantly older than
the other Deposit 1 specimens (~42 kyr BP). Owoiild suggest that some horses were living and/or
feeding in a different habitat than the artiodaxtghd ground sloths. That this horse is isotopicall
similar to the small mammals with restricted horaeges suggests that its range was restricted to the
vicinity of the Los Angeles Basin.

Previous examinations of migration patterns in bismd horses at RLB found that bison were more
migratory and consumed a greater proportion ppl@nts in their diet compared to the horses (dsdfe
and Goldin, 1989; Feranec et al., 2009). In addljt@ental mesowear analysis concluded that Both
antiguusandC. hesternugonsumed woody vegetation and tRaibccidentalisvas a grazer (Jones and
Desantis, 2017). Examination of the Coltrain et(2004) dataset indicates that maayoccidentalis
specimens had°N-depleted results that were different from theeotimerbivores, supporting the
argument that they were inhabiting a different, sildy local, ecological niche at RLB. Isotopic
indications of different dietary preferences inigtlecene bison and horses were also found in @aster
Beringia (Fox-Dobbs et al., 2008). The highiN value of the very young horse compared to thdtadu
could also reflect a “nursing effect” (Fuller et,82006) as modern young foals can nurse up tcaa ye
after birth in the wild (Bennett, 1999). It woul@ Interesting to see if stable isotope ratio anslgé
late Pleistocene horses and bison from other keesishowed similar ecological separation.

The N. shastensispecimen plots away from the other Deposit 1 seiti terms of it$"°C andd™N
results (Figure 5a). However, it has simi&fS values to the aduE. occidentalisand theSylvilagus
sp., which suggests that it was a local residedtrant migratory (Figures 5b,c). TR&-enriched value

of this Shasta ground sloth could indicate it wasabiting a more openz@andscape, and Pleistocene
sloths with similar but highly variable isotopicstdts were found in the Pampean region of Argentina
(Bocherens et al., 2016). Only one othershastensi®ias been isotopically analyzed and radiocarbon
dated at RLB (Fuller et al., 2014). This specimatesd to a later interval (~28 kyr BP) and has alypea
identical3'°C value (-19.6%o) to the Deposit\NL shastensibut a much highe¥"*N value (9.3%o) which

is similar to a contemporary RLB bison (~29 kyr BPhus, just like the Pleistocene sloths of South
America (Bocherens et al., 2016), the Shasta greiottis appear to have highly variadféN values
that could be related to climate, ecology, or comstion of symbiotic organisms; analysis of a larger
number of specimens from RLB is needed to helppiheciits paleobiology in more detail.

The Sylvilagussp., Lepussp. andS. beecheyplot isotopically near the adufi. occidentalisand below
the main cluster of the megaherbivores (Figure Bajant representatives of these small species have
restricted home ranges and these specimens fuxthérm that the vegetation in the immediate vitgini
of RLB was dominated by Lplant species at this time. Additional analysis d&fsert cottontail
(Sylvilagus audubonjiiand brush rabbitsS{lvilagus bachmapifrom Deposit 1 found a similar
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distribution of *C ages but highly variabl&N values (Fox et al., 2017). This is not surprisasy
modern rabbits and those from archaeological cosiexUtah (Ugan and Coltrain, 2011) and Holocene
rabbits from Idaho (Commendador and Finney, 20i§)lay a large range &N values. Thesé™N
values can reflect the rabbit’s diet, local somdiions (such as salinity) and temperature (Soithermt

al., 2018), demonstrating the challenges encouhteteen isotopically reconstructing the paleoecology
of sites with small mammals.

The rattlesnakeQrotalussp.) has a low™C value (—22.6%0) and an elevat&dN value (9.6%o). This
13c-depleted result contrasts with the other spestiesied and suggest its Prey came from a more
closed or wooded environment (Cerling et al., 20@8sed on the isotopic results, its potential prey
could have included small rodents and birds, whiene also recovered from Deposit 1 but were not
analyzed. Such a diet is in agreement with thaxtént rattlesnakes and indicates there has belen li
change in feeding patterns between the Pleistcaedé¢oday (Klauber, 1997).

The A. marmoratais the first freshwater species to be isotopicatiglyzed from RLB. It$°C-depleted
result is in agreement with that of archaeologfoashwater fish (Guiry et al., 2016), and its eteda
5N value, suggests it was feeding on other aquatjardsms, possibly small fish or amphibians. This
is in agreement with the diets of extant westerndpturtles, which are omnivores and consume fish,
frogs, aquatic invertebrates, insects and pland$dd®hodin et al., 2017). That this turtle produtesl
youngest“C date of all the specimens analyzed from Deposituld be due to the fact that it was found
in a stream channel away from the main asphalt. Vehtpresence confirms that there were viable
freshwater habitats in and around RLB during theasRdcene al. marmoratadoes not venture far (< 1
km) from water (Rhodin et al., 2017). This findirsgconsistent with RLB’s location on a coastal pjai
today water pools in and around the asphalt depasil small ephemeral streams such as “Oil Creek”
traverse the site (Stock and Harris, 1992).

4.2.2. Carnivores

The stable isotope ratio resul8*C, 3N, 3°*'S) and radiocarbon dates allow investigation of the
feeding behavior of extinct and extant speciesigvin the Los Angeles Basin between ~30-40 kyr BP
(Figures 5a,b,c). For the most part, the sabertoatth . fatalig, dire wolves(C. dirug and the coyote
(C. latrang cluster together isotopically, evidence that tladlylikely consumed prey that had nearly
identical and predominatelysased terrestrial diets with little variation. $lsuggests these predators
were relatively specialized in terms of diet andravpotentially competing with each other through
hunting and/or scavenging. Similarites B°C enamel apatite values, reflecting likely dietary
competition betwee®Smilodonsp. andC. dirus were also found at much older sites (> 550 kyajrf
central California, suggesting that this behavias la long history in North America (Trayler et al.,
2015). These results also agree with a recent $tady Argentina wher&milodon populatowas found

to be isotopically similar to the large caritotocyon again indicating direct competition for food
sources between these two species (Bocherens 80&6). However, a recent study®fC values in
tooth enamel of. fatalisandC. dirusat RLB found differences attributed to differeeedling habits,
with dire wolves argued to have had a preferenceffey from more open environments (DeSantis et
al., 2019). The reason(s) for the discrepancy betwihe collagen and carbonate isotopic results is
currently unknown and additional research is needethrify these findings in the future.
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Whereas only adult individuals @&. dirusand C. latransare represented in this study, tBefatalis
specimens comprise two adults, two juveniles and ¥ery juvenile individuals and there were no é&rg
dietary differences between individuals at diffgristages of maturity (Figure 5a). Using the trophic
level fractionation factors of ~1 to 2%o f&°C, ~3 to 5%o ford"°N and ~+1 to —1%. fob>'S (Kelly,
2000; Bocherens and Drucker, 2003; Richards et2@D3; Fox-Dobbs et al., 2007; Krajcarz et al.,
2019), the potential prey for this cluster of Depdspredators include the juvenile bisdd @ntiquu$
and camel €. hesternus To a lesser extent, adult Harlan’s ground slqfs harlan) and dwarf
pronghorns €. minol (Figures 5a,b,c) could also have been consumdaeasotopic spacing for these
individuals is only ~3%. or below the 4.6 + 0.7%0. @ahted for modern North American gray wolves
(Canis lupu} (Fox-Dobbs et al., 2007). However, lower collagestollagen trophic level spacings
(2.4%o0 to 3.5%0) were determined for modern wolvesdfag on a variety of prey species (see Table S1,
Bocherens, 2015). Dire wolves frogastern Beringia had similar dietary habits bub aisluded horses
as an important prey species (Fox-Dobbs et al.8200he mammoth Mammuthus columpifrom
Deposit 11 was included in this project as it datea similar time interval (~36 kyr BP; (Fuller &it,
2014)) but mammoths do not appear to have beemmaoriant part of the diet of the local RLB
carnivorans, and this is in agreement with thesd@tHomotheriumfrom the Alaska-Yukon region
(Bocherens, 2015). HoweveHomotheriumpreferentially preyed upon juvenile mammoths & th
Friesenhahn Cave site in Texas (Graham, 1976; @Gratal., 2013; DeSantis and Koch, 2017). Given
the small sample sizes of the species analyzed thexse interpretations should be viewed with ceujti
additional research is needed to better delinda¢set predator-prey relationships. However, large
carnivores targeting juvenile megaherbivores hagenbargued to play a critical role in limiting
ecological impact during the Pleistocene (Van Valkegg et al., 2016), and these isotopic results
suggesting the consumption of young prey could Earde support to this possibility at RLB.

Interestingly, oneC. dirushasd™*C (-18.1%0) and5™N values (8.8%o) that plot below the main cluster of
the large carnivores and near the American LPnatro® (3*°C = -18.4%0:3'°N = 8.3%0) (Figure 5a).
Interpreting thed>C andd™N results from Deposit 1 as indicators of poteriay species for this dire
wolf and lion is complicated by the small numberspecimens that were sampled and only the Shasta
ground sloth I{. shastens)sappears as a possible prey candidate.3f® results confirm that this.
shastensisand possibly the aduE. occidentaliswere potential prey for thi€. dirus (Figures 5b,c).
Unfortunately, the5*C, 8°N and3**S results provide no match between the recovered species and
this P. atrox

As a result, we evaluate potential prey for thié-depleted American lion using the dataset of @aitr
et al. (2004) without regard to chronology. In terof 3N values, potential prey could have included
E. occidentalisand/or mastodondMammut americanujnas was noted earlier (Fuller et al., 2014).
However, thed3'C values are elevated by >2%. compared toEheccidentalisand M. americanum
which is higher than the carbon trophic level effefcl.3 + 0.6%. calculated by Fox-Dobbs et al.,q2p
for modern North American gray wolves but similar trophic spacings of ~2-4%. proposed by
Bocherens (2015). Alternatively, the lo®"N results could reflect differences related to tipeiod,
locality and/or climate. For example, it is possitiiese uniqu€. dirusandP. atroxwere not local and
traveled to RLB from distant habitats that werelepand wetter such as the San Gabriel Mountains or
further afield in northern California. Modern stadiof wolves C. lupug and African lions Panthera
leo) indicate they can migrate large distances owee tin search of food and new territory (Mech and
Cluff, 2011; Kittle et al., 2016), and additionabtopic research is required to explore this pdggiin
detail. Nonetheless, the fact that @edirus plots isotopically with both th&. fatalisandP. atroxis
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evidence that dire wolves may have been competitig tivese other large feline predators in different
ecological niches in southern California during Bieistocene.

The Deposit 1C. latrans has isotopic results similar to ti& fatalisand C. dirus specimens. This
indicates that this particular coyote (~37 kyr BRay have been scavenging from both of these
predators kills whereas the coyotes analyzed byr&olet al. (2004) were feeding at a lower trophic
level and on different foods. This supports anrprietation thatC. latranshad dietary flexibility over
the past ~50 kyr BP, which may have helped it sierthe Pleistocene extinction event (Meachen and
Samuels, 2012). Similar dietary flexibility has hesiggested for the puma (DeSantis and Haupt, 2014)

A long-tailed weaselMustela frenat® recovered from Deposit 1 and radiocarbon datethé¢ main
entrapment episode (~35 kyr BP), was also anal§@ed'’C and3™N values. This extant species is
found throughout North and South America and i®hiigate carnivore that can consume a variety of
prey such as insects, rodents, reptiles, smalskarttl rabbits (Schwartz and Schwartz, 2001). Nhe
frenata plots separately from the large predators for BBt and3™N values and is closer to the
herbivores (Figure 5a). The isotopic results sugtes M. frenatawas consuming California ground
squirrels and cottontail rabbits at RLB, which is agreement with the dietary habits of extant
individuals and suggests there has been little gham the dietary patterns of long-tailed weaselthe
last 35 kyr.

5. Conclusions

Fossil specimens of extinct megafauna, extant sraatl mid-sized vertebrates, and wood from a single
asphalt deposit (Project 23 Deposit 1) at RLB weaiocarbon dated and analyzed for stable isotope
ratios to investigate paleoecology and feeding Wehan southern California during a discreet intdr

of the Pleistocene. Thé'C ages for these specimens clustered around ~3EyB6BP, but a
chronologically older adulEquus occidentaliand a wide range of dates for the smaller animads a
wood samples indicate that multiple entrapmentocoueulation events occurred from >43 to ~30 kyr
BP at this location. This reinforces the point tha practice of “pit averaging” —where an average
radiometric age is assigned to all specimens franasphaltic deposit— is problematic and prone to
error at RLB.

The habitats around RLB during this period of theidfocene were dominated by @egetation and
none of the fauna showed evidence of consumingfsignt amounts of ¢plants. While many of the
megafaunal herbivores had similar stable isotopsuilts, the adulE. occidentalisspecimen had a diet
similar to Sylvilagussp. and Spermophilus beecheyhs these species have limited home ranges, this
could suggest that the range of this particulasé@awvas confined to the vicinity of RLB. All of the
smaller animals studied her#stela frenata Sylvilagussp., Spermophilus beecheyi, Crotalgg.,
Actinemys. marmorajado not differ radically in dietary or ecologiaaiche patterns from their modern
counterparts. Sabertooth cats, dire wolves, andtesyhad isotopically similar results that coulfliect
predation of the same prey animals or the scavgngfirtheir carcasses. The dietary flexibility oéth
coyotes may indicate that they weren’'t primary ptets of large prey animals. The coyotes’ post-
Pleistocene size reduction may have several exjdersaincluding absence of large prey animals and
competitive stress involving wolves and humans@mdate change.
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Of the 22 specimens measured &S, nearly a third failed the collagen quality cotgrset forth for
modern bone collagen. This high failure rate isdntrast to thé&C and3*°N measurements, where all
samples that produced sufficient collagen had dabép atomic C:N ratios between 3.2-3.5. Given the
high amount of sulfur in crude oil and the low argacontent of sulfur in bone, a slight contamiaati

of purified collagen with sulfur compounds bonded hydrocarbon molecules could be enough to
compromised*'S measurements in specimens from RLB. Thus, wiitsed*'S results provide
important complementary information to th&C andd™N results, they should be treated with some
caution but should also spur additional molecutgearch in this area. Nonetheless, isotopic arabfse
Deposit 1 specimens based®fC, 53N, 5*'S and"““C measurements permit an enhanced understanding
of trophic level dynamics in southern Californiaridg the latest Pleistocene. This work serves as a
starting point for future diachronic studies toteetunderstand how the climate of the last 50 kyr
impacted biodiversity and ecological communitiethia Los Angeles Basin.
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Figure Legends:

Figure 1. Schematic map showing location of Rarichd®rea relative to past and present coastlines of
the Santa Monica Basin. Dashed line representoaippate location of coast at 35 kyr BP (i.e., ~60
meters below current sea level). Muhs et al. (2@E#nate a RSL position of about -70 m asl fo4B5-
kyr BP for the nearby San Nicolas Island; thougttaeic uplift on the mainland would likely have
yielded a slightly higher RSL in our study area.pMirawn with QGIS 2.18.16 using bathymetric and
topographical digital elevation model data produdsd NOAA’s Tsunami Inundation Project and
National Geographic Data Center (Caldwell et &1 D).

Figure 2. View of Deposit 1 looking south. Archiveith GUID 10862447-dc6c-4af1-998d-
5b1040ae7763 (Photograph by Carrie M. Howard, leaBrar Pits Museum).

Figure 3a. Deposit 5°C values plotted against uncalibraté@ ages in years BP. While the main
entrapment or accumulation event for Project 23d3gpl occurred between ~35-36 kyr BP, there is
evidence for multiple other smaller entrapment ¢évé&etween ~30 to >43 kyr BP. All specimens show
evidence of consuming predominatelyléased diets during this period.

Figure 3b. Deposit BN values plotted against uncalibraté€ ages in years BP. While the main
entrapment or accumulation event for Project 23d3gpl occurred between ~35-36 kyr BP, there is
evidence for multiple other smaller entrapment évéetween ~30 to >43 kyr BP.

Figure 4. Reconstruction of Deposit 1 showing thee¢-dimensional position of radiocarbon-dated
specimens. Shapes denote different trophic oogaml groups: Triangles = Large Carnivores; Sgaiare
= Large Herbivores; Circles = Small Vertebrates aérmammals and reptiles); Diamonds = Plants.
Periods of deposition more than 1,000 years aparseparated by color: Red < 31,000 RCYBP; Orange
31,000 - 33,000 RCYBP; Green 33,000 - 37,500 RCY®Re 37,500 - 41,500 RCYBP; Purple 41,500
- 43,000 RCYBP.

Figure 5a.5'*C andd™N results from Project 23 Deposit 1 at RLB. Notee M. columbiis from

Deposit 11 but is included here as it haSGmeasurement (36,770 + 750 BP) which dates near th
main cluster of the Deposit 1 specimens (Fullele2014).
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671  Figure 5b3"C andd®*S results from Deposit 1 at RLB.
672

673  Figure 5¢.5**S andd™N results from Deposit 1 at RLB.
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Project 23 Deposit 1 main entrapment *C dated to ~35-36 kyr BP

Wide range of “C ages indicate seep was active from ~30 to >43 kyr BP
Sabertooth cats, dire wolves, and coyotes had isotopically similar diets
Extant taxa had similar dietary patterns to their modern counterparts
First reported 3*'S measurements on specimens from RLB



