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INVERTEBRATE FOSSIL CORRELATION TO CLIMATE TRENDS IN SEDIMENT CORE MD02-2504 
FROM SANTA BARBARA BASIN IN THE PAST 24 KYR 

Miranda Stripe 

Abstract 
In the Southern California Bight, the upper reaches of minimally oxygenated waters rest at a depth of 
~500 m. In such environments, invertebrate communities are adapted to low-oxygen levels and can 
exist due to annual oxygen replenishment events. Throughout the past 24 ka, oxygenation of this area 
fluctuated, with higher oxygenation occurring during glacial and stadial periods and hypoxic 
environments manifesting in interglacial and interstadial phases. To identify patterns between 
community structure and oxygen levels, I quantified invertebrate assemblages in Core MD02-2504 (481 
m; Santa Barbara Basin, California, 34.23°N, 119.86°W) between 0.18-24.38 ka. These assemblages 
included ostracods, molluscs, and echinoderms. Molluscs were also identified to their lowest taxonomic 
groupings, where Lucinoma aequizonata and Astyris permodesta were the most abundant species within 
the core. Ostracod and mollusc densities increased with cooler, more oxygenated periods (e.g. the Last 
Glacial Maximum) and decreased in warmer, hypoxic intervals (e.g. the Bølling Allerød). 
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Introduction  

ANTHROPOGENIC climate change continues 
to be of central concern as we venture deeper 
into the twenty-first century. This global issue 
not only influences atmospheric and oceanic 
temperatures, it also impacts ocean chemistry 
and species distribution. To better understand 
future climate change, we study past climate 
and environmental change. We accomplish 
this by analyzing ice and sediment cores, 
relying on organisms and sediments within to 
reveal approximate age and abiotic factors of 
core layers (Behl and Kennett, 1996; 
Dansgaard et al, 1993; Grootes et al, 1993). 
 Organisms found in sediment cores 
include planktonic and benthic foraminifera, 
whose calcite shell composition records 
ambient seawater geochemistry. The calcium 
carbonate shells of these microfauna contain 
varying ratios of oxygen isotopes, which are 
used as proxies for temperatures and global ice 
volume. These geochemical records, when 
combined with oxygenation proxies from 

sedimentary and microfaunal data, reconstruct 
the timing of oxygenation (Kennett and 
Ingram, 1995). Not all global locations 
preserve organisms like foraminifera as 
sedimentation rates and currents can prevent 
consistent deposition and layering (van Geen 
et al, 2003). Therefore, areas with relatively 
low physical disturbances are often necessary 
to obtain insightful data on paleoclimates. 

Study Area and Regional Oceanography 

 The Santa Barbara Basin (SBB) exemplifies 
an ideal location for core collection and 
analysis. The basin lies off the coast of 
southern California in the California Current 
system (Figure 1). Due to its geological and 
bathymetrical morphology, the SBB benthic 
environment yields high sedimentation rates 
for the late Quaternary period and displays 
sensitivity to climatic and oceanographic 
changes (e.g. Behl and Kennett, 1996; Kennett 
and Ingram, 1995). Thus, this basin provides 
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high resolution of climate trends throughout 
the past 24 kyr, and may also give us insight 
into the paleoecology of the region. 
 The sediment core examined in this study 
was collected at a 481-m water depth in 2002 
in the SBB. This core sits at a depth adjacent to 
the uppermost extent of the oxygen minimum 
zone  (OMZ), which contains oxygen levels 
around 0.4-0.7 ml l-1 O2 at 500 m (Richels and 
Edmonds, 1994). The OMZ depicts a three-
dimensional hydrographic region where 
oxygen levels occur at levels too low for many 
organisms to survive. OMZs typically form in 
intermediate waters, where photosynthesis can 
no longer occur to replenish oxygen, 
respiration persists due organismal presence, 
and solar radiation penetrates to the extent 
that waters hold less oxygen due to elevated 
temperatures (in relation to deeper waters). 
The SBB contains two sills, the southeastern 
sill (230 m) and the northwestern sill (475 m), 
where the shallower sill inhibits exchange of 
intermediate waters between the basin and 
external waters (Hill et al, 2006; Moffitt et al, 
in preparation). This restriction amplifies local 
hypoxia within the basin. However, oxygen 
replenishment occurs in the spring, when 
subsurface equator-ward flow spills cold, 
dense waters over the northwestern basin sill 
and mixes downward into the basin center 
(Bray et al, 1999).  

Quaternary Paleoclimate 

 Climate change throughout the past 24 kyr 
includes so-called “Milankovitch cycles” over 
tens of thousands of years, caused by changes 
in solar radiation, interrupted by millennial-
scale climate oscillations (Behl and Kennett, 
1996; Dansgaard et al, 1993). The Last Glacial 
Maximum (LGM) demarks the last large-scale 
global cooling, and occurred from 
approximately 26 ka to 19-20 ka (Clark et al, 
2009). Ocean waters were much cooler (6-
8°C) than today, containing relatively high 
oxygen levels at depth in the SBB, which likely 
lacked an oxygen minimum zone (OMZ) (Behl 

and Kennett, 1996). The Bølling Allerød (B/A) 
follows the LGM, containing hypoxic waters, 
which is a limiting factor for many biota. This 
period occurred between 14.5 to 12.9 ka, 
followed by a brief Northern Hemispheric 
cooling known as the Younger Dryas (YD; 11.5 
– 12.9 ka) (Dansgaard et al, 1993). Within the 
SBB, the YD cooling did not appear as 
noticeably in MD2504 as in other regions of 
the Northern Hemisphere (Dangaard et al, 
1993; T. M. Hill and D. Pak, unpublished) 
(Figure 2). Around 11.5 ka, the Holocene 
began, representing a period known for its 
relatively warm, stable climate (Dansgaard et 
al, 1993; Grootes et al, 1993). Though warm 
and hypoxic (Behl and Kennett, 1996), few 
laminations are observed in this sediment core 
from the SBB during the Holocene, unlike the 
highly laminated sediments seen in deeper 
regions of the basin (Behl et al, unpublished). 

Indicators of Paleo-Oxygenation 

 Severe hypoxia can be recorded in 
sediment cores as laminations. These 
sedimentary features occur only in regions of 
high sedimentation rates, which arise due to 
greater carbon export from surface layers 
(Cannariato and Kennett, 1999; van Geen et al, 
2003) – the degradation of which can also 
further deplete oxygen levels (Behl and 
Kennett, 1996). Very low oxygen levels can 
eliminate benthic species, due to respiration 
thresholds, thus removing bioturbation (Behl 
and Kennett, 1996).  Yet today SBB species 
inhabit the broader California OMZ, fueled by 
oxygen replenishment from upwelling driven 
by the California Current (Bray et al, 1999; 
Moffit et al, in review). Organisms found in 
the SBB include various invertebrates, 
including molluscs, ostracods, and 
echinoderms. Of these species, spatangoids are 
generally the most tolerant of low-oxygenated 
environments, disappearing last from the 
sediment record during hypoxic periods 
(Mullins et al, 1985). 
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 Species found in sediment cores (e.g. 
spatangoids) generally reflect the conditions of 
their environment in the time intervals they 
are found. For example, foraminiferal species 
compositions often give an idea of the oxygen 
levels – well oxygenated, hypoxic, anoxic, etc. 
– of the time intervals in which they occur 
(Cannariato et al, 1999; Cannariato and 
Kennett, 1999). Similarly, symbiotic 
relationships between bacteria and invertebrate 
species can provide insight into the chemical 
conditions of the surrounding water, such as 
nitrate and sulfur levels (e.g. Hentschel et al, 
1993; Hentschel and Felbeck, 1995; Cary et al, 
1985). Therefore, analyzing species 
assemblages through time can help construct a 
finer image of a region’s changing environment 
and climate. 

Goals of This Study 

 Considering the ecological zonation 
patterns across hypoxia gradients, spatangoids 
and other invertebrates reflect changes in their 
environment through their abundances and 
species composition. Thus, I examined 
sediment core MD02-2504 (referred to 
hereafter as MD2504), quantifying for a variety 
of invertebrates: mollusc shells, ostracod 
valves, spatangoid spines and brittle star 
vertebral ossicles. This study aims to address 
the following questions by quantifying 
invertebrate microfossils in core MD2504: 

1) Do invertebrate densities follow climatic 
trends in the past 24 ka? 

2) If correlation arises between climate and 
invertebrate abundances, do higher 
invertebrate densities occur in cooler, 
more oxygenated periods? 

3) If at all, do lower invertebrate densities 
appear in warmer, hypoxic periods? 

4) What species of molluscs occur within 
this region throughout the past 24 ka, 
and what do their ecologies reveal about 
past environmental conditions? 

5) How does species richness of this 
deeper core compare to a shallower 
core, MV15? 

Materials and Methods 

 In 2002, the 46.8-meter long sediment 
core MD02-2504 was collected in SBB 
(34.23°N, 119.86°W) at a water depth of 481 
m from aboard the R/V Marion Dufresne (Hill 
et al, 2006). Hill et al (2006) sampled these 
cores from 20 to 3861 cm at intervals of 20 
cm, with some irregularities in the intervals 
due to core breaks. These samples range from 
0.18 to 24.38 ka, which were determined using 
existing δ18O stratigraphy and correlation to 
other nearby core sites with radiocarbon based 
chronologies (Hill et al., 2006). This time 
interval spans from near the beginning of the 
LGM into the Holocene, where laminations 
occur in the B/A (Behl et al, unpublished; Hill 
et al, 2006). 
  Meio- and macrofaunal community 
structure were quantified for the  > 150-μm 
size fraction. Presence or absence of 
spatangoid spines and brittle star vertebral 
ossicles was noted using a light microscope. 
However, numerical counts of echinoderm 
individuals were not possible as multiple 
vertebral ossicles or spines could belong to 
either a single individual or multiple 
organisms. The presence or absence of mollusc 
shell fragments was also quantified. 
 Mollusc shell and ostracod valve density 
was determined for each interval. For density 
calculations, one shell or valve represented a 
single mollusc or ostracod individual, which 
potentially biases the record but is the most 
direct interpretation of the fossil assemblage. 
To determine density, the number of 
individuals – for both molluscs and ostracods 
separately – was divided by the sample volume 
(2.5 cm3). These abundances (in fossils cm-3) 
were then plotted against time to assess 
density trends in relation to climate changes 
and their respective oxygen shifts. 
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 Mollusc species were also classified to their 
lowest taxonomic grouping. Species diversity 
was then assessed in relation to a shallower 
core, MV15 at 418-m water depth (Moffitt et 
al, in review), using the Simpson and Jaccard 
coefficients: 
 Simpson = C/N1 
 Jaccard = C/(N1 + N2 – C) 
N1 represents the number of species in the less 
diverse core, while N2 represents the species 
richness in the more diverse core. C stands for 
the number of species shared between the two 
populations. These coefficients emphasize the 
similarity and differences in mollusc species 
richness between the two water depths in the 
SBB. 

Results 

Mollusc and Ostracod Densities 

 Mollusc and ostracod densities from the 
core yielded a rough pattern in relation to 
climate trends in the past 24 kyr (Figure 3). 
The highest densities occurred during the 
LGM (ranging from 0 – 4 fossils cm-3 for 
molluscs and from 0 – 12 fossils cm-3 for 
ostracods), in which mollusc shell densities 
demonstrated smoother peaks than ostracod 
densities. A noticeable anomaly in the LGM 
occurred during the same period for both 
mollusc and ostracod abundances, which 
peaked at 19.52 ka (Figure 3). The B/A 
includes one appearance of ostracods and 
molluscs in two different intervals (ranging 
from 0 – 0.4 fossils cm-3 and 0 – 1.2 fossils cm-

3, respectively), but the spike in molluscs 
around 14 ka is much more pronounced. Two 
intervals within the YD contained ostracods 
(densities = 0.4 fossils cm-3), while molluscs 
were not present. However, molluscs shell 
fragments were found in intervals from the YD. 
Ostracods and molluscs appeared in low 
densities (ranging from 0 – 0.4 fossils cm-3) in 
the beginning of the Holocene, when present. 
 Nine distinct molluscs were identified in 
this core. Five of these groups were bivalves, 

only one of which, Lucinoma aequizonatum, 
was classified down to the species level. The 
remaining four bivalves were identified down 
to the family: Cardiidae (two species), 
Lucinidae, and Tellinidae (Subfamily 
Macominae). Of the gastropods found, two 
were identified to the species level: Astyris 
permodesta and Lirobittum paganicum. The 
third gastropod species, which appeared in the 
Holocene (~11,131 ka), could not be classified 
beyond Class Gastropoda. Several species of 
scaphopods may be present, but classification 
beyond the family, all of which belong to 
Family Rhabdida, was not possible. 

Echinoderms 

 Spatangoid spines appeared in most 
sediment samples, though an absence of spines 
manifested around 14.75-13.45 ka, with a brief 
appearance from 14.16-14.07 ka (Figure 3d). 
Spatangoids again arose in the B/A around 
13.38 ka, though their return in the B/A was 
observed using R. Behl residues since several 
samples were missing from the Hill et al 
(2006) samples (1600-1601 cm to 1460-1461 
cm and 1400-1401 cm). Brittle star vertebral 
ossicles manifested considerably less 
throughout the core, often emerging in large 
numbers when present. A noticeable absence 
of vertebral ossicles began in the transition 
between the LGM and the B/A, where after 
they did not reappear (Figure 3e). 
Additionally, presence of mollusc shell 
fragments were noted, where shell fragments 
persisted throughout most of the time interval 
examined, with the exception of various gaps 
in the B/A. 

Comparison to Core MV15 

 To assess species richness and compare 
this data to the shallower core, MV15, the 
Simpson and Jaccard coefficients were 
calculated. However, scaphopods were 
excluded from these calculations as 
distinguishing between species was difficult 
due to fragmented shells. The more diverse of 
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the two cores was MV15, which contained 
twenty-two species, fifteen of which were 
bivalves (Moffit, unpublished data). The 
deeper core, MD2504, had lower species 
richness with five bivalve species and three 
gastropod species. MV15 and MD2504 shared 
seven common species, only three of which 
were identified to the species level: Lucinoma 
aequizonatum; another species from Family 
Lucinidae; one species from Family Carniidae; 
one species from Family Tellinidae, Subfamily 
Macominae; Astryx permodesta; Lirobittum 
paganicum; and a species from Class 
Gastropoda (Moffit et al, unpublished data). 
The Simpsons coefficient of these two cores 
was 0.875 (S=7/8), while the Jaccard 
coefficient was 0.3043 (J=7/[8 + 22 – 7]).  

Discussion 

Broad Scale Trends 

 The sediment core MD2504 originated 
from a basin well-known for its high 
sedimentation rates (> 120 cm kyr-1) (Behl and 
Kennett, 1996; Kennett and Ingram, 1995), 
thus characterizing the SBB as an ideal place 
for studying paleoclimates and their 
ecosystems. High sedimentation rates create a 
more detailed and complete record of the past, 
and the basin’s almost continuous assemblage 
of foraminifera enable generation of stable-
isotope and radiocarbon age data (Kennett and 
Ingram, 1995). Also, species identification of 
benthic foraminifera can be used to assess the 
oxygenation state of the basin (i.e. oxygenated, 
coastal hypoxia, or very hypoxic) (Cannariato 
et al, 1999; Cannariato and Kennett, 
1999).Therefore, accurate temperatures, stable 
isotopes, and age can be derived from this 
sediment core, providing crucial details that 
help elucidate characteristics of paleoecology 
when analyzed together with invertebrate 
assemblages. 
 Laminations further reveal the dynamic 
conditions of this core, which consists of data 
from 24.38 ka to 0.18 ka. Throughout the past 

24 ka, no laminations manifest except in the 
B/A (Figure 3f; Hill et al, 2006). This implies 
that disturbance occurred in all other periods 
but the B/A, as laminations reflect hypoxic 
conditions (Behl and Kennett, 1996) that 
prevent survival of most organisms. This 
coincides with warmer periods like the B/A 
possessing less oxygenated waters; however, 
no laminations arise throughout the Holocene, 
an interglacial period. The lack of laminations 
in the Holocene suggest that the B/A was much 
more hypoxic than the Holocene, which is 
further supported by the lack of invertebrates 
found in this interval (Figures 3 and 4). 

Mollusc and Ostracod Assemblages 

 Throughout the core MD2504, the higher 
abundances of molluscs and ostracods 
appeared in the LGM period, while samples 
from other climatic periods held much lower 
densities. The higher abundances in the LGM 
reflect greater densities in colder, oxygenated 
periods; however, the YD lacked molluscs and 
only contained two occasions of low ostracod 
density. Thus, the YD may represent an 
anomaly relative to other cold periods. Both 
the B/A and the Holocene periods support the 
notion that warmer periods tend to be 
hypoxic. Such evidence stems from the 
deficiency of molluscs and ostracods in both 
these periods, along with the distinct 
laminations in the B/A period.  
 Greatest densities of molluscs and 
ostracods occurred during the LGM period, 
resulting from elevated oxygen levels at the 
seafloor. Yet MD2504 lies adjacent to the 
upper boundary of the modern OMZ (Kennett 
and Ingram, 1995), which might yield lower 
densities of invertebrates than shallower, more 
oxygenated waters (Moffitt et al, in 
preparation). However, the absence of 
laminations (Figure 3f; Hill et al, 2006) – 
undisturbed sediment layering – during the 
LGM indicates bioturbation and the presence 
of macrofaunal life (van Geen et al., 2003), as 
confirmed by this study. Therefore, core 
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MD2504 rested above the upper boundary of 
the glacial OMZ. 
  Within these relatively high oxygen levels, 
a spike in mollusc and ostracod abundances 
around 19.94 ka is observed. This anomaly 
may indicate variations in oxygenation and 
seafloor communities at the core location near 
the end of the LGM. However, upon further 
investigation, the peak in molluscs was likely 
the result of a recruitment episode as many of 
the organisms in this interval were larval 
Lucinoma aequizonatum. Thus, the spike in 
ostracod densities may also represent an influx 
of juveniles, though not all ostracods are 
planktonic dispersers and must crawl into the 
environment (Benton and Harper, 383). 
Nevertheless, these rapid changes in 
invertebrate densities represent these 
organisms’ sensitivity to varying oxygenation 
levels within the basin. 
 The LGM and the last deglaciation (i.e. 
Termination 1A, ranging from 16 to 14 ka 
[Hill et al, 2006]) within core MD2404 also 
represented a period of time in which species 
diversity and abundance were much higher 
than during more recent periods. Among the 
more common species found in this core were 
Lucinoma aequizonatum, Astyris permodesta, 
and Littorbitum paganicum (Figures 4, 5, and 6, 
respectively). 
 Lucinoma aequizonatum is an extant species 
of bivalve known to currently reside around 
depths between 490 and 510 m within the SBB 
(Cary et al, 1989; Hendschel et al, 1993). 
However, this depth range has likely fluctuated 
throughout time as the core examined rested at 
an even shallower water depth during the 
LGM (throughout which sea level was ~130 m 
below today’s sea level [Clark et al, 2009]) 
than the current 481-m depth at which the 
core was collected. L. aequizonatum is an 
infaunal species that has a chemoautotrophic 
symbiont that resides in its modified gills 
(Cary et al, 1989; Hentschel et al, 1993; 
Hentschel and Felbeck et al, 1995). These 
endosymbionts oxidize sulfur by reducing 

nitrate and fix carbon for its host to use, 
providing  L. aequizonatum with sustenance in 
exchange for a protected living environment 
(Hentschel et al, 1993; Levin, 2003). Such a 
relationship is relatively common along OMZs 
(Levin, 2003), and likely reflects the lifestyle 
of many of the organisms found in this core. 
 Astyris permodesta is also thought to be 
associated with chemoautotrophic symbionts 
(Smith and Baco, 2003). This columbellid snail 
is often found on whale falls or associated with 
methane seeps (Levin and Michener, 2002; 
Smith and Baco, 2003) near the OMZ. Species 
such as A. permodesta typically have lighter 
δ13C and δ15N values, which are characteristic 
of organisms associated with sulfur-oxidizing 
chemoautotrophs (Cary et al, 1989; Smith and 
Baco, 2003, Levin, 2003). However, Deming et 
al. (1997) found that A. permodesta are not 
known to contain endosymbionts; instead, 
these organisms likely prey on species with 
symbiotic relations or they graze on free-living 
chemoautotrophic bacteria (Levin, 2003). 
Signs of predation have been found within this 
core and a shallower core from the SBB 
(Moffitt, unpublished data), including a boring 
hole found in a L. aequizonatum individual 
(Figure 4a). Thus, A. permodesta could 
potentially be responsible for this trace fossil. 
However, scaphopods were also found within 
the core, and this group of molluscs is largely 
carnivorous, feeding mainly on foraminifera 
(Benton and Harper, 354). Despite whether A. 
permodesta is a predator or bacterial grazer, 
these symbiotic relations reflect that the SBB is 
a reducing environment, which is typical of 
near anoxic basins and methane seeps (Cary et 
al, 1989). 
 Mollusc diversity significantly decreased in 
the transition from the LGM into the B/A, an 
interstadial period in which severe hypoxia 
emerged as indicated by lamination 
preservation and invertebrate density crash. 
Data reveal the absence of both molluscs and 
ostracods during the B/A, with the exception of 
a single appearance of molluscs and ostracods 
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at 13.9 ka and 13.2 ka, respectively (Figure 3). 
These results support the idea that lower 
densities of invertebrates manifest in warmer, 
hypoxic waters such as those characteristic of 
the B/A. 
 Succeeding the B/A is the YD – an 
ephemeral cooling event that lacks evidence of 
the high levels of ecological activity observed 
in the LGM. Instead, mollusc and ostracod 
densities follow trends seen in the B/A, with 
the exception of two samples. Several factors 
could account for this observation: (1) oxygen 
did not increase to levels analogous of the 
LGM (Moffitt et al, in review), (2) brevity of 
the YD did not allow sufficient response time 
for invertebrate community recovery, or (3) 
diminished cooling occurred in the SBB as 
compared to the rest of the Northern 
Hemisphere (Dansgaard et al, 1993; Kennett 
and Ingram, 1995). Preceding the YD, around 
13 ka, the western margin of North America 
shifted to highly hypoxic conditions and lasted 
for about 3 kyr (van Geen et al, 2003). This 
intensified OMZ thus began in the B/A and 
persisted throughout the YD, indicated by 
reduced invertebrate densities. Alternatively, 
the YD represents a brief stadial episode 
relative to other climatic periods, which may 
have prevented invertebrate densities from 
yielding a noticeable response. Furthermore, a 
significant climatic shift may not have taken 
place in the SBB, thus not imposing a 
significant enough disturbance to create 
noticeable differences between the B/A and the 
Holocene. 
 Stable oxygen levels distinguish the 
Holocene in SBB, where hypoxia developed 
during the deglaciation and remained 
throughout the Holocene (Moffitt et al, in 
review). The low mollusc abundances 
correlated to this characteristic hypoxia as did 
ostracod densities. Though low-oxygen 
conditions persist throughout the Holocene, 
species fluctuations typically occur even in 
stable hypoxic periods, and adaptations are 
bound to arise. Additionally, crustaceans (e.g. 

ostracods) tend to thrive near the upper 
boundary of the OMZ and remain abundant as 
their populations approach the core of the 
OMZ, unlike heavily calcified organisms such 
as mollusc (Mullins et al, 1985). Despite this 
characteristic, little evidence of ostracod and 
mollusc presence is found during the Holocene 
from this core. 

Echinoderms 

 Spatangoid spines were found fairly 
consistently throughout core MD2504, and 
intervals lacking spines suggests hypoxic 
ocean bottom water during those time periods. 
The greater lack of spatangoid spines and the 
presence of laminations in the B/A suggest that 
hypoxia in the interstadial exceeded that in the 
interglacial. However, a distinct gap manifests 
in the Holocene as reflected by spatangoid 
spine and mollusc shell fragment absence in 
the same sample intervals. Such a gap may 
represent a deoxygenation event (or the lack of 
oxygen replenishment to the basin). 
 The absence of brittle star vertebral ossicle 
after the LGM further demonstrates species 
sensitivity to oxygen levels. The LGM likely 
lacked an OMZ altogether (Behl and Kennett, 
1996) – or at least had significantly higher 
oxygen levels – as no laminations formed, sea 
surface temperatures were lower than at any 
other point in the past 26 ka, and invertebrate 
abundances were high. Thus, the frequent 
occurrence of brittle stars in the LGM, and the 
lack of them thereafter, likely reflect the 
inability of brittle stars to reestablish in the 
SBB due to too low of oxygen levels. However, 
other varying factors such as temperature 
might also play a role in brittle star absence 
after the LGM. Overall, this distinct absence 
represents conditions – likely the lack of the 
OMZ in the SBB – in the LGM that did not 
return after this glacial period. 

Comparison to Core MV15 

 The Jaccard coefficient highlights the 
differences between the two sediment cores in 
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relation to species richness. The shallower 
core, MV15, displayed greater species richness 
than MD2504, as indicated by the Jaccard 
coefficient of 0.3043. The Jaccard coefficient 
ranges from 0 to 1.0, where a value of 1.0 
would indicate the regions were identical in 
species richness, while a value of 0 would 
signify no similarities in species composition. 
Thus, a Jaccard coefficient of 0.3043, tending 
toward the lower end of the spectrum, denotes 
that the two regions deviate considerably. 
 Though the Jaccard coefficient is relatively 
low, the Simpson coefficient is rather high. 
The Simpson coefficient (which also ranges 
from 0 to 1, with 1 indicating the greatest 
similarity) of 0.875 signifies that the two 
regions are very similar. In this case, the 
deeper core, MD2504, has all but one species 
in common (a species from Family Cardiidae) 
with MV15. Therefore, the major difference 
between the two cores stems from the 
shallower core having greater species diversity. 
Such an outcome is expected as MV15 is 
shallower than MD2504, the shallower core 
likely lying below more oxygenated waters, 
thus supporting a wider range of species than 
the deeper core of this study. 

Conclusion 

 Despite the anomalous YD, mollusc and 
ostracod densities correspond to climate trends 
throughout the past 24 kyr. This correlation 
reflects the sensitivity of these invertebrate 
communities to rapid climate change and 
consequential oxygen variations. The greatest 
species abundances occurring in the LGM also 
indicate the substantial impact dissolved 
oxygen – or the lack thereof – can have on 
community structure, as this time period likely 
possessed the highest levels of oxygen at the 
core depth. Comparisons with a shallower 
core, MV15, illustrated how an invertebrate 
community closer to the OMZ contrasted with 
a more oxygenated environment, with higher 
species richness manifesting in shallower 
depths of the SBB. These results exemplify the 

significant impacts that changes in climate and 
the resulting fluctuations in dissolved oxygen 
can have on invertebrate community 
composition. 
 With the addition of further ecological 
analysis of both past and modern invertebrate 
communities, these patterns may allow us to 
implement climate as a predictor for 
invertebrate densities. From climate models, 
we can estimate future oxygen levels and the 
range of the OMZ of SBB and other sectors of 
the ocean. Utilizing these predicted changes in 
oxygen levels, we can deduce the effects of 
modern climate change on marine ecosystems 
in terms of invertebrate abundances and the 
impacts their fluctuations impose on their 
respective communities. 

Acknowledgements 

 I would like to thank Sarah Moffitt for 
inspiring my research topic and providing data 
and species comparisons from the shallower 
SBB core, MV15, for my analysis. I also want to 
thank Peter Roopnarine for his tremendous 
help in identifying the species from this core. 
Special thanks goes to Tessa M. Hill for use of 
her laboratory and her invaluable help with my 
research analyses. Also, recognition goes to 
Catherine Davis and Eric Sanford for taking 
images of my species. 
  



 
UC Davis | EXPLORATIONS:  THE UNDERGRADUATE RESEARCH JOURNAL  

Vol. 16 (2014) M. Stripe, p.9 
 

Literature Cited 

Behl, R. B. and J. P. Kennett. 1996. Brief 
interstadial events in Santa Barbara basin, NE 
Pacific, during the past 60 kyr. Nature 379: 
243-246. 
 
Benton, M. J. and D. A. Harper. Introduction to 
Paleobiology and the Fossil Record. West 
Sussex, UK: Wiley-Blackwell, 2009. Print. 
 
Bray, N. A., A. Keyes, and W. M. L. Morawitz. 
15 April 1999. The California Current System 
in the Southern California Bight and the Santa 
Barbara Channel. Journal of Geophysical 
Research 104: 7695 – 7714. 
 
Cannariato, K. G., J. P. Kennett, and R. J. Behl. 
September 1999. Biotic response to late 
Quaternary rapid climate switches in Santa 
Barbara Basin: Ecological and evolutionary 
implications. Geology 27: 975 – 978. 
 
Cannariato, K. G. and J. P. Kennett. November 
1999. Climatically related millennial-scale 
fluctuations in strength of California margin 
oxygen-minimum zone during the past 60 k.y. 
Geology 27: 975 – 978. 
 
Cary, S. C., R. D. Vetter, and H. Felbeck. 6 July 
1989. Habitat characterization and nutritional 
strategies of the endosymbiont-bearing bivalve 
Lucinoma aequizonata. Marine Ecology Progress 
Series 55: 31 – 45. 
 
Clark, P. U., A. S. Dyke, J. D. Shakun, A. E. 
Carlson, J. Clark, B. Wohlfarth, J. X. Mitrovica, 
S. W. Hostetler, and A. M. McCabe . 2009. The 
Last Glacial Maximum. Science 325: 710 – 714.  
Daansgard, W., S. J. Johnsen, and J. B. 
Clausen. 15 July 1993. Evidence for general 
instability of past climate from a 250-kyr ice 
core record. Nature 364: 218 – 220. 
 
Deming, J., Reysenbach, A. L., Macko, S. A. & 
Smith, C. R. 1997. The microbial diversity at a 

whale fall on the seafloor: bone-colonizing 
mats and animal-associated symbionts. 
Microscopy Research and Technique 37: 162–
170. 
Hentshel, U., S. C. Cary, and H. Felbeck. 31 
March 1993. Nitrate respiration in 
chemoautotrophic symbionts of the bivalve 
Lucinoma aequizonata. Marine Ecology Progress 
Series 94: 35 – 41. 
 
Hentshel, U. and H. Felbeck. 17 January 1995. 
Nitrate respiration in chemoautotrophic 
symbionts of the bivalve Lucinoma aequizonata 
is not regulated by oxygen. Applied and 
Environmental Microbiology 61, 4: 1630 – 1633. 
 
Grootes, P. M., M. Stuiver, J. W. C. White, S. 
Johnsen, and J. Jouzel. 1993. Comparison of 
oxygen isotope records from the GISP2 and 
GRIP Greenland ice cores. Nature 366: 552 – 
554. 
 
Hill, T. M., J. P. Kennett, D. L. Valentine, Z. 
Yang, C. M. Reddy, R. K. Nelson, R. J. Behl, C. 
Robert, and L. Beaufort. 2006. Climatically 
driven emissions of hydrocarbons from marine 
sediments during deglaciation. Proceedings of 
the National Academy of Sciences of the United 
States of America 103: 13570 – 13574. 
 
Kennett, J. P and B. L. Ingram. 12 October 
1995. A 20,000-year record of ocean 
circulation and climate change from the Santa 
Barbara basin. Nature 377: 510 – 514. 
 
Levin, L. A. 2003. Oxygen minimum zone 
benthos: Adaptation and community response 
to hypoxia. Oceanography and Marine Biology: 
An Annual Review 41: 1 – 45. 
 
Levin, L. A. and R. H. Michener. 2002. Isotopic 
evidence for chemosynthesis-based nutrition 
of macrobenthos: The lightness of being at 
Pacific methane seeps. American Society of 
Limnology and Oceanography, Inc. 47, 5: 1336 – 
1345. 



 
UC Davis | EXPLORATIONS:  THE UNDERGRADUATE RESEARCH JOURNAL  

Vol. 16 (2014) M. Stripe, p.10 
 

 
Moffitt, S. E., T. M. Hill, K. Ohkushi, J. P. 
Kennett, R. J. Behl. In preparation. Vertical 
oxygen minimum zone oscillation during the 
last 20 ka in Santa Barbara Basin: A benthic 
foraminiferal perspective. 
 
Mullins, H.T., J. B. Thompson, K. McDougall, 
and T. L. Vercoutere. 1985. Oxygen-minimum 
zone edge effects: evidence from central 
California coastal upwelling system. Geology 
13: 491-494. 
 
Richels, R. and J. A. Edmonds. 1994. 
Integrative assessment of mitigation, impacts, 

and adaptation to climate change. Energy 
Policy: 341 – 352. 
 
Smith, C. R. and A. R. Baco. 2003. Ecology of 
whale falls at the deep sea-floor. Oceanography 
and Marine Biology: an Annual Review 41: 311 – 
354. 
 
Van Geen, A., J. Bernhard, K. Cannariato, J. D. 
Carriquiry, W. Dean, B. Eakins, J. Pike, Y. 
Zhen. 2003. On the preservation of 
laminations along the western margin of North 
America. Paleoceanography 18(4), 
doi:10.1029/203PA000911 
 

 
 

Figures 

 

Figure 1: Map of SBB, indicating the core examined in this study, MD02-2504. 

MD02-2504 
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Figure 2: Magnesium-/calcium-based temperatures and δ18O values of planktonic foraminiferal (Globigerina bulloides) 
calcite from 5 to 24 ka (T. M. Hill and D. Pak, unpublished). Mg/Ca and δ18O proxies identify the two-step deglacial 
structure, characteristic of northern hemisphere climate records. The Last Glacial Maximum (LGM) lasted from around to 
26 ka to 19-20 ka. Following the LGM, glaciers began to melt and then the Bølling Allerød (B/A) began around 14.5 ka, 
lasting to around 12.9 ka. A minor depression in temperature, known as the Younger Dryas (YD), occurred from 12.9 ka 
to 11.5 ka as reflected by the increase in δ18O levels. The Holocene dates back to approximately 11.5 ka and continues to 
the present. 
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Figure 3: (a) Geochemical proxies (δ18O and Mg/Ca) (T. M. Hill and D. Pak, unpublished) aligned in time with (b) 
ostracod densities, (c) mollusc densities, (d) sponge spicule presence, (e) vertebral ossicle presence, and (f) laminations 
(Behl et al, unpublished; Hill et al, 2006). The second graph demonstrates ostracod density trends, while the third graph 
shows mollusc densities through time. Densities of zero were omitted as points on the graphs. Markers for the echinoderms 
represent presence of the indicated invertebrate in that time interval; lack of a marker demarks the invertebrate’s absence 
in the sample. The bottom graph displays laminations through time, with more laminations during the B/A. The shaded 
regions represent the warm periods, while the other regions illustrate cold periods. 
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Figure 4: (a) Lucinoma aequizonatum with a boring hole; (b) SEM of L. aequizonatum shell interior. 
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Figure 5: (a) Varying individual shell sizes of Astyris 
permodesta; (b) SEM of A. permodesta. 

Figure 6: (a) Lirobittum paganicum; (b) SEM of L. paganicum. 
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